
DCN 345



EXISTING DRAINAGE FACII-ITIES 

L 

LEGEND 

H 5ULVERT 

STCRM DRAIN 
--- IMPROVED CHANNEL 

0 CATCH 8 1 . ~ 1 ~  LEACH LINE ----- l:ATURAL WASH OR SWALE 

@ F L c l L I T y  I D  NUMBER 

4000 '  

PHOTO DATE: 12-03-87 

FIGURE 4-18 

FIGURE 15-2A. 

- 7  w ' 0" /--- .. 
I 
I 

a = 
5 

I 
-/--- 0 0 x 

,/" 
.. 
3 ,/-' 9 

,/" DQ- A- 

/" 
P 

i 1 

/'.' r- 
. . 

I 

. - -- - Av€ ------- 
e 
1 . 
i 5 

,/.- 

/.' 

,/"' 

,/" 
,/" 

t' 

:I d 

I 

. --... 
- .  

- .  -. -; 

I 
- 

. . .  
- - A n  . . . :-' . 

-. .. -. - - - - 
" (  ' - ..*-- 

-A 

- : - - 
=?.A t. 

-&. - 
. - . . - .  

I - .  - .  
Y I A l  - -  r- . . . .  ..... 

=. " 

- -1 . .  * 
. I  , 

-.?.., 

. . .  I.. -, .,.::- . . .  .... W'," . > ,,:.:. , *., . I , 

--! I .>., ; 
... . . .  8 . .  - 

- .. - .  . . i 
..:& " . -4: . ... ...*: .- . . 

. .  .-,, ..GsG;! ;<$..-. - . ... - .... ... 

. Z 

,. - .,. 
- .  
-. .-. .--- ., - *- 
i. .. ; . - 1 . .,. k.. - . . .. - -. .. .:: %<. . ... 

-,cg - .. --.; . .I .. ._ -_ . - .. .-:. - :: . - . . 
. .-: . . - I 

.- ., '.-. 
? -  . 1 

. . .. - . . . . .  . ,-.. . . * 
6. ... 
.&; s 

- .  .: . ;- . : ..-. . . L .  '7-  .r . - .- 

:./ .:. . , 

; -, 
7 ,  

. . 
.z. . 

. . . .  

- *.7: 
, '.:;I ... .--- . ....':-. -. .-' . < -..- .-,.:% .' . *i - tL..* . . - - .I. . -. - . . 

:; . . -: - 't- ' ' -- .--. :*:: . f  . . ' . .... . L - -.-- - . -.. - - .:- . *.- . --C .- .-, . . -- .. a:. 
. - - . . .  ... 

.+. .-- . \:,- -. & . . - .  . - i - .i,'.' :. : .:. . . * -  \ 
..... - : .. i --.. .+'. -- 3% . -  -* ' 

.r C . '  . . % 
. . , .  -. . - , r. A .  . - , , .. , , , .. .. -- - , .. - .- 

- 

a Jams M Montgomery - 
C o r s u l t l n g  Engineers Inc 

30 camatat. pmn h t m  330 hw. C*- 027 14 

i s  

CITY OF RIDGECREST 

MASTER DRAINAGE PLAN 





LEGEND 

- BURIED CONDUIT (PIPEIBOXI - UNLINED CHANNEL 

"'-- RIP RAP LINED CHANNEL - - CONCRETE LINED CHANNEL 

DIKEILEVEE 

DETENtlONlRETENflON BASIN 

a DEBRIS BASIN - CULVERT~BRIDGE 

BW-06 FACILITY NUMBER 

.000' 

PHOTO DATE: ' 2 -03 -87  

FIGURE 1-19 

FIGURE 15-38 
L 

i 

m0wm.1.10 BW-0 I T - -  

.W-OZ i 
6 1 - 3 7  

i . A I A U  awe 
. . 

BW-24 I . - 
Bw-30 -.  

i 
i -CI* Awe --- 

. - 
f '# 

D 
. . W--------, 

I - o CHW-101 . - . --O1 
0 - I . ECL-03 

. . I z Icnw-0s . I . -- 
U 

- 
. . i - .. -. 

: . - - . -  . . :  .. I - - - .  - - -. 1.. - 
:- :- 

cnw-& I Y 
CHW-22 

CHW-00 -* - ..+ 
/" I - - 

/ I I - . -  F? .- - 
- .  . g: 

/' I 1 ) .  - - -- . . 
/ I 1 f .  - - - -  .. - cnW-08 1 

/ I - 
. . . .  / I I : 

/ I I "a 
/'cnw-o2 I I !  . . : ' - .. 

. .  .... / I 
IS . ,- - - . .  - , -- ..-..- 

. . / I 5 -  -: 4. - - S D m U  A* ;, . -- . .  - -  .- . . . . -  - - -  / I -- . . . - - - - - - . - -. - 
I CHW-0 1 ..2..':; - - - - -  . -<- .;- 

, - ;  - - 
I -* . * -.-7 5- *-.re -.- . - . .-. . . . . . . . .  

n .  
.- - 

I r: . *;* ... G;. . - - -.L .- ' .  -. ? - .  >.: - I .-- - .  . ui .- , .' . . 
.-. . - , . 

. -  -. . - ?. I -  I . . .  *. .. . . ... - - - - .  . . -. .... ... I ..:, . . .  - . . -. -- . - . <*- -. -.  -. . & . .  .._ . . -  . . 

- -. I - I - 
- . - 

I un;.*r . -  - - . .  L. '  .*1. '. ' .;t- ; , L- -,. 
I .... : . . -- -. .> . s . ,,, - .. 'i. ,. ." . . . . ,, ,, G . :, . i:..-. .-. . 

' a. ., . .<U . i T&-. -. '. -.- :*. . .. ,. j -. +,.-. -. ;. , -- . - 
. . . . .  _ i-_ 

-. - . - - - . .  . . . . .  
.. . . . .  .*...:...-: : - .-- . ... L -. . cnw- la  .. .-.yq,+.; -.; '1: . . .>. . v;;.i'-. . . '  . . ' , ,2;.-r- - :. b1". 

-2.-. . . . .  . . ?.. -. ..: ! .-:. . . .  . . . . - . -  7 .; .i.; 1 ' ::. 
%. : .v' . . 

- .  -1.. - x. . 
' .- . 

,- 1 - ' . . . - - -  ., i ' -- 
. I. - C . . -* - 

.. - . - * .  ,., a-. __.. --- .- .. , I .  . . . . - - - -- . . 
... . 1- . . . .  

-. ' -L - '.I.,, . 
v;z ; .  ,. . -- - 5 .... - *, -. . . . 

'b. -. . . - '.--.; *-+: ;- 

. ' . , 7 . .  , - - -: , *?.--.'. - . .  , - . .. ; .: - - :=-- - . -?  .: . .' , ...: ..:+ . . . . .  . t 
. - .  . -_ " - .;"'F*" :. . > -- .--- ,. - .-a ..... -. - ... ?a7.- * - i. .z . -. 7: ? .L .. 3;:. 

;- . .*&..:. , .- 
-. . . . .  >,. 

. -  - . . : - . . - .. -.---,-. - >.. ' U. , .  .- - .::. , -- - 
* -... . . - -. '. I' .. 1.. * .  -.:- *-::....::. -1: . - * 

. . .  , .  . - &  
I .  U, , . .... :. - .  - - .  .- . . . .n , , a;:. . . . .  . . . -  . . . . .  ..' . I . C .  . . .... . . , 8 .  . ' ., . '*. . . ; f1 - , . . . * -  . - .  ;z -- !: , .. . . . . .  

\ - -  

. . ._ . e- . . .  - . -..- - 
. . . .  . . - . - : .  C . "  : . . ?  ' -. . \  . . . . . . .  - .- 

.- - 

RECOMMENDED DRAINAGE 7' IMPROVEMENTS 

James M Montgomery 

Consultrng Engrneers Inc 

30 ~ . l .  Park SuU 510 hm. WON 92714 

CITY OF RIDGECREST 

MASTER DRAINAGE PLAN 



SECTION I1 

Chapter 16.0 

WATER SUPPLY 

This analysis was prepared by the Community Development Department and hereby 
incorporates the "Indian Wells Valley Water District Domestic Water System 1990 Water General 
Plan" adopted October 15, 1990 (copies of this plan are available at the office of the IWVWD). 

SETTING 

16.1.1 Introduction 

The following section provides an introduction to general concepts utilized in this 
report to evaluate potential impacts to water resources. 

Water supplies are usually measured in acre-feet per year (AFY). An acre-foot (AF) 
is the amount of water needed to cover one (1) acre to a depth of one (1) foot and is equivalent to 
325,85 1 gallons. 

Because water supplies are constantly being used and replenished, water sources are 
defined in terms of their "safe yield." When used in reference to water from groundwater storage, 
the term safe yield refers to the maximum rate of net extractions from the groundwater basin which, 
ifcontinued over an indefinitely long period of years, results in the maintenance of certain desirable 
fixed conditions. Groundwater safe yield is determined by a variety of means. One or more of the 
following criteria are usually utilized: 

o Mean seasonal extraction of water from groundwater basin does not exceed mean 
seasonal replenishment. 

o Water levels are not so lowered as to cause h d l  impairment of the quality of the 
groundwater by intrusion of other water of undesirable quality or by accumulation of 
mineral degraders or pollutants. 

SECTION II-16-1 
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o Water levels are not lowered to such a degree as to cause excessive costs of pumping 
fiom the basin or to exclude the user fiom the supply by virtue of inadequate depth 
of pumping facilities. 

Safe yield is also affected by pumping patterns, the magnitude of groundwater basin 
utilization by others and other factors. It is possible to withdraw fiom a basin more than the safe 
yield. This is called overdrafting. Continued overdrafting resulting in lowered water levels, may 
result in the degradation of water quality due to concentration of degraders in a reduced volume of 
water and by intrusion of lesser quality waters. 

16.1.2 District Boundaries of Regional Purveyor and City Service Area 

The City of Ridgecrest is located within the boundaries of the Indian Wells Valley 
Water District (IWVWD), the sole purveyor of water for the City. The IWVWD utilizes the 
groundwater basin to supply the users within its service area. There are some private well owners 
within the City limits, the majority of which are used for landscape imgation (Heritage Village and 
City). 

The IWVWD presently provides water to urban, commercial and rural customers as 
illustrated in Figure 16-1. This service area's general boundaries includes China Lake Acres to the 
west, Inyokern Road (Highway 178) as the approximate northern edge, one mile east of San 
Bernardino County Road as the approximate eastern boundary, one mile south of Javis Avenue as 
the southern boundary and Jack's Ranch Road as a western boundary to Drummond Avenue where 
it would continue west to Victor Street in the China Lake Acres area. The IWVWD service area 
covers approximately 38 square miles within the Indian Wells Valley and provides water to an 
estimated population of 36,000 persons. 

The Indian Wells Valley Groundwater Basin also provides water to the NAWS, North 
American Chemical Company (NACC), the Community of Trona, the Community of Inyokern, 
private agreement water purveyors, private well owners, and agricultural interests. 

16.1.3 Sources of City Water Suppiy 

Groundwater is the only source for water presently utilized by the Indian Wells Valley 
(Valley). Groundwater in the Valley is usually identified as belonging to either the shallow or deep 
aquifer. The two aquifers appear to be separated by some type of structural control. The deep 
aquifer is the most utilized by the Valley. The deep aquifer is further divided into subareas or well 
fields, of which the IWVWD presently pumps all of its supply fiom the Intermediate Zone. The well 
fields being utilized by Vdey users are presented in Table 16-1. (The City of Ridgecrest is utilizing 
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treated sewer effluent for agriculturai purposes. For the purpose of this report, this will not be 
considered a water supply.) 

a. Shallow Aauifer. The unconfined shallow aquifer, located for the most part 
in the northeastern part of the Valley centered around the China Lake Playa, is of poor quality and 
is unfit for potable public uses due to its high Total Dissolved Solids (TDS) and chemical 
constituents. (USGS, Ground Water Quality, 1975). The shallow aquifer is found in the younger 
lacustrine deposits of the Valley. The thiclcness of the shallow aquifer is 300 feet based on an assumed 
aquifer bottom elevation of 1900 feet. It is not found in the recharge areas at the periphery of the 
basin. 

TABLE 16-1 

SUMMARY OF GROUND WATER EXTRACTION 
IN INDIAN WELLS VALLEY (1985) 

Ridgecrest Well Field 
Intermediate Well Field 
Inyokern Well Field 
Other Areas 
Northwest Agricultural Areas 

TOTAL 21,526 

b. Deeo Aauifer. The confined deep aquifer is the main aquifer underlying the 
Valley. It consists of younger alluvium, the younger and older lacustrine deposits and the older 
alluvium. In the central portion of the Valley, the deep aquifer is separated from the shallow aquifer 
by the intervening low permeability lacustrine deposits which cause the deeper aquifer to become 
confined. It has been conservatively estimated that the annual recharge to the deep aquifer is 
approximately 9,850 acre feet (AF) annually. 

In an average year between 400,000 AF and 500,000 AF of precipitation (rain and 
snow) falls on the mountains, hills and catchment basin that firnishes water to the groundwater 
supply of the Indian Wells Valley. Of this annual precipitation, groundwater replenishment is only 
about 11,000 AFY due to the high evaporation rates for the area (St. Amand, 1986). In the draft 
EIR for the Southwest Well Field (a copy of this pian is available at the IWVWlYs offices), it is 
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noted that "about 200,000 AF of precipitation falls on the mountains and hills within the Indian Wells 
Valley and about 100,000 AF of precipitation falls on the Valley floor. Of about 300,000 AF of 
annual precipitation, annual groundwater replenishment is only about 1 1,000 AF with replenishment 
of only about 7,000 AFNr where most production occurs (Ridgecrest, Intermediate, and Inyokern 
areas).(WlWD, 1990 General Plan) Tables 16-2A and B show the deep aquifer recharge 
distribution. (Estimates of recharge vary, although they consistently indicate that the amount of 
recharge is less than the quantity of water being pumped) 

When groundwater is pumped at a rate greater than water recharge to the basin, an 
overdraft situation is created. Tables 16-1 and 16-2 demonstrate that more water is being used than 
is being recharged to the aquifer. 

16.1.4 Current Supply and Demand 

The IWWVD water production records show the highest recent annual total water 
demand was 8,727.4 AFY for the year 1989. New connections have historically increased by 5% per 
year, but are currently increasing at a rate of one and one-half percent per year. Due to aggressive 
conservation, steel line replacement and meter installation programs, and a tiered rate structure for 
consumption and perhaps a decline in the population, the total annual water consumption has dropped 
1.6% in 1990, 10.4% in 1991 and 1.6% to a total of 7644.60 AF in 1992. Due to the continuance 
ofthese programs, and to new construction efficiency standards, new water demand is expected to 
increase during the next few years by an estimated zero to one percent for residential and commercial 
connections. 

To accurately assess the water demand for the Valley groundwater, one must 
realize that the Valley supplies water to other agencies and users than just the customers of the 
IWVWD. Table 16-3 lists these agencies and the water usage by each. 

For planning purposes, the IiWWD's records show that most of the water produced 
by that agency is used by single family (SFR) and multifamily (MFR) residential services. SFR 
connections average 3.4 residents with 144 gallons per person per day (GPCD) use. MFR 
connections average 2.8 residents per unit and seven units per connections, with 95 GPCD. In 1989 
the iWVWD records indicated that 0.89 AFY per connections was used, while the records for 1992 
indicate that water usage has dropped to 0.72 AFY per connection. It is believed that this is a direct 
result of the aggressive water conservation programs and steel line replacement that the IWVWD has 
instituted over the past several years. Table 16-4 summarizes the IWVWD usage by type. For the 
projection purposes of this document the IWVWD provided record data indicating that usage by the 
City residents for the year 199 1 was 6,033 AFY (Oral communication, Roy Tucker, Assistant General 
Manager, IWVWD). 

SECTION 11-16-4 



TABLE 16-2A 

AQUIFER RECHARGE DISTRIBUTION 

AREA PER Bloyd and Robson, 1971 RECHARGE (AFY) 

Coso Wash 
Petroglyph Canyon 
Renegade Canyon 
Mountain Springs Canyon 
Unnamed Canyon (near NE Valley end) 
Wilson Canyon 
Burro Canyon 
El Paso Drainage 
Little Lake 
Freeman Gulch 
Freeman Canyon 
Indian Wells Canyon 
Grapevine Canyon 
Sand Canyon 
Nine-mile and Noname Canyons 
Five-mile and Deadfoo t Canyons 

TOTAL 9,850 

TABLE 16-2B 

AQUIFER RECHARGE DISTRIBUTION 

AREA PER Bean, 1989 

Recharge fiom Sierran Streams 
Coso Basin Runoff 
Argus Mountains Runoff 
El Paso Range Runoff 
LADWP 
Geothermal Leakage 
Recharge fiom Sierran Granite 
Recharge from Rose Valley 
Recharge from Human Activity 

RECHARGE (AFY) 

TOTAL 15,100 
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TABLE 16-3 

WATER USAGE BY AGENCY 

AGENCY 
IWVWD 
NAWS 
North American Chemical Company* 
Inyokern Community Service District 
Agricultural 
Private Users** 
City of Ridgecrest (Non-potable) 

USAGE 
7,645 AF (1992) 
3,409 AF (1992) 
2,521 AF (1992) 

140 AF (1992) 
7,064 AF (1989) 
3,000 AF (1992) 

19.4 AF (1992) 

ASSUMED ANNUAL TOTAL FOR 1992 23,844.4 AF 

* Includes the Community of Trona 
* * Estimate supplied by Peggy Breeden, President, Well Owner's Association based on 2,200 connections (includes 

. . small agricultural users) 

TABLE 16-4 

CUSTOMER TYPES 

Customer Type 

Single Family 
Multifamily 
Commercial 
Industrial 
Public 
Construction 
Fire 
Flat Rate 

1991 Services 1991% of Services 

TOTAL 10,567 
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Groundwater quantity and quality vary significantly within the basin. Groundwater 
availability has been and continues to be the subject of great concern within the Valley. Numerous 
investigations have contributed to differing opinions which can generally be subdivided into two 
groups, one group professing a "closed basin" concept with recharge resulting from infiltration and 
percolation and discharge through groundwater extraction and some evapotranspiration. The other 
group espouses an "open basin" concept with a regional flow system that has groundwater moving 
under the basin at depth from the Sierra Nevada Mountains and continuing under the Argus and El 
Paso Mountains. Regardless of these differing opinions, groundwater levels have been and continue 
to decline. "Si 1959, annual groundwater pumpage has exceeded annual natural recharge (9,850 
AFY) (Berenbrock, 1989) Groundwater replenishment appears to have been insufficient to maintain 
groundwater ieveis. 

Table 16-5 gives the estimated pumpage by the users of the Valley groundwater basin. 

16.1.5 Potential Future Water Sources 

a. The IWVWD is currently exploring alternative water sources that could be 
imported to this Valley. Readers are referred to the DNVWD for hrther exploration of this source 
of fbture water. 

b. Reclaimed Sewer Efnuent has been brought forward as a valuable asset to the 
community. The City of Ridgecrest is presently exploring the reuse of this water source. The Sewer 
Master Plan identifies that this effluent could be developed as a water source for landscape, 
agricultural, golf course, and industrial waters as proscribed by Title 22 Health Standards. The 
n;wwr> has also advised the City it is ready to make use of treated sewage effluent provided such 
use is economically feasible. 

c. Further test and evaluation of possible blending of potable waters with non- 
potable waters is being done by the IWVWD. Initial results fiom those wells drilled at Neal Ranch 
indicate high levels of TDS. It would be acceptable to blend low TDS waters with the high TDS 
waters for drinking water purposes. 

16.1.6 Water Supply System Components 

a. The reader is referred to the IWVWD Master Plan in respect to the 
components of its domestic water system that includes waterlines, reservoirs, pressure zones and 
booster pump stations. 

b. Wells. The Valley has five potential well fields. The Intermediate Area, the 
Southwest Well Field (draft EIR for Southwest Well Field was never adopted), the Inyokern Area, 
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TABLE 16-5 

AGENCY WATER PRODUCTIONlPUMPAGE IN AFY 
FOR THE YEARS 1983-1992 

N A W S  r A C  

1992 140 7644.7 3409.8 2521.8 * * 19.4 

199 1 159 77 16.6 3365.9 2406.2 * 3000 * 
1990 164 8663.3 371 5.8 2504.4 * * * 
1989 171 8167.5 423 7.6 23 18.6 7,064' 

* * 
1988 174 7220.9 4236.6 2330.1 6,450~ 

* * 
1987 139 6465.3 4584.3 2511.3 5,588 

* * 
1986 178** 5901 .O 4616.5 2427.2 9,342 

* * 
1985 178** 4980.2 4002.0 2399.9 14,150 

* * 
1984 178** 4949.8 4694.0 2485.7 13,480 

* * 
1983 178** 4316.1 4402.0 261 5.8 13,438 

* * 
1982 3963.5 4450.0 2887.0 13,402 

* 
198 1 4223.1 4804.0 3065.0 13,638 
1980 3819.2 4995.0 2887.0 11,156 
1979 3401.9 5 154.0 308 1 .O 6,857 

ICSD Inyokern Community Service District 
IWVWD Indian Wells Valley Water District 
NAWS Naval Air Weapons Station 
N ACC North American Chcmical Company 
AG Agricultural Users 
PVT Well Owners Association and othcr Private Wells 
COR City of Ridgecrest 
L Data not available for ths year 
++ Average production figure 
N/A Not Available 
(1 Neal Ranch Closed 
b Spike Leroy Ranch closed 

(The figures for the IWWlrD may not reflect their acquisition of smaller water purveyors in this time period) 
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the Northwest Area, the Southeast Area (NAWS well fields are not listed). See Table 16-7 for the 
capacity and status of the production wells that are online as well as the reservoir capacity of the 
system. 

16.1.7 Current System Deficiencies 

The IWVWD is the sole commercial purveyor of water for the City of Ridgecrest, it 
is a public agency separate fiom the City. The IWVWD as of 1992 had undertaken the following 
measures to address supply deficiencies. 

o Development of additional wells to augment existing capacity during peak demand 
periods. 

o Construction of two additional production wells. 

o Completion of the "Ridgecrest Heights" assessment district improvements that 
replaced substandard and leaking water lines and lifted the building moratorium for 
this area. 

o Completion of the Ridgecrest Heights Water Storage Reservoir that increased storage 
capacity for this elevation. 

o Completion of the "Bowman Road" water storage reservoir that brings the reservoir 
capacity of the IWVWD to fifteen (1 5) million gallons. 

o Interconnection agreements with the NAWS and NACC so that adequate supply is 
available should they suffer equipment failure. 

o Replacement of water line on State Route 178, that allows for more efficient 
distribution from weils 17, 30, and 3 1. 

o Continued testing and evaluation of the Valley water aquifer. 

o Research and evaluation of the feasibility of importing water to the Valley. 

16.1.8 Long Term Assessment 

As the City and the surrounding area continue to develop and buildout, the MrVWD 
will, by necessity and good practice, review their General Plan to address the changing needs of the 
community. It will be the IWVWD's responsibility to ensure that their customers are adequately 
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serviced by potable water. It can be reasonably foreseen that they will review their plan in order to 
accommodate anticipated growth with the following options in mind: 

o Rotation of the use of wells in order to "rest the area" and to lessen the pumping 
depression. 

o Coordinate the timing of well pumping, to employ energy efficiency techniques. 

o Continue to research and explore the importation of potable waters to the customers 
of the Indian Wells Valley. 

o Water fees increases due to the rising demand for potable water in a "closed basin" 

16.2 Impact Analysis 

16.2.1 Significance Thresholds 

In evaluating the impact of the development alternatives on the water system, each 
alternative is reviewed in tenns of available sources of supply, and the ability of the major system 
components to deliver that supply to the area of demand. 

a. Svstem S u ~ ~ l y .  The water demand for each of the alternatives is compared 
against current available sources of supply. If demand for an alternative exceeds available sources 
of supply, a significant impact would occur. 

Determining a threshold of significance for groundwater extraction is difficult, given 
the unknown character of the Valley groundwater basin. Due to the two theories (open or closed 
basin) being contradictory regarding the nature of the groundwater basin (See Section 16.1.4), the 
City for the purpose of this report will utiliie the closed basin theory, as a more conservative 
approach. 

The U.S. Bureau of Reclamation's study of the Valley groundwater basin is expected 
in early 1994 and may clarify the discussion between the "open" and "closed" basin camps. It is 
anticipated that this study will firher reiterate a very conservative view of the groundwater situation 
of the Valley. 

In St. Amand's paper "Water Supply of Indian Wells Valley, California", April 1986, 
there is an estimate of the water supply available to Valley users. "About 2,200,000 AF of usefir1 
water is stored in the basin. Ofthis, only about 600,000 AF are available under the present pumping 
pattern before the aquifer is contaminated with saline water fiom the playa." In the text, he describes 
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three separate storage units and indicates surface area, saturated volume, specific yieid, and storage 
quantity. The combined storage units contain 600,000 AF of useable groundwater (Unit 1 = 13 1,000 
AF; Unit 2 = 161,000 AF; and Unit 3 = 295,000 AF) within the upper 200 feet of the saturated 
aquifer. 

It is hrther stated "The safe perennial yield of the Indian Wells Valley is 10,000 AFY, 
provided that evapotranspiration in the playa area can be reduced to 1,000 AFY or less. If more water 
is used it must come fiom the naturally stored underground water." St. Amand recommends in his 
paper that water use in the Valley should be limited to 10,000 AFY. 

Ignoring potential contamination of the groundwater supply by migration of saline 
water fiom the China Lake Playa, 3,200,000 AF of available groundwater in storage would provide 
200 years of water supply with groundwater overdraft at 16,000 AFY and about 120 years of 
available groundwater supply with groundwater overdraft at 26,500 AFY 

The IWVWD in their "Urban Water Management Plan", January 199 1" were and still 
are concerned regarding the major pumping depressions in the Intermediate and Ridgecrest Area and 
the overdraft of the valley aquifer. In an effort to better manage the basin, the IWVWD is studying 
the development of well fields in the northwest and southwest, that will serve to disperse groundwater 
exkctions more evenly throughout the Valley. Berenbrock (USGS 89-4 19 1) provides water quality 
and level models based upon a wider distribution of the wells fields. It is believed that through this 
effort, contamination fiom the China Lake Playa will be reduced or delayed. The n;VlrWD using 
their past user records and extrapolating those numbers using a moderate growth rate state, "the 
available groundwater supply will last at least 20 years under existing pumping conditions and with 
appropriate management will last about 70 years". It is estimated that the present groundwater 
supply can sustain a population of 75,000 for 100 years. 

b. Maior Svstem Components. The IWVWD is responsible for identifjmg what 
system components are incapable of delivering the expected demand with the four altematives 
proposed in the General Plan. Their evaluation could include the need to expand major pump stations, 
reservoir storage, andlor add pipeline capacity. (It is the responsibility of the developer to assure that 
the lines serving their developments have adequate carrying capacity without deteriorating the senrice 
to adjoining areas.) 

16.2.2 Water Demand of Buildout Under Each Alternative 

In order to evaluate the increase in total water supply to meet the needs of the four 
development alternatives, average per capita water consumption was utilized. For planning purposes, 
the IWVWD records show that unit production has ranged fiom 0.76 to 0.87 AF per connection per 
year since the late 1970's. 
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Table 16-6 shows current and projected water demands under each of the four 
alternatives and the expected amount of water supply needed. It should also be noted that the 
estimates do not account for reductions in water use due to implementation of water conservation 
measures in addition to what is presently in use over the entire planning period. Table 16-7 lists the 
well supply sources and their possible production rate. 

TABLE 16-6 

Current and Projected Water Demands (City Only) 

Water Demand Typical Water 
Population on Record (AFY) Demand (AFY) 

Present(l99 1) 28,24 1 
Alternative 1 50,000 
Alternative 2 75,000 
Alternative 3 100,000 
Alternative 4** 62,000 

*'. Estimates based on extrapolation tiom 199 1 m r d  
** No Project Alternative 
Water Demand Records fiom the IWVWD indicates 0.214 AFY per person. 
Typical Water Demand indicates 0.25 AFY per person 

Although the availability and use of reclaimed water is anticipated to occur during the 
planning period, the resulting reduction in the use of other available water sources has been excluded 
fiom this assessment. 

The IWVWD Master Plan indicated that as a purveyor, it currently has sufficient 
supplies and delivery capabidties to accommodate current demand and the water demand of buildout 
of Alternatives 1 (50,000 pop.), 2 (75,000 pop.), and 4 (62,000 pop.). 

The Plan does indicate that there is insufficient storage to meet the demands of 
Alternatives 2 (75,000 pop.), 3(100,000 pop.), and 4 (62,000 pop.). Although available supplies in 
1990 could meet the bulk of demand under Alternative 2, water demand would exceed storage 
capacity of the IWVWD. The anticipated shortfall for Alternative 3 could be met through increased 
well production and storage capability, although this would shorten the life of the groundwater basin 
considerably. New sources of water supply should be studied for Alternatives 3. 
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TABLE 16-7 

IWVWD Supply And Storage Facilities 

WeU # CAPAClTY (CPM) STATUS 

Capacities: 

Standby 
Standby 
standby 
Standby 
Standby 
Standby 
operaw 
opa-g 
operaw 
operating 
opa-g 
Standby 
Standby 
operami3 
Not Equipped 
Standby 
operating 
operating 

operating 
Standby 

NAME CAPAClTY (MG) 

Bowman No. 1 
Bowman No. 2 
Kendl 
Ridgecrest Heights 
Well Field 
Gateway 
C-Zone 
D-Zone 
College 
China Lake Acres 
Lane Acres 

- 
TOTAL 15.0 

(This data was taken from correspondence dated November 23,1993) 
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Because of the pumping depressions in the Ridgecrest and Intermediate areas, the 
buildout expected under Alternatives 2 and 3 would necessitate the hrther development of the 
Southwest and Northwest Well Fields. Of concern to researchers is that high usage of the 
groundwater basin could lead to a lateral migration of water fiom area of possibly poor water quality, 
hence degrading waters where deep pumping depressions occur. Of specid concern is the possible 
migration of sodium-chloride waters into the Ridgecrest well field fiom the southern and southeastern 
parts of the City. This concern is not presently substantiated by the 1989 study prepared by Whelan 
and Baskin, in which they state that except for some isolated wells in the Valley, they believe that the 
"quality of water in the Valley is changing little, if any, at most wells". 

Changes in permeability associated with urbanization under each of the development 
alternatives would not significantly reduce the recharge occurring from Valley floor rainfall. Studies 
indicate that the majority of the recharge to the groundwater basin occurs at the basin margin near 
the Sierras. 

It should be noted that urban development may potentially pollute local water 
resources fiom point and non-point sources such as oil spills, parking lot runoff and dumping of 
chemicals. These potential pollution sources are typically regulated in the development review 
process or by local, state andlor federal requirements, and are not anticipated to result in a significant 
impact. 

16.2.3 Impact on Major System Components for Each Alternative 

As the sole purveyor of potable waters to the City of Ridgecrest, it is the ultimate 
responsibility of the IWVWD to review the ability of its water system to deliver the increased water 
demand necessitated by growth under each of the alternatives. Although the IWVWD will prepare 
any study of their system, criteria that will likely be addressed includes supply facilities, storage 
volumes, and the distribution systems. 

The City will cooperate to its hilest capability with the IWVWD, as the sole water 
purveyor, in performing a review of its water system upon the adoption of the revised General Plan 
for the City of Ridgecrest. This review should address average annual water demands, maximum 
daily demands and peak hour demands utilized wherever possible to review the system components. 
Additionally, reservoir storage, fire demand and a distribution system to meet the demands of an 
increased population without appreciable pressure loss, should be studied with particular attention 
to the pressure zones. 
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16.3 MITIGATION MEASURES 

16.3.1 Water System and Supply Deficiencies 

a. Alternative 1 (50.000 ~o~ulation). Development to levels indicated under this 
alternative will require the IWVWD to address existing system deficiencies as outlined in the 
IWVWD 1990 Water General Plan. The development of water conservation guidelines that hrther 
encourage wise water usage, and more evenly distributing water pumpage throughout the valley. No 
other improvements would be required. These deficiencies are not considered significant. The City 
of Ridgecrest will assist and co-operate in the implementation of these mitigations to the extent 
allowed. 

Residual Impact. Implementation of these mitigation measures would reduce the 
impacts of Alternatives 1 on the existing distribution system to less than significant levels. 

b. Alternative 2 (75.000 population) and 4 M o  Proiect Alternative) 62.000 
po~ulation). These alternatives would require, in addition to those improvements required for 
Alternative 1, the following improvements to be made to the existing water system: 

o Additional pumping capacity 

o Additional well development 

o New well field development 

o Additional reservoir storage 

o Completion of recommended improvements as noted by IWVWD 

o Expanded distribution zone 

ResiduaI Impact. The above improvements would reduce the impacts of Alternative 
2 and 3 buildout on the City water system to less than significant levels. The City of Ridgecrest will 
assist and co-operate in the implementation of these mitigations to the extent allowed. 

The provision of a sufficient water supply to serve full buildout under Alternatives 2 
and 4 would result in potentially significant secondary impacts. As discussed in Section 16.2.2 
additional extractions fiom the Valley groundwater basin would contribute to the existing overdraft 
as well as cause poorer quality waters from the China Lake Playa to enter the Intermediate Well Field. 
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c. Alternative 3 (100.000 pouulation). Alternative 3 would require, in addition 
to those improvements described above for Alternative 2, the following improvements to the existing 
water system. 

o Development of outside sources of water would be necessary 

o Development of treated wastewater effluent as a water resource 

o Additional reservoir storage 

o Increased well capacities 

o Blendingrnixing of the high and low quality waters 

Residual Im~act.  If these measures are implemented, the impacts of Alternative 3 
buildout on the existing water system is anticipated to be reduced to less than significant. 

The provision of a suf3icient water supply to serve full buildout of Alternative 3 couid 
necessitate the development of an outside source of water. Another option could be the blending of 
the poorer quality water with the high quality water. 

Should Alternatives 2 or 3 be adopted, it is recommended that the lWVWD complete 
a detailed review of the water system for the City. Only in this way can the City be assured of a 
balanced water distribution and supply system capable of serving the increased growth. The City of 
Ridgecrest will assist and co-operate in the implementation of these mitigations to the extent allowed. 

16.3.2 Water Conservation Measures 

Because of the Valley groundwater basin being in an overdraft situation, conservation 
measures are applicable regardless of the development alternative adopted by the City. As part of 
this effort in 1992, the City adopted Ordinance 92-18 (December 2, 1993), which is a water 
conservation ordinance mandated by Assembly Bill 325. Further the IWVWD has adopted a Water 
Management Plan that address water conservation measures. The City of Ridgecrest will gladly work 
with the IWVWD in examining these issues and developing any requried guidelines for thier 
imphentation. The following measures incorporate, augment, and reinforce the requirements of the 
City ordinance and the IWVWD's plan: 

o Public Awareness 
o In-School Education 
o Water Audits 
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Landscaping 
Leak Detection 
System Management and Maintenance 
Demonstration Garden 
Wastewater Reclamation 
Commercial Landscape Measures 
ULF Toilet and Fixture Requirements for New and Existing Customers 
Low Water Consumption Requirements 
Annual water use/conservation report to study and track usage by new and existing 
developments to monitor effectiveness of rnitiagions 

Each of these elements have a series of components which are currently being 
implemented or are proposed as fbture measures. At this time, the program emphasizes 
educationaUinformational services intended to increase public awareness and provide usehl 
information regarding conservation techniques. 

The following are other recommended conservation measures which would help 
reduce per capita water consumption: 

o Complete and implement the Landscape Guidelines currently under preparation. 

o Develop incentive program encouraging the retrofit of existing structures with low 
flow fixtures. Program should target owners of multi-unit residential or commercial 
facilities. 

o Use mulch extensively in all landscaped areas. (Mulch applied on top of soil will 
improve the water-holding capacity of the soil by reducing evaporation and soil 
compaction.) 

o Install efficient irrigation systems that minimize runoff and evaporation, and maximize 
the water which will reach the plant roots. Drip imgation, "leaky pipe", soil moisture 
sensors and automatic imgation systems are a few methods of increasing irrigation 
efficiency. 

o Prepare and protect existing trees and shrubs. Established plants are often adapted 
to low water condition. 

o Implement new water reduction and wastewater treatment technology in institutional, 
industrial, commercial, and certain residential uses. 
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o Continue to support the IWVWD in its conservation oriented rate structures. 

0 Review the present water waste Ordinance to determine its strength. 

o Protect the fire hydrants fiom waste usage. 

o Research with the IWVWD and the Kern County Fire Department on reducing water 
pressure to new developments fiom 80 psi. 

o Adopt an ordinance strengthening local building code standards and support state and 
federal legislation improving new construction standards for water efficiency. 

o Continue to encourage the IWVWD to offer water-use audits in regards to 
landscaping, residential, and commercial usages. 

o Encourage the Cerro Coso Community College to offer a training program for the 
landscape professional that addresses wise water usage. 

o Develop water conservation landscaping demonstration projects throughout the City. 

o Investigate offering fiee water conservation devices to the public. 

o Investigate the usage of "gray water" for irrigation purposes and if feasible developing 
code amendments permitting the use of graywater. 

o Investigate the procedures, restriction, etc. and construction of an infrastructure for 
the delivery of treated wastewater effluent. 

o Encourage the IWVWD to continue to be the leader in providing water conservation 
information. 

o Investigate financial incentives to promote water reclamation 

o Support the IWVWD in their investigations to provide an alternative (non-local) 
water source for the Valley 

o Encourage the IWVWD to continue in their development of conservation stafF to 
initiate, monitor, and implement water conservation programs targeted to reduce the 
water use per connection. 

SECTION 11- 16- 18 



Fur& Environmentrrl Impast Report 
For 
1991-2010 General PCan Updatc 

o Adopt ultra low flow and water conservation appliances for all new construction. 

o Require approval of water conservation landscape prior to final occupancy of new 
structures. 

o Continue to require all new construction and development to obtain a "will serven 
letter from the 
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SECTION I1 

Chapter 17 
WASTEWATER 

17.1 WASTEWATER 

This report utilizes and relies on information contained in the following reports: A) 
"Master Plan for Wastewater Treatment Facilities" prepared by Montgomery Watson; and B) "Master 
Sewer Plan for the City of Ridgecrest", prepared by Wildan & Associates in 1981, which addresses 
the flow capacity of the sewer lines as well as other system deficiencies. 

The Montgomery Watson study, upon its completion and expected adoption by the 
~i 'd~ecrest  City Council, will be used as the basis for hture actions by the City in regards to 
Wastewater Treatment Plant (WWTP) improvements. 

Prior to the formation of the Ridgecrest Sanitation District in 1952, sewer service was 
provided by septic tanks, cesspools and leach fields. The Ridgecrest Sanitation District merged with 
the City of Ridgecrest in 1972. At that time, the treatment plant located in the southeastern part of 
the city was rapidly reaching its service capacity. It was originally designed to serve an ultimate 
population of 12,500 people. The average daily flow level used to determine the facilities size was 
low, 75 gallons per capita (Actual planning factor is 100 Gallons per Day [GPD]), yielding a plant 
capacity of 930,000 GPD. The actual demand in 1972 ranged from an average daily flow of 800,000 
GPD to peak flows as high as 1,200,000 GPD. In addition to the immediate need for plant expansion 
to meet existing demand, further development was planned for the area adjacent to the plant. The 
sewer system was not able to operate entirely on gravity flow, due to local topography, which 
necessitated pump stations and, therefore, increased energy costs and a less efficient system overall. 

In 1972, the Naval Air Weapons Stations (NAWS) was operating its own wastewater 
treatment plant that had been constructed in the 1940's. This plant was designed to accommodate 
a peak flow capacity of 2.8 million gallons per day (MGD). The NAWS plant was serving a 
population of 11,000 people and discharging 1,700,000 GPD. The NAWS population was beginning 
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to shift to the City planning area resulting in the underuse of the NAWS plant and simultaneously 
overburdening the City plant. 

In 1972 the Lahontan Regional Water Quahty Control Board (LRWQCB) in its Water 
Quahty Control Plan, ordered the consolidation of the NAWS and the City systems. As a result the 
NAWS treatment plant was expanded for this purpose and the City abandoned its plant at San 
Bernardino County Line Road. 

The City was named as the responsible party for the operation of the consolidated 
facility. Through a construction grant and financial assistance from the EPA and allocated through 
the LRWQCB, the City was granted easement of the original NAWS plant and enlarged it to meet 
the needs of its users. The peak flow capacity of the plant was increased to 3.1 MGD. In August 
of 1987, the LRWQCB approved a revised design flow that upgraded the peak flow capacity to 4.4 
MGD. The State of California through the Clean Water Act specifies that when the plant reaches 
75% of its operating capacity, the operator must initiate planning programs to address expansion. 

SETTING 

17.2.1 Introduction 

The following discussion provides an introduction to general concepts utilized in this 
report to evaluate potential wastewater system impacts. 

Sanitary sewer systems are ideally gravity flow to treatment or disposal points and are 
confined in natural drainage basins. The major drainage basins are hrther divided by natural land 
forms into minor drainage areas. The capacity of the system serving each drainage basin and drainage 
area must be sufficient to accommodate the quantity of wastewater resulting from all uses located 
within the drainage area that is tributary to the system. The basic factors considered in the design of 
the system include: 1) the volume of wastewater discharge by various land uses; 2) peak flow 
characteristics of the system, and 3) the sewer system characteristics based upon topography of the 
drainage area. The amount of wastewater discharged is determined by the amount of residential, 
commerciai, and industrial land uses within a community. With such demand factors established, it 
is possible to determine the general design requirements of the sewer system based on projected land 
use mix and patterns. The City of Ridgecrest currently (1991) estimates for design purposes that the 
total average flow through the system is 3.3 MGD (million gallons per day), of which 1.985 is 
contributed by the City and the remainder being attributed to NAWS, with a one day maximum of 
3.656 MGD. (A one day maximum of 8.3 MGD was due to the August 1984 floods which allowed 
large inflows into the system.) 
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Sanitary sewer systems are designed to accommodate the maximum instantaneous 
flow over some design time period. This peak can be computed by establishing a ratio of average 
daily flow (the average day over a 1 year period) to an instantaneous peak flow. This ratio is derived 
from reliable engineering data and from the existing sewer system wherever possible. 

Generally, the size of wastewater lines depends upon the amount of flow expected, 
which is dependent upon the ultimate area to be served and the slope of the wastewater line which 
is dependent upon the topography of the drainage basin. For the most part the main lines (collection 
system) increase in size and capacity near the downstream treatment, disposal, or accumulation point. 
The gravity sewer grade is variable depending upon size and capacity to provide sufficient velocity 
to transport solid materials. Where topographic conditions require, sharp upward vertical changes 
are generally overcome by lift stations. Where pumping is required over a distance, a force main is 
used to pump the flow under pressure against existing topography until gravity flow can again be 
accomplished. 

The Sanitation Department of the City of Ridgecrest maintains actual flow 
measurements for the wastewater treatment system. The equation Q PEAK = 1.75 (Q AVE)'.", is 
used to calculate peak flows for a system. 

17.2.2 Existing Sanitary Wastewater Systems Serving the Planning Area 

The City's planning area and the NAWS's mainsite and Michelson Lab are served by 
separate sewer collection systems. However, these two systems terminate in the at the consolidated 
regional wastewater treatment plant where primary treatment consists of the removal of settleable 
solids. Additional treatment is provided by a series of eleven oxidation/evaporation ponds on 
approximately 240 acres, where much of the effluent is evaporated. An average of 375,000 GPD 
(upon use of 20" line this amount will increase to 500,000 GPD) of effluent is transported through 
a 6" line to the site of the old wastewater treatment facility at San Bernardino Road for agricultural 
purposes. Up to 1.0 MGD (Average of 0.6 MGD) of effluent fiom the ponds on base are used for 
imgation of the NAWS golf course. An average of 1.4 MGD evaporates from the surface of the 
ponds. The senrice area and location of the treatment plant is shown on Figure 17-1. Some lots 
within the planning area also use septic systems. It is the City's policy that no unincorporated areas 
are to receive service fiom the City's wastewater treatment plant. 

a. Ridgecrest Sanitation District. The city sanitary sewer system is a gravity 
system. The system is totally separated from the storm drainage system. 

The City's Wastewater Treatment Plant serves almost the entire city with a tributary 
area of over 13,000 acres. The plant consists of four components: iduent and effluent flow 
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measurement, preliminary treatment, primary treatment (including sludge handling facilities) and a 
series of oxidation ponds. A generalized flow schematic is shown in Figure 17-2. 

A total of 3 Parshall flumes are used to monitor influent and effluent flows from the 
treatment plant. Preliminary treatment consists of a bar screen with a grit removal chamber, and two 
cornminutors. Screenings collected fiom the bar screen are deposited in a dumpster for hauling to 
the landfill. Grit is currently removed fiom the grit chamber via a vacuum truck and deposited on a 
dedicated sludge drying bed. Primary treatment consists of four primary settling tanks. Sludge and 
scum collected in the primary settling tanks are pumped to a two-stage anaerobic digester system 
where they are stabilized prior to drying on sludge drying beds for dewatering and then placed in 
dumpster for disposal. 

Secondary treatment consists of eleven ponds, some of which can be classified as 
primarily facultative oxidation ponds and other as primarily evaporation ponds. The distinction is 
somewhat arbitrary since ail the ponds serve both hnctions to some degree. 

Ancillary facilities at the treatment plant include: an operations building, electrical 
control panels, small maintenance shop, and storage yard. 

TABLE 17-1 

CITY OF RIDGECREST HISTORICAL AND PROJECTED 
WASTEWATER FLOW FOR THE RIDGECREST WASTEWATER 

TREATMENT PLANT FOR ALTERNATIVE 2 

YEAR POPULATION AVG FLOW CMGD) GPCD1 
1980 15,929 1.35 8 5 
1985 18,000 1.61 87 
1990 27,725 2.08 75 
1991 28,700 1.99 69 
2010 75,000 6.00 80 
'1 For flow projections purposes, the gallons per capita per day (gpcd) wastewater flow for 1995 to 2010 is 

set at a value near the average of the range between the historic values for 1980, 1990, and 199 1. 
2 These tiows do not indicate the NAWS contribution to the influent flow 

As of 1992, 11,029 single f d y  dwelling units and 3,834 multi-family dwelling units 
(City Wastewater Department) were serviced by the treatment plant. This represents an equivalent 
population of approximately 29,3 13 persons. Table 17-1, gives a history of the flow data for the 
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plant. Although the plant has received a capacity rating of 4.4 MGD fiom LRWQCB, estimates by 
Montgomery Watson suggest that the actual operating capacity is less than that. Table 17-2 relates 
the seasonal variations in flow and evaporation experienced at the plant. 

TABLE 17-2 

SEASONAL VARIATIONS IN FLOW AND EVAPORATION 

Percent of Annual Average Rainfall Average Pan Evaporation 
Influent Flow ( I )  (inches)") (inches)") 

January 8.6 0.71 3.1 
February 7.0 0.70 4.48 
March 8.3 0.59 8.06 
April 7.7 0.15 9.90 
May 8.3 0.12 13.02 
June 8.4 0.05 15.00 
July 8.7 0.23 15.19 
August 9.2 0.3 1 13.95 
September 8.9 0.25 9.90 
October 8.6 0.17 6.82 
November 7.5 0.50 4.50 
December 8.8 0.50 2.48 
TOTAL: 100.0 4.28 106.4 
Total Including 1990 and 1991 Data 

4.34 106.1 
m Based on 199 1 plant m r d s  
(2) Talcen limn Lloyd Cmbett's The Weather at NWC, 1990. Rainfall data is averaged b m  1960 to 1989 and 

pan evaporation &om 1986 to 1989 

b. Se~tic Tanks. A few island areas within the planning area are currently on individual 
septic tanks for sanitary wastewater disposal. These areas have been annexed to the city since 1963, 
were not a part of the original Ridgecrest Sanitation District or were more than 300' fiom the nearest 
sewer line. It is City policy that new construction within 300' of an existing sewer line connect to the 
city system. Annexation 1 1, which is agricultural lands, is the largest area that still exclusively uses 
septic tanks. The Leroy Jackson Park (former Kern Regional Park) utilizes septic tanks in its design. 
The island areas have been slowly connecting to the city's sewer as failures of the private septic tank 
systems occur. 
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Trunk Sewer Area Line Above Design Correction Measure 
Size Capacity 

1 1. China Lake fiom Ridgecrest 15" 1.08 MGD* Add parallel 8" line length = 650.1' 
to 650' south 

12. Ridgecrest from Helena to Fairview 8" 0.01 MGD Add parallel 8" line length = 690.0' 

13. Ridgecrest fiom Sanders to 8" 0.15 MGD Add parallel 8" line length = 70 1.2' 
China Lake 

14. From SanderdArgus intersection 15" 0.67 MGD Add parallel 8" line length = 1954.9' 
east to China Lake then south 990' 

15. Fairview from Las Flores to Argus 15" 0.46 MGD Add parallel 8" line length = 1652.4" 

16. Peg from Kevin to 110.9' south 10" 0.03 MGD Add parallel 8" line length = 110.9' 

17. Peg from Mary Ann to Las Flores 10" 0.13 MGD Add parallel 10" line length = 3 15.0' 

* Surcharge will occur at peak flow 
* * This table is derived fiorn Tables 6 and 16 in "The Master Sewer Plan for the City of Ridgecrest", Wildan Associates, 198 1 
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17.2.3 Major Collection System Components 

The city's collection system is comprised of a minimum of 150 miles of sewerage 
collection piping consisting of mostly of vitreous clay pipe (VCP) and poly vinyl chloride pipe (PVC). 
The sewer system lines range in diameter from 6 to 27 inches. The entire system is gravity conveyed 
to the treatment plant located north of the City on the NAWS by two separate trunk systems that 
have a common junction at the plant site. 

a. Main Collector System. The two independent trunk systems have no 
interconnections and are referred to as the East Trunk Sewer and the West Trunk Sewer. The East 
Trunk consisting of 24" and 27" VCP flowing fiom a southeasterly, direction joins the West Trunk 
Sewer at the wastewater treatment plant. The West Trunk consists of 15" and 18" VCP that flows 
from a southwesterly direction. At their junction, the flow is carried through a 24" VCP pipe and into 
a 12" throat Parshall flume at the plant headworks. Table 17-3 addresses the deficiencies of the 
present collection system based on the existing land use of 198 1. 

The West Trunk Sewer area system covers the Ridgecrest planning area generally to 
the north of Drummond Avenue, with some areas east of Downs Street also being served by this 
trunk. 

The East Trunk Sewer area system covers the Ridgecrest Planning area to the south 
of Drummond Avenue. This trunk services the majority of the planning area of the City. 

The majority of the collection system is relatively new due to the City's growth in the 
1960's and 1970's. This combined with the desert climate, average annual precipitation of 4.7SW, and 
soils of relatively low venicai transmissivity limit inflow/ infiltration to the system to very low levels. 

The 198 1, "Master Sewer Plan for the City of Ridgecrest", prepared by Wildan 
Associates identifies improvement projects for the City's trunk sewer system. This document is 
hereby incorporated by reference. 

b. Surnrnarv of Plant Condition and Ca~acitv (Master Plan for Wastewater 
Treatment Facility, Montgomery Watson, 1992) 

The following improvement projects are recommended for the existing plant. The 
ultimate result of these projects will lead to improvement in the preliminary and primary treatment 
processes. These projects address various factors including lack of proper equipment, poor design, 
andfor limited capacity. Problem areas are not limited to any single process, but are most severe in 
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the grit removal, scum pumping, and sludge handling processes. The condition of various treatment 
plant components below:. 

1. Calibrate the flow metering system (Parshd flumes with ultrasonic sensor and auto- 
recorders) performed annually. 

2. Correctly size the grit removal system to prevent grit buildup in the digesters. 

3 .  Eliminate the cornminutors which are not required in this plant. 

4. For two stage operation given existing flow rates, Digester Nos. 1 and 2 are sized 
adequately. Improvements to the mixing and heating capacity for Digester No. 1 are 
required, due to the heat exchanger appearing to be mar@y sued for current flows. 
Replacement or repair of the rnixing/recirculation pump should improve digester 
mixing and heating. Need larger or extra heat exchanger or new plant. 

The sludge drying beds do not appear to be overtaxed. (It should be noted that 
WWTP staff do not find these beds adequate.) 

Continue data collection throughout the year for TSS (total suspended solids) or 
BOD (Biological Oxygen Demand) removal in primary treatment or VSS (Volatile 
Suspended Solids). It appears that reduction in the digesters are effective during the 
summer months, reducing 67% of VSS in the primary sludge, however winter data 
is not available. 

The facultative ponds provide adequate treatment, current reuse does not require 
disinfection. Although coliforms are periodically high (> 1600 MPN (most probable 
number)) as  measured in the flow to the City-owned pasture land, the BOD generally 
remains within the acceptable limit (30 mgL). The average effluent BOD 
concentration in Pond 3 for 1991 was 29.7 mg/L. The average 1992 BOD and TSS 
concentrations, respectively for Pond 3 were 28.6 mgL and 27.7 mgL. The BOD 
and TSS concentrations for Pond 9 were 35.4 mg/L and 34.7 mgL. 

c. Plant Capacitv 

The following plant capacities (Table 17-4) are based on both hydraulic and influent 
characteristics. An assessment of actual capacity based totally on performance has been based on 
limited data concerning influent and various effluent characteristics. Figure 17-3 summarizes the 
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existing plant capacity by unit process. This figure shows that available effluent storage limits the 
capacity of the existing Regional Plant to 3.25 MGD (Montgomery Watson). 

d. Immediate Short-Term Im~rovements Needed At the Plant If the plant is - 
expected to perform at an acceptable level in the near term (1 to 2 years), the primary treatment 
facility needs several immediate improvements. These include replacement and upgrading of various 
mechanical equipment, but no changes to the structures. It should be noted that these are short term 
improvements intended to keep the plant operating but are not expected to solve the main plant 
problem of undersized unit processes. 

1. Place the grit screw in-line and make operational. 

2. Bring the scum collection and pumping system on-line and make fully operational. 
The existing pumps should be replaced by a chopper pump. 

3. The primary digester sludge recirculation pump should be replaced with a properly 
sized chopper pump in accordance with the City's already budgeted plan. 

Although both digesters should be cleaned, the secondary digester is of special 
concern. Currently, this digester appears to be nearly inoperable. This cleaning 
should be followed by installation of fixed covers and gas storage system. 

The worn sludge collection system parts in settling tank No. 3 should be replaced and 
this tank should be put on-line in accordance with the City's already budgeted 
improvement plan. (This corrective action was completed in 1992-1993 Fiscal 
Year.) 

Plant personnel should continue to perform periodic and systematic sampling of the 
various plant processes. Data collection was begun in the summer of 1992 and should 
be expanded to provide a record of plant operations and performance which will assist 
in making decisions concerning future alternatives. 

WWTP staff notes that certain of these repairs could become unnecessary depending 
upon the alternative selected from the Montgomery Watson study and implementation schedule. 
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TABLE 17-4 

PLANT COMPONENT OPERATING CAPACITY 

Unit Process Capacitv Reason.Cornments 

Flumes 6.0 MGD average Site of City influent flume; can be upgraded 
10.4 MGD peak with minimal structural alteration 

Bar Screen 6.0 MGD average Channei and downstream hydraulics; 
10 MGD peak channel freeboard 

Grit Chamber 1.0 MGD average Detention TimdCapacity 

Cornminutors (not required) 

Primary Settling 3.0 to 3.5 MGD ave. Based on performance data 
Tanks 

Ponds 3.9 MGD average Organic loading 

Digesters 3.2 to 3.7 MGD ave. Heat exchanger capacity, requires winter primary 
sludge temperature data to refine capacity figure 

Sludge Drying Beds 3.5 to 4.5 MGD ave. High evaporation rate is ideal for sludge drying 
beds 

Effluent Seasonal 3.25 MGD 
Storage 

Efluent Disposal 3.4 MGD 

Higher flows may result in pond freeboard less 
than two (2) feet 

Limited by existing 6" line capaciv, using 1991 
built 20-inch line and recently acquired 40 acres 
of inigation site, the capacity increases fiom 3.5 
to 3.6 MGD 
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17.3 IMPACT ANALYSIS 

17.3.1 Significance Thresholds 

In evaluating the impact of each of the four alternatives on the sewer systems within 
the planning area, the following will be considered as a significant threshold of service. 

a. 
Wtthin the Service Area. This will be addressed in tenns of the increased length of the existing trunk 
system exceeding its capacity, caused by increased flows for each alternative. Design capacity and 
the full flow capacity of the trunk lines will be indicated. An exceedance of design capacity is 
sigruficant because, with the unstable nature of wastewater generation and reduced hydraulic capacity 
of aging lines, excess capacity in the line is no longer available as a safety factor. This is most 
important in smaller lines where variation in wastewater flow is most noticeable. Exceeding full flow 
is sigmficant because of the high probability of wastewater spills. Sewer lines begin operating under 
pressure (surcharged). With the unstable nature of sewer systems, minor increases in flow, or 
restriction to flow, can cause surcharging in the sewer line to the point where wastewater is allowed 
to escape from manholes, or backups occur within private property. 

b. Treatment Plant Cauatitv Reached or Exceeded. Knowing when the capacity 
of the treatment plant will be exceeded is extremely important in terms of ability to continue to 
maintain and adequately treat the wastewater generated within the service area. Of lesser importance 
would be that point when average daily flows at the treatment plant reach 75 percent of the treatment 
plant capacity. 

17.3.2 Wastewater Generation from Buildout Under Each Alternative 

In order to determine the increase in total wastewater generated fiom each of the four 
alternatives, WEF (Water Environment Federation) generation rates were utilized for the City of 
Ridgecrest. For residential development, 100 gallons/person/day will be used as the average daily 
flow generated on a per person basis. (National Clay Pipe Institute for typical usage, EPA guidelimes 
require average per capita daily flow to be accurately determined per community.) Since, there is 
limited usage by commercial, industrial and institutional development, their usage was not calculated 
into the tables. (Records for these usages demonstrate minimal flow) These numbers are slightly 
greater than current average flows for this land use group. In u t i l i i g  actual flow data per user 
group rather than flows equal to "design" criteria defined by the sewer agency, it is assumed that 
wastewater generation from incremental growth will be proportional to that which is currently being 
experienced. 
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Generation rates established above were then equated to the growth anticipated under 
each alternative. These average generation flows were then "peaked," using City design criteria, to 
evaluate the wastewater collection system. The impact on the City treatment plant is evaluated using 
average daily flows. Table 17-5 provides a tabulation of the expected average daily flows reaching 
the City treatment plant for each of the four alternatives. Also shown is the percentage of utilization 
of the existing treatment plant capacity. 

Table 17-5 

ESTIMATED WASTEWATER GENERATION 
AT 

ClTY OF RIDGECREST WASTEWATER TREATMENT PLANT 

Estimated Increase Percent 
Over Existing From Total Utiliition 
Citv Planning Area Demand of Capacity 

Existing Flows NI A 3.2 MGD 98% 

Alternative 1 2.60 MGD 6.0 MGD 182% 

Alternative 2 5.630 MGD 9.0 MGD 273% 

Alternative 3 8.60 MGD 12.0 MGD 364% 

Alternative 4 1.10 MGD 4.3 MGD 134% 

The WEF standard of 100 GPCD was used util~zxi for these estunations 

17.3.3 Impacts of Future Sewer Generation on Available Sewer System Facilities 

a. Alternative 1. 2. 3. and 4. Buildout under these alternatives would result in 
the following impacts: 

o The effects on the sewer collection system are considered significant but 
mitigable. The Wildan study names deficiencies for the ultimate land use 
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within the City Planning area. This study recommends a system of parallel 
l i e s  be put in place to serve the impacted areas. 

o The effects on the treatment plant capacity are indicated on Table 17-5. 
Existing (1991) average daily flows at the plant are 3.3 MGD. Planning for 
any future expansion of the treatment plant should commence upon 
completion and adoption of the "Master Plan for Wastewater Treatment 
Facilities" by Montgomery Watson. 

17.4 MITIGATION MEASURES 

17.4.1 Alternatives 1 and 4 

These alternatives would require the following improvements to be made to the 
existing sewer system: 

o Increase the limitation on the amount of effluent trans~oned through the 20" 
pi~eiine from 0.5 MGD to accommodate erowth. (Approval for use of the 
20" pipeline was received in 1993.) This improvement will require NEPA 
compliance in regards to allowing the NAWS to maintain the Mohave Tui 
Chub habitat. 

o Ado~tion of Master Plan for the Wastewater Treatment Plant This plan is 
currently being reviewed for technicd correctness by City staff. It wiil be 
placed before the City Councll in early 1994 for adoption and implementation 
instructions for staff. 

o Im~lement an annual review of the sewer user's fee. Revenues for the WWTP 
should be reviewed annually in order to adjust for inflation and needed 
equipment replacement. These fees should be applied equitably to all users. 

o & Revenues for 
connection fees should be reviewed annually in order to adjust for inflation. 
These fees should be applied equitably to all users. 

o Rmairs noted in section 17.2.3.d. These recommended repairs will allow the 
plant to function at its capacity of 3.6 MGD but will not remedy storage and 
effluent disposal capacity limitations. 
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o Citv plan and implement a capital improvement urogram to correct identified 
sewer deficiencies. Such a program would eliminate the maintenance and 
nuisance problems and provide a margin of safety which would preclude 
degeneration. 

o Citv should continue to monitor wastewater flows in its trunk system as new 
land development occurs. By undertaking a periodic monitoring program, the 
City staffwill be able to compare the projected wastewater flow quantities 
against those occurring as a result of the change in land use. 

o Citv should maintain and periodicallv uudate a land use data base for a 
computer model of the Citv sewer svstem. This model would reflect the 
construction of new relief facilities and/or the construction of new trunk lines. 

o Reevaluate the list of deficiencies noted in the Wildan Report and take 
m ~ r o ~ r i a t e  action. The Wildan Report (1981) noted trunk line deficiencies 
and maintenance and nuisance problems that have not been implemented or 
corrected. 

o Im~lementation of water conservation measures. Through the use of water 
conservation measures the Wastewater Treatment Plant should see a 
reduction in the gallons per capita treated which would extend the life of the 
present facility. 

o Initiate r e ~ l a r  inspections of the sewer facilities of commercial and industrial 
users. This would insure that these users are complying with all restrictions 
placed upon them and that there is an accurate record of their number of 
connections in order to correctly assess their user fees. 

o Further examination into reuse alternatives for sewer effluent. 

o The Citv treatment ulant would require expansion at some ~ o i n t  during the 
plannine period. A review of current policies regarding connection fees 
should be made to insure suflicient funding is available for plant expansion as 
well as trunk line construction. 

Residual Impact. The above improvements would reduce the impact ofbuildout under 
Alternative 1 on the existing sewer system to less than sigmficant. 
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17.4.2 Alternative 2 

Alternative 2 would require, in addition to those improvements shown for Alternative 
1, the following improvements to be made to the existing sewer systems. 

o Implementation of the recommended alternative in the "Master Plan for 
Wastewater Treatment Facilities" ure~ared bv Montgomew Watson. This 
recommended alternative will allow the City to have the treatment capacity to 
handle a population of 75,000. 

Residual Irnuact. The above improvements would reduce the impact of buildout under 
Alternative 2 on the existing sewer system to less than significant. 

17.4.3 Alternative 3 

Buildout under this alternative would require the following improvements to be made 
to the existing sewer system, in addition to those already discussed under prior alternatives: 

o Amend the Mont~omew Watson Master Plan to address a ~opulation of 
100.000. The City presently does not have the sewer capacity for this 
alternative. Solutions and improvements would need to be implemented as 
noted in this study. 

Residual Impact. The above improvements would reduce the impact of buildout under 
Alternative 3 to less than significant. 

17.4.4 Water Conservation Measures 

Because a reduced water usage directly affects wastewater flows, management and 
conservation of local water resources is essential to ensuring the availability of adequate sewer system 
capacity to existing and future users. Conservation measures are applicable regardless of the 
development alternative adopted by the City. 

o Work coo~erativelv with the Indian Wells Vallev Water District to address 
water conservation issues. 
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SECTION I1 

Chapter 18.0 

BIOLOGICAL RESOURCES 

SETTING 

The locations of the major biological resources within the planning area are shown in 
Figures 18-1 (Desert Tortoise), 18-2 (Mohave Tui Chub) and 18-3 (Mohave Ground Squirrel). In 
addition to the natural communities to be described below, there are several general classifications 
that have been created by human activities: urban, agricultural, and barren. The urban community 
consists of those plant species found within a developed residential, business or industrial area, either 
as landscape plantings or invadiig weeds. The agricultural areas that existed in Ridgecrest are fallow 
or have been overcoverd by structures, as such they will not be discussed here (See Chapter 1 for 
discussion of Agriculture). Barren lots have typically been graded, or are similarly disturbed and are 
currently devoid of vegetation. 

PLANT COMMUNITIES 

Plant communities are associations/aggregations of plant species adapted to a 
particular environment. An individual species' distribution may overlap from one community to 
another. "The term Plant Community for each regional element of the vegetation that is characterized 
by the presence of certain dominant species. In other words, the community is floristically 
determined. A vegetation type may consist of one to several communities" (Munz, 1968). Even so, 
description by community provides an excellent way to identify the general vegetation of a particular 
area. 

The great majority of California plant Communities have a climatic rather than a purely 
edaphic basis. In California's diversified topography and its exceedingly complex distribution of 
climates, the communities naturally must often be geographically discontinuous, with parts of one 
occumng as islands within another. Many species of widespread distribution occupy a number of 
climatic zones and correspondingly a number of climatic races or ecotypes. 

SECTION 11-18-1 



F"md Environmental Imps Report 
For 
1991-2010 General PCan 

The following plant community names have been described in the NWC Preliminarv 
Master Plan, the Generai Plan 198 1-1 995, City of Ridgecrest. Volume 2. Technical Appendix, the 
"Sensitive Plant Survey of Sewage Ponds and Effluent Pipeline Route For City of Ridgecrest, Kern 
County, California". .A California Flora by Munz uses broader categorizations that result in fewer 
plant communities that encompasses a more widely based ecotype. These sources have referenced 
the Natural Diversity Data Base maintained by the California Department of Fish and Game. (Table 
18-1 identifies the species by its scientific and common name.) 

TABLE 18-1 

Native Plant Species Common Names 

Acarnptopappus sphaerocephalus 
Allemolfea occidentalis 
Ambrosia dumosa 
Lycium andersoni 
Atriplex polycarpa 
Atriplex confertifolia 
Chilopsis SPP. 

.. Distichlis spicata 
Haplopappus acradenius 
Hymenoclea salsola 
Kochia califomica 
Larrea tridentata 
Lepidium fiemontii 
Nitrophylla occidentalis 
Psorothamnus arborescens var arborescens 
Scirpus robustus 
Stanleya pimata 
Suaeda moquinii 
Tetradyrnia glabrata 

goldenhead 
pickleweed 
burro bush 
Anderson thornbush 
all scale 
shadscale 
desert willow 
saltgrass 
Alkali goldenbush 
cheesebush 
Mojave red sage 
creosote bush 
desert alyssum 
alkali pink 
Mojave indigo bush 
alkali bulrush 
Prince's Plume 
inkweedfsea-blite 
desert horsebrush 

The following are the plant communities as described by Munz: 

a. Creosote Bush Scrub. Larrea divaricata, Franseria Dumosa, Fouquieria 
qlendem, Dalea califomica, D. Schonii, D. spinosa, Lycium brevipes, L. Andersonii, Hymenoclea 
Salsola, Encilia farinosa, E. frutescens, Sphaeralcea ambigua, Bacharis sergloides, Echincereus 
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Engelmannii, Opuntia Bigelovii, 0. echinocarpa, 0. basilaris; Prosopis julrflora var. gl&Ioscl, 
Olneya Tesota, PIuchea sericea, and Chilopsis linearis along the watercourses. 

Well drained soil of slopes, fans, and valleys, usually below 3500 feet, in desert tiom 
southern end of Owens Valley to Mexico. 

Average rainfall mostly 2 to 8 inches, some as summer showers; frost free days 180 
to 345; highly variable seasonal and diurnal temperatures, mean summer maxima 100" - 1 lo0, mean 
winter minima 30" -42°F. 

b. Alkali Sink. Atr ip l expo@q A. Jenti~onnis, A. breweri, A. spinifera, A. 
Parryi, Smobatus verrnisculatus, Allenrolfea occidentalis, Suaeda Torreyana var. ramosissima, 
Salicomia virginica, Frankenia grand~flora var. capestris. 

Poorly drained alkaline flats and playas in floor of Great Central Valley and of arid 
regions east of the Sierra Nevada, and in such sinks as Panarnint and Death Valleys, mostly at less 
than 4000 feet elevation. 

Average rainfall mostly 1.5 to 7 inches, fiost fiee days 200 to 335; highly variable 
seasonal and diurnal temperatures, mean summer maxima 106" - 1 16", mean winter minima 28"- 37°F. 

Low scattered gray or fleshy halophytes where there is poor or no drainage, as about 
dry lakes; under this community are grouped several associations that are perhaps more distinct and 
cover larger areas in the desert of Nevada and Utah. 

The following is a composite description fiom the other three resources cited above: 

a. Desert Saltbush Scrub or Alkali Sink. The desert saltbush scrub surrounds the 
sewer ponds located on the NAWS facility and is additiondy located at Mirror and Satellite Lake 
playas. The dominant and common plant species are usually low growing (1 to 3 feet tall), small 
leafed and often succulent, including several species of saltbush and sea-blite. These are usually 
widely spaced with bare ground between and are often distributed in zonal patterns around the lake 
beds reflecting the alkalinity conditions. 

This community is composed of Atriplex polycarpa, A m l e x  confertifolia, with 
occasional Larrea triakntata , Ambrosia dumosa, Suaeda moquinii, Hqlopappus acradenius and 
Stanleya pinnata 

b. Desert sink scrub. The desert sink scrub community was also found on the 
perimeter of the sewer ponds located on the NAWS facility and is additionally located at Mirror and 
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Satellite Lake playas. This community is found in poorly drained alkaline flats and playas at mostly 
less than 4000 feet elevation. 

This community is dominated by Distichlis spicata, Allenroyea occidentaiis, Atriplex 
confirti~olia and Kochia ~~~iifornica with occasional Lepidium fiemontii, Notrophylla occi&ntaiis, 
Tetr-ia glabrata, Haplopuppus acradenius and Stanleya pinnata It is typified by low scattered 
gray halophytes where there is poor or no drainage, as about dry lakes. 

c. Alkali marsh. This community was found in a few areas along the north side 
of the ponds and near the old railroad grade on the northeast side of the sewer ponds. This 
community is dominated by Scirpus. 

d. Alkali meadow. This community was found intennixed with the alkali marsh 
community near the old railroad grade. This community was dominated by Distichlis spicata. The 
alkali marsh and the alkali meadow appeared to be dry at the time of the survey (June 4, 1991) with 
the plants appearing to be dead. It appears that these communities are dependent upon seepage from 
the pond for their water. 

e. s. The Creosote bush scrub community is by 
far the largest plant community in the planning area. It is typified by well-drained soils of slopes, fans 
and valleys usually below 4500 feet in the desert. Local variations in the dominant species and overall 
species composition do occur in response to localized soil conditions through out the study area. 
Despite the harsh conditions of the desert, the Creosote Bush Scrub Community suppons a surprising 
diversity and abundance of wildlife. 

The dominant species of this community are the Larrea biakrrtata, Ambrosia dumosa, 
Hpenociea saisoia, Acamptopappus sphaerocephalus, and Lycium andersoni. These shrubs are 
1-6' feet tall and are widely spaced being largely dormant between rainy seasons. This community 
is capable of supporting a wide variety of ephemeral herbs and wiidfl owers in early spring following 
winter raiddl and sometimes after late summerifall rains. Gemination and growth of these annuals 
is rapid followed by a short flowering period. Plants then die and persist as seeds throughout the 
remainder of the year until conditions are once again favorable for their germination. 

18.3 WILDLIFE HABITAT 

The potential variety and abundance of animal species in an area is determined by 
physical parameters (i-e., soils, slope, exposure, precipitation, evapotranspiration) and vegetation 
which can also reflect physical parameters. All botanic areas serve as wildlife habitats, with some 
encompassing the prime habitat of several rare and endangered animal species. Despite the harsh 
conditions ofthe desert, the creosote bush scrub supports a wide variety and abundance of wildlife. 
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In addition, to the many resident species of wildlife inhabiting the area, there are many 
migrants and winter visitors which use these habitats on a seasonal basis. Of particular importance 
to these species are habitats used for feeding, nesting and watering during migration and 
overwintering. The City sewer ponds, and the two dry lakes, Mirror and Satellite, when inundated 
following winter rainfall, are found to serve as important habitat to a wide variety of waterfowl, 
shorebirds and other birds traveling along the Eastern Sierra Flyway. 

The NAWS has noted that it provides habitat for at least 80 species of mammals, 225 
species of bids, and over 30 species of reptiles and amphibians. Those species known to abide within 
the planning area have been included in Tables 18-3 and 18-4 found at the end of this chapter. A 
complete listing of invertebrates for the planning area is not known to exist at this time, however 
Table 18-5, attempts to fill this gap. Table 18-6 was supplied by the Desert Tortoise Council and lists 
the sensitive species and their state or federal status. 

RARE AND ENDANGERED SPECIES 

The Federal Endangered Species Act (Act) was passed by Congress in 1973 and is 
amended periodically. The basic policy of the Act is that all federal agencies must seek to conserve 
thieatened and endangered species through their actions. The Act has a prohibition against "take" 
of listed wildlife species with the exception of "take" being allowed under the procedure for obtaining 
a Section 7 or Section 10(A) permit. There are civil and criminal penalties for unauthorized take. 

The Act contains a very broad definition of take, including "harass" (such as significant 
disruption ofbehavior) harm (includes significant habitat modification), pursue, hurt, shoot, wound, 
Ml, trap, capture, collect or attempt to engage in any such conduct. The "take" prohibition applies 
to individuals, business entities, local and state governments, and federal agencies alike. 

In recognition that take could occur incidental to the conduct of otherwise legal 
activities, the Act contains a provision to acquire a Section 10(a) incidental take permit. This pennit 
allows a private individual, business, or local government to take listed species if the take is incidental 
to, and not the purpose of, carrying out otherwise l a m 1  activities. To acquire the permit, an 
applicant must prepare a Habitat Conservation Plan (HCP) and Implementing Agreement which 
describes the method in which the applicant will minimize the impacts to the species. A permit can 
be granted ifa number of stringent conditions are met, including a finding of non-jeopardy (an action 
that is not likely to jeopardize the continued existence of a listed species or result in the destruction 
or adverse modification of critical habitat). 

The Act regularly defines a species status as follows: 
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Endangered Suecies means any species which is in danger of extinction throughout 
all or a significant portion of its range, other than a species of the Class Insecta 
determined by the Secretary to constitute a pest whose protection under the 
provisions of this Act would present an overwhelming and ovemding risk to man. 

Threatened Species means any species which is likely to become an endangered 
species within the foreseeable fkture throughout all or a significant portion of its 
range. 

In 1984, the state passed the California Endangered Species Act (CESA). The basic 
policy of CESA is to conserve and enhance endangered species and their habitats. As such, agencies 
should not approve private or public projects under their jurisdiction that would jeopardize threatened 
or endangered species or destroy habitat essential to their continued existence if reasonable and 
prudent alternatives are available. 

The CESA requires that all state lead agencies must conduct an endangered species 
consultation with California Department of Fish and Game (CDFG) iftheir actions could affect a state 
listed species. The lead agency must provide information on the project and its impacts to CDFG, 
which in turn will prepare written findings on whether the proposed action would jeopardize the listed 
species or destroy essential habitat. Ifnecessary, the CDFG will recommend reasonable and prudent 
alternatives to avoid "jeopardy" (to engage in an action that reasonably would be expected to, directly 
or indirectly, reduce appreciably the likelihood of both the survival and recovery of a listed species 
in the wild by reducing the reproduction, numbers, or distribution of that species), unless there are 
ovemding considerations. 

Although the CESA does not require local lead agencies to consult with CDFG for 
projects involving state listed species, the agency must still ensure that their actions would not result 
in "take" of a state listed species, an action prohibited by the CESA and subject to civil and criminal 
violations. 

The CESA prohiits the "take", without a permit to "take", of listed wiIdlife species. 
Take is more narrowly defined compared to the federal law. The state definition includes hunt, 
pursue, capture, or kill, or attempting this conduct. As such, the CESA does not specifically include 
the disturbance of habitat or disruption ofbehavior as take, activities which are defined as take in the 
federal law. 

The CESA contains a provision (Section 2081) for the CDFG to issue pennits or 
memorandums of unders::~ding to individuals, public agencies, and private entities to take listed 
species for specific purpc - . -. This provisions is used in the same manner as the federal Section lO(a) 
incidental take permit in that the CDFG will issue a Section 208 1 pennit of management agreement 
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for public and private projects that cause incidental take, provided that there is sufficient mitigation 
and that jeopardy would not OCCUT. These incidental take authorizations have been issued to various 
local governments and private parties. 

The Catifornia Fish and Game Code ($2062 and $ 2067) defines a species status as: 

endangered species means when a native species or subspecies of a bird, mammal, 
fish, amphibian, reptile. or plant which is in serious danger of becoming extinct 
throughout all, or a significant portion, of its range due to one or more causes, 
including loss of habitat, over exploitation, predation, competition, or disease. 

threatened s~ecies means a native species or subspecies of a bird, mammal, fish, 
amphibian reptile. or plant that although not presently threatened with extinction, is 
likely to become an endangered species in the foreseeable fbture in the absence of 
special protection and management efforts required by this chapter. 

There are six sensitive plant species (Table 18-2) that have potential habitat in the 
planning area. No federal or state listed or proposed rare, threatened or endangered plant species are 
known to exist in the study area. Only one species, Calochortus srriatus (alkali Mariposa lily) is a 
Federal candidate species and has been found in the vicinity of China Lake and the NAWS magazine 
area The remainder are listed by the California Native Plant Society (CNPS) as California Natural 
Diversity Data Base (CDDB) special plants. 

Legislation at both the state and federal levels have designated several species of 
animals that may inhabit or visit the planning area as either endangered. rare, or threatened. These 
are the Desert tortoise and Mohave tui chub. Other sensitive species have been catalogued on the 
lands comprising the NAWS, however, these species have not been identified within the City of 
Ridgecrest and its sphere of influence (planning area as acknowledged by LAFCO) recognized in this 
document. (The tables found at the end of this chapter provide a list of bird, mammal, reptile, and 
plant species identified in the Indian Wells Valley) 

The following species have been of the most concern to the City of Ridgecrest in 
addressing CEQA issues for new growth and development: 

a. Desert tortoise (Gopherus xerobates acassizii 

State Classification: Threatened 
Federal Classification: Threatened 
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TABLE 18-2 

Scientific Name 

Calorchortus 
striatus 

Camissonia 
kernensis ssp 
kernensis 

Chorizanthe 
spinosa 

Linanthus 
arenicola 

Sparina gracilis 

SENSITIVE PLANT SPECIES 

Common Name Habitat Rank or Status* 

alkali mariposa lily Alkaline meadows and CNPS - 1B 
springy places NDDB - S2.2 

USFWS - C2 

Kern County Sandy gravelly granitic CNPS - 4  
evening primrose slopes and flats, desert NDDB - S? 

washes and canyons 

Mojave Sandy washes and flats. CNPS - 4  
spineflower occasionally on gravelly NDDB - S? 

slopes 

Sand linanthus Loose sandy, sometimes CNPS - 2  
gypsum rich soils; sandy NDDB - S? 
dunes or edges of washes 

sage-like loeflingia Dunes and sandy flats CNPS-3 
often among sagebrush NDDB - S? 

alkali cord grass Alkaline meadow CNPS - 4  
NDDB - S? 

Rank or status abbreviations 

CNPS ranks are: 1A-plant presumed extinct in California; 1B -plants rare and endangered in California and elsewhere; 
2 -plants rare, threatened or endangered in Calidomia, but more common elsewhere; 3 -plants about which mom 
information is needed- a review list; and 4 -plants of limited distribution-a watch list 

NDDB O\Jalud Diversity Data Base a section within the CDFG) ranks are: S 1 - extremely e n d a n g d ,  S2 endangacd; 
S3 -restricted range, rare; S4 -apparently secure. A more precise degree of threat to the element is sometimes 
expressed by a decimal followed by a number. 

CDFG (California Department of Fish & Game) listing are: E - endangered, R - rare under the California Native 
Protection Act and CESA 

USFWS (U.S. Fish & Wddlife Service) lkhgs under the Endangered Species Act: C 1 - Candidate List; C2 - Candidate List; 
and C3c - Non-candidate plant 
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The Desert tortoise is the largest North American desert reptile. It 
ranges across the Mojave and Colorado Deserts of California, northern Arizona, 
southern Nevada and southwest Utah in the southwestern United States south into the 
Sonoran desert and Sinaioa thornscrub of Mexico. Tortoises survive and reproduce 
in the desert environment by using a variety of adaptive strategies. 

Tortoises spend 98% of their time in burrows that are ofien located 
under perennial plants, such as creosote. These burrows are crescent shaped and vary 
in size, depth and shape by geographic location and by size of tortoise. During the 
spring the tortoises emerge from their burrows to feed on the water-rich annuals and 
grasses that grow after spring rains. They remain active into the summer taking 
refbge in their burrows, pallets (sites in the shade of bushes that tortoises clear of 
debris), and also short "pallet" burrows when temperatures are high. When water 
shortages, rising temperatures and dwindling forage become to severe, desert 
tortoises become inactive and stay in their burrows to await late summer rains when 
they can emerge and replenish water stores and feed on new annual and perennial 
plant growth and dried grasses. After this brief period of activity, they spend the rest 
of the year in their burrows to avoid cold temperatures and food shortages. 

b. Mohave tui chub (Gila bicolor mohavensis) 

State Classification: Endangered 
Federal Classification: Endangered 

The Mohave tui chub (chub) was introduced onto NAWS in 1971 and 
is listed by both the U.S. Fish and Wildlife Service and the California Department of 
Fish and Game (CDFG) as an endangered species. 

According to the NWC Master Plan, the chub were transplanted to the 
Centeis Lark Seep Lagoon by the CDFG when it was realized that the last remaining 
population of the fish, living in a spring near Baker, California, were in jeopardy. In 
an effort to save the species from extinction, CDFG biologists organized a 
transplantation program with the Center serving as one of fourteen transplant/refUge 
sites. In 197 I, approximately 400 chub were introduced into Lark Seep Lagoon on 
NAWS. This transpiantation effort was highly successful. The population of chub 
is now estimated to be more than 18,500, in Lark Seep and G-1 Seep and the 
interconnecting channel . As none of the other transplant sites were successful, this 
species is considered to be one of the high priority management species on NAWS. 
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A study conducted in 1982 found the determining factors for the 
successfL1 transplantation of the chub to be: water temperature and water quality, 
including the oxygen. 

c. Mohave mound sauirrei (S~ennovhilus mohavensis) 

State Classification: Threatened* 
Federal Classification: Candidate 
(lk California Fish & Game Commission has recently decided to delist this species. The final 
delisting vote was held August 27, 1993. Legal actions regarding this action are still pending. 
These action may amend this section) 

The Mohave ground squirrel (MGS) is one of several species of desert 
ground squirrels which inhabit the western Mojave Desert region of California. The 
MGS is a member of a large mammal family that includes ground squirrels, marmots, 
chipmunks, and tree squirrels. The MGS is cinnamon gray in color with white 
underpans. The species lives in underground burrows in which it spends 
approximately seven months of the year (August to February) in estivation 
(underground hibernation). The skin is darkly meianistic to assist in thermoreguiation. 

The MGS eats the fruits and seeds of desert plants. It is also known 
to feed on crops associated with farming activities. The species is known to occur in 
an area that includes southwestern Inyo County, eastern Kern County, northwestern 
San Bernardino County, and northeastern Los Angeles County. This range 
encompasses as area in excess of 7,000 square miles. The MGS inhabits the creosote 
bush, Joshua tree woodland, and shadscale scrub plant communities. 

IMPACT ANALYSIS 

Significance Thresholds 

The significance of impacts on biological resources varies with the recognized 
habitat~community value of that resource, its geographical distribution and abundance, the extent of 
impact, the isolation of the habitat from urban influences, its recovery potential, and the overall size 
of habitat@) available. The following criteria attempt to take into account these values in determining 
the significance threshold. 

An impact would be considered significant if, without mitigation, it is expected to 
cause a measurable change in species composition, abundance, or function of a major portion of a 
habitat of recognized importance. A habitat of such importance is the alkali desert marsh of the 
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Mohave tui chub and the habitats of sensitive plants and animals (i.e., organisms not yet classified as 
rare, threatened, or endangered by state and federal agencies, but which are on lists that could result 
in such classification). 

18.5.2 General Impacts 

The increasing urbanization of a community results in the gradual alteration of natural 
biological resources to man-made structures and maintained landscapes. Increased community 
growth results in the direct reduction of habitat and indirect effects on adjacent habitats. Habitats at 
the edge of urban areas have reduced diversity of plants and wildlife due to the recreational use of 
such areas, invasion of exotic plants, and wildlife depredation by domestic cats and dogs. The 
sigrzlficance of these impacts is dependent on the value and sensitivity of the adjacent natural habitat. 
Impacts of the individual alternatives are discussed relative to location in the following sections. 

Increased population growth within the planning area will also cause increased water 
use, greater sewage outflow, and increased air pollutant emissions. These could potentially have 
significant impacts on biological systems. The level of significance of these increases is dependent 
on community design relative to actual population growth and these impacts are discussed in the 
appropriate portions of this document. 

No direct impacts on rare and endangered plants or animals are expected due to any 
of the four alternatives. The Mohave tui chub is located in an area that is being managed by the 
NAWS and would be maintained under all alternatives in their existing condition. Indirect impacts 
that include loss of habitat may be significant. 

It should additionally be recognized that some 90% of the lands in the Mojave Desert 
are under the jurisdiction of diierent Federal agencies. As such, lands held under private ownership 
should not be acquired for mitigation, but, instead developers should have mitigation options that 
include but are not limited to habitat restoration on public lands, buying mineral and grazing rights 
on public lands and other creative measures. 

18.5.3 Alternatives 1 and 4 (No Project Alternative) 

These alternatives would cause continued development in areas currently adjacent to 
existing development. These alternatives are not expected to cause any significant biologicai impacts 
since they will not disturb any sensitive biological habitats, nor increase impacts to threatened or 
endangered species. The City has entered into an interim Section 2081 permit with the CDFG that 
addresses appropriate mitigation for the loss of habitat for the Mohave ground squirrel. (Although 
this animal has been technically delisted, the CDFG will likely be brought to suit by various 
environmental groups over the legality of this decision.) The City as a participant in the BLM 
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Western Mohave Coordinated Management Plan Lily intends to mitigate for the loss of any habitat 
for the species addressed in this plan. As such all development is viewed as being mitigable for loss 
of habitat. 

The no project alternative would see restricted development to the lands within the 
planning area. As such it would be limited to infill development on lands that have limited or no 
habitat value. 

18.5.4 Alternatives 2 and 3 

These alternatives would likely cause the expansion of the present city limits. 
Development would occur on lands that are within the sphere of influence of the City and as such 
have experienced human and domestic animal impacts. As a participant in the BLM Western Mohave 
Coordinated Management Plan, the City will require the developers to mitigate adequately for any 
loss of habitat. 

MITIGATION MEASURES 

The following measures are recommended to reduce potentially significant impacts 
caused by additional urban growth. 

* Support the NAWS in their continued management and maintenance of the Mohave tui chub 
on their lands. 

* The City should develop landscaping guidelines to recommend native andlor desert adaptive 
plants and plants of high value to wildlife for use throughout the City and require that such 
species be used to the extent feasible at all interfaces with natural areas. Native plants require 
less care than cultivated species and maintenance cost can be reduced. In addition, native 
plants or adaptive landscape plants may encourage the return of animals more tolerant of 
human activity, thereby providing habitat for some of the species displaced by these 
alternatives. 

* The City should continue to make available a list of suggested plant material that focuses on 
natural and desert adaptive vegetation. 

* Participate in the cooperative development of the Western Mohave Desert Coordinated 
Habitat Management Plan (by the Bureau of Land Management acting as lead agency) in 
order to obtain a new Section 2081 permit fiom CDFG (replacement of current 2081) and 
a Section 10(a) permit fiom USFWS for the lands within the City's planning area. 
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* Upon the issuance of a new Section 2081 permit (CDFG) and/or a Section 10(a) permit 
(USFWS), the City will noti$ the public of the procedure to comply with the conditions of 
approval for the permit. 

* As part of the CEQA process, the City will consult with USFWS during the environmental 
review of public and private projects that may affect federal endangered or threatened species 
prior to the final certification of a CEQA document. 

* As part of the CEQA process, the City will consult with CDFG during the environmental 
review of public and private projects that may affect state endangered or threatened species 
prior to the final certification of a CEQA document. 

* The City should continue to work cooperatively with ail agencies involved in conservation 
and environmental planning. 

* The City should continue to enforce off-road vehicle restrictions within the city limits and 
assist other agencies at boundary areas. 

*. The City should participate in desert education programs. 

* In the event that the City does not participate in the BLM Habitat Management Plan, it shall 
continue to require biota surveys where applicable and shall require the developer and/or 
agency to consult with the appropriate state or federal wildlife management agency. 

* All development shall be subject to the requirements of the Endangered Species Act in 
regards to development limitations or mitigation for land being proposed for development. 

Residual Impacts. Continued growth in the City will result in the alteration of native 
habitats and open area to landscaping. This would result in a decline in the abundance of animals and 
plants not tolerant of urban conditions. These impacts are considered insignificant for Alternatives 
1, 2, 3 and 4 (No Project Alternative) when properly mitigated as indicated above. 
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TABLE 18-3 

BIRDS OF THE RIDGECREST AREA 
Kern and San Bernardino Counties, California 

Compiled by Dave Blue and Don Moore) 
October 1992 

This checklist includes the species that have been observed, either as residents or 
seasonal visitors, in the vicinity of the City of Ridgecrest, including adjoining desert habitat areas and 
the city-operated wastewater treatment facilities on the Naval Air Weapons Center, China Lake. 

Taxonomy and nomenclature conform to the American Ornithologists' Union Check-List of 
North American Birak, through the Thirty-seventh Supplement, 1989. Definitions for status and 
abundance codes are fiom Distributional Checklist of North American B i r d  by David DeSante and 
Peter Pyle. Extensions to that standard include the fall transient (FT) and spring transient (ST) status 
codes. and the introduced ( i )  status code prefix. 

Status Codes: P - 
P* - 
S - 
S* - 
T - 
ST - 
FT - 
a - 
W - 
i - 

Permanent resident and confirmed breeder 
Non-breeding permanent breeder 
Summer resident and conf'lrmed breeder 
Non-breeding summer resident 
Transient (occumng within its established range during migration) 
Spring Transient 
Fall Transient 
Vagrant (occumng outside its established range during migration) 
Winter resident or visitant (January-February occurrences only) 
Introduced (used as prefix in conjunction with above codes) 

Abundance Codes: 

A Few Individuals 
Encountered on: 

Many Individuals 
Encountered on: 

c - common or abundant > 90% of Days > 50% of Days 
f - fairly common 50-90% of Days 10-5 0% of Days 
u - uncommon 10-50% of Days < 10% of Days 
r - rare < 10% of Days - 
x - extremely rare (10 or fewer records for that 

season) 

Abundance Modifiers 

i - irregular (of cyclic or sporadic occurrence) 
1 - limited (to a geographic area that comprises 10% or less of the area 
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LOONS 
............ Common Loon xST, Rft 

GREBES 
Pied-billed Grebe ............. uS,rW 
Homed Grebe ................... .xFT 
Eared Grebe .................. .cS7fW 
Western Grebe .............. .xST,uFT 
Clark's Grebe.. ................. .rT 

PELICANS 
American White Pelican. .......... ff 

TABLE 18-3 (continued) 

CORMORANTS 
Double-crested Cormorant ..... uT 

BITTERNS & HERONS 
American Bittern.. ............. .xFT 

................... Least Bittern xFT 
Great Blue Heron .......... uS*,fT,xW 
Great Egret.. .................... ff 

................... Snowy Egret.. .ff 
Cattle Egret. ................... .uT 
Green-backed Heron ............... rT 
Black-crowned Night-heron.uS*,ff ,rW 

IBISES & SPOONBILLS 
White-faced Ibis.. ............ ..fs* 

SWANS, GEESE & DUCKS 
.................... Tundra Swan xFT 

Greater White-fronted Goose.rFT,xW 
Snow Goose.. ................... .cW 
Ross' Goose ................. .rT,xW 
Canada Goose .................. ..fW 
Wood Duck .................. ..xT,xW 

............. Green-winged Teal.. fW 
Mallard.. ....................... cP 

.............. Northern Pintail ..fW 
............... Blue-winged Teal rST 

................ Cinnamon Teal fS,cT 
Northern Shoveler.. ............ .cW 

Gadwall.. ................... .uS,fW 
American Wigeon.. ............... cW 
Canvasback.. ................... .uW 
Redhead.. ....................... fW 
Ring-necked Duck ................ uW 
Lesser Scaup .................... uW 

............. Common Goldeneye.. rFT 
Bufflehead.. ................... .cW 
Common Merganser.. ............. rFT 

...... Red-breasted Merganser.. .rFT 
Ruddy Duck ...................... cP 

AMERICAN VULTURES 
Osprey.. ....................... .xT 
Black-shouldered Kite ........... xT 
Bald Eagle.. ................... .xT 
Northern Harrier.. ............. cP* 
Sharp-shinned Hawk.. ........... .uW 

................... Cooper's Hawk uW 
Red-shouldered Hawk.. ........... rT 

................ Red-tailed Hawk uS,cW 
................ Ferroginous Hawk.. rW 
................. Rough-legged Hawk rW 

Golden Eagle.. ................... UP * 

FALCONS 
American Kestrel.. ......... .uS,ff ,uW 
Merlin.. ......................... .rT 
Prairie Falcon ................... UP* 

PARTRIDGES & QUAIL 
Chukar.. ....................... .I-UP 
California Quail .................. UP 

RAILS, GALLINULES & COOTS 
Virginia Rail.. .............. .uT,xW 
Sora.. ........................... .uT 
Common Moorhen .................... xW 
American Coot.. ................... cP 

PLOVERS 
Black-bellied Plover.. ........... .uT 
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PLOVERS (cont.) 
.................... Snowy Plover. .uT 

Semipalmated Plover ............... uT 
Killdeer.. ........................ fP 

STILTS & AVOCETS 
............... Black-necked Stilt .cS 
................ American Avocet.. .cS 

SANDPIPERS & PHALAROPES 
Greater Yellowleg.,. ........... fl ,rW 

................. Lesser Yellowlegs uT 
Solitary Sandpiper ................ uT 

......................... Willet.. .uT 
................. Spotted Sandpiper cT 

....................... Whimbrel.. .rT 
............. Long-billed Curlew.. .rT 

................. Marbled Godwit.. .uT 
..................... Sanderling.. .rT 

................. Western Sandpiper ff 
................. Least Sandpiper. .ff 

............. B4rd's Sandpiper.. .rFT 
........... pectoral Sandpiper.. ..rFT 

......................... Duniin.. .rT 
Short-billed Dowitcher ............ uT 
Long-billed Dowitcher.. .......... .ff 

................ Common Snipe.. .uT,xW 
Wilson's Phalarope,,. .,,,,,,,,,,,, cT 

............ Red-necked Phalar- cT 

TABLE 18-3 (continued) 

SKUAS, GULLS & TERNS 
................ Franklin's Gull.. .rT 

............... Bonaparte's Gull.. .uT 
Ring-billed Gull.. ............. ff ,uW 

.............. California Gull.. fT,uW 
................... Caspian Tern.. .uT 
.................... Forster's Tern uT 

...................... Black Tern.. ff 

PIGEONS & DOVES 
..................... Rock Dove.. I-cP 

............ White-Winged Dove.. .xV 

.............. Mourning Dove ..cS,fW 
Band-Tailed Pigeon.. ......... .irST 

CUCKOOS & ROADRUNNERS 
............ Greater Roadrunner.. UP 

BARN OWLS 
........................ Barn Owl rP 

TYPICAL OWLS 
............. Great Homed Owl.. .UP 

................ Burrowing Owl uS,rW 
............... Long-eared Owl.. .rW 
.............. Short-eared Owl.. .rT 

GOATSUCKERS 
........... Lesser Nighthawk.. ...fS 

.............. Common Poorwill rS,xW 

swms  
................... Vawc's Swift rST 

........ White-Throated Swift.. .rST 

HUMMINGBIRDS 
.... Black-chimed Hummingbird.. .fs 

Anna's Hummingbird.. ......... ff ,rW 
...... Costa's Hummingbird.. ..uS,xW 
........... Calliope Hummingbird xST 
........... Rufous Hummingbird.. .ff 

KINGFISHERS 
............ Belted Kingfisher.. .rT 

WOODPECKERS 
.......... Lewis' Woodpecker.. .irFT 
............ Red-naped Sapsucker uFT 

......... Red-breasted Sapsucker rFT 
........ Ladder-backed Woodpecker UP 

......... Nuttall's Woodpecker. .rFT 
............. Downy Woodpecker.. .rT 

Haj. Woodpecker ............... rFT 
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WOODPECKERS (con0 
Northern Flicker.. ............. .fW 

TYRANT FLYCATCHERS 
Olive-sided Flycatcher.. ....... .rT 
Western Wood-Pewee .............. uT 
Willow Flycatcher.. ........... ..ff 
Hamrnond's Flycatcher.. ........ .rST 
Dusky Flycatcher .............. .rST 
Gray Flycatcher.. ............. .rST 
Pacific-slope Flycatcher.. ... ..AT 
Black Phoebe ................... .£P 
Say's Phoebe .................... cP 
Vermiilion Flycatcher.. ........ .rV 
Ash-throated Flycatcher ......... uT 
Western Kingbird. .............. .cS 

TABLE 18-3 (continued) 

LARKS 
Homed Lark.. ................. .cP 

SWALLOWS 
Tree Swallow.. ................... .cT 
Violet-green Swallow .............. uT 
N. Rough-winged Swallow ........... ff 

...................... Bank Swallow ff 
Cliff Swallow. ................... .uT 
Barn Swallow. ................... ..cT 

JAYS, MAGPIES & CROWS 
Stellar's Jay.. .................. irT 
Scrub Jay. .................... .rT7xW 
Pinyon Jay.. .................... .xFT 
Common Raven. .................... .cP 

TlTMICE 
Mountain Chickadee.. ............ ..rT 
Plain Titmouse.. ................. .rT 

VERDINS 
Verdin.. .......................... UP 

BUSHTITS 
Bushtit.. ........................ .rT 

NUTHATCHES 
............. Red-breasted Nuthatch rT 

........ White-breasted Nuthatch.. .rW 

CREEPERS 
Brown Creeper ................... .xFT 

WRENS 
Cactus Wren.. .................... .UP 

..................... Rock Wren.. .fP 
Canyon Wren.. .................... .UP 
Bewick's Wren. ................... .uW 
House Wren ........................ uT 
Marsh Wren ........................ cW 

MUSCICAPIDS, 
Kinglets & Gnatcatchers 
Golden-crowned Kinglet.. ...... .rT,xW 
Ruby-crowned Kinglet.. ......... ff ,rW 
Blue-Gray Gnatcatcher ............. uT 

Solitaires & Thrushes 
Western Bluebird. ................ .uW 
Mountain Bluebird ................. uW 
Townsend's Solitaire.. ........ .xW,rT 
Swainson's Thrush.. ......... .rST,xFT 
Hennit Thrush.. .................. .uT 

.................. American Robin. .fW 
Varied Thrush .................. .irFT 

MOCKINGBIRD & THRASHERS 
Northern Mockingbird. ............. cP 
Sage Thrasher ................ rST,uFT 
California Thrasher.. ............ .xT 
Le Conte's Thrasher ............... UP 

PIPITS 
.................. American Pipit. .fW 
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WAXWINGS 
............ Bohemian Waxwing.. ..xW 

................. Cedar Waxwing .ifW 

SILKY J?LYCATCHERS 
.................. Phainopepla.. .uT 

SHRIKES 
Loggerhead Shrike.. ............. W 

STARLINGS 
.......... European STarling.. .i-cP 

VIREOS 
............... Solitary Vireo.. .rT 
.................. Warbling Vireo uT 

EMBERIZIDS 
Wood-Warblers 

....... Orange-crowned Warbler.. .fT 
............ Nashville Warbler.. .rT 
........... Virginia's Warbler.. .rV 

................ Yellow Warbler. .fT 
.. Black-throated Blue Warbler.. .xV 

........ Yellow-rumped Warbler cT,W 
.. Black-throated Gray Warbler.. .uT 

........... Townsend's Warbler.. .rT 
...... Black-and-white Warbier.. .xV 

....... MacGillivray's Warbler.. .uT 

........... Common Yellowthroat.. cS 
Wilson's Warbler ................ fl 

......... Yellow-breasted Chat.. .rT 

TABLE 18-3 (continued) 

Tanagers 
.............. Western Tanager.. .uT 

Grosbeaks & Buntings 
....... Rose-breasted Grosbe ak... xV 

........ Black-headed Grosbeak.. .fT 
................ Blue Grosbeak.. .rT 
................ Lazuli Bunting. .rT 

Towhees & Sparrows 
Green-tailed Towhee ............ rST 

.............. Ruhs-sided Towhee uW 
................ Chipping Sparrow uT 
.............. Brewar's Sparrow.. rT 

.......... Black-chimed Sparrow lrS 
.............. Vesper Sparrow.. .uFT 

................... Lark Sparrow uFT 

.................... Sage Sparrow cP 
Savannah Sparrow ............. cT,uW 

..................... Fox Sparrow rW 
.................. Song Sparrow.. fW 

............... Lincoln's Sparrow uT 
.... Golden-crowned Sparrow.. .rT,xW 

......... White-crowned Sparrow.. cW 
............ Harris's Sparrow.. ..xW 

Dark-eyed Junco.. ............... fW 

Blackbirds & Orioles 
.......... Red-winged Blackbird. .cS 
.......... Western Meadowlark.. .uS,fW 

........... Yellow-headed Blackbird cS 
............. Brewer's Blackbird.. .cP 
........... Great-tailed Grackle.. .rT 

.......... Brown-headed Cowbird.. ..a 
..................... Hooded Oriole rS 
................... Northern Oriole US 

Old World FTnches 
.................... Purple Finch.. xW 
................. Cassin's Finch. .xFT 
.................... House Finch.. .cP 
.................. Red Crossbill xT,xW 

................... Pine Siskin.. .irT 
................ Lesser Goldfinch.. fI' 

........... Lawrence's Goldfinch.. .xT 
.............. Evening Grosbeak.. .irT 

Old World Sparrows 
............... House Sparrow.. J-cP 
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TABLE 18-4 

CHECKLIST 
OF THE 

AMPHIBIANS, REPTILES,AND MAMMALS 
OF INDIAN WELLS VALLEY 

AND 
SURROUNDING AREAS 

These lists are based on field observations of the compilers and museum records. The areas covered 
in the lists include Indian Wells Valley, adjacent canyons, and mountain ranges to the level of the 
piiion-juniper belt. 

HABITAT TYPES 
FOR 

AMPHIBIANS, REPTILES AND MAMMALS 
OF THE INDIAN WELLS VALLEY 

AND 
SURROUNDING AREAS 

1. Urban developments 

2. Rural developments, cultivated areas 

3. Sewage ponds, marshes, drainage ditches 

4. Alkali sink associations 

5. Creosote Bush Scrub 

6. Shadscale Scrub 

7. Joshua Tree woodland 

8. Sagebrush scrub 

9. Pifion-juniper woodland 

10. Wet canyons: a) Sierran, b) desert 

1 1. Rock canyons 
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TABLE 18-4 (continued) 

AMPHIBIANS AND REPTILES OF THE INDIAN WELLS VALLEY 
AND SURROUNDING AREAS 

By Kristen Berry 
Maturango Museum Press 

Habitat Type 
Order Amphibia 

Famiiy Ambystoarntidae Mole Salamanders 
Tiger Salamander (Am bystoma tigrinum) exotic: 1, 3, 10a 

Family Hylidae Tree Frogs 
Pacific Treefiog flyla regilla) 1,2,3,  10a 

Family Bufonidae True Toads 
Western Toad (Bufo boreas) 1, 2, 3, 10a 
Red-spotted Toad (Bufo puncratus) lob 

Order Reptilia 
Family Testudinidae, subfamily Testudininae, Gopher Tortoises 

Desert Tortoise (Gopherus agassizii) (captive) 4-7, 1 1 
Family Gekkonidae Geckos 

Banded Gecko (Coleonyx variegatus) 4-9, 10, 11 
Family Iguanidae Iguanid Lizards 

Desert Iguana (Dipsosauma dorsalis) 4-7, 11 
Chuckwalla (Sauromalus obesus) 5 0  I), 7(11) 
Zebra-tailed Lizard (Callisarus draconoides) 4-7, 8 
Collared Lizard (Crotaphytus collaris) 11:5,7,8,9 
Leopard Lizard (Crotaphytus wislizenii) 4-7,8 
Desert Spiny L i d  (Sceloporus magistar) 5,6,7,11 
Western Fence Lizard (Sceloporus occidentalis) 9 
Side-blotched Lizard (Uta stansburiana) 4-1 1 
Desert Homed Lizard (Phrynosoma platyrhinos) 4-1 1 

Family Xantusiidae Night Lizards 
Desert Night Lizard (Xantusia visilis) 4(unc),5,7 

Family Scinidae Shinks 
Gilbert's S kink (Eumeces gilberti) 10a,10b 

Famiiy Teiidae 
West em Whiptail (Cnemidophorus tigris) 4-1 1 

Family Anguidae Alligator Lizards 
Southern Alligator L i d  (Gerrhonotus multicarinatus) Exotic: 1,lOa 

Family Anniellidae Legless lizards 
California Legless Lizard (Anniella pulchra) 7-10 (Sienas only at Wallcer Pass 
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TABLE 18-4 (continued) 

Family Leptotyphlopidae Slender Blind Snakes 
West em Blind Snake (Zeptotyphlops humilis) 4-9.1 1 

Family Boidae Boas 
Rosy Boa (Lichanura trivirgata) 4-7,10,10 

Family Colubridae 
Spotted Leaf Snake (Phyllorohynchus decurtatus) 4-7, 1 1 
Red Racer &tic1sticophisf7agellum) 2,3,4- 1 1 
Western Patch-nose Snake (Salvadora hexalephis) 4-9,10,11 
Glossy Snake (Arizona elegam) 4-9,10,11 
Gopher Snake (Pituophis melanoleunrs) 2.3.4-1 1 
Common Kingsnake (Zampropeltis getulus) 4-11 
Western Ground Snake (Sonora sesmiannulata) 4-7.10- 1 1 
Western S hovel-nosed Snake (Chiconactis occipitalis) 4-7,IO-11 
Utah Black-headed Snake (Tanrilla planiceps utahensis) 4- 1 1 
Desert Night Snake (Hypsigiena torquata deserticola) 4-1 1 

Family Viperidae, subfamily Crotalinae 
Northern Pacific Rattlesnake (Crotalus viridis oregunus) 8,9 (Sierran, 10a) 
Mojave Desert Sidewinder (Crotalus certastes certastes) 4-7,10,11 
Panaxn.int Rattlesnake (Crotalus mitchelli stephensi) 1 1,5,7-9,10 
Mojave Rattlesnake (Crotalus scutulatus scutulatus) 5-7 
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TABLE 18-4 (continued) 

MAMMALS O F  THE INDIAN WELLS VALLEY 
AND SURROUNDING AREAS 

by Kristin Berry 

Habitat Type 

Order Marsupialia 
Family Didelphidae 

Opossum (Didelphis rnaru~pialis virgmiana) Sierran affinities 

Order Insectovora 
Family Soricidae Shrews 

Ornate Shrews (Sorax onratus ornatus) Little Lake 
Crawford's Desert Shrew Notisorex crawford) 5,7+ 

Order Chiroptera 
Family Vespenilionidae 

Little Brown Mytosis (Uytosis lucrlugus carissima) 
California Mytosis (U. califomicus stephansi, M.c. califomicus) 
Yuma Mytosis (U. yumanensis sociabilis, M. y. yumanensis) 
Long Eared Mytosis w. evotis evotis) 
Fringed Mytosis (U. thysanodes) 
Long-legged Mytosis (M volans interior) 
Western Pipistrelle (Pipistrellush. hespems) 1 l:5+ 
Big Brown Bat (Eptesicusfiscus pallidus, E. f: bemardirtus) 
Red Bat(Lasiurus borealis teliotus) 

Hoary Bat ( ' u r u s i u r u s  Cinereus cinereus) 
Spotted Bat @uderma rnaculatum) 
Townsend's Big-eared Bat ~lecotuwCorynorhinus tomvsendii pallescens) 
Pallid Bat (Antrozous pallidus pallidus) 

Family Molossidae 
Brazilian Free-tailed Bat (Tadarida brasiliensis rnexicana) 

Order Lagomorpha 
Family Leporidae 

Black tailed Hare (Lepus califomicus deserticola) 2-1 1 
Audubon Cottontail (Sylvilagus auduboni arizonae) 2,3,5,7-11 

Order Rodentia 
Family Sciuridae 

Beechey or Califonria Ground Squirrel (Otospennophilus beecheyi) 7-10a 
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TABLE 18-4 (continued) 

Panamint Chipmunk (Eutamias panmintinus) 9 
Antelope Ground Squirrel (Ammospermophilus leucurus) 3 -9,10,11 
Mojave Ground Squirrel (Citellus mojavensis) 5 

Famiiy Geomyidae 
Botta Pocket Gopher (Thomomys bottae) 5,7+ 

Family Heteromyidae 
Little Pocket Mouse (Perognathus longimembris) 4-9,11 
Long-tailed Pocket Mouse (Perognarhus fonnosa) 4-9,11 
Great Basin Pocket Mouse (Perognathus pams) 8,9+(Argus Mtn) 
Yellow-eared Pocket Mouse (Perognathus xanthanotus) 7-9 Walker Pass only 
Panamint Kangaroo Rat (Dipodomys panamintinus) 5-8+ 
Great Basin Kangaroo Rat (Dipodomys microps) 4 
Merriam Kangaroo Rat (Dipodomys memami) 4-8+ 
Desert Kangaroo Rat (Dipodomys deserti) 4-5 

Famiiy Cricetidae 
Western Harvest Mouse (Reithrodontomys megalotis metalotis) 1 0 

Family Cricetidae (continued) 
Canyon Mouse (Peromyscus crinitus stephansi) 11:5,6,7+ 
Cactus Mouse (Peromyscus eremicus eremicus) 8,9 

Deer Mouse (Peromyscus maniculatus sonorienszs) 4-1 1 
Brush Mouse (Peromyscus boylii boylii) 9,lOa 
Piilon Mouse (Peromyscus truei montipinoris, P.t. true0 8,9,10 ab 
Southern Grasshopper Mouse (Onychomys torriduspulcher) 4-9 
Desert Woodrat (Neotoma lepida lepih) 

Family Erethizontidae 
Porcupine (Erethizon dorsatum) 

Family Canidae 
Kit Fox (Vulpes macrotis arsipus) 
Gray Fox (rrrocyon cineroargenteus) 
Coyote (canis latrans) 

Family Procyonidae 
Ringtailed Cat (Bassariscus astutus willetti) 
Racoon (Procyon lotor psora) 

Family Musteiidae 
Long-tailed Weasel Flustelafrenata pulchra) 
Badger (Tmida taxus berlandieri) 
Spotted Skunk (Spilogale putorius) 
Striped Skunk (Mephitis mephitis) 

Family Felidae 
Bobcat (Lynx rubs baileyi, L.r. califomicus) 

1 15-9;7 without 1 1 
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TABLE 18-4 (continued) 

Order Artiodactyla 
Family Bovidae 

Bighorn Sheep (Ovis canadensis) Desert Mts. 8,9, lob 

Order Perissodactyia 
Family Equiidae 

Burro 
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TABLE 18-5 

INVERTEBRATES OF THE INDIAN WELLS VALLEY 
AND THE SURROUNDING AREA 

BY KEN PRINGLE 

SPIDERS 

(There are many spiders in the valley. Many are indigenous, some have come in with 
new resident, but there is no way at this point in time to tell the difference. Almost 
all families are represented.) 

Sub-order Orthognatha 
Hairy Mygalomorphs 

1 .  Aphonopelma euvlenum 
Trapdoor Spiders 

1 .  Bothnocyrtum calijiomicum 
2. Another one here not named 

(Possibly Antrodiaetus) 

Sub-order Labidognatha (True Spiders) 
Brown Spiders (Loyoscelidae) 

1. Loyosceles deserta 
Diguetids (Diguetidae) 

1 .  Diguetia canities 
Daddy-Long-Legs (Pholcidae) 

1. Pholcus sp. 
Cobweb weavers (Theridiidae) 

1. Steatoda sp. 
Widows (Black) 

1. Latrodectus mactans 
2. Possibly others 

Sheetweb Weavers (Liiyphiinae) 
1. Not named 

Pirate Spiders (Mimetidae) 
1. Mimetus sp. 

Orb-Weavers (Araneidae) 
1. Argioge trifasciata (Banded 

argiope) 
2. Argiope argentata 
3. Others have been observed, 

but not identified 
Funnel Weavers (Agelenidae) 

1. Here, but not identified 
Nursery Web Spiders (Pisauridae) 

1. Pisaura sp. 
Wolf Spiders (Lycosidae) 

1. Lycosa sp. 
2. Pmdosa sp. 

Gnap hosids (Gnap hosidae) 
1 .  Hqplodrassus sp. 

Sac Spiders (Clubionidae) 
1. Several unidentified species 

Crab Spiders (Thornisidae) 
1. Misumena sp. 
2. Several others 

Jumping Spiders (Salticidae) 
1 .  Phidippus johnsoni 
2. Phidippus apacheanus 
3. At least 6 unidentified ones 

Filistatids (Filistatidae) 
1. Filistata sp. 

Uloborids (Uloboridae) 
1 .  Uloborids glomosus 

Many other spiders occur in the Indian Wells Valley, but there has not been enough work done in this 
area to make positive identifications. 
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TABLE 18-5 (continued) 

OTHER ARTHROPODS OF INDIAN WELLS VALLEY 

Winscorpions 
1 .  Eremobatius durangonus (Sun Spider) 

Scorpions 
1 .  Hadrums hirsurus (Giant Hairy Hadrurus) 
2. One or Two others 

Harvestmen 
1. At least two species 

Mites 
1 .  Trom bidium sp. 
2. Others 

Ticks 
1. Unknown Species 

Centipedes 
1. At least two Species 

Millipedes 
1. One or Two Species 

INSECTS OF INDIAN WELLS VALLEY 

Order Apterygota 
Protura 

Probably one species fiom here 

Order Diplura 
Collembola 

Probably one species of these 
Thy sanura 

Lepismatidae (Common Silverfish) 
1 .  Lepisma saccharins 

Machilidae 
Probably one species fiom here 

Order Pterygota 
Ephemeroptera 

Some species in this classification 
Odonata (Damselflies and Dragonflies) 

Several species fiom here 
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TABLE 18-5 (continued) 

Order Pterygota (continued) 
Plecoptera (Stoneflies) 

At least one species fiom here 
Blattodea (Cockroaches) 

1 .  Blattella gennanica 
2. Supella supe llectiliurn 
3. Eremoblatta subdiaphana 

Order Isoptera (Termites) 
One species fiom here 

Order Gryiioblattodea (Rock Crawlers) 

Order Orthoptera (Crickets, Grasshoppers, Katydids) 
Acrididae 

Several Species from here 
Tettigoniidae 

At least one species fiom here 
. Gryllacrididae 

At least one species fiom here 
Mantodea (Mantids) 

1 .  Stagmomantis californica (Praying Mantis) 
2. One other species from here 

Phasmatodea (Walking Sticks) 
Two different species fiom here 

Dermaptera (Eanvigs) 
At least two species fiom here 

Embioptera (Webspinners) 
Unknown 

Psocoptera (Black Lice) 
unknown 

Mallophaga (Biting Lice) 
Probably two Species 

Anoplura (Sucking Lice) 
Probably four Species 

Hemiptera (True Bugs) 
Pentatomidae (Stink Bugs) 

At least Two Species 
Corimelaenidae 

Unknown 
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TABLE 18-5 (continued) 

Order Orthoptera (continued) 
Herniptera (continued) 

Scutelleridae (Shield Bugs) 
Probably one species 

Coreidae (Leaf-footed Bugs) 
Rhopaiidae 

1 .  Leptocoris mbrolinearus (Western Box-Elder) 
Lygaeidae (Milk Weed Bug) 

Probably one species from here 
Tigidae (Lace Bugs) 

At least one species from here 
Reduviidae (Assassin Bugs, Kissing Bugs) 

Four or more species from here 
Cimicidae (Bed Bugs) 

Probably one species fiom here 
Miridae (Plant Bugs) 

Several Species from here 
Nabidae (Damsel Bugs) 

1. Nabisjerus 
Gerridae (Water Striders) 

1. Gerris remigs 
Hornoptera (Cicadas, Hoppers, Aphids) 

Cicadidae 
One or two species fiom here 

Cicadellidae (Leafhoppers) 
Several species fiom here 

Aphididae (Aphids) 
Several species from here 

Coccoidea 
Several species from here 

Neuroptera (Dobsonflies and Alderflies) 
Corydalidae 

At least one species from here 
Chrysopidae (Green Lacewings) 

One species form here 
Myrmeleontidae 

1 .  Brachynemurus sp. 
Mecoptera (Scorpionflies) 

One or more species from here 
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TABLE 18-5 (continued) 

Order Orthoptera (continued) 
Diptera (Flies, Gnats, Midges) 

Tipulidae (Crane Flies) 
1 .  Tipula sp. 

Ceratopogonidae 
A few species found here 

Culicidae 
A couple of species fiom here 

Chironomidae (Water Midges) 
Probably a species fiom here 

Bibionidae (March Fly) 
Probably a species found here 

Stratiomyidae (Soldier Flies) 
At least one species fiom here 

Tabanidae (Horse and Deer Flies) 
1 .  Tabanuspunctrfer (Big Black Horse Fly) 
2. Chrysops sp. 

Asilidae (Robber Flies) 
Several Species fiom here 

Bombyliidae (Bee Flies) 
Several species fiom here 

Syrphidae (Hover Flies) 
Some species fiom here 

Empididae (Dance Flies) 
1. Rharnphornyia sp. 

Tephritidae (Fruit Flies) 
Several species from here 

Drosophilidae (Vinegar Flies) 
1. Drosophila spp. 

Muscidae (Muscid Flies) 
1. Musca domestica (House Fly) 
2. Stomoxys calcitrans (Stable Fly) 

Calliphorioae (Blow Flies) 
Several Species from here 

Order Siphonaptera (Fleas) 
Probably several species 

Order Trichoptera (Caddisflies) 
Probably several species 
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TABLE 18-5 (continued) 

Order Lepidoptera (Moths and Butterflies) 
Incurrariidae 

1 .  Tegeticula spp. 
Psychidae 

1 .  ThyTidopteryx meadi (Creosote Bush Bagwom) 
Tineidae 

1 .  Tineola biselliella (Clothes Moth) 
Gracillariidae 

Some species found here 
Lyonetiidae 

Probably a species found here 
Plutellidae 

At least one species found here 
Sesiidae 

Probably one species found here 
Oecophoridae 

One or more species found here 
Cossidae (Goat Moths) 

1 .  Prionoqstus robiniae (Carpenterworm) 
Pyralidae 

1 .  Plodia interpunctella (Indian Meal Moth) 
2. Pyralis farindis (Meal Moth) 

Lasiocampidae 
1 .  Malacosoma spp. (Tent Caterpillars) 

Noctuidae (Millers and Cutworms) 
Several species are found here 

Arctiidae 
Several species are found here 

Saturniidae (Silk Moths) 
1 .  Antheraea polyphemus (Polyphemus Moth) 
2. Hemileuca nevadensis (Nevada Buck Moth) 
3. Probably other species 

Sphingidae (Hawk Moths, Sphinx Moths) 
1. Smerinthus cerisyi (Eyed Sphinx) 
2. Eumorpha achemon (Achemon Sphinx) 
3. Pachysphinr occidentalis (Western Poplar Sphinx) 
4. Hyles lineata (White-Lined Sphinx) 
5 .  Manduca sexta (Tomato Hornworm) 

Hesperiidae (Skippers) 
Probably some species found here 
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TABLE 18-5 (continued) 

Order Lepidoptera (continued) 
Lycaexidae 

1. Brephidium exilis (Pigmy Blue) 
2. Plebejus acmon (Acmon Blue) 
3. Celastrim argiolus (Echo Blue) 

Nymp halidae 
1. Probably one species here 
2. Danaus plexippus (Monarch) 
3. Euphya5yas chdcedona (Common Checkerspot) 
4.  Nymphalis antiopa (Mourning Cloak) 
5 .  Vanessa cardui (Painted Lady) 
6.  Vanessa atalanta (Red Admiral) 

Pieridae 
1 .  Colias cesonia (Southern Dogface) 
2. Colias eurytheme (Alfalfa Sulfbr) 

Order Coleoptera (Beetles) 
Carabidae (Predaceous Ground Beetles) 

I. Holciophorus sp. 
2. Pterosrichus sp. 

Gynnidae (Whirligig Beetle) 
I. Gyrims sp. (Common Whirligig) 

Scarabaeidae (Scarabs) 
1. PhyUophaga sp. (Common June Beetle) 
2. Cotims terana (Green Fruit Beetle) 

Elateridae (Click beetle) 
1 .  Lirnonius sp. (Common Click Beetle) 
2. Ctenicera sp. (Common Click Beetle) 

Phengodidae 
1. Zarhipis integripen (Glowworms) 

Dermestidae 
1 .  Dennestes marmoratus (Common Carrion Beetle) 

Cleridae (Checkered Beetles) 
1. Necrobius ruflpes (Red-Legged Ham Beetle) 

Nitidulidae (Dried Fruit Beetles) 
1. Carpophilus pailipennis (Cactus Flower Beetle) 

Meloidae (Blister Beetles) 
1. Tegrodera sp. (Soldier Blister Beetle) 
2. Cysteaiemis armatus (Desert Spider Beetle) 

SECTION II-18-3 1 



TABLE 18-5 (continued) 

Order Coleoptera 
Tenebrioxidae (Darkling Ground Beetles) 

1 .  Eleodes armata (Armored Stink Beetle) 
Coccineilidae (Ladybird Beetles) 

1 .  Hippodamia quinquesipta (Five-spott ed Ladybird) 
2. Probably other species here also 

Cerarnbycidae (Longhorn Beetles) 
One or more species here 

Chrysomelidae 
1. Diabrotica undecimpunctata (Cucumber Beetle) 
2. Chrysochus cobaltinus (Blue Milkweed Beetle) 

Curculionidae (Weevils) 
1 .  Sitophilus granarius (Granary Weevil) 
2. Scyphophoruc yuccae (Yucca Weevil) 

Scolytidae (Bark Beetles) 
Probably some species are here 

Order Strepsiptera (Stylops) 
Possible but not noted 

Order Hymenoptera (Ants, Wasps, Bees) 
Tenthredinidae (Sawflies) 

1 .  Tenthredo sp. 
Braconidae 

1 .  Apanteles sp. (Common Braconid) 
2. Aphidius sp. (Aphid Parasites) 

Ichneumonidae 
1 .  Option spp. (Common Ichneumonids) 

Cynipidae (Gall Wasps) 
1. Probably one species found here 

Chalcididae 
1 .  Brachymeria ovata (Butterfly Chrysalis C halcid) 

Tiphiidae 
1 .  Myzinum sp. (Tiger Tiphiids) 
2. Brachycistis sp. (Nocturnal Tiphiids) 

Mutillidae (Velvet Ants) 
1 .  Dasymutilla gloriosa (Glorious Velvet Ant) 
2. Dasymutilla coccineohirta (Red Velvet Ant) 

Scoliidae 
1 .  Trielis alcione (Kingfisher Wasp) 
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TABLE 18-5 (continued) 

Order Hymenoptera (continued) 
Formicidae 

1 .  Pogonomyrmex califomicus (Harvester Ant) 
2. Iriabmyrmex humiiis (Argentine Ant) 
3. Formica sp. (Red Mound Ant) 
4. Mpecocystus sp. (Honey Ant) 

Pompiiidae (Spider Wasps) 
1 .  Pepsis sp. (Tarantula Hawk) 

Vespidae (Paper Nest Wasps, Yellowjackets) 
1. Euodynerus annuiatum (Common Eumenid) 
2. V e p l a  sp. (Yellowjackets) 
3 .  Polistesfuscatus (Golden Paper Wasps) 

Order Hymenoptera 
Sphecidae (Digger Wasps) 

1 .  Sceliphron caementarium (Mud Dauber) 
2. Sphex ~chneumonia (Golden Digger Wasp) 
3. Ammophila sp. (Thread-waited Wasp) 
4. Sphecius convallis (Western Cicada Killer) 
5. Bembix sp. (Sand Wasp) 
6. Chlorion aerarium (Green Cricket Hunter) 

Andrenidae 
1 .  Anukena sp. (Common Burrowing Bee) 
2. Andrew pmnorum (Orange-banded Andrena) 

Megachilidae 
1 .  Anthidium sp. 
2. Dianrhidium 

Halictidae 
1 .  Nornia Melanderi (Alkali Bee) 
2. Agapostemon sp. 

Anthophoridae 
1 .  Xylocopa sp. (Carpenter Bee) 

Apidae 
1 .  Bombus sp. (Bumble Bee) 
2. Apis mellifera (Honey Bee) 
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TABLE 18-6 

FEDERAL AND STATE STATUS 
OF 

SENSITIVE SPECIES 

Species Reported From 
Ridgecrest Area State Status 

Birds 
Cooper's Hawk 
S harp-shinned hawk 
Golden Eagle 
Ferruginous Hawk 
Northern harrier 
Black-shouldered kite 
Merlin 
Prarie falcon 
' Short-eared owl 
Long-eared owl 
Burrowing owl 
Vaux's swift 
Willow flycatcher 
~krmiilion flycatcher 
LeConte's thrasher 
Loggerhead shrike 
Yellow warbler 
Yellow-breasted chat 

REPTILES 
Desert Tortoise 
Chuckwalla 

Species of Special Concern 
Species of Special Concern 
Species of Special Concern 
Species of Special Concern 
Species of Speciai Concern 
Special Animal 
Species of Special Concern 
Species of Special Concern 
Species of Special Concern 
Species of Special Concern 
Species of Special Concern 
Species of Special Concern 
State Endangered 
Species of Special Concern 
Species of Special Concern 
Species of Special Concern 
Species of Special Concern 
Species of Special Concern 

State Threatened 
None 

Federal Status 

None 
None 
None 

Category 2 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 

Category 2 
None 
None 

Federal Threatened 
Category 2 

MAMMALS 
Pallid bat Species of Special Concern None 
Spotted bat Species of Special Concern Category 2 
Townsend's big-eared bat Species of Special Concern Category 2 
Mohave ground squirrei State Threatened Category 2 
American badger Species of Special Concern None 
Nelson's bighorn sheep Special Animal None 
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SECTION 111 

Chapter 1.0 

GROWTH INDUCING IMPACTS 

The draft general Plan is specifically intended to provide for the orderly growth of the 
planning area, to ensure that infrastructure is sufficient to accommodate that growth and to define 

. the ultimate limits of that growth. In the sense and to the extent that the General Plan defines, 
provides for and manages growth, then the entire plan may be regarded as a growth inducing 
document. The plan is intended to maintain and enhance the design and land uses of the traditional 
and existing community and to guide any future land uses in a manner that will maintain the goals 
and values of the community with consistency into the future. The premier "growth management" tool 
'of a community is it's general plan. 

Each of the four Alternatives of the general plan involve change and impacts on the 
environment. Alternatives 3 and 4, the population 100,000 and no project Alternatives respectively, 
involve the most impacts. Alternative 3 exceeds the existing infrastructure resources of the 
community and would require a redesign and displacement of the land uses in the existing community. 
The "no project" Alternative would allow the existing land uses of the community to develop without 
planning and would congest hfhstructure. Similarly, Alternative 2, population 50,000 is iess than the 
calculated entitlement that could result in a community of 62,000. Although growth inducing impacts 
are associated with Alternative 2, the General Plan preferred alternative, the impacts are planned for 
and contained. 

The draft general plan will resuit in a buildout of portions of the planning area that are 
currently outside of the Sphere of Influence. These include properties to the south and west of the 
existing Sphere of Influence. The majority of the parcels proposed for urban development are located 
within the existing Sphere of Influence. Although the General Plan Update would necessitate that 
the sphere of influence be expanded to include those properties to the south and west, significant 
growth inducing impacts are not anticipated to occur because of 

1. the physical restraints on some of the properties (habitat and species 
restrictions), 
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2. ownership, a large portion of these lands are owned by the Bureau of Land 
Management for resource management and may contain sensitive biological 
and visual resources; and 

3. with the exception of those lands directly adjacent to Highway 395 which will 
be developed with fieeway interchanges and associated commercial land uses 
supporting the visitor service industry, the lands are proposed primarily for 
open space and very low density residential. 

The draft General Plan proposes roadway improvements, but all of them are consistent 
with the existing adopted Circulation Plan of the City. Provision of the Bowman and Jack's Ranch 
Road Parkways to relieve traffic congestion would encourage and facilitate the development of 
properties in this area earlier than would be ordinarily expected but properties in the western part of 
the City will continue the established very low density development pattern. The construction of the 
heway interchanges on Highway 395 will encourage growth and development in the south and west 
parts of the City, but this buildout is expected to occur, and therefore the circulation element is not 
expected to significantly induce additional growth in the area. 

Buildout under the General Plan will necessitate the expansion of the City's 
wastewater treatment plant. Sewage flow currently exceeds 75% of plant capacity and the City has 
initiated a master sewer plan update to plan for hture expansion of the plant consistent with State 
and Regional Water Quality Control Board Guidelines. The City has initiated planning for the 
expansion concurrent with completion of the General Plan Update. Expansion of the plant would 
accommodate only the growth that would occur under the General Plan and be consistent with 
population projections. 

The draft General Plan would require that exploration and reclamation of new water 
sources and supplies be addressed. The growth supported by water sources would result in mitigable 
impacts on air quality, trafEc, noise, urban services, biologic and scenic resources, and archeological 
resources. 

The draft General Plan would create more employment opportunities in the planning 
area, which may result in pressure to develop additional housing in or around the planning area, or 
necessitate that employees live outside the planning area and commute to work. In either case, the 
additional employment opportunities may induce the development of additional housing. This demand 
and growth is anticipated and incorporated into the General Plan. 
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SECTION I11 

Chapter 2.0 

SIGNIFICANT IRREVERSIBLE ENVIRONMENTAL 
CHANGES WHICH WOULD BE INVOLVED IN THE 

PROPOSED ACTION SHOULD IT BE IMPLEMENTED 

For environmental impact reports on public plans, ordinance, or policies, CEQA 
requires the EIR include a discussion of any irreversible environmental changes. This section 
addresses the use of nonrenewable resources, commitments of fhture generation to proposed uses, 
and irreversible damage fiom buildout under the General Plan update. Irretrievable commitments of 
resources should be evaluated to assure that current consumption is justified. 

Construction of the uses proposed will involve substantial quantities of building 
materials and energy, many forms of which are non-renewable. The increase in water use would 
contribute to the existing overdraft of local aquifers. Consumption of building materials, energy and 
water are associated with any development, and these commitments of resources are not unique or 
unusual in Ridgecrest. 

In a general sense, development in accordance with the update represents a long-term 
commitment to use of the planning area for a variety of urban uses outlined in the plan. Development 
ofthese uses would preclude returning the developed area to its previous open space or low intensity 
use state. In addition, the opportunity for intensification presented by the plan encourages a recycling 
of some existing urban uses which may affect the built environment. 

The plan provides for an increase in population which would irretrievably increase the 
demand for finite energy resources such as petroleum and natural gas. It should be noted, however 
that increasingly efficient building designs and fixtures and automobile engines will temper demand. 

The increased population and associated activity accommodated by the plan would 
cause an increase in trfic, resulting in the generation of additional air pollutants, potentially 
degrading air quality regionally, due to ozone levels, and locally, due to carbon monoxide at 
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intersections. The increased traffic resulting from buildout of the general plan would result in a 
reduced LOS (Level of Service) capacity rating at many of the existing major intersections in the 
community, however, development of the circulation plan with alternative routing for commuters and 
other travelers will mitigate the impacts to acceptable levels. 

Despite site-specific noise mitigation measures to shield sensitive uses From noise 
impact, ambient noise in the planning area would be perceptively increased. 

Development in accordance with the proposed plan represents an irretrievable long 
term commitment to the conversion of open space lands to urban uses. The open space acreage 
contributes to the scenic quality of the planning area, and its urbanization will irreversibly change the 
character of this scenic resource. 

Demand for water resources would irreversibly increase upon buildout of the plan. 
The conversion of lands to residential uses introduces water consumption for the first time to these 
areas. Infiltration characteristics of the aquifer basins may be irreversibly altered by diminishing 
penetrable surface area associated with urbanization. 

The proposed plan creates the potential for irreversible environmental change of 
historical and archeological resources through an increased Ievei of urban development. Though the 
precise impact is based on qualitative judgements, the potential to alter the intrinsic historic or 
archeological value of sites exists through development in the plan. This is especially true where 
historic resources are disturbed or covered by development activity. Though many of these impacts 
can be full or partially mitigated through special protection on a project by project basis, an 
irreversible impact to context may occur. 

Irreversible change to biologic resources is minimal but likely if buildout occurs under 
the proposed plan. This is due to the existence of natural settings within the planning area which 
support the desert tortoise and other sensitive species. Although habitat loss and species will be 
mitigated in accordance with federal and state law and professional practice, there will be an 
irreversible affect. 
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Chapter 3.0 

RELATIONSHIP BETWEEN LOCAL SHORT TERM 
USES OF THE ENVIRONMENT AND THE 

MAINTENANCE AND ENHANCEMENT OF 
LONG-TERM PRODUCTIVITY 

For environmental impact reports on public plans, ordinances or policies, CEQA 
requires an EIR to include a discussion of cumulative and long-term effects of the project that 
.adversely affect the state of the environment. Special attention is to be given to impacts that 
narrow the range of beneficial uses of the environment or pose long-term risks to health or saf*y. 
The reasons why the project is considered to be justified now, rather than reserving an option for 
fbture alternatives, should be explained. 

Development in accordance with the draft General Plan (Alternative 2) would 
represent a long-term commitment of the planning area for urban uses to accommodate a population 
of 75,000. Advantages of urban use of the land include potentially greater short-term productivity 
from the land, increased social productivity for the surrounding community in terms of commercial 
convenience and increased employment opportunities, and an increase in tax revenues for the city. 
Urban use of the planning area would preclude returning the developed areas to their previous natural 
state or agricultural use. Development for one urban use in general precludes development for 
another use, except at substantially greater intensity, because of the cost of transforming or removing 
existing uses. 

Buildout under Alternative 2 is not expected to result in the irreversible loss of 
significant habitat for the long-term beneficial use by any rare or endangered species. However, this 
loss substitutes short-term use of the land for urban land uses for the long-term biological 
productivity of the habitats. 

Other long-term beneficial uses reduced or eliminated as a result of this alternative 
include the open space visual resources of the more rural southern areas. 
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Channelizing of natural drainages to improve flood control for the urban development 
may reduce but, potentially may improve the long-term benefits of these drainages as biological 
habitat, wildlife migration corridors, and scenic resources. 

Potential alteration or destruction of recorded and unknown archaeologic and historic 
resources to accommodate urban development under Alternative 2 could eliminate the long-term 
benefits of preserving the resources for their research potential for gaining knowledge of early 
occupation of the area. 

Buildout under the Draft Comprehensive Plan would result in long-term economic 
productivity due to a net increase in city operating revenues. The costs of providing capital 
improvements to accommodate the growth were not investigated within the scope of this EIR and 
may offset the increase in city operating revenues. 

Significant incompatibilities arise between local short-term uses of the environment 
for urban development and long-term productivity of the iand and its resources. The city decision 
makers may consider adoption of alternative 2 justified now, rather than reserving an option for fbture 
alternatives, because the plan allows the city to guide land use decisions to and beyond 2010 (beyond 
the year 1990 horizon of the adopted General Plan), based on iand use designations selected 
through an intense and lengthy process of evaluation and compromise by reviewers and committees 
coirsisting of representatives fiom the business sector and civic and environmental groups. 

Certainly the designation of long term land uses and the comprehensive statement of 
goals and policies to guide the community into the fiture constitute good reasons why the project 
is considered to be justified. The plan enables the community to define what is best about itself and 
to establish goals and policies that preserve intrinsic community values. Alternative 2 provides a 
planning structure that wdl enable the City to accommodate growth, transformation and development 
on terms that it defines and according to a balance that it creates. 
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IMPACTS FOUND NOT TO BE SIGNIFICANT 

An initial study for a potential maximum population of 75,000 (Alternative 2) in the 
planning area was prepared by the city in 1991. This initial study identified only those issues 
determined to be potentially significant, to be addressed in the EIR. Table 1 - 1 identifies those 
impacts that were determined to be less than significant. Thue impacts are hrther addressed 
under the applicable issue area. 
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Chapter 5.0 

ENVIRONMENTALLY SUPERIOR 
ALTERNATIVE 

Section 15 126(d) of the State CEOA Guidelines requires that an EIR describe a 
range of reasonable alternatives to the project and evaiuate the comparative merits of the 
alternatives. The analysis contained in this EIR provides a discussion of the impacts that would 
occur from buildout under three development alternatives in addition to a "no project" alternative. 
The assessment of impacts has been conducted for all of these alternatives. The Guidelines also 
require that the environmentally superior alternative be identified. In addition to the three alternatives 
assessed previously in this report, ''No Deveiopment" and "No Project" alternatives can be considered 
development options. The discussion below assesses a "No Development" and a "No Project" 
alternative, and identifies the environmentally superior alternative from among alternatives considered 
in this report. 

5.1 NO DEVELOPMENT (EXISTING CONDITIONS) 

A no development alternative has been considered by some courts to be an appropriate 
"no project" alternative under CEQA for comparison purposes. The no development alternative 
includes existing land uses only, without allowing any additional deveiopment to take piace in the 
planning area, through the year 2010. The "No Development" Alternative is quite different and 
distinct from the "No Project Alternative, alternative 4. 

It should be noted that under this alternative, the current population may actually 
increase even though no new dwelling units would be added to the existing housing stock, because 
more individuals would occupy each unit. With new housing curtailed, existing housing would be 
at a premium. The cost of existing housing would escalate to the point that more individuals (either 
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related or unrelated) would need to combine incomes in order to afford shelter, thereby increasing 
the number of people residing in each unit. 

Assuming that the existing population and economy could remain stable (and assuming 
that "stability" is possible), this alternative may be considered environmentally superior to the 
alternatives addressed in Section 11, Chapters 1 through 18 and the "No Project" alternative described 
below because it would pose no additional demands on local infrastructure, facilities, services, and 
water resources. This alternative would also result in the least disruption of the natural environment 
in the planning area, as no new development would be permitted, and result in the least exposure of 
people and property to natural hazards. 

This alternative would be difficult to implement. This alternative would pennit no 
urban use of land presently within a city sphere of influence for which urban development has been 
assumed to be the ultimate use for many years. Further, this alternative could also prohibit the 

jmpietion of development projects that have already received City approval. Prohibition of the 
donstruction of approved projects could be likely to result in costly litigation against the City. 
Implementation of this alternative would require substantial acreage of land currently proposed in the 
City's existing General Plan and zoning ordinance to be redesignated and rezoned for open space or 
other low intensity uses, or to be condemned to prevent development at high cost to the City. This 
alternative could result in the conversion of vacant property previously planned for 
  an development to very low density/open spacdagricultural uses, if no greater economic gain can 
be made from the property. As a result, the amount of land in open space and agricultural 
designations within the planning area could increase under this scenario. 

5.2 NO PROJECT (DEVELOPMENT UNDER THE 1980 GENERAL 
PLAN) 

This alternative, Alternative 4, would result in no changes to the existing land uses or 
policies of the adopted General Plan. The total area proposed for urban uses would be less than 
proposed under the draft General Plan (Alternative 2). Potential growth-inducing impacts identified 
for buildout under the draft Plan would be eliminated and areas currently designated for open space 
& agricultural uses would be retained, thereby reducing impacts on open space and agricultural land. 

Buildout of the adopted General Plan, would result in a total population of 
approximately 62,000 after the year 2010, approximately 13,000 less than the buildout to occur after 
the year 2010 under the draft General Plan. This lower population could result in less impacts on 
public services, available water supply, air quality, traffic and noise than those resulting &om 
development under the draft General Plan. However, the adopted Plan does not recognize or plan for 
additional buildout that will occur after the year 1995, and does not provide sufficient transportation 
design, infktructure facilities, housing units to meet the projected need of the &re planning area. 
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The impacts of building out the existing land uses without changes to the circulation system and 
sewer treatment facilities, and without implementing the Master Storm Drainage Plan could result in 
traffic congestion, degradation of air quality, sanitary health problems and exposure of people and 
property to flooding. These items could be significant environmental impacts. Buildout under the draft 
General Plan would also not meet the need for affordable units that would be created by the resulting 
population. The draft Plan is anticipated to provide more affordable units in absolute numbers than 
the adopted Plan, merely because more units would be built, but the demand for affordable units 
could be greater. 

ENVIRONMENTALLY SUPERIOR ALTERNATIVE 

The "no development" alternative, alternative 4, is considered to be the 
environmentally superior alternative in general, because it represents no change to the existing 
conditions, and of the four (4) alternatives, would result in the least impact on public services, 
available water supplies, and the natural environment. However, this alternative would necessitate 
that a moratorium be immediately enacted to prohibit hrther residential and nonresidential 
development. As such, this alternative would be difficult to implement and would appear to be 
infeasible. 

Alternative 1 (approximately 50,000 population after the year 2010) would appear to 
be environmentally superior to the remaining alternatives. However, buildout under this scenario 
includes projects which have received approved land use designations under the existing General Plan 
and Zoning Ordinance, and which will require approval by the City under existing land use policies 
before they can be constructed. The land use designations that have been applied to properties are 
regarded by the owners as "property and entitlement" and removing, altering or amending these 
entitlements can involve property rights defenses. As such, buildout under this alternative would 
occur under the existing General Plan, and whether or not the General Plan Update is adopted. This 
existing plan does not address any additional development after 1995, although there are land use 
entitlements in place (zoning designations) that could permit significant development to occur into 
the next century. Further, similar to the "no development" alternative, implementation of this buildout 
limitation could require that a moratorium be enacted following the construction of the pending 
development to guide and limit new buildout through the year 2010. 

Alternative 2 (75,000 population) is considered to be an environmentally superior 
alternative to the remaining alternative. This alternative would allow additional buildout beyond what 
is already constructed ("no development") or (Alternative 1) to the year 2010. This alternative 
would result in substantially less impact on the natural environment and public service systems than 
buildout under Alternative 3, the population 100,000 alternative. Buildout under Alternative 2 would 
meet the objectives of the General Plan Update to provide for logical and planned growth within the 
planning area, to insure that adequate public services are available to serve City growth and to 
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conserve the City's remaining natural resources. It should be noted that this alternative would result 
in and relies on a sigdcant reduction in the City's existing and historical rate of growth between now 
and the year 2010 in that the City&'s growth rate would be more than halved to approximately 3% 
per annum, a low to moderate growth rate. This alternative, which would mature about the year 
2025, converts more open space and agricultural land to urban uses but provides for master planning 
of the circulation system, sewer and storm drainage systems and mitigates and minimizes impacts on 
traffic, air quality, sanitary sewer, and exposure of people and property to flooding. Based on the 
analysis in the EIR alternatives 1 and 2 appear to be the preferred alternatives, with alternative 2 the 
most feasible in that the planned alternative pIans for a level of balanced development and land uses 
that can be supported without involving "takings." The planned land uses appear to be sustainable 
and the ~ r u c t u r e  can be developed in stages to accommodate growth without significant impact 
to the community. It should be noted that the population scenarios are characterized as outside 
parameters, and that population may never reach the levels discussed in the plan text. 

Alternative 3, the population 100,000 alternative, builds the community beyond the 
ability of existing and proposed infrastructure to sustain it. It would involve intense impacts on 
existing and proposed streets, and mitigation would require a significant redesign of internal land 
uses, circulation systems, and of the sewer collection and treatment and storm drainage systems. This 
redesign could involve the displacement of people and the disruption of existing patterns of 
development. Without the redesign this alternative would result in traffic congestion, air pollution, 
impacts on sewer and storm drainage, the loss of open space and scenic lands and impacts on support 
services and infiastructure. 
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APPENDIX A 

GLOSSARY 

Closed Basin 

diurnal 

edaphic 

halophytes 

Hydraulic 
conductivity 

Indirect Source 

RARCT 

seiche 

splay 

sufficiently active 

A district draining to some depression or lake within its area, from which 
water escapes only by evaporation; a basin not connected to a larger body 
of water 

opening in the daytime and closing at night, said of flowers 

pertaining to the chemical and physical characteristics of the soil or water 
environment, without reference to climate 

plants that can grow in salty or alkaline soil 

capacity of a porous medium to transmit water; also known as the 
coefficient of permeability 

any facility, building, structure or installation, or combination thereof, 
which generates or attracts mobile source activity that results in emissions 
of any pollutant for which there is a state ambient air quality standard. 
(Includes single family developments) 

an emission limitation that is based on the maximum degree of reduction 
achievable, taking into account environmental, energy, and economic 
impacts by each class or category of source 

a periodic oscillation of a body of water whose period is determined by 
the resonant characteristics of the containing basin as controlled by its 
physical dimensions 

to spread out or apart; expand 

A fhdt is deemed sufficiently active if there is evidence of Holocene (the 
last 10,000- 12,000 years) surface displacement along one or more of its 
segments or branches. Holocene surface displacement may be directly 
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obsemable or inferred; it need not be present everywhere along a fault to 
qualify for zoning. 

take 

transmissivity 

TCM 

"to harass, harm, pursue, hunt, shoot, wound, kill, trap, capture, or 
collect, or to attempt to engage in any such conduct" with regard to 
federally listed, endangered species of wildlife [Section 3(19) of the Act. 
Regulations have broadened this definition to include federally listed, 
threatened species of wildlife 

the average of all horizontal hydraulic conductivities at various depths 
multiplied by the vertical saturated thickness of the aquifer; is used for 
calculating ground-water flow rates and recharge capacities 

Transportation Control Measure, are strategies that reduce vehicle trips, 
vehicle use. vehicle rmles travelled, vehicle idling or traffic congestion for 
the purpose of reducing vehicle emissions 
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RESOLUTION 94-07 

A RESOLUTION OF THE RIDGECREST CITY COUNCIL 
ADOPTING AND CERTIFYING THE ENVIRONMENTAL 
IMPACT REPORT FOR THE CITY OF RIDGECREST 
GENERAL PLAN 

THE CITY COUNCIL OF THE CITY OF RIDGECREST RESOLVES as follows: 

WHEREAS, at direction of the City Council the Planning Commission and staff have 
prepared an update of the City's General Plan pursuant to California Government Code 
65300 et seq.; and, 

WHEREAS, the draft General Plan is a project as defined by CEQA and the City of 
Ridgecrest Environmental Guidelines which require that the City Council and Planning 
Commission be aware of the environmental consequences of project related legislative 
and discretionary decisions; and, 

WHEREAS, the Planning Commission, Planning and Zoning Committee, and city 
staff have prepared an environmental impact report (EIR) for the General Plan pursuant 
to the California Public Resources Code and the California Environmental Quality Act 
(CEQA); and, 

WHEREAS, the draft EIR, in accordance with law, code and policy, was circulated 
to public agencies, made available to the public and was reviewed by the Planning 
Commission at public hearings in order to ensure public participation; and, 

WHEREAS, the Planning Commission finds it has completed its work on the 
Environmental Document and have recommended it to the City Council for certification with 
the adoption of Planning Commission Resolution 94-08; and, 

WHEREAS, the City Council of the City of Ridgecrest has held a public hearing to 
take comments in public hearing on the proposed project; 



Resolution No. 94-07 
Page 2 

NOW, THEREFORE, BE IT RESOLVED and stated by the City Council of the City 
of Ridgecrest that it has publicly considered and reviewed the Final Environmental Impact 
Report prepared for the General Plan update, and adopt and certify it as an adequate 
document pursuant to CEQA and the City Environmental Guidelines. 

APPROVED AND ADOPTED THIS 2nd day of March 1994, by the following vote: 

Ayes: Mayor Corlett, Council Members Auld, Bitney, Bryan, and Parode. 

Noes: None. 

Abstain: None. 

Absent: None. 

, l >  d?- ' ' j l -~t -  
Kevin S. Corlett, Mayor 

- - 
ATTEST: n 

&L4$&J w* f222 
Pamela Snyder, ~ i t y s f e r k  



1 STATE OF CALIFORNIA-BUSINESS. TRANSPORTATION A N D  H O U S I N G  A G E N C I  PETE W I L S O N .  Gorrmor 

, 'EPARTMENT OF TRANSPORTATION 
SOUTH M A I N  STREET 

maHOP,  C A  93514 

!%< 16-3 
i619) 872-0689 

1 
su'. 

September 27, 1993 

File: Ker-178-Var 

1 City of Ridgec-, '-=st 

Community ~evelc~ment Department 
100 West Califorzia Ave. 
Ridgecrest, CA 53555 

PROJECT TITLE: City of Ridgecrest Generil Plan Update 
SCH #92012011 

We have reviewed the above referenced document and have the 
following comme-r to offer: page 11, 12-16, paragraph F, truck 
routes; fails t3 mention that RTE 178 is ixcluded in the SHELL 
(Subsystem of Hignways far the Movement of Extra Legal Permit 
Loads) system and these trucks are allowed only on Inyokern Rd. 
to and from the NAWS. 

1 ' 
RJR: pd 

'ROBERT J. RUHNKE, Chief 
Transportation Planning 
Branch B 

cc: SCH 
Sara Stremple 





y &- of Ridgecrest 
u n ~ t y  & Economic Development Department 

City of Ridoecrest General Plan Environmental Impact Report 
Response to Comments 
120793 

Response to Comments: California Dept of Transportation District 6 

Thank you for taking the time to review the City of Ridgecrest General Plan 
Draft Environmental Impact Report. The District's participation in preparing 
information for, & in formulating the DElR is recognized as being critical to 
it's success and accuracy as an "adequate document." The comments received 
by the City and the responses to these comments will be incorporated into 
the FEIR in accordance with CEQA Guidelines 15087,15088 & 15089. 

Comment Acknowledged. The City appreciates the assistance rendered by 
the CalTRans in preparing the DElR and in providing the information that the 
DElR contains. Text of Chapter 11-12 amended to include discussion of SHELL 
System. 
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STATE OF CALIFORNIA 
- K  

PETE WILSON, Governor 

  CALIFORNIA REGIONAL WATER QUALITY CONTROL BOARD 
' AHONTAN REGION 

CTORVILLE BRANCH OFFICE 

P1 15428 CIVIC DRIVE. SUITE 100 
VICTORVILLE. CA 92392-2359 
(6 19) 24 1-6583 
F A X  NO (619) 241.7308 

d Michael Swigart 
City of Ridgecrest 
100 West California Street 

d l  Ridgecrest, CA 93555 

October 21, 1993 

Dear Mr. Swigart: 

1 COMMENTS TO THE CITY OF RIDGECREST DRAFT GENERAL PLAN 

1 Regional Board staff has received the Draft Environmental Impact Report for 
the City of Ridgecrest Draft General Plan. Upon review, staff has the 
following comments: 

ild 1. The estimated life of the Ridgecrest Landfill needs to take into account 
the new Subtitle D regulations. Plans for the City's waste after the 
Ridgecrest 1 andfi 1 1  reaches capacity needs to be better addressed. 

1 2. With the safe yield of ground water being exceeded every year, measures 
being taken or planned for the reduction of the amount of water used by 

1 
the City of Ridgecrest should be indicated. The measures which will be 

" taken to maintain the current surface permeability for ground water 
recharge also need to be addressed. 

ill 3. The Draft General Plan often refers to the City of Ridgecrest Master 
Sewer Plan. The current status and the expected date of adoption of the 
Master Sewer Plan needs to be provided. 

1 4 .  An earlier review of the Draft Master Sewer Plan, indicated a treatment 
plant design capacity of 9.0 rngd. Under some of the projected growth 
scenarios this treatment plant design capacity will be exceeded. The 

d General Plan needs to better address what is planned in terms of 
treatment plant expansion under these scenarios. 

1 5. The expected sewage flows on Page 1-3-8 are listed as: Alternative 1 = 
6.0 mgd, Alternative 2 = 9.0 mgd, Alternative 3 = 12.0 mgd. On Page II- 
17-13 the expected sewage flows are listed as: Alternative I = 5.0 mgd, 
Alternative 2 = 7.5 mgd, Alternative 3 = 10 mgd. The difference between 

1 these values needs to be explained. 

If you have any questions regarding these comments, please call me at (619) 

1 241-7391. 

Sincerely , 

PI Tina S. Hutchinson 
Water Resource Control Engineer 





Or' WIDGZCREST 
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Clty of Ridoecrest General Plan Environmental Impact Report 
Response to Comments 
120793 

Response to Comments: California Regional Water Quality control Board, 
Lahontan Region 

Thank you for taking the time to review the City of Ridgecrest General Plan 
.Draft Environmental Impact Report. Lahontan's participation in preparing 
information for, and in formulating the DElR is recognized as being critical to 
it's success and accuracy as an "adequate document." The comments received 
by the C i t y  and the responses to these comments will be incorporated into 
the FEIR in accordance with CEQA Guidelines 15087,15088 & 15089. 

These numbered responses correlate to the numbered comments received. 

1. The Ridgecrest Landfill operations is the sole responsibility of the Kern 
County Public Works Department. The Ci t y ,  in conjunction with the 
Naval Base and Kern County, has developed and adopted a Source 
Reduction and Recycling Element to reduce the amount of waste 
entering the landfill. The E.I.R. developed for the SRRE has been 
incorporated by reference into the Draft E.I.R. for the Ridgecrest 
General Plan update. The SRRE E.I.R. addresses landfill capacity. Copies 
of this document are available a t  C i t y  Hall. Kern County is currently 
developing an E.I.R. for continued permitting of the Ridgecrest Landfill. 
Subtitle D regulations have been referred to in that document. Please 
refer to the Kern County Public Works department regarding the E.I.R. 
for the Ridgecrest Landfill. 

2. The City of Ridgecrest is not the sole agency responsible for the 
management of water in the Indian Wells Valley. The City, in 
cooperation with the Indian Wells Valley Water District ~IWWVD), has 
taken steps to reduce the use of water. The IWVWD's records indicate 



af the conservation measures taken over the past several 
b r n e  fruitm by indicating that water use per capita has 

The city supports many water conservation programs 
res all new development In the City to deliver a "will serve" 

letter from the IWVWD. Section 11-16.3.1 and 11-16.3.2 In the FElR address 
the mitigation and conservation measures that the City is willing to 
implement or assist the IW In their implementation. 

Presently, all reports regarding recharge to the Indian Wells Valley 
groundwater basin, refer to the recharge zone as being a t  the base of 
the Sierra and El Paso Mountains. As such any overcovering by 
structures in the C i t y  limits does not affect this area of recharge. The 
City does within i t s  boundaries by zoning, limits the percentage of 
lands that may be overcovered by a structure dependent upon the 
zone. The City is continually reviewing i t s  methods of maintaining the 
integrity of the water basin as well as being a participating member of 
the Ad Hoc Water Management Advisory Group, that is addressing the 
wise use of the basins's groundwater. 

3. The City of Ridgecrest anticipates that the environmental review to 
determine if a EIR/EIS is required will be completed by early 1994. 
Based upon that determination, a final timeline for adoption and 
implementation of the Master Sewer Plan will be developed. The C i t y  
is aware that i t s  future is incumbent upon this Plan. LRWQCB will be 
notified and kept apprised of the milestones of this project. 

4. The C i t y  recognizes that future planning will need to address this issue, 
but is dependent upon the final development of the Master Sewer Plan. 
The direction to take on those issues will be addressed in that plan. 

5. Acknowledged. 



THE 
DESERT TORTOISE 

.=%dr-- 

28 October 1993 

Ms. Gina Marie Robinson, City Planner 

1 City of Ridgecrest 
Community Development Department 
100 W. California Avenue 

1 Ridgecrest, California 93555 

COUNCIL 

P.O. Box 1738 
47-900 Ponoia Avenue 
Palm Desert. CX 9276 1 

RE: Comments to the Draft EIR for the City of Ridgecrest Draft General Plan, 1991 - 2010 
- 

Dear Ms. Robinson: 

d The Desert Tortoise Council appreciates this opportunity to review the Draft General Plan, and 
has the following concerns regarding the Plan: 

1 1) Inappropriate mention of desert kit fox as a special-status species. 
2) Failure to identify impacts to the desert tortoise, which will be impacted in areas 

where they occur. 
d 3) Inappropriate reliance on the Western Mojave Coordinated Management Plan, which 

has not yet been drafted, reviewed by the public, or implemented. 

dl 
4) Inappropriate statement that "lands held under private ownership should not be 

acquired for mitigation", and relying on the federal government, instead, to protect species on 
federal lands. 

J 
5) Failure to identify current, interim measures to protect tortoises (and hlohave ground 

squirrels) prior to the implementation of the West Mojave Coordinated Management Plan. 
6) Failure to delineate meaningful open-space and conservation areas, which are two of 

1 the seven mandatory elements of any general plan. The draft plan also does not identify 
management prescriptions regulating development and other human activities in open-space and 
conservation areas. 

5 7) Failure to include 24 reptiles, birds, and mammals as state and federally designated 
sensitive species in the Plan's discussion of impacts and mitigation measures. 

Desert Tortoise Council to City of Ridgecrest Draft Generai Plan 28 Oct. 1993 





For your convenience, we have first identified the portion of the Plan by section and page 
number, and where appropriate, restated the pertinent portions of the Plan. These comments 
have been reviewed by Marc Graff, Co-Chairperson, and several Board Members, and therefore 
represent the concerns of the Desert Tortoise Council, rather than my own opinions. 

Matrix 1-1, page 1-1-11: Impact #6 states that "Development will negatively affect the habitat 
of the desert tortoise, and possibly the desert kit fox." Desert kit fox should not be included in 
this matrix, as it is not considered a special-status species by either the state or federal 
governments. A few years ago it was considered a California Species of Special Concern, but 
as of December, 1992 (California Depanment of Fish and Game, Natural Diversity Data Base, 
Special Animals) it has no rare or endangered status. In California, the only kit fox having a 
special status is San Joaquin kit fox (Vulpes macroris mun'ca), in the San Joaquin Valley. 

Matrix 1-1, page 1-1-11 and 18.5.2, page II-18-11: The matrix states that "Development will 
negatively affect the habitat of the desen tortoise.. ." yet section 18.5.2 states "No direct impacts 
on rare and endangered plants or animals are expected due to any of the four alternatives." The 
Council believes that there would be direct impacts to desert tortoises wherever tortoises occur. 
We know that tortoises occur throughout the areas south of the City Limits, and likely within 
the City Limits between Zones 4 and 5, including the two square miles of BLM land to the south 
(see Figure 8-1.1 of the draft m). 

Even if direct impacts are mitigated by the Western Mojave Coordinated Management Plan, the 
mitigation does not discount the impact. The statement cited above (i. e., "No direct impacts on 
rare and endangered plants or animals are expected due to any of the four alternatives") is not 
correct. As with the Mohave tui chub on page II-18-11, there should be a sentence indicating 
that direct impacts will affect tortoises where they occur. Also, the draft plan should state here 
that impacts will continue to Mohave ground squirrel whether it remains listed or is delisted. 

18.5.2, page 11-18-11: The statement, "As such, lands held under private ownership should not 
be acquired for mitigation.. . " is just not true. It is true that many privately owned lands are not 
suitable for the conservation of tortoises, but there are many private parcels (e.g., around 
California City and the Desert Tortoise Natural Area) that would serve well for the conservation 
of tortoises. The Santa Fe Pacific Railroad, for example, has about 300 square miles of land - 
much of it within prime tortoise habitat and within CDFG-designated Crucial Tortoise Habitat - 
that could be effectively used to mitigate impacts to tortoises. Also, there is no guarantee that 
tortoises will be protected on federal lands. The Desert Tortoise Preserve Committee and The 
Nature Conservancy are responsible for acquiring and maintaining lands, including private lands, 
for the benefit of tortoises and other animals resident on those lands. 

18.5.3, page 11-18-11: The statement, "The City as a participant in the BLM Western Mojave 
Coordinated Management Plan fully intends to mitigate for the loss of any habitat for the species 
addressed in this plan [desert tortoise, Mohave ground squir~l ,  etc.]." does not provide current 
protection for tortoises. Our best understanding is that the Coordinated Management Plan will 
not likely be implemented within the next several years, maybe not until 1995 or 1996. The 

Duert Tortoise Council to City of Ridgecrest Dnff General Plan 28 kt. 1993 



prior acceptance of the Coordinated Management Plan to implement the City's mitigation of 
impacts and conservation of tortoises relies on the BLM's plan to protect tortoises. The 
Coordinated Management Plan is a herculean effort, involving numerous towns, cities, counties, 
and other jurisdictional entities. Although the Desen Tortoise Council would fully support any 
plan that protects tonoises, we would not presume that any undrafted plan will effectively 
conserve tortoise habitat. Until the Coordinated Management Plan has been drafted, reviewed 
by the public, including the Desert Tortoise Council, and is implemented, no one should assume 
that the pian wdI protect tonoises. The Final General Plan should emphasize measures to protect 
tortoises and not rely on the undrafted Coordinated Management Plan to do so. 

Section 18.4 of the drafr plan provides a good explanation of current state and federal protection 
of tortoises. The Council believes that the City should continue to enforce these policies, and 
not shift the responsibility to the Western Mojave Coordinated Management Plan, which may 
never be implemented or effectively protect tortoises. The General Plan should be a stand alone 
document; the City should not shift its responsibilities onto other plans that may or may nor 
protect tortoises. 

Section 18.6 states: "Upon the issuance of a section 2081 pennit (CDFG) andlor a section 10(a) 
permit (USFWS), the City will notify the public of the procedure to comply with the conditions 
of approval for the permit.", meaning that these pennits would be issued with the 
implementation of the Coordinated Management Plan. Again, there is no guarantee that the 
Coordinated Plan will ever be implemented, or in the interim prior to the Plan's implementation, 
that tortoises will be protected. The City should have alternatives in section 18.6 that will 
prbtect tortoises if the Coordinated Plan fails to be implemented. The City should continue to 
require that tortoise surveys be performed, that the results of those surveys be provided to the 
CDFG and USFWS, and that the CDFG and USFWS be contacted to discuss impacts and 
conservation efforts. 

Open-space and conservation elements of the general plan Open-space is "any parcel or area 
of land or water which is essentially unimproved and devoted to an open-space use [including] 
open-space used for the preservation of natural resources including, but not limited to, areas 
required for the preservation of plant and animal life, including habitat for fish and wildlife 
species; areas required for ecologic and other scientific study purposes.. . " Furthermore, "the 
open-space plan shall contain an action program consisting of speclfic programs which the 
legislative body intends to pursue in implementing its open-space plan: no building permit may 
be issued, no subdivision map approved, and no open-space :ahg ordinance adopted, unless 
the proposed construction, subdivision, or ordinance is consisrent with the local open space p h "  
(Governor's Office of Planning and Research 1987). 

The Executive Summary states that open-space and conservation elements are two of the seven 
mandatory elements of a general plan, however neither of these elements is discussed in this 
draft plan. The draft plan offers no opportunity to review the open-space and conservation 
elements, which are presumably in the original, 1981 Plan, but missing from the draft plan. 

Desert Tortoise Council to City of Ridgecrest Draft General Plan 28 Oct. 1993 3 



Open-space elements are shown on Figure 8-1.1 of the draft plan. These "open-space" areas 
include golf courses, Naval Weapons Center parks, several schools, and one college. Do any 
of these areas meet the criteria of open-space as defined by the Governor's Office of Planning 
and Research? Even if they did, open-space areas should be linked by natural travei corridors, 
and be sufficiently large and unaffected by human recreation and development to support animals 
and plants that would be benefited by open-space designation linked by travei corridors. 
Conceptual travel comdors should be delineated in the draft plan. Meaningful, functioning 
open-space areas should be connected in at least two places by travel comdors to other open- 
space areas. 

If the City adopts alternatives that result in maximum build-out capacity and the annexation of 
adjacent areas, we strongly recommend that open space areas be delineated to the south in Zones 
4 and 5 (Figure 8-1.1). The narrow block of land between South China Lake Boulevard and 
BLM l a d s  would serve as appropriate open-space areas, as would the two square d e s  of BLhi 
land to the south. If annexation occurs to the southwest, it would impact many tortoises, and 
those areas should also be designated as open-space. As drafted, the City's Draft General Plan 
does not have meaningful open-space or conservation elements that would benefit wildlife, 
particularly desert tortoises. If these elements were included in the 1981 General Plan, they 
should be reiterated in the current draft where they can be reviewed by people who do not have 
a copy of the 1981 document. 

Miscellaneous comments: 

&ge IT-1 8-2: The common name for Hymenoclea sakola is "cheesebush", not "goldenhead." 
The scientific species name for desert tortoise, "agarsizi", is misspelled, it should be agassizii, 
with two "ii'sn. 

Table 18-3; Page 11-18-7 states: "Other sensitive species have been catalogued on the lands 
comprising the NAWS, however, these species have not been identified within the planning area 
identified in this document. (The tables found at the end of this chapter provide a list of bird, 
mammal, rephle, and plant species idenMed in the Indian Wells Valley). " These sentences are 
contradictory: the tables at the end of the chapter list "Birds of the Ridgecrest Area", many of 
which are considered sensitive by state and federal resource agencies. The following animals, 
which are listed in Table 18-3, are considered by state andfor federal reso- agencies as 
"sensitiven, likely occur within the planning area, and may be directly or indirectly impacted by 
expansion within and adjacent to the City Limits. We have provided status designations for each 
species as of December, 1992 (California Department of Fish and Game, Natural Diversity Data 
Base, Special Animals). Those species that are listed by the state andlor federal governments 
as threatened or endangered are highlighted. 

Desert Tortoise Council to City of Ridgecrest DraA General Plan 28 Oct. 1993 



Table 1. Sensitive species given in Table 18-3 of the Draft General Plan that have a state andlor 
federal protection status and may be impacted by development in the City of Ridgecrest. 

Species reported from 
Ridgecrest Area State Status Federal Status 

Birds 
Cooper' s hawk 
S harp-shinned hawk 
Golden eagle 
Fermginous hawk 
Northern harrier 
Black-shouldered kite 
Merlin 
Prairie flacon 
Short-eared owl 
Long-eared owl 
Burrowing owl 
Vaux's swift 
Willow flycatcher 
Vermilion flycatcher 
LeConte's thrasher 
Loggerhead shrike 
Yellow warbler 
Yellow-breasted chat 

Reptiles 
Desert tortoise 
Chuckwalla 

Species of Special Concern 
Species of Special Concem 
Species of Special Concern 
Species of Special Concern 
Species of Speclal Concern 
Special Animal 
Species of Special Concern 
Species of Special Concern 
Species of Specd Concern 
Species of Special Concem 
Species of Special Concern 
Species of Special Concern 
State Endangered 
Species of Special Concern 
Species of Special Concern 
Species of Special Concern 
Species of Special Concern 
Species of Special Concern 

State Threatened 
None 

None 
None 
None 
Category 2 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
Category 2 
None 
None 

Federally Threatened 
Category 2 

Mammals 
Pallid bat Species of S@ Concern None 
Spotted bat Species of Special Concern -wFY 2 
Townsend's big-eared bat Species of Special Concern cwvY 2 
Mohave ground squirrel State Threatened Category 2 
American badger Species of Speaal Concern None 
Nelson's bighorn sheep Specla1 Animal None 

Dertrt Tortoise Council to City of Ridgecrest Dr& General Plan 28 Oct. 1993 



Any biological surveys in the Ridgecrest area should consider impacts to these or other sensitive 
animals observed. The Final General Plan should make it clear that these animals have been 
reported from the Ridgecrest area, and that they may be impacted, depending on the size, 
location, and type of proposed development. Most of the birds, both repules, and most of the 
bats would benefit from "real" designations of open-space and conservation areas within and 
adjacent to the City. The failure to designate realistic open-space areas would result in 
cumulative significant impacts to sensitive species that live and forage in these areas. 

The Council understands that the Ridgecrest Planning Department is severely understaffed, and 
relied on the best avadable knowledge to draft the EIR. We offer the comments in this letter 
as additional insights into the biological issues that should be included in the Final EIR and 
General Plan. We are not being antagonistic, and sincerely hope that we are helping your staff 
by providing these comments. Failure to implement realistic open-space and conservation 
elements in the Final General Plan may prove very costly, particularly if the plan does not meet 
the requirements of the California Environmental Quality Act and the guidelines given by the 
Governor's Office of Planning and Research. 

We sincerely wish you the best of luck with your monumental task, and hope that our comments 
are useful. 

Sincerely, 

Desert Tortoise Council 
Edward L. LaRue, Jr. 
Board Member 

Desert Tortoise Council to City of Ridgecrest Draft General Plan 28 Oct. 1993 





Or' WIDGECRESC 
t y  & Economic Development Department 

City of Rid~ecrest General Plan Environmental Impact Report 
Response to Comments 
120793 

Response to Comments: Desert Tortoise Council (DTC) 

Thank you for taking the time to review the City of Ridgecrest General Plan 
Draft Environmental Impact Report. The comments received by the C i t y  and 
the responses to these comments will be incorporated into the FElR in 
accordance with CEQA Guidelines 15087,15088 & 15089. 

These numbered responses correlate to the numbered comments received. 

1. Acknowledged 

2. Surveys of lands within the C i t y  and i t s  sphere of influence have 
mpically shown that human and domestic animals have impacted them 
SO as to no longer be suitable habitat for the Desert Tortoise. The city 
has consistency required mitigation for loss of habitat. It is the City 's 
opinion, that  when an impact is mitigatible, it is no longer significant. 

3. The Bureau of Land Management is to be commended for taking the 
initiative in the coordination and drafting of the Western Mohave 
Coordinated Management Plan. The BLM plan will rely heavily on the 
USF&WS Recovery Plan for the Desert Tortoise, which after some three 
years remains unadopted and unimplemented as well. As the Desert 
Tortoise is a species with a much larger habitat than the C i t y  of 
Ridgecrest, the C i t y  believes that  it's participation in and support of 
this effort is the first step towards the recovery of this species. 

4. The C i t y  strongly supports alternatives to land mitigation and is simply 
stating an opinion. The C i t y  has and will continue to mitigate to the 
extent required by law. 



ly holds a permit from the CDF&G for the mitigation of 
tat for the Mohave Ground Squirrel and has complied 

t s  issuance. The section that deals with mitigation 
e clarified and strengthened appropriately. 

6. The DTC is referred to the City's Draft General Plan Update (1991-2010), 
where the elements described in your letter are contained. The 
document that the DTC reviewed was the Draft EIR for the General Plan 
Draft Update, which contained a summary, which is just that and is not 
intentended to be a comprehensive review of the Ci ty 's  planning 
programs. If the DTC wishes to review the Draft General Plan Update it 
is available a t  Rldgecrest C i t y  Hall and the Kern County Library (131 E. 
Las Flores). The Draft General Plan addresses the Desert Tortoise 
Council's concerns. 

7. Acknowledged 



ia INDIAN WELLS VALLEY WATER DISTRICT 
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1 November 23,1993 

J 
City of Ridgecrest 
Community Development Department 
100 West California Avenue 4 Ridgecrest, CA 93555 

1 
Subject: Draft Environmental Impact Report 

for the City of Ridgecrest Draft General Plan, 1991-2010 

% Gentlemen: ' Thahk you for the opportunity to review the draft Environmental Impact Report (EIR) for the City's 
draft General Plan, which is to serve as a guideline for development of Ridgecrest through 2010. As 
the draft EIR notes, the indian Wells Valley Water District is the area's primary purveyor of domestic i water, and thus has a direct interest in any project which has the potential of affecting groundwater 
quality or quantity. 

1 Planning for additional and expanded deveiopmeat of the Ridgecrest area has the potential of directly 
impacting both groundwater quantity and quality by causing increased extractions from the area's 
overdrawn aquifer, thus exacerbating the overdrafted condition of the aquifer and potentially resulting 
in groundwater gradient reversals which would draw non-potable water from the China Lake playa into 4 the potable groundwater supplies underlying most of the Ridgecrest/lnyoh a m .  

The Board of Directors and staff of the District have reviewed subject draft EIR, and have a number of 1 wmrnents and coneems regarding same. To simplify the City's response to the District's mmments 
and concerns, we have divided same into the following numbered sections: 

d 1. The discussion regarding the supply of groundwater included in Section II-16.1 appears to be 
accurate and wmgiete, and is generally in accordance with the District's findings regarding the 
condition of the aquifer and the amount of groundwater cuncntiy in storage and available for 

rl use. As is noted i n  said Section, overdraft of the aquifer is currently estimated to be occurring 
at a rate of approximately 14,000 acre feet per year. Overdraft at this rate, in combination with 
estimated reserves of high quality potable groundwater, indicates that the groundwater supply 
of the Valley is sufficient only for a maximum of 70 years at cunent and projected rates of 

Y consumption, and that an increase in population or businesses which will result in increased 
groundwater prodi~ction will in the opinion of the District have a significant adverse impact 
upon the environment. 

SO0 W. RIDGECREST BLVD. MAILING ADDRESS: P.O. BOX399 RIDGECREST, CALIFORNIA 93556 
(619) 375.5086 FAX (619) 375-3969 



INDIAN WELLS VALLEY WATER DISTRICT' 

City of Ridgecrest 
November 23,1993 
Page 2 

2. The discussion of the District's existing system included in subject draft EIR is not completely 
accurate, as it largely reflects the state of the system as reported in the District's 1990 General 
Plan. Subsequent to the preparation of said General Plan, the District has constructed a 
number of significant improvements to its supply, storage, and conveyance systems. Ln 
addition, some facilities @articuiarly wells) have been taken out of service, thus making some 
of the information included in the draft EIR inaccurate and misleading. For instance, Table 
16-7 includes a number of weils which are now out of servicc, and does not include the 
District's recntly consw~c:cd Wells 30 and 31. -st izh are two of the most productive wells in 
the District's existing supply system. Also, on Page II-16-8, the draft EIR states that the 
District's current storage capacity is 8 million gallons, whereas in actuality the District's 
current nominal storage capacity is 15 million gallons. In order to enable the City to include a 
more accurate description of the District's exisring system in the final EIR, we have prepared a 
table (copy attached) which more accurately reflects the current supply and storage facilities 
operated and maintained by the District. 

3. The draft EIR notes in some detail the current condition of groundwater supplies in the Indian 
Wells Valley, and that the District is expected to be able to secure sufficient imponed water 
supplies to enable continued and expanded development of the City of Ridgecrest. The 
District has yet to secure a source for imponed water supply, and is uncertain when it will be 

*. able to secure same. h y  population or business growth that results in increased overdraft 
should be evaluated as a significant adverse impact. 

The City should make water supplies one of the primary considerations in deciding which of 
the four alternatives to adopt; for, while imported water supplies may become available, there 
is no way of ensuring same, or of ensuring that quantities of imported water wit1 be qua1 to 
increases in water demands. In particular, Section 111-5 includes only limited mention oi the 
impacts on water supplies which are likely to result from adoption of Alternative 2 (75,000 
ultimate population), which appears to be the City's preferred alternative. The discussion 
regarding the impacts of the various alternatives included on Pages 11-16-11 through II-16-15 
does not address actual solutions, instead concentrating on generai comments regarding 
increased water demands. 

4. The City should keep in mind when referring to the District's 1990 Water General Plan that 
said document is a planning document only, and is not an environmental evaluation. The 
Water General Plan does not include a detailed discussion of the environmental effects which 
might result from ongoing and increasing groundwater overdraft. The Water General Plan is 
intended to outline the facilities that the District must construct to provide saft and reliable 
water service to its senrice area. As evidenced by the significant improvements recently made 
to its water supply, transmission, storage, and distribution systems, the District is fully capable 
of constructing, operating, and maintaining all necessary facilities and supplying same with as 
much water as required; however, the question of securing water supplies sufficient to ensure 
the same level of service well into the future is yet to be resolved. In the interim, it is vital that 
the Indian Wells Valley's sole water soura be protected from degradation that may result if 
the overdrafted condition of the aquifer is exacerbated by increased withdrawals from same. 



1 City of Ridgecrest 
November 23,1993 
Page 3 

11 
5 .  Although the dr.aft EIR, as well as a number of studies of the groundwater system in the Indian 

Wells Valley, di.scusses "safe yield", it is imponant to note that any discussion of the expected 
safe yield is based on estimates and is therefore suspect. In addition, it should be realized that 
the first of the three definitions of safe yield included on Page 11-16-1 is considered most 
pertinent with regard to the Indian Wells Valley's groundwater system; said definition reads, 
"mean seasonal extraction of groundwater from groundwater basin does not exceed mean 
seasonal replenishment." 

The d i fku i ty  with the concept of safe yield is that it is unknown whether or not the safe yield 
of the aquifer is being exceeded until significant long-term declines in groundwater levels (i.e. 
not attributable r:o seasonai fluctuations) are experienced. The generai consensus of the authors 
of various studies of the Indian Wells Valley's aquifer (e.g. Bean, St. Amand) is that it is in a 
state of overdraft (i.e. "unsafe" yieid), and that increased extractions will magnify the problem. 
Furthermore, the City should treat predictions regarding the safe yield of the Indian Wells 
Valley aquifer (with considerable suspicion and shouid not rely on estimates that show that 
continued and tunmitigated overdraft can be sustained for 70 or more years. Rather, the 
District would prefer that the City be supportive of the pursuit of additional water supplies 

. (e.g. reclaimed -wastewater, imported water, treatment of brackish water) and actively pursue 
increased water conservation measures to reduce the problem of overdraft, and thus help to 
guarantee the continued availability of water to residents of the Indian Wells Valley. 

6. Section II-15, Surfacc Water Hydrology, does not include a discussion of National Pollutant 
Discharge Elimination System (NPDES) Storm Water Discharge Permit requirements. The 
NPDES Storm Water Discharge Permit program is designed to limit or eliminate the impact of 
polluted storm water discharges on groundwater quality, and is applicable to populated areas 
throughout the country. However, the consensus of most authorities indicates "that 
groundwater recharge does not occur in the Ridgecrest area, and the City's failure to develop 
an NPDFS Stocm Water Discharge Pennit program is unlikely to result in sigmficant adverse 
impacts upon groundwater quality. Nevenheiess, City staff should address this issue in the 
final EIR, since it is a significant new regulatory requirement e n f o r d  by the State Water 
Resources Cont.101 Board through the California Regional Water Quality Control Boards. 

7. Subject draft EIR appears to incorporate a number of documents by reference, including two 
District documents (the 1990 Water General Plan and the draft EIR for the Southwest Well 
Field), but does not include the location where copies of said documents can be acctssed and 
referenced as required by CEQA Guidelines Section 15150@). In addition, the City of 
Ridgecrest's draft EIR docs not include a list of prcparcrs of the document. Although the 
District docs not have any particular concerns in regard to either of these omissions, City staff 
may find it advisable to include both elements in the final EIR. Also, it should be noted that 
the District's dl-& EIR for the Southwest Well Field was never adopted by the Board of 
Directors. 

8. The District has a number of recommendations regarding both revisions to the document and 
mitigation meas'ures that should be included in the final version of the EIR for the City of 
Ridgecrest Drafit General Plan, 1991-2010. In addition, the District recommends that the City 
prepare a compnhensive Mitigation Monitoring Program (MMP) and circulate same to all 
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reviewers of the draft EIR for review and comment; although circulation of MMP's is not 
required by CEQA Section 21081.6, it is not prohibited either, and circuiarion of same would 
represent a good-faith effort on the pan of the City in that it would allow comments upon a 
vital element of the CEQA/disclosure process. 

a. In recognition of the fact that any further growth in the Indian Wells Valley will 
exacerbate the overdrafted condition of the aquifer underlying same, the City should 
acknowledge and cooperate with the District in the District's ongoing efforts to 
develop additional water sources, including, but not limited to, increased conservation, 
wastewater reclamation, desalting of water with excessive minerai concentrations, and 
import of water from sources outside the Valley. Furthermore, the City should advise 
the District of potential significant growth projects, as such projects are proposed to 
the City. 

b. It is inappropriate for the City to rely upon the District to provide mitigation for a 
general plan and related draft EIR that it is preparing, and the mitigation measures 
included in Section 11-16.3 should therefore be revised with regard to increased water 
demands resulting from population or business increases. Appropriate mitigation 
measures should be developed in conjunction with the District, and the City should 
make a strong commitment to same which will result in reduced water consumption in 
the Indian Wells Valley. 

c. Section III-2, Siflicant Lrnversible Environmental Changes Which Would Be 
Involved In The Proposed Action Should It Be Implemented, should be revised to 
emphasize the significant impacts upon groundwater resources that are likely to occur 
in the event that additional business development and population increases are allowed 
prior to the District's development of additional water supplies. In addition, the City 
will have to adopt a Statement of Ovemding Considerations in the event that it 
proceeds with adoption of the 1991-2010 General Plan EIR unless the 
recommendations included in Sections 8.a and 8.b above arc included therein. 

d. An important mitigation measure which could be included in the MMP would consist 
of an annual water usdconscrvation report regarding development which occurs 
following certification of the final EIR and adoption of the 1991-2010 General Plan. 
EIements of said report might include the water conservation measures required in new 
developments, a comparison of average household water use in new developments 
with City-wide average water use, and related issues. The District would be willing to 
cooptrate with the City in compiling data for such an annual report. 

In conclusion, the District is concerned by the increases in groundwater overdraft that are likely to 
occur if the City of Ridgecrest is allowed to grow sigmficantly in the absence of additional water 
supplies. Since groundwater is and will remain (at least in the near term) the sole water source for the 
fndian Wells Valley, it is of the utmost importana that all available measures be taken to protect the 
aquifer from the quantitative and qualitative degradation which would resuit from increased overdraft. 
Since the City has control over growth through the planning process, it is vital that the City participate 
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d with the District in the protection of groundwater resources and in the implementation of appropriate 
conservation measures to be included in this document. 

1 Again, we appreciate the opportunity to review and commen; upon the draft EIR for the City of 
Ridgecrest draft General Plan, 1991-2010, and look forward to reviewing the final EIR prior to its 
certification. 

Warren k McGowan 
General Manager 

cc: Board of Directon, Indian Wells Valley Water District 
ROM King, Indian Wells Valley Water District 
Robert Hartsock, McMurtrcy & Hartsock 
Charles k Krkger, Kricger & Stewart 



TABLE I 

INDIAN WELLS VALLEY WATER DISTRICT 
SUPPLY AND STORAGE FACILITIES 

WELLS 

Capacities: 8840 
3250 

RESERVOIRS 

NAME 

Bowman No. 1 
Bowman No. 2 
Kmdall 
Ridgecrest Heights 
Well Field 
Gateway 
C-Zone 
D-Zone 
College 
China Lake Acres 
Lane Acrcs 

Standby 
Standby 
Standby 
Standby 
Standby 
Standby 
Operating 
Operating 
Operating 
Operaring 
Operating 
Standby 
Standby 
Operating 
Not Equipped 
Standby 
Operating 
Operating 

Operating 
Standby 

Total: 15.0 



OF WIDG5CRS-s'f 
t y  & Economic Development Department 

City of Ridgecrest General Plan Environmental Impact Report 
Response t o  Comments 
120793 

Response to  Comments: lndian Wells Valley Water District 

Thank you for taking the time to review the C i t y  of Ridgecrest General Plan 
Draft Environmental Impact Report. The District's participation in preparing 
information for, & In formulating the DEIR is recognized as being critical to 
it's success and accuracy as an "adequate document." The comments received 
by the C i t y  and the responses to these comments will be incorporated into 
the FEIR in accordance with CEQA Guidelines 15087,15088 & 15089. 

These numbered responses correlate to the numbered comments received. 

1. Acknowledged. The Clty appreciates the assistance rendered by the 
District in preparing the DEIR and in providing the information that the DEIR 
contains. 

2. Acknowledged, updated information incorporated into FEIR. 

3. Acknowledged. The conservative approach taken by the city to the 
Valleys water supply and recharge capability is intentionally congruent with 
the Water District's general approach. If the resources of the ground water 
basin are seen as "capital," and recharge is seen as "revenue," then clearly the 
Valley, is "spending" (extracting) more water from the basin as a whole than 
"revenue" would allow. The Indian Wells Valley is subsidizing income with 
capital. Although the IWV has a significant amount of capital available in the 
ground Water basins, living on Capital is not prudent over the long term, and 
we have characterized it as an "adverse Impact." Increasing the population 
that will live on this "capital," Increases the severity of the impact on the 
resource. 

The Clty currently uses approximately 6,000+ acre feet of the IWVWD 
supply, the preferred alternative CPEIR scenario, increases city demand by an 



fiF after the year 2025 and the amount of valleywide 
+ AF. The District has stated that with appropriate 

Qesent groundwater supply can sustain a population of 
years." A t  buildout post- 2025, assuming Current rates of 

customer usage and without conservation, the C i t y  would use approximately 
16,000 AF per annum. The ground water basin has been estimated to contain 
2,200,000 AF of water, 600,000 AF of which may not necessitate any increased 
extraction or treatment costs. The size of the Groundwater Basin along with 
the conservation and conjunctive use measures delineated in Section 16.3, 
Mitigations, coupled with a long lead 100 year time frame in which to 
identify, develop and import additional sources of water lead us to conclude 
that a t  this time there is sufficient reason to determine that the impacts of 
the preferred alternative can be mitigated to a point of non-significance. 
This conclusion will of course will be reexamined a t  each subsequent General 
Plan (Five Year) update and will respond to any new research or datum. The 
C i t y  is confident that the District will be able to identify new sources of water 
to recharge and supplement the Ground Water Basin. The C i t y  will cooperate 
with and support i t s  purveyor in this area as needed. 

4. Acknowledged. See mitigations. 

5.. . Acknowledged, the C i t y  is supportive of pursuit of additional supplies 
of water, exploration, and of reducing water demand by the introduction of 
management techniques, consentation, see chapter 16, DEIR. 

6. Acknowledged, please see 11-15-3 for a brief discussion of NPDES 
permitting. 

7. Acknowledged. Text Amended. 

8. Mitigation Monitoring for the General Plan EIR will be done in 
compliance with CEQA and established professional practice. The City will 
coordinate the development and implementation of monitoring programs 
with appropriate agencies including the District. 

a. Chapter 16 states that the City and District will continue to 
cooperate in ongoing efforts for water resource development and 
conservation. 

Review of development applications are routinely sent to concerned 
agencies in order to solicit comments, especially those of 



Pistrict implied in 8. a., It is  entirely appropriate and 
o"R"their public responsibilities for the C i t y  and the District 

to cooperate in the discovery of new sources of water and in 
implementing conservation programs ... the mitigations for the General 
Plan. The Ci ty 's  Ceneral Plan and EIR make a firm commitment to 
effective water management In the Indian Wells Valley. 

C. The recommendations of 8. a & b were incorporated in the DElR but 
will be strengthened in the FEIR. 

d. The City is appreciative of this offer of assistance and co-operation 
from the I W D  and has included this recommended action as a 
conservation measure. Such a report could be very valuable as a means 
of tracking the effectiveness of mitigation programs, and subsequent 
review would promote the ability to fine tune conservation programs 
over the long term. The C i t y  would be pleased to work with the 
District on a report of this nature. 





d 
Mr. Michael R. Swieart 

1 
Community ~eveloprnent Director 
City of Ridgecrest 
106 West C-alifornia Avenue 
Ridgecrest, CA 93555-3054 

DEPARTMENT OF THE NAVY 
NAVALAIR WEAPONS STATION 
CHINA LAKE. CALIFORNIA 93555-6001 

Dear Mr. S wigart: 

IN REPLY REFER TO: 

5090 
Ser CO8031 2 1 6  1 
24 Nov 93 

1 In response to your request for review of the Environmental Impact Report (for the City of 
Ridgecrest Draft Generai Plan 1991-2010), attached are the Naval Air Weapons Station, China 
Lake comments. Comments on pages 1 through 3 w1U need to be correlated with additional 

id 
comments on pages 4 through 8. 

If you have any questions regarding these comments, please contact a member of my staff. 
Barry Kenady, Head of the Facilities Planning Division, at phone number 939-9436. 

1 

J 
Commanding Officer 
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NAWS, China Lake 
Comments (November 1993) 
City of Ridgecrest 
Environmental Impact Report 
Draft General Plan 1 991 -201 0 

1. General - Many of the impacts identified in the 'Geology' and 'Hydrology' sections 
of the Environmental Impact Report (EIR) propose to mitigate identified impacts by 
'conforming to the City's Master Storm Drainage Plan". As noted previously by NAWS, 
China Lake (in letters to the City and the County dated 06 Mar 89, 26 Sep 89, 20 Mar 
91, and 26 Apr 91) the Station has concerns with portions of the Master Storm 
Drainage Plan. Specific concerns were: - the potential for the completed drainage channels (particularly the 

Bowman Road water diversion ditch) to cause an increasing amount 
and rate in the delivery of storm water to Station lands causing 

potential flooding of Station roadways, abandoned dump sites, 
sensitive wildlife species habitats, and structures. - the fact that the Master Storm Drainage Plan was incomplete by 
stopping at the Station's boundav. - the fact that no environmental documentation (a comprehensive 
environmental review) was prepared. 

Although the City adopted the Master Storm Drainage Plan in May 91 the concerns 
identified above still need to be addressed with specific attention given to the need for 

' .  environmental documentation. It is suggested that an appropriate environmental 
review/documentation be completed before there is any new development in relation to 
the Master Sbrm Drainage Plan. This review/document could be prepared as a follow- 

' on (tiered) document based on the Programmatic EIR for the Draft General Plan. 

2. General - Although the EIR indicates how the City plans to accommodate growth it 
does not clearly address how the City plans to support the local school district in 
obtaining proper facilities in conjunction with the projected population increases. This 
issue should be addressed. 

3. ' General - The EIR references Resolution No. 92-604 as a City adopted plan to deal 
with source reduction, recycling, and household hazardous waste elements. Presently 
the City uses the Station's recycling center and does not have a similar facility. As 
recycling efforts and the populations increase so will the need for the City to provide 
recycling facilities (above and beyond existing NAWS, China Lake facilities). This issue 
has not been adequately addressed in the EIR. . 
4. General - Throughout the report the Station is referred to as the Naval Weapons 
Center andlor NWC. This needs to be changed to read the Naval Air Weapons Station 
andlor NAWS. 

5. Page 1-1-6, Second Tier lmpact Analysis - The SEDAB looks as if it has been 
improperly classified. It should be classified as a non-attainment area. 

6. Page 1-1-8, para. 1.7. - It needs to be clarified as to what Chapter 20 of the 
Ridgecrest Municipal Code is (Implementation Section)? How does ResiduaVSecond 
Impacts 1.7 pre-1966 Auto affect Chapter 20 of Code and Balanced homes and shopping? 
This relationship is unclear. 



7. Page 1-1-11. para. 6. - Residual and Secondary Impact is not "none" it should be 
"increased development costs". 

8. Page 1-1-12, para. 7. - Should be "NAWS" vs "NAWSIWPNS". 

9.  Page 1-1-13, general - This report fails to recognize or make mention of alternate 
fuel vehicles legislation and actions to meet this legislation. 

10. Page 1-1-14, general - It is recommended that surface fracturing be addressed 
which is evident in this zone. 

11. Page 1-1-20. para. 3. - By restricting hours of development you increase 
development costs which causes a secondary impact. 

12. Page 1-1-23, para. 2.3. - Requiring development participation in unrelated 
program will result in a secondary impact of increased development costs. 

13. Page 1-1-24. para. 1. - It is unclear as to what the statement means "Consider 
implementation of safety and security fees as necessary to insure that demand can be 
accommodated." How is this to be implemented? 

14. Page 1-1-27, para. 7. and para 7.3. - Para. 7., when allowing only non-flammable 
roofs this eliminates the use of asphalt shingle, built-up composition roofs and similar 
normal construction practices materials. This would limit architectural design and 
increase construction and repair costs. A secondary impact. Para. 7.3, what is the City 
going to implement as soon as possible? This statement is unclear. 

15. Page 1-1-33, para. 1 .l. - Acquisition of new sites ahead of time has not been 
addressed. An earlier school board bought some sites but subsequent boards sold the 
sites. Additional sites may be needed which has not been addressed. Maybe there are 
some state school lands in the district which could be acquired, then traded or sold (or 
other options available). 

16. Page 1-1-36, general - The Navy is on record as wanting the sewer plant off ~ a v ~  
property. This does not seem to have been addressed in this report. The existing plant 
is behind security fences and not readily accessible. The plant should be relocated for 
easy access to the workers and public dischargers such as septic tank trucks. This 
option would have to consider affects on the Mojave Chub fish. The City is relying only 
on fees and not exploring other means of financing the project. The impact of requiring 
reduced flow or low flow toilets (IS+/- gal) has not been evaluated as to impact. Again 
developers costs are being heavily relied on to support the proposals with the attendant 
increased development costs. 

17. Page 1-4-1, para. 4.1.1. - Ridgecrest is northeast of Bakersfield rather than 
southeast. 

18. Page 1-4-1, para. 4.1.4. - Research and Development, as well as Test and 
Evaluation, are done aboard Naval Air Weapons Station, China Lake. 

19. Page 1-4-2, para. 4.2.1.3. - 115 acres cited here but only 93 page 1-3-7. 
Coordinate. 

20. Page 1-4-4, 5th para. - There are at least 8 elementary schools in the SSUSD vs 6. 



21. Page 11-3-2, 2nd para. - There is only one DARE officer now (if recent newspaper 
accounts were correct). 

22. Page 11-3-8, 1st para. - Why would new structures (includes residential?) 
require a proprietary fire system and not major retrofits of existing facilities? Also, 
what constitutes a proprietary fire system (smoke alarms, fire sprinklers, etc. ?)? 

23. Page 11-5-3, last para. - SH 178 does not go to Death Valley but stops in the 
vicinity of Trona. It is a County road after that until you connect to SH 190 

24. Page 11-5-7 - Residual impacts are indicated but not identified in the matrix. 

25. Page 11-9-1, 3rd para. - We now have 8 elementary schools in the district where 
there were only 6 previously stated on page 1-44, 5th para.. 

26. Page 11-9-4, general - Higher educational opportunities are not limited to Cerro L 
Coso Community College. Chico, Northridge and Bakersfield State U's provide courses at 
NAWS leading to higher degrees. No mention is made of them yet they are providing 
services in the planning area. 

27. Page 11-12-6, para. b. - Regional Access. You can't get to Bakersfield on SH14 or 
SH395. Connections must be made to SH58 providing east-west access to Barstow and 
Bakersfield. 

28. Page 11-12-1 1, 1 st para. - Storage. CALTRANS provided the lot (storage) at 
. Richmond Road and SH178 and the Navy provided the land. This is the only lot that we 

are aware of at the access gates. There have been discussions about expanding the lot or 
using other alternatives. 

8 

28. Page 11-12-1 1, 4th para. - The last sentence is incomplete. 

29. Page 11-12-1 6, 2nd para. - At the next to last line George Air Force Base no longer 
uses this area (they have been closed). 

f - 
30. Page 11-17 and figure 17-1, general - See comment #16 above. The option of 
relocating the sewer plant off of Navy lands needs to be addressed. Also, Figure 17-1 
references trunk lines on Navy land that are inactive. These lines should be removed 
from the drawing. 



1 .  Pg 1-1-7, under 'Implementationa heading ? 'signaiization' -7. Where does it belong? 

2. Reference to City's Master Storm Drainage Plan - pg. 1-1-5 & 1-1-18 - Note the 
concerns earlier expressed by NAWS re: additional water directed onto the Station's playa lakes 
and anticipated environmental impact. Drainage plan does not go far enough. 

3. Does there need to be addressed the problem of oil spills & leaks onto the soil from 
construction equipment? (Noticeable in recent construction on "the hill'.) 

4. Pg 1-1-21 - Any thought given to require developers to set aside acreage for parks in 
the development they are building in? Also, require developer to set aside land for schools? 

5.  Pg 1-1-29 - Any thought given to maximum height of buildings in new project areas? 
OK. (See #3 pg 1-1-31 'Mitigation Measures') 

6 .  General - Be aware of cumulative impacts of paving over dirt when it comes to water 
run-off. 

7. Pg 1-4-2 para.. 4.2.1.3 & pg 1-4-1 para.. 4.1.4 pg 1-4-3 para. 4.2.2 . . . and 
throughout document - Need to refer to Naval Air Weapons Station. 

8. Pg 1-5-2 - 3rd para. 5.1.1.1 - 2nd line - which 'Element" is referred to? Open Space 
Element? Both paras's above it refer to other 'EIements'. 

9. Pg 1-5-5 - Close parenthesis at end of 5.2.1.1 

10. Pg 11-1 -1 para. 1 .I reference '(C)' should be inserted between 'setvice,' and 
'California'. . 

I 

11. Pg 11-1-2 para. 1 2  2nd line ... 'area as a linear parks.' ? Delete plural 's'. Or 'a'.? 

12. Pg 11-2-2 End of 2nd full para. - need to insert an 'am after *continuem to read " 
continue as well, ...' 
13. Pg 11-3-2 4th para., 5th line - Change 'expanding' to 'expand". 

1 4. Pg IC3-2 para. 3.1 2 - A newlupdated Mutual Aid Agreement was drafted in 1993. 
Was it not signed? 

15. Pg 11-3-2 2nd para. - If stating 'approximately' '699 calls for emergency* - Why 
not round up to 700 - Would still be 'approximately"? 

16. Pg 11-3-3 para. 3.1.2(b) - 2nd para. - Question the 10 minute response time to Gem 
Coso - with New Station #77 at the bottom of the hill1 

17. Pg 11-4-4 2nd line - 'aresult" to ' a result". 

18. Pg 11-5-6 para. 5.3 - be consistent with the end of each bullet ':' or '?. 

19. Pg 11-5-7 1st bullet, 2nd line - at the end delete the "am. 

a Pg 11-5-7 2nd. 5th & 6th bullet's end with a '." 

Delete "and" at end of 7th bullet. 



20. Pg 11-5-8 Delete 'and' at end of first bullet. 

21. Pg 11-7-5 5th full para. - at the end - should this read 'the first American Physics 
Nobel Laureate.' vs. "... Laureate American."? 

22. Pg 11-8-6 para. 8.1.4(a) - What about the new sports facility at Cerro Coso College? 
Can it be used as an auditorium? 

23. Pg 11-8-8 para. 8.1.4(e) - What about the NAWS Museum under consideration? 

24. Pg. 11-8-1 1 2nd ., 3rd line from the bottom - Change "This,' to "Thus,". 

25. Pg. 11-10-4 Line 19 from the top - remove the ';'. 
26. Pg. 11-12-7 3rd para.. 2nd sentence - Very confusing - Need to start the sentence 
differently. 

27. Pg 11-12-18 para. 12.5.2 - Should KernCog be Kern Cog - Also pg 11-12-21 para. 
12.7 (space) ? 

28. Note: Throughout the document the City is sometimes capitalized and sometimes not. 
Need to be consistent! See: e.g. pg 11-12-20 No. 19. 

29. Pg 11-12-21 para. 12.7 - 2nd para. - Delete "isw after KernCog. 

30. Pg 11-12-22 2nd full para. - 3rd line - Delete 'is' after "As itm. 
6 

3 1. Note: Page numbering system changes at Ch. 13. should all have '11" before letters pg. 
No.) 

32. Pg 13-1 para 13.1.l(a), 3rd line - Close parenthesis after (0 sub 3). 

33. Pg 134  - First full para., second sentence should start with 'Section". 

34. Pg 13-6 - First full para., - Under Table 13-3, CCAA, should use California Clean Air 
Act when used for the first time. 

35. Pg 13-7 - 4th para. - What is 'CAAQS"? 

36. Pg 13-7 - 5th para. - What is 'NAAQS'? (Identify terms when using for the first 
time.) 

37. Pg 13-8 4th line - Replace '.' after 'many* with a ','. 

38. Pg 13-8 1st para., 3rd sentence is too bng and confusing. Should break into two 
sentences. 

39. Pg 13-1 0 1 st para. - Next to the last line. 'December 1992'. Was that date met, or 
should it read '1993'? 

'40. Pg 13-10 Para 'b' - The Word Analysis has a capital 'Y, should be lower case. 



41. Pg 13-10 3rd para., 2nd line - The word 'updated" is used before and after the word 
'standards'. Only need to use it once. 

42.  Pg 13-11 2nd para. - 'SED" should be 'SEDAB". 

43. Pg 13-14 para. 13.3.1 - Should start off the para. with Transportation Control 
Measures" and put TCMs' in parenthesis. 

(Note: Kern COG - See eartier statement. Keep consistent. Is 'COG" to be all 
capitalized?) 

44. Pg 13-14 Last para. - Needs a '.' at the end. 

45. Pg 13-15 para. 13.3.2. - Identify 'ARBw. 

46. Pg 13-18 para. 13.3.4, 2nd line - Space needed in 'citedin' to read 'cited in'. 

47. Pg 13-18 & 19 - Need '.' at the end of each procedure. 
Pg 19 last line needs '.". 

48. Pg 13-20 - Add '.' at end of lines. 

49. Pg 11-14-2 para. 14.1.l(a), 5th line at the end - Change 'as' to 'an'. 

50. Pg 11-14-5 1 st para., 7th line - The words Yoremost city structures' are out of 
context. Delete. 

51 . Pg 11-14-6 1st para., 9th line . Tapitalize 'I' at start of new sentence. 
b 

52. Pg 11-14-6 2nd para. - Third sentence is confusing. Delete the word This' and the ',' 
preceding it. 

53. Pg 11-14-10 4th para., 2nd line from the bottom - Replace '.' after the ward, 
'Avenue' with a ',' 

(Note: This project concerns NAWS from a standpoint of diverting storm water that 
could end up on the Base. See earlier comments.) 

54. Pg 11-14-12 3rd para., 3rd line - Redundant use of 'is the channel'. Delete one. 

55. Pg 11-14-14 Last para., 2nd sentence - Need to capitalize 'It.' 

56. Pg 11-14-15 4th para. - Need a ',' after the word 'soil" In the 4th line. 

57. Pg 11-14-23 para. 14.4.1 - Need a '.' at the end of the last measure for project sites. 

58. Pg 11-14-25, 3rd bullet under para. 'C.' - Need a '.' at the end. 

59. Pg 11-15-9 1st measure under 15.4.1, 3rd sentence - Needs to have a capital letter 
starting the word 'Howevef. 

'60. Pg 11-16-5 Table 16-3 - Does not list the amount of water utilized from the Valley by 
the Community of Trona (See pg 11-16-2, 3rd full para.) 



61. Pg 11-16-6 Full para. under Table 16-4, 4th line from the bottom - 'groundwatef 
'ground-water" repeated. Delete one usage. 

62. Pg 11-16-6 - Comment: If the Basin is in 'overdraft' why is North American Chemical 
Company allowed to transport water out of this Basin into a separate Basin? 

63. Pg 11-16-7 Table 16-5 - Also does not list the usage by the Community of Trona. 

64. Pg 11-16-8 para. 16.1.7 - Need '.' at the end of each 'measure'. 

65. Pg 11-16-9 para. 16.1.8 - Need '." at the end of each 'option". 

66. Pg 11-1 6-1 0 1 st para. - Perhaps update this with: The U.S. Bureau of Reclamation 
Study of the Vally groundwater basin is expected in early 1994)' . . . 
67. Pg 11-16-10 3rd & 4th para. - Uses two different methods of designating Acre Feet per 
year, i.e. A N  and AFNR. Standardize. 

68. Pg 11-16-10 5th para., 5th line - After the words W e  development of" - delete the 
'a". 

69. Pg 11-16-14 para. 16.3.1 .(b) - Need '." at the end of each 'improvement". 

70. Pg 11-16-14 para. 16.3.l(c) - Need a '.' at the end of each 'improvement". 

1 . Pg 11-1 6-15 through Pgs. 11 -1 6-7, para. 163.2 - Need a '.' at the end of each 
'measure". 

6 

72. Pg 11-16-17, Last measure, Last line - Should the word provide' read 'obtain"? 

73. Pg 11-17-6 4th .full para. - States annual precipitation at 4.75" - Yet - earlier figures 
quoted 3.0", see pg 1-4-1 at para. 4.1.3. 

74. Pg 11-17-19 - List item No. 7 needs a "." at. the end instead of '1". 

75. Pg 11-17-13 para. 17.4.1 - Mitigation measures already being utilized. Also, this EIR 
has been prepared subsequent to the 'Spring of 1993". Has the City Council adopted and 
implemented the Master Plan for the Wastewater Treatment Plant? Need a '.' at the end of the 
2nd bullet's underlined sentence. 

76. - Pg 11-1 8-1 para. 18.2, 4th sentence - Move the ',' from in front of Words' to after 
It. 

77. Pg 11-18-1 3rd para., 2nd line - Space in the word -thanam to read -than a'. 

78. Pg 11-8-5 para. 18.4, 2nd para., 4th line - Insert a ',* after the word bill". 

79. Pg 11-1 8-6 1 st full para., 10th line - Delete the word -tom after the word 'Indirectlym 
since it is redundant, already used in line 9. Also, need a ',' after the word %' at the end of 
line 9. 

0 



80. Pg 11-18-7 para. beginning with 'Legislation ..." - Includes the Mojave ground squirrel 
as a listed species. That has now been removed from the state's listing, but special interest 
groups are still fighting to have it included. See pg 11-18-9 at the bottom. 

81. Pg 11-18-10 2nd para., 3rd line - following the words '... know to occur in', change 
'a" to read 'an". 

- 6th line - After the word 'encompasses" change 'as" to 'an'. 

82. Pg 11-18-1 1 para. 18.5.3 - May not have to mitigate for Mojave ground squirrel now. 

Para. 18.5.4 - Same as 18.5.3. 

83. Pg 111-3-2 3rd full para., 3rd line from the end - Delete the word 'a' at the end of that 
line. 

End of Comments 



y & Economic Development Department 

City of Ridgecrest General Plan Environmental Impact Report 
Response to Comments 
120793 

Response to Comments: China Lake Naval Air  Weapons Station 

Thank you for taking the time to review the City of Ridgecrest General Plan 
Draft Environmental Impact Report. The Comments received by the C i t y  and 
the responses to these comments will be incorporated into the FEIR in 
accordance with CEQA Guidelines 15087,15088 & 15089. 

These numbered responses correlate to the numbered comments received. 

1: Acknowledged. The C i t y  of Ridgecrest Master Storm Drainage Plan 
(MSDP) was prepared for flood control purposes and as such and with 
proposed future infrastructure identifies, contains, mitigates, and conveys 
accelerated storm drainage. The plan identifies the numerous sub-watershed 
Ridgecrest related components of the approximately 140 square mile 
watershed within the Indian Wells Valley. 

Taking a comprehensive approach to drainage in the Valley has been a recent 
phenomena that began subsequent to flooding in the late 1960's when the 
Corps of Engineers and the Navy proposed a series of bypass channels in the 
North and West of the C i t y  (then county) that would have directly diverted 
water from the El  Paso Wash to China lake. The project was never initiated. 
In 1980 the National Flood Insurance Program mapped and identified "flood 
hazardw zones in Ridgecrest, and the C i t y  embarked on a series of projects 
that generally directed surface flow along C i t y  Streets and provided for 
channelization. A large portion of RidgecrestfNAWS lies in the plain of the 
100 year flood. 

Ridgecrest and NAWS share a fundamental flaw in site location and design, 
both developed a t  the conveyance bottom (gravity well) of a watershed 
some 140 square miles in area. The Bowman Watershed alone is 51 square 



tely, because of given topography, nearly all drainage 
t China lake or the SatellitetMirror lake area. 

ed the Master Drainage Plan which identifies sources of 
stormwater and proposes a series of public works projects as solutions 
minimizing flooding ... total cost In excess of $49 Million. The C i t y  welcomes 
Cooperative efforts between the three agencies (city, county, navy) in 
seeking Solutions to storm drainage issues in the Indian Wells Valley. 

Specifics: 

Bowman Channel, a major component of the MSDP, is a historical watercourse 
that the plan expands to divert, focus, convey, and contain stormwater. Its 
ultimate design provides detention for increased runoff while 
accommodating historic flow and relies on its historic outlet, SatellitefMirror 
lakes. C i t y  staff has provided the MSDP to the Naval Station, has had 
numerous meetings with Naval staff regarding potential downstream 
concerns and will respond to specific NAWS Input. It is C i t y  understanding 
that the Bowman Channel minimizes (mitigated) both CityINavy flood risk due 
to detention storage. Storm/Floodwaters would reach their historic Outfall 
a t  the drv lakes regardless of the mitigation channel. 

It IS our understanding that the MSDP was originally proposed as a joint 
citylnavy project but the Navy declined to participate; as a consequence the 
resultant C i t y  study stops a t  Station boundary. 

Environmental documents were not prepared for the MSDP. Any subsequent 
individual storm drainage projects will require environmental review. The 
City has placed MSDP environmental documentation on it's master 
Community Development projects list. 

2. Support for the local school district is prescriptive and statutory: 
California Government Code sections 53080 and 65995 establish fees as 
mitigation. The Government Code not withstanding, the City (RRA) and the 
School District have cooperatively developed Gateway School and will pursue 
other projects as they are identified. 

3. The Environmental Impact Report for the C i t y  of Ridgecrest Solid Waste 
and Household Hatardous Waste Elements adopted by Council Resolution 93- 
17 are incorporated by reference. 



, Corrections made. 

the text was updated to conform to the Federal Clean 
implemented in early 1991, changing the designation 

form unclassified to serious non-attainment. 

6 Chapter 20 of the Ridgecrest Municipal Code is the Zoning Ordinance. 
Residual Impact 1.7, pre-1966 autos has been corrected to read 1.6. 

7. Habitat is the subject. None refers to residual impact on habitat. 

8. See 4. 

9. Section 1-1-13 is  a summary, see discussion of conservation and 
alternative fuels in chapters 11-4, Energy Resources, and 11-13, Air Quality. 

10. Section 1-1-4 is a summary, see discussion of liquefaction in Geology and 
Soils in Chapter 11-14-5. 

11. Noise is  the subject. None refers to residual impact on noise. 
 strictio ions on construction houn are common and do not necessarily effect 
cost. We fail to see how this comment relates to the NAWS mission. 

12. Text amended to indicate that such fees may have a secondary affect 
on development cost. We fai l  to see how this comment relates to NAWS 
mission. 

13. Section 1-1-24 is a summary, see discussion of Police and Fire Services in 
Chapter 11-3. 

14. For clarification, "Non-flammable," amended in text to read "fire rated 
assembly." 7-3 refers to 7-2. We fail to see how these comments relate to the 
NAWS mission. 

15. School District indicates sites will be identified and acquired as needed. 

16. We are not aware of the Navy being "on record as wanting the sewer 
plant" removed from Navy property." Certainly, neither the City nor the 
Navy were pleased when, in the 19701s, the RWQCB ordered that the City and 
Navy sewer facilities be combined. 

Slnce that time in the 1970's all of the gravity flow interceptor and 



trunk lines ac panying new development (doubling the size of the 
a+%en routed toward the Naval station. me w p  a t  the 

t a  . * ldated a t  one of the lowest elevations in the Indian Wells 
ndC.c"rrentlB.3 million gallons of sewage are processed by the plant 

daily. Any alternative plant location would, in all probability, be located 
some vertical 40' to 60' above the existing plant. The increased cost of 
developing, operating and maintaining (including energy costs) a pumping 
system that would lift 1200 million gallons of unprocessed sewage per annum 
to an alternative location some 40 feet to 60 feet higher is enormous. The 
Navy is the Wastewater Department's largest single customer and pays 
approximately 35% of the plants operational cost. An Increase in these costs 
will require unnecessary expenditures that  neither the citizen customers nor 
the navy need. As a consequence both the navy and the city have 
determined that alternative locations are infeasible from a financial 
standpoint. The Navy's concern (6. Kenady, correspondence) is that c i ty  
operations not expand beyond the easement area currently utilized by the 
city. Alternatives which are explored in the Draft Master Plan Sewer Plant 
(19931, do not identify a need to utilize additional land beyond that in the 
easement. 

C i t y  is aware and has had conversation with NAWS command regarding 
security and access limitations and of course will continue to cooperate with 
any security provisions required. Clly employees accessing the WWTP for 
work related purposes are cleared through the base security and screening 
process. 

If security becomes problematic, private dischargers utilizing septic trucks 
and vacuum trucks can utilize private dump station points located within the 
community. 

State Law requires that low flow toilets be utilized in all new construction. 
State documentation regarding the impact is available. 

Federal and State guidelines require that sewer agencies develop revenues 
sources that make them self sufficient and non-reliant on outside funds. C l t y  
"User Feen policy is that  new development shall pay its own way. Fees are 
collected to Offset costs and are fairly apportioned. Replacement of the 
existing plant will be paid for by existing users. Costs associated with 
expansion of capacity to accommodate needs and impacts of new and future 
users will be paid for by new and future users. Without the revenue (fees) to 
expand the Capacity of the plant, the city would be forced to enact a 



ere would be no development. Consequently, the 
though an increase in cost, is seen as beneficial to the 

17. Acknowledged. 

18. Acknowledged. 

19 115 acres of parks is correct. All other amounts have been change to 
reflect this. 

20. There are 9 elementary schools fn the Sierra Sands School District. 
Seven are located within ci ty limits. Text has been amended to reflect this. 

21. Acknowledged. 

22. The Uniform Building and Fire Codes are updated by State Law every 
three years and the most current Code is applied a t  time of permitting and 
development. Prior construction is addressed in the Existing Building Code 
and others. Few of the codes require retrofitting of existing structures unless 
a 'defined threat to public health and safety is  present. Definition of 
proprietary fire system added to page 11-3-6. 

23. Acknowledged. 

24. Acknowledged- Matrix has been corrected to  reflect residual impacts. 

25. Refer to #20 above 

26. Acknowledged. Text amended to reflect additional higher educational 
opportunities. 

First 28. Acknowledged 

Second 28. Sentence on 11-12-11 is continued on 11-12-13 

29. Acknowledged 

30. See Response 16. The Navy maintains the trunk lines on their property, 



e trunk map as an informational item. The Navy may 
h that indicates the trunk lines that should be removed. 
visited several of these inactive lines and have found 

ill exists in them. 

Page 4, second set of responses 

4-1 Acknowledged 

4-2 See response to comment I. Drainage plan goes to military boundary, 
not further, as with streets ci ty does not presume to plan for Navy. We are 
available to discuss and coordinate this issue further. 

4-3 Spills regulated by State Laws and Kern County Health Department. 

4-4 Yes, Park dedications are discussed in Draft Open Space Element. We 
are precluded from most school site development dedications by State 
Law ... which prescribes mitigation. C i t y  can reserve lands on land use map 
and address issue on request of School District. 

4-5 Yes. Zoning Ordinance. 

4-6 Acknowledged 

4-7 see 4. 

4-8 Acknowledged. 

4-9 and numerous comments following: Acknowledged. Typographical errors 
corrected. Thank you for proofing. 

4-14 MOU drafted, Mayor and NAWS Commander anticipated to sign January, 
1994. 

4-1 5 Acknowledged 

4-16 Estimate was supplied by Kern County Fire, authorities on their 
response times. 

4-17 Typographical error corrected. 



College could review this. Fail to see how this relates to 

subject matter is Cultural Ar ts  and Facilities. 

4-39 The December 31,1992 date was correct. A resolution of that study 
has not been completed to the Ci ty 's  knowledge. 

4-60 This water usage number includes the Community of Trona. North 
American Chemical Company's system pumps and supplies (at  a cosU the 
water to the Trona Water Company for distribution to i t s  customers. 

4-62 I t  is  suggested that the NAWS consult with North American Chemical 
Company's water rights attorney, who will likely start with a discussion of the 
Indian Wells Valley water basin being non-adjudicated and therefore, water 
rights are determined on a "first in" basis. The C i t y  is not adjudicating the 
basin. 

4-63 see 4-60 

4-75 Mitigation Measure has been changed to read "Increase the limitation 
on the amount of effluent transported through the 20" pipeline from 0,s 
mgd to accommodate growth. This improvement will require NEPA 
compliance in regards to allowing the NAWS to maintain the Mohave Tui Chub 
habitat. Has been changed to read "in mid 1994". 

4-82 Appropriate language was added to t h e  referenced paragraph. 
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INDIAN WELLS VALLEY WATER DISTRICT 
BOARD OF DIRECTORS OFFICERS & STAFF 

j;;Bz:tt Arden E. Wallum 
General Mannger/Secretary 

Joseph D. Malloty Krieger & Stewart 

Don J .  McKernan 
Engrmerc 

McMurtrey & Hartsock 
Rex L. Smith Attorneys-at-Law 

May 19, 1995 

Honorable Alan J. Dixon, Chairman 
Defense Base Closure and Realignment Commission 
1700 North Moore Street, Suite 1425 
Arlington, Virginia 22209 

Re: China Lake Water Supply 

Dear Chairman Dixon: 

We appreciate the commitment and service you and the Commission 
have given to the difficult subject of base closures and 
realignments, and the many complicated issues you face. We 
hope the following information will serve to clarify the issue 
of water availability in the Indian Wells Valley to support 
future growth of NAWC China Lake and the local communities. 

Recent correspondence to the Commission raised a question of 
water availability at China Lake and the Indian Wells Valley 

(II based on a-supposed new report, "Indian Wells Valley Groundwater 
Project" dated December, 1993. We were a sponsor and cooperator 
in the project and report, and have had access to both preliminary 
findings and the final report for quite some time. The following 
is intended to correct what we view as a misrepresentation of 
the water situation in the Indian Wells Valley, something that 
we have studied and managed for over twenty years. 

Indian Wells Va.1ley Water District ( IWVWD), North ~merican 
Chemical Company (NACC), and the Naval Air Weapons Center (NAFVC) 
China Lake have been working together for nearly a decade in 
a cooperative effort to provide water to the Valley; Other 
large water producers have also been working with this group 
to develop a Cooperative Water Management Plan. These individuals 
comprise virtually all of the water providers and suppliers 
in the Valley. 

IWTnJD, NACC, and NAWC China Lake, in a cooperative effort with 
the Bureau of Reclamation, conducted a study of the ground water 
supply in the Valley. This study, however, made some conservative 
assumptions that may no longer be valid. Consequently, the 
aquifers life projections may improve drastically. 

500 West Ridgecrest Boulevard - Mailing Address: P.O. Box 399, Ridgecrest, California 93556 
(619) 375-5086 FAX (619) 375-3969 





Indian Wells Valley Water District 

Honorable Alan J. Dixon, Chairman 
May 19, 1995 
Page Two 

We have seen water levels start to increase since this study 
was conducted. We can now reasonably expect that a more 
optimistic forecast can be used. The following should be noted 
when considering the available water supplies in the Valley: 

1. Virtually all major water providers (including the individual 
well owners association) have been working cooperatively 
to manage the water supply in the Valley. 

2. With the most recent information (population projections 
and well data), we can consider projecting the useful resource 
life of the basin to 150-200 years. IWVWD and the City 
of Ridgecrest are working together to consider reuse and 
reinjection as further steps to extend resource life. 

w 3, Presently, IWVWD is providing approximately 8200 AF/Yr., 
with the ability to provide up to 21,273 AF/Yr. Presently 
ILVWD has approximately 600 disconnected services. We also 
have the ability to add over 1200 services to the system 
which would give us the total ability to handle 1500 to 
2000 new homes without new wells or transmission lines! 

4. You should also know that our present water rates are lower 
than most others in this area, giving us financial flexibility 
to handle many alternative water sources. 

5, All areas in the West have similar challenges of providing 
adequate water supplies. IWVWD is addressing the challenges 
in this area by reviewing alternatives and making preparations 
for action plans. Our options are too numerous to mention 
in this letter, but we would welcome the opportunity to 
personally brief you, should you think it necessary. 
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Indian Wells Valley Water District 

Honorable Alan J. Dixon, Chairman 
May 19, 1995 
Page Three 

I want to conclude by mentioning that this Valley has accomplished 
a very unique, cooperative approach with regard to water 
management. Virtually every major water provider, including 
the Navy, is working with each other to manage the water in 
the Valley. This unprecedented cooperation should be noted 
and should provide the confidence that we will meet the challenges 
of providing adequate water supplies to all users in the future. 

Thank you again for your commitment to this arduous task. Please 
contact me at (619)375-5086 if we can be of additional assistance. 

Sincerely, 

Arden Wallum 
General Manager 

AW:le 
cc: Board of Directors, Water District 

Jack Connel-1, I W V  2000 Committee 
Curt Bryant, Ridgecrest City Council 
Ken Kelley, Ridgecrest City Administrator 
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100 W. California Avenue 
Ridgecrest, CA 93555-4054 

Honorable Alan J. Dixon, Chairman 
Defense Base Closure and Realignment Commission 
1700 North Moore Street, Suite 1425 
Arlington, VA 22209 

Subject: China Lake Naval Air Weapons Station Water Resources 

Dear Chairman Dixon: 

The citizens of: the City of Ridgecrest appreciate and thank you for the 
dedicated and important effort that you and the Base Realignment and 
Closure Commission are performing on behalf of the strategic defense 
of our nation. We are very aware of how difficult and yet how 
necessary your task is. 

w Due to the importance of the BRAC process to future national security, 
it is  imperative that the information you receive be as factual and 
accurate as possible. We have reason to believe that you were recently 
supplied information that is  inaccurate and potentially misleading. 
(Attached is  information clarifying China Lake water resource issues). 

From the BRAC library, we obtained a letter sent to you from Bob 
Lawrence and Associates stating that the China Lake Groundwater Basin 
is  in a state of depletion. The letter misrepresents the very positive 
conclusions and recommendations of the Bureau of Reclamation Study, 
the objective of which was to "refine estimates of the life of the natural 
groundwater resource and identify management concepts to conserve 
and extend the useful life of this resource." This recent study along with 
dozens of other hydrological studies conclude that storage within the 
ground water basin is  larger than previously identified, and 
additionally, that numerous sources of ground water basin recharge, as 
yet unquantified, exist. Copies of these studies being sent to your staff 
via separate cover should dispel1 the view of our alarmist friend who 
utilizes limited data, a 'do nothing' alternative, and presents it as a 
'reasoned' futilre and inescapable condition. 

100 WEST CAUFORNIA AVENUE RIDGECREST, CAUFORNIA 93555-4054 PHONE (619) 371-3700 





BRAC Chair Dixon 
I 5/19/95 

Page 2 

The studies conclude that there is more than 2.2 million acre feet of 
water in the ground water basin. The lndian Wells Valley is utilizing 
24,000 acre feet per year. Identified sources of ground water recharge 
conservatively indicate that recharge is  occuring a t  a rate a t  least 
greater that 9,850 AF per year, other hydrological estimates are 
substantially higher. Utilizing a balanced view of the water resource, 
the China Lake Basin, a t  least, has 92 years of groundwater available. 
Management techniques can extend this life significantly. Each 
successive hydrological study in this vast, unexplored ground water 
basin discovered additional ground water resources to serve the 
present and future Ridgecrest and China Lake. Sources of ground water 
replenishment from the Sierra Nevada's are still being identified. 

Last year, we concluded years of research and adopted the City of 
Ridgecrest Getieral Plan and Master Environmental Impact Report. The 
plan concludes that impacts associated with the future development of 
our Community are mitigable; that our community can build schools, 
street systems, cultural facilities, and infrastructure to support a future 
Ridgecrest and China Lake of 75,000 persons. 

w Our studies included a review of all water datum for the Indian Wells 
Valley, the City, and China Lake. The City, in conjunction with the Water 
District, Bureau of Reclamation, Navy, prepared a summary of available 
resource. We conclude that Ridgecrest and the lndian Wells Valley have 
an abundance of water resources; the ground water basin alone, 
exclusive of recharge, rainfall, and supply, has water to support a 
community of 75,000 people for a period of 100 years. With our 
programs for water reclamation, water resource management, water 
exploration, conservation, and recognizing recharge, our community's 
resources may be extended hundreds of years. Our community of 
30,000 can easily sustain and welcome the growth which the 
Commission may transfer here via the BRAC process. 

As a defense city, dedicated to the support of China Lake and the 
nation, we thank you for your continued national service. 
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Iw vk22!? FOR PROGRESS 

Ridgecrest-In yokern-China Lake, California 

May 24, 1995 

Defense Base Closure and Realignment Commission 
Attn: Mr. Lester C. Farrington 
1700 North Moore Street, Suite 1425 
Arlington, Virginia 22209 

Dear Mr. Farrington, 

In a letter to the Commission dated May 5, 1995, Bob 
Lawrence & Associates communicated their concerns regarding 
the availability of adequate water in the Indian Wells 
Valley. The City of Ridgecrest and the Indian Wells Valley 
Water District responded to these concerns in letters to the 
 omm mission dated May 19, 1995, copies of which are included 
as enclosures (1) and (2) to this letter. 

As supporting documentation I am forwarding herein: 

a: Volumes I and I1 of the Indian Wells Valley 
Groundwater Project Report of December 1993, 

b. Final Environmental Impact Report for the City of 
Ridgecrest General Plan 1991-2010, and 

c. a separate copy of Section 11, Chapter 16 of the 
EIR entitled "Water Supply.tt 

I W V  2000 fully concurs with and strongly supports the 
positions and plans described in enclosures (1) and (2). We 
hope the remainder of the documentation will be helpful to 
you in understanding the issue. If I may be of further 
assistance do not hesitate to contact me at 619-371-2722. 

J'dck P. Connell 
Executive Director 

P. 0. Box 2000, Rldgecrest, California 93556 
815 North Downs Street, Sulte D 

1619) 371- BRAC 1371 -2722) 
Fax: 619-371 -2724 
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Honorable Alan J. Dlxon, Chairman 
Defense Base Closure and Realignment Conimission 
1700 North M m r e  Street, Suite 1425 
Arlington, VA 22209 

Subject: China Lake Naval Alr Weapons Station Water Resources 

1 Dear Chairman Dixon: 

The cltizens of the City of Ridgecrest appreciate and thank you for the 
dedicated and Important effort that you and the Base Reallgnment and 
Closure Commission are performing on behalf of the strategic defense 
of our nation. We 'are very aware of how difficult and yet how 
necessary your task is. 

Due to the importance of the BRAC process to future national security, 
it Is lmperatlve that the information you receive be as factual and 
accurate as possible. We have reason to believe that you were recently 
supplied information that is  inaccurate and potentially misleading. 
(Attached is information clarifying Chlna Lake water resource issues). 

From the BRAC library, we obtained a letter sent to you from Bob 
Lawrence and Associates stating that the China Lake Groundwater Basin 
is in a state of depletion. The letter misrepresents the very positive 
conclusions and recommendations of the Bureau of Reclamation Study, 
the objective of which was to "refine estimates of the llfe of the natural 
groundwater r'esource and identify management concepts to conserve 
and extend the useful life of this resource." This recent study along with 
dozens of other hydrological studies conclude that storage within the 
ground water basin is larger than previously Identlfied, and 
additionally, that numerous sources of ground water basin recharge, as 
yet unquantified, exist. Copies of these studles being sent to your Staff 
via separate cover should dispel1 the view of our alarmist friend who 
utlllzes llmited data, a 'do nothing1 alternative, and presents It as a 
'reasoned' future and inescapable condition. 

100 WEST' CAWFORNIA A'IENClt-. rn RlDC;ECREST, CALIFORNIA 93.555-4054 rn PHONE (619) 371-3700 
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The studies conclude that there Is more than 2.2 mililon acre feet of 
water in the ground water Dasin. The lndlan Wells valley is utlllzlng 
24,000 acre feet per year. Identified sources of ground water recharge 
conservatively Indicate that recharge is  occurlng a t  a rate a t  least 
greater that 9,850 AF per year, other hydrological estimates are 
substantialiy higher. Utlllzing a balanced view of the water resource, 
the China Lake Basin, a t  least, has 92 years of groundwater avallable. 
Management techniques can extend this life significantly. Each 
successive hydrological study in thls vast, unexplored ground water 
basin discovered additlonai grOUnd water resources to serve the 
present and future Ridgecrest and China Lake. Sources of ground water 
replenishment from the Sierra Nevada's are st i l l  being identified. 

Last year, we concluded years of research and adopted the Clty of 
Ridgecrest General Plan and Master Environmental Impact Report. The 
plan concludes that Impacts associated with the future development of 
our Communlty are mitigable; that our community can build schools, 
street systems, cultural facilities, and infrastructure to support a future 
Ridgecrest and China' Lake of 75,000 persons, 

Our studies Included a review of all water datum for the Indian Wells 
Valley, the City, and China Lake, The City, in conjunction with the Water 
Dlstrict, Bureau of Reclamation, Navy, prepared a Summary of available 
resource. we conclude that Ridgecrest and the Indian Wells Valley have 
an abundance of water resources; the ground water basin alone, 
exclusive of recharge, rainfall, and supply, has water to support a 
communlty af 75,000 people for a period of 100 years. With our 
programs for water reclamation, water resource management, water 
eXPlOratl~n, conservation, and recognizing recharge, our community's 
resources may be extended hundreds of years. Our communlty of 
30,000 can easily sustaln and welcome the growth which t h e  
Commission may transfer here via the BRAC process. 

AS a defense city, dedicated to the support of China Lake and the 
nation, we thank you for your continued national service. 
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INDIAN WELLS VALLEY WATER DISTRICT 
BOARD O F  DIRECTORS 

Peter E. Brown 
Lemy H. Corlett 
Joseph D. hlallory 
Don J. hfcKernan 
Rex L. Smith 

May 19, 1995 

- -- 

OFFICERS &STAFF 

Arden E. Wallum 
Cetzt-ral .Mnnager/Sccretary 

Krieger & Stewart 
Enginerrs 

Mchiurtrey & Hartsock 
Atorneys-01-lau 

Honorable Alan J. Dixon, Chairman 
Defense Base Closure and Realignment Commission 
1700 North Moore Street, Suite 1425 
Arlington, Virginia 22209 

Re: China Lake Water Supply 

Dear Chairman Dixon: 

We appreciate the commitment and service you and the Commission 
have given to the difficult subject of base closures and 
realignments, and the many complicated issues you face. We 
hope the followi.ng information will serve to clarify the issue 
of water availability in the Indian Wells Valley to support 
future growth of NAWC China Lake and the local communities. 

Recent correspondence to the Commission raised a question of 
water availability at China Lake and the Indian Wells Valley 
based on a supposed new report, "Indian Wells Valley Groundwater 
Project" dated December, 1993. We were a sponsor and cooperator 
in the project and report, and have had access to both preliminary 
findings and the final report for quite some time. The following 
is intended to correct what we view as a misrepresentation of 
the water situation in the Indian Wells Valley, something that 
we have studied a.nd managed for over twenty years. 

Indian Wells Valley Water District (IWWD), North American 
Chemical Company (NACC) , and the Naval Air Weapons Center (NAWC) 
China Lake have been working together for nearly a decade in 
a cooperative effort to provide water to the Valley. Other 
large water producers have also been working with this group 
to develop a Cooperative Water Management Plan. These individuals 
comprise virtually all of the water providers and suppliers 
in the Valley. 

IWVIVD, NACC, and NAWC China Lake, in a cooperative effort with 
the Bureau of Reclamation, conducted a study of the ground water 
supply in the Valley. This study, however, made some conservative 
assumptions that may no longer be valid. Consequently, the 
aquifers life projections may improve drastically. 

500 West Ridgecrcst Boulevard - Mailing Address: P.O. Box 399, Ridgecrest, California 93556 
(6 1 P) 375-5086 FAX (619) 375-3969 
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We have seen water levels start to increase since this study 
was conducted. We can now reasonably expect that a more 
optimistic forecast can be used. The following should be noted 
when considering the available water supplies in the Valley: 

1. Virtually all major water providers (including the individual 
well owners association) have been working cooperatively 
to manage the water supply in the Valley. 

2. With the most recent information (population projections 
and well data), we can consider projecting the useful resource 
life of the basin to 150-200 years. IWVWD and the City 
of Ridgecrest are working together to consider reuse and 
reinjection as further steps to extend resource life. 

3. Presently, IWVWD is providing approximately 8200 AF/Yr., 
with the ability to provide up to 21,273 AF/Yr. Presently 
ILJVWD has approximately 600 disconnected services. We also 
have the ability to add over 1200 services to the system 
which would give us the total ability to handle 1500 to 
2000 new homes without new wells or transmission lines! 

4. You should also know that our present water rates are lower 
than most others in this area, giving us financial flexibility 
to handle many alternative water sources. 

5. All areas in the West have similar challenges of providing 
adequate water supplies. IWVWD is addressing the challenges 
in this area by reviewing alternatives and making preparations 
for action plans. Our options are too numerous to mention 
in this letter, but we would welcome the opportunity to 
personally brief you, should you think it necessary. 
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I want to conclude by mentioning that this Valley has accomplished 
a very unique, cooperative approach with regard to water 
management. Virtually every major water provider, including 
the Navy, is working with each other to manage the water in 
the Valley. This unprecedented cooperation should be noted 
and should provide the confidence that we will meet the challenges 
of providing adequate water supplies to all users in the future. 

Thank you again for your commitment to this arduous task. Please 
contact me at (619)375-5086 if we can be of additional assistance. 

Sincerely, 

Arden Wallum 
General Manager 

AW: le 
cc: Board of Directors, Water District 

Jack Connell, IWV 2000 Committee 
Curt Bryant, Ridgecrest City Council 
Ken Kelley, Ridgecrest City Administrator 
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SECTION I1 

Chapter 16.0 

WATER SUPPLY 

This analysis was prepared by the Community Development Department and hereby 
incorporates the "Indian Wells Valley Water District Domestic Water System 1990 Water General 
Plan" adopted October 15, 1990 (copies of this plan are available at the ofice of the IWVWD). 

SETTING 

16.1.1 Introduction 

The following section provides an introduction to general concepts utilized in this 
report to evaluate potential impacts to water resources. 

Water supplies are usually measured in acre-feet per year (AFY). An acre-foot (AF) 
is the amount of water needed to cover one (1) acre to a depth of one (1) foot and is equivalent to 
325,851 gallons. 

Because water supplies are constantly being used and replenished, water sources are 
defined in terms of their "safe yield." When used in reference to water fiom groundwater storage, 
the term safe yield refers to the maximum rate of net extractions from the groundwater basin which, 
if continued over an indefinitely long period of years, results in the maintenance of certain desirable 
fixed conditions. Groundwater safe yield is determined by a variety of means. One or more of the 
following criteria are usually utilized: 

o Mean seasonal extraction of water fiom groundwater basin does not exceed mean 
seasonal replenishment. 

o Water levels are not so lowered as to cause harmfbl impairment of the quality of the 
groundwater by intrusion of other water of undesirable quality or by accumulation of 
mineral degraders or pollutants. 
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o Water levels are not lowered to such a degree as to cause excessive costs of pumping 
from the basin or to exclude the user from the supply by virtue of inadequate depth 
of pumping facilities. 

Safe yield is also affected by pumping patterns, the magnitude of groundwater basin 
utilization by others and other factors. It is possible to withdraw from a basin more than the safe 
yield. This is called overdrafting. Continued overdrafting resulting in lowered water levels, may 
result in the degradation of water quality due to concentration of degraders in a reduced volume of 
water and by intrusion of lesser quality waters. 

16.1.2 District Boundaries of Regional Purveyor and City Service Area 

The City of Ridgecrest is located within the boundaries of the Indian Wells Valley 
Water District (IWVWD), the sole purveyor of water for the City. The IWVWD utilizes the 
groundwater basin to supply the users within its service area. There are some private well owners 
within the City limits, the majority of which are used for landscape irrigation (Heritage Village and 
City). 

The IWVWD presently provides water to urban, commercial and rural customers as 
illustrated in Figure 16-1. This service area's general boundaries includes China Lake Acres to the 
west, Inyokern Road (Highway 178) as the approximate northern edge, one mile east of San 
Bernardino County Road as the approximate eastern boundary, one mile south of Javis Avenue as 
the southern boundary and Jack's Ranch Road as a western boundary to Drurnrnond Avenue where 
it would continue west to Victor Street in the China Lake Acres area. The IWVWD service area 
covers approximately 38 square miles within the Indian Wells Valley and provides water to an 
estimated population of 36,000 persons. 

The Indian Wells Valley Groundwater Basin also provides water to the NAWS, North 
American Chemical Company (NACC), the Community of Trona, the Community of Inyokern, 
private agreement water purveyors, private well owners, and agricultural interests. 

16.1.3 Sources of City Water Supply 

Groundwater is the only source for water presently utilized by the Indian Wells Valley 
(Valley). Groundwater in the Valley is usually identified as belonging to either the shallow or deep 
aquifer. The two aquifers appear to be separated by some type of structural control. The deep 
aquifer is the most utilized by the Valley. The deep aquifer is hrther divided into subareas or well 
fields, of which the IWVWD presently pumps all of its supply from the Intermediate Zone. The well 
fields being utilized by Valley users are presented in Table 16-1. (The City of Ridgecrest is utilizing 
treated sewer effluent for agricultural purposes. For the purpose of this report, this will not be 
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considered a water supply.) 

a. Shallow Aquifer. The unconfined shallow aquifer, located for the most part 
in the northeastern part of the Valley centered around the China Lake Playa, is of poor quality and 
is unfit for potable public uses due to its high Total Dissolved Solids (TDS) and chemical 
constituents. (USGS, Ground Water Quality, 1975). The shallow aquifer is found in the younger 
lacustrine deposits of the Valley. The thickness of the shallow aquifer is 300 feet based on an assumed 
aquifer bottom elevation of 1900 feet. It is not found in the recharge areas at the periphery of the 
basin. 

TABLE 16-1 

SUMMARY OF GROUND WATER EXTRACTION 
IN INDIAN WELLS VALLEY (1985) 

Ridgecrest Well Field 
Intermediate Well Field 
Inyokern Well Field 
Other Areas 
Northwest Agriicultural Areas 

TOTAL 21,526 

b. Deep Aquifer. The confined deep aquifer is the main aquifer underlying the 
Valley. It consists of younger alluvium, the younger and older lacustrine deposits and the older 
alluvium. In the central portion of the Valley, the deep aquifer is separated from the shallow aquifer 
by the intervening low permeability lacustrine deposits which cause the deeper aquifer to become 
confined. It has been conservatively estimated that the annual recharge to the deep aquifer is 
approximately 9,850 acre feet (AF) annually. 

In an average year between 400,000 AF and 500,000 AF of precipitation (rain and 
snow) falls on the mountains, hills and catchment basin that hrnishes water to the groundwater 
supply of the Indian Wells Valley. Of this annual precipitation, groundwater replenishment is only 
about 11,000 AFY due to the high evaporation rates for the area (St. Arnand, 1986). In the draft 
EIR for the Southwest Well Field (a copy of this plan is available at the IWVWD's offices), it is 
noted that "about 200,000 AF of precipitation falls on the mountains and hills within the Indian Wells 
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Valley and about 100,000 AF of precipitation falls on the Valley floor. Of about 300,000 AF of 
annual precipitation, annual groundwater replenishment is only about 1 1,000 AF with replenishment 
of only about 7,000 AFNr where most production occurs (Ridgecrest, Intermediate, and Inyokern 
areas).(IWVWD, 1990 General Plan) Tables 16-2A and B show the deep aquifer recharge 
distribution. (Estimates of recharge vary, although they consistently indicate that the amount of 
recharge is less than the quantity of water being pumped) 

When groundwater is pumped at a rate greater than water recharge to the basin, an 
overdraft situation is created. Tables 16- 1 and 16-2 demonstrate that more water is being used than 
is being recharged to the aquifer. 

16.1.4 Current Supply and Demand 

The IWVWD water production records show the highest recent annual total water 
demand was 8,727.4 AFY for the year 1989. New connections have historically increased by 5% per 
year, but are currently increasing at a rate of one and one-half percent per year. Due to aggressive 
conservation, steel line replacement and meter installation programs, and a tiered rate structure for 
consumption and perhaps a decline in the population, the total annual water consumption has dropped 
1.6% in 1990, 10.4% in 199 1 and 1.6% to a total of 7644.60 AF in 1992. Due to the continuance 
ofthese programs, and to new construction efficiency standards, new water demand is expected to 
increase during the next few years by an estimated zero to one percent for residential and commercial 
connections. 

To accurately assess the water demand for the Valley groundwater, one must 
realize that the Valley supplies water to other agencies and users than just the customers of the 
IWVWD. Table 16-3 lists these agencies and the water usage by each. 

For planning purposes, the IWVWD's records show that most of the water produced 
by that agency is used by single family (SFR) and multifamily (MFR) residential services. SFR 
connections average 3.4 residents with 144 gallons per person per day (GPCD) use. MFR 
connections average 2.8 residents per unit and seven units per connections, with 95 GPCD. In 1989 
the IWVWD records indicated that 0.89 AFY per connections was used, while the records for 1992 
indicate that water usage has dropped to 0.72 AFY per connection. It is believed that this is a direct 
result of the aggressive water conservation programs and steel line replacement that the IWVWD has 
instituted over the past several years. Table 16-4 summarizes the MVWD usage by type. For the 
projection purposes of this document the IWVWD provided record data indicating that usage by the 
City residents for the year 1991 was 6,033 AFY (Oral communication, Roy Tucker, Assistant General 
Manager, IWVWD). 

TABLE 16-2A 
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AQUIFER RECHARGE DISTRIBUTION 

AREA PER Bloyd and Robson, 1971 RECHARGE (AFY) 

Coso Wash 
Petroglyph Canyon 
Renegade Canyon 
Mountain Springs Canyon 
Unnamed Canyon (near NE Valley end) 
Wilson Canyon 
Burro Canyon 
El Paso Drainage 
Little Lake 
Freeman Gulch 
Freeman Canyon 
Indian Wells Canyon 
Grapevine Canyon 
Sand Canyon 
Nine-mile and Noname Canyons 
Five-mile and Deadfoot Canyons 

TOTAL 9,850 

TABLE 16-2B 

AQUIFER RECHARGE DISTRIBUTION 

AREA PER Bean, 1989 RECHARGE (AFY) 

Recharge from Sierran Streams 
Coso Basin Runoff 
Argus Mountains Runoff 
El Paso Range Runoff 
LADWP 
Geothermal Leakage 
Recharge fiom Sierran Granite 
Recharge fiom Rose Valley 
Recharge fiom Human Activity 

TOTAL 15,100 
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TABLE 16-3 

WATER USAGE BY AGENCY 

AGENCY USAGE 

lWVWD 
NAWS 
North American Chemical Company* 
Inyokern Community Service District 
Agricultural 
Private Users** 
City of Ridgecrest (Non-potable) 

ASSUMED ANNUAL TOTAL FOR 1992 23,844.4 AF 

* Includes the Comniunity of Trona 
* * Estimate supplied by Peggy Breeden, President, Well Owner's Association based on 2,200 connections (includes 

small agricultural users) 

TABLE 16-4 

CUSTOMER TYPES 

Customer Type 

Single Family 
Multifamily 
Commercial 
Industrial 
Public 
Construction 
Fire 
Flat Rate 

1991 Services 1991 % of Services 

TOTAL 10,567 
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Groundwater quantity and quality vary significantly within the basin. Groundwater 
availability has been and continues to be the subject of great concern within the Valley. Numerous 
investigations have contributed to differing opinions which can generally be subdivided into two 
groups, one group professing a "closed basin" concept with recharge resulting fiom infiltration and 
percolation and discharge through groundwater extraction and some evapotranspiration. The other 
group espouses an "open basin" concept with a regional flow system that has groundwater moving 
under the basin at depth fiom the Sierra Nevada Mountains and continuing under the Argus and El 
Paso Mountains. Regardless of these differing opinions, groundwater levels have been and continue 
to decline. "Since 1959, annual groundwater pumpage has exceeded annual natural recharge (9,850 
AFY) (Berenbrock, 1989) Groundwater replenishment appears to have been insufficient to maintain 
groundwater levels. 

Table 16-5 gives the estimated pumpage by the users of the Valley groundwater basin. 

16.1.5 Potential Future Water Sources 

a. The IWVWD is currently exploring alternative water sources that could be 
imported to this Valley. Readers are referred to the IWVWD for further exploration of this source 
of future water. 

b. Reclaimed Sewer Effluent has been brought forward as a valuable asset to the 
community. The City of Ridgecrest is presently exploring the reuse of this water source. The Sewer 
Master Plan identifies that this effluent could be developed as a water source for landscape, 
agricultural, golf course, and industrial waters as proscribed by Title 22 Health Standards. The 
IWVWD has also advised the City it is ready to make use of treated sewage effluent provided such 
use is economically feasible. 

c. Further test and evaluation of possible blending of potable waters with non- 
potable waters is being done by the IWVWD. Initial results fiom those wells drilled at Neal Ranch 
indicate high levels of TDS. It would be acceptable to blend low TDS waters with the high TDS 
waters fo; drinking water purposes. 

16.1.6 Water Supply System Components 

a. 'The reader is referred to the IWVWD Master Plan in respect to the 
components of its domestic water system that includes waterlines, reservoirs, pressure zones and 
booster pump stations. 

b. 1 The Valley has five potential well fields. The Intermediate Area, the 
Southwest Well Field (draft EIR for Southwest Well Field was never adopted), the Inyokern Area, 
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TABLE 16-5 

AGENCY WATER PRODUCTIONmUMPAGE IN AFY 
FOR THE YEARS 1983-1992 

rrsn mvwn NAWS N A ~ C  AG PVT MR 
1992 140 7644.7 3409.8 2521.8 * * 19.4 
199 1 159 77!6.6 3365.9 2406.2 * 3000 * 
1990 164 8663.3 3715.8 2504.4 * * * 
1989 171 8167.5 4237.6 23 18.6 7,064a * * 
1988 174 7220.9 4236.6 2330.1 6,450~ * * 
1987 139 6465.3 4584.3 251 1.3 5,588 * * 
1986 178** 5901 .O 4616.5 2427.2 9,342 * * 
1985 178** 4980.2 4002.0 2399.9 14,150 * * 
1984 178** 4949.8 4694.0 2485.7 13,480 * * 
1983 178** 43 16.1 4402.0 2615.8 13,438 * * 
1982 3963.5 4450.0 2887.0 13,402 * 
1981 4223.1 4804.0 3065.0 13,638 
1980 3819.2 4995.0 2887.0 11,156 
1979 3401.9 5 154.0 308 1 .O 6,857 

ICSD Inyokern Community Service District 
IWVWD Indian Wells Valley Water District 
NAWS Naval Au Weapons Station 
NACC North American Chemical Company 
AG Apcultural Users 
PVT Well Owners Association and other Private Wells 
COR City of Ridgecrest 
* Data not available for thls year 
* * Average production figure 
NIA Not Available 
a Neal Ranch closed 
b Spike Leroy Ranch closed 
(The figures for the IWVWD may not reflect their acquisition of smaller water purveyors in this time period) 
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the Northwest Area, the Southeast Area (NAWS well fields are not listed). See Table 16-7 for the 
capacity and status of the production wells that are online as well as the reservoir capacity of the 
system. 

16.1.7 Current System Deficiencies 

The IWVWD is the sole commercial purveyor of water for the City of Ridgecrest, it 
is a public agency separate from the City. The IWVWD as of 1992 had undertaken the following 
measures to address supply deficiencies. 

o Development of additional wells to augment existing capacity during peak demand 
periods. 

o Construction of two additional production wells. 

o Completion of the "Ridgecrest Heights" assessment district improvements that 
replaced substandard and leaking water lines and lifted the building moratorium for 
this area. 

o Completion of the Ridgecrest Heights Water Storage Reservoir that increased storage 
capacity for this elevation. 

o Completion of the "Bowman Road" water storage reservoir that brings the reservoir 
capacity of the IWVWD to fifteen (1 5) million gallons. 

o Interconnection agreements with the NAWS and NACC so that adequate supply is 
available should they suffer equipment failure. 

o Replacement of water line on State Route 178, that allows for more efficient 
distribution from wells 17, 30, and 3 1. 

o Continued testing and evaluation of the Valley water aquifer. 

o Research and evaluation of the feasibility of importing water to the Valley. 

16.1.8 Long Term Assessment 

As the City and the surrounding area continue to develop and buildout, the IWVWD 
will, by necessity and good practice, review their General Plan to address the changing needs of the 
community. It will be the IWVWD's responsibility to ensure that their customers are adequately 
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serviced by potable water. It can be reasonably foreseen that they will review their plan in order to 
accommodate anticipated growth with the following options in mind: 

o Rotation of the use of wells in order to "rest the area" and to lessen the pumping 
depression. 

o Coordinate the timing of well pumping, to employ energy efficiency techniques. 

o Continue to research and explore the importation of potable waters to the customers 
of the Indian Wells Valley. 

o Water fees increases due to the rising demand for potable water in a "closed basin" 

16.2 Impact Analysis 

16.2.1 Significance Thresholds 

In evaluating the impact of the development alternatives on the water system, each 
alternative is reviewed in terms of available sources of supply, and the ability of the major system 
components to deliver that supply to the area of demand. 

a. Svstem Supply. The water demand for each of the alternatives is compared 
against current available sources of supply. If demand for an alternative exceeds available sources 
of supply, a significant impact would occur. 

Determining a threshold of significance for groundwater extraction is difficult, given 
the unknown character of the Valley groundwater basin. Due to the two theories (open or closed 
basin) being contradictory regarding the nature of the groundwater basin (See Section 16.1.4), the 
City for the purpose of this report will utilize the closed basin theory, as a more conservative 
approach. 

The U.S. Bureau of Reclamation's study of the Valley groundwater basin is expected 
in early 1994 and may clarifjr the discussion between the "open" and "closed" basin camps. It is 
anticipated that this study will hrther reiterate a very conservative view of the groundwater situation 
of the Valley. 

In St. Amand's paper "Water Supply of Indian Wells Valley, California", April 1986, 
there is an estimate of the water supply available to Valley users. "About 2,200,000 AF of usefbl 
water is stored in the basin. Of this, only about 600,000 AF are available under the present pumping 
pattern before the aquifiir is contaminated with saline water from the playa." In the text, he describes 
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three separate storage units and indicates surface area, saturated volume, specific yield, and storage 
quantity. The combined storage units contain 600,000 AF of useable groundwater (Unit 1 = 13 1,000 
AF; Unit 2 = 161,0001 AF; and Unit 3 = 295,000 AF) within the upper 200 feet of the saturated 
aquifer. 

It is hrther stated "The safe perennial yield of the Indian Wells Valley is 10,000 AFY, 
provided that evapotranspiration in the playa area can be reduced to 1,000 AFY or less. If more water 
is used it must come from the naturally stored underground water." St. Amand recommends in his 
paper that water use in the Valley should be limited to 10,000 AFY. 

Ignoring potential contamination of the groundwater supply by migration of saline 
water from the China Lake Playa, 3,200,000 AF of available groundwater in storage would provide 
200 years of water supply with groundwater overdraft at 16,000 AFY and about 120 years of 
available groundwater supply with groundwater overdraft at 26,500 AFY 

The IWVWD in their "Urban Water Management Plan", January 199 1 " were and still 
are concerned regarding the major pumping depressions in the Intermediate and Ridgecrest Area and 
the overdraft of the valley aquifer. In an effort to better manage the basin, the IWVWD is studying 
the development of well fields in the northwest and southwest, that will serve to disperse groundwater 
extractions more evenly throughout the Valley. Berenbrock (USGS 89-4 19 1 ) provides water quality 
and level models based upon a wider distribution of the wells fields. It is believed that through this 
effort, contamination from the China Lake Playa will be reduced or delayed. The IWVWD using 
their past user records and extrapolating those numbers using a moderate growth rate state, "the 
available groundwater supply will last at least 20 years under existing pumping conditions and with 
appropriate management will last about 70 years". It is estimated that the present groundwater 
supply can sustain a population of 75,000 for 100 years. 

b. Svstem Com~onents. The IWVWD is responsible for identifjling what 
system components are incapable of delivering the expected demand with the four alternatives 
proposed in the General Plan. Their evaluation could include the need to expand major pump stations, 
reservoir storage, andlor add pipeline capacity. (It is the responsibility of the developer to assure that 
the lines serving their developments have adequate carrying capacity without deteriorating the service 
to adjoining areas.) 

16.2.2 Water Demand of Buildout Under Each Alternative 

In order to evaluate the increase in total water supply to meet the needs of the four 
development alternatives, average per capita water consumption was utilized. For planning purposes, 
the lWVWD records show that unit production has ranged from 0.76 to 0.87 AF per connection per 
year since the late 1970's. 
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Table 16-6 shows current and projected water demands under each of the four 
alternatives and the expected amount of water supply needed. It should also be noted that the 
estimates do not account for reductions in water use due to implementation of water conservation 
measures in addition to what is presently in use over the entire planning period. Table 16-7 lists the 
well supply sources and their possible production rate. 

TABLE 16-6 

Current and Projected Water Demands (City Only) 

Water Demand Typical Water 
Population on Record (AFY) Demand ( A m )  

Present(l99 1) 28,24 1 
Alternative 1 50,000 
Alternative 2 75,000 
Alternative 3 100,000 
Alternative 4* * 62,000 

- * Estimates based on extrapolation from 199 1 record 

** No Project Alternative 
Water Demand Records from the IWVWD indicates 0.2 14 AFY per person. 
Typical Water Demand indicates 0.25 AFY per person 

Although the availability and use of reclaimed water is anticipated to occur during the 
planning period, the resulting reduction in the use of other available water sources has been excluded 
fiom this assessment. 

The IWVWD Master Plan indicated that as a purveyor, it currently has sufficient 
supplies and delivery capabilities to accommodate current demand and the water demand of buildout 
of Alternatives 1 (50,000 pop.), 2 (75,000 pop.), and 4 (62,000 pop.). 

The Plan does indicate that there is insufficient storage to meet the demands of 
Alternatives 2 (75,000 pop.), 3(100,000 pop.), and 4 (62,000 pop.). Although available supplies in 
1990 could meet the bulk of demand under Alternative 2, water demand would exceed storage 
capacity of the IWVWD. The anticipated shortfall for Alternative 3 could be met through increased 
well production and storage capability, although this would shorten the life of the groundwater basin 
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considerably. New sources of water supply should be studied for Alternatives 3.  
TABLE 16-7 

IWVWD Supply And Storage Facilities 

Wells: 

Reservoirs: 

Well # CAPACITY (GPM) STATUS 

Capacities: 

NAME 

Bowman No. 1 
I3owman No. 2 
Kendall 
ltidgecrest Heights 
Well Field 
Gateway 
(:-Zone 
11-Zone 
College 
China Lake Acres 
Lane Acres 

Standby 
Standby 
Standby 
Standby 
Standby 
Standby 
Operating 
Operating 
Operating 
Operating 
Operating 
Standby 
Standhy 
Operating 
Not Equipped 
Standhy 
Operating 
Operating 

Operating 
Standhy 

CAPACITY (MG) 

TOTAL 15.0 

(This data was taken from correspondence dated November 23,1993) 
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Because of the pumping depressions in the Ridgecrest and Intermediate areas, the 
buildout expected under Alternatives 2 and 3 would necessitate the further development of the 
Southwest and Northwest Well Fields. Of concern to researchers is that high usage of the 
groundwater basin could lead to a lateral migration of water from area of possibly poor water quality, 
hence degrading waters where deep pumping depressions occur. Of special concern is the possible 
migration of sodium-chloride waters into the Ridgecrest well field from the southern and southeastern 
parts of the City. This concern is not presently substantiated by the 1989 study prepared by Whelan 
and Baskin, in which they state that except for some isolated wells in the Valley, they believe that the 
"quality of water in the Valley is changing little, if any, at most wells". 

Changes in permeability associated with urbanization under each of the development 
alternatives would not si@cantly reduce the recharge occurring fiom Valley floor rainfall. Studies 
indicate that the majority of the recharge to the groundwater basin occurs at the basin margin near 
the Sierras. 

It should be noted that urban development may potentially pollute local water 
resources fiom point and non-point sources such as oil spills, parking lot runoff and dumping of 
chemicals. These potential pollution sources are typically regulated in the development review 
process or by local, state andlor federal requirements, and are not anticipated to result in a significant 
impact. 

16.2.3 Impact on Major System Components for Each Alternative 

As the sole purveyor of potable waters to the City of Ridgecrest, it is the ultimate 
responsibility ofthe IWVWD to review the ability of its water system to deliver the increased water 
demand necessitated by growth under each of the alternatives. Although the IWVWD will prepare 
any study of their system, criteria that will likely be addressed includes supply facilities, storage 
volumes, and the distribution systems. 

The City will cooperate to its fullest capability with the WVWD, as the sole water 
purveyor, in performing a review of its water system upon the adoption of the revised General Plan 
for the City of Ridgecrest. This review should address average annual water demands; maximum 
daily demands and peak hour demands utilized wherever possible to review the system components. 
Additionally, reservoir storage, fire demand and a distribution system to meet the demands of an 
increased population without appreciable pressure loss, should be studied with particular attention 
to the pressure zones. 
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16.3 MITIGATION MEASURES 

16.3.1 Water System and Supply Deficiencies 

a. Alternative 1 !50.000 population). Development to levels indicated under this 
alternative will require the IWVWD to address existing system deficiencies as outlined in the 
IWVWD 1990 Water General Plan. The development of water conservation guidelines that further 
encourage wise water usage, and more evenly distributing water pumpage throughout the valley. No 
other improvements would be required. These deficiencies are not considered significant. The City 
of Ridgecrest will assist and co-operate in the implementation of these mitigations to the extent 
allowed. 

Residual Impact. Implementation of these mitigation measures would reduce the 
impacts of Alternatives 1 on the existing distribution system to less than significant levels. 

b. -Alternative 2 (75.000 population) and 4 (No Pro!ect Alternative) 62.000 
population). These alternatives would require, in addition to those improvements required for 
Alternative 1, the following improvements to be made to the existing water system: 

o Additional pumping capacity 

o Additional well development 

o New well field development 

o Additional reservoir storage 

o Completion of recommended improvements as noted by IWVWD 

o Expanded distribution zone 

-. The above improvements would reduce the impacts of Alternative 
2 and 3 buildout on the City water system to less than significant levels. The City of Ridgecrest will 
assist and co-operate in. the implementation of these mitigations to the extent allowed. 

The provision of a sufficient water supply to serve full buildout under Alternatives 2 
and 4 would result in potentially significant secondary impacts. As discussed in Section 16.2.2 
additional extractions fiom the Valley groundwater basin would contribute to the existing overdraft 
as well as cause poorer quality waters fiom the China Lake Playa to enter the Intermediate Well Field. 
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c. Alternative 3 !100.000 population). Alternative 3 would require, in addition 
to those improvements described above for Alternative 2, the following improvements to the existing 
water system. 

o Development of outside sources of water would be necessary 

o Development of treated wastewater effluent as a water resource 

o Additional reservoir storage 

o Increased well capacities 

o Blendinglrnixing of the high and low quality waters 

Residual Impact. If these measures are implemented, the impacts of Alternative 3 
buildout on the existing water system is anticipated to be reduced to less than significant. 

The provision of a sufficient water supply to serve full buildout of Alternative 3 could 
necessitate the developn~ent of an outside source of water. Another option could be the blending of 
the poorer quality water with the high quality water. 

Should Alternatives 2 or 3 be adopted, it is recommended that the IWVWD complete 
a detailed review of the water system for the City. Only in this way can the City be assured of a 
balanced water distribution and supply system capable of serving the increased growth. The City of 
Ridgecrest will assist and co-operate in the implementation of these mitigations to the extent allowed. 

16.3.2 Water Conservation Measures 

Because of the Valley groundwater basin being in an overdraft situation, conservation 
measures are applicable regardless of the development alternative adopted by the City. As part of 
this effort in 1992, the City adopted Ordinance 92-18 (December 2, 1993), which is a water 
conservation ordinance mandated by Assembly Bill 325. Further the IWVWD has adopted a Water 
Management Plan that address water conservation measures. The City of Ridgecrest will gladly work 
with the IWVWD in examining these issues and developing any requried guidelines for thier 
implmentation. The following measures incorporate, augment, and reinforce the requirements of the 
City ordinance and the IWVWD's plan: 

o Public Awareness 
o In-School Education 
o Water Audits 
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Landscaping 
Leak Detection 
System Management and Maintenance 
Demonstration Garden 
Wastewater Reclamation 
Commercial Landscape Measures 
ULF Toilet and Fixture Requirements for New and Existing Customers 
Low Water Consumption Requirements 
Annual water use/conservation report to study and track usage by new and existing 
developments to monitor effectiveness of mitiagions 

Each of these elements have a series of components which are currently being 
implemented or are proposed as future measures. At this time, the program emphasizes 
educationaVinformationa1 services intended to increase public awareness and provide useful 
information regarding conservation techniques. 

The following are other recommended conservation measures which would help 
reduce per capita water consumption: 

o Complete and implement the Landscape Guidelines currently under preparation 

o Develop incentive program encouraging the retrofit of existing structures with low 
flow fixtures. Program should target owners of multi-unit residential or commercial 
facilities. 

o Use mulch extensively in all landscaped areas. (Mulch applied on top of soil will 
improve the water-holding capacity of the soil by reducing evaporation and soil 
compaction.) 

o Install efficient irrigation systems that minimize runoff and evaporation, and maximize 
the water which will reach the plant roots. Drip irrigation, "leaky pipe", soil moisture 
sensors and automatic irrigation systems are a few methods of increasing irrigation 
efficiency. 

o Prepare and protect existing trees and shrubs. Established plants are often adapted 
to low water condition. 

o Implement new water reduction and wastewater treatment technology in institutional, 
industrial, commercial, and certain residential uses. 
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o Continue to support the IWVWD in its conservation oriented rate structures. 

o Review the present water waste Ordinance to determine its strength. 

o Protect the fire hydrants from waste usage. 

o Research with the IWVWD and the Kern County Fire Department on reducing water 
pressure to new developments fiom 80 psi. 

o Adopt an ordinance strengthening local building code standards and support state and 
federal legislation improving new construction standards for water efficiency. 

o Continue to encourage the IWVWD to offer water-use audits in regards to 
landscaping, residential, and commercial usages. 

o Encourage the Cerro Coso Community College to offer a training program for the 
landscape professional that addresses wise water usage. 

o Develop water conservation landscaping demonstration projects throughout the City. 

o Investigate offering free water conservation devices to the public. 

o Investigate the usage of "gray water" for irrigation purposes and if feasible developing 
code amendments permitting the use of graywater. 

o Investigate the procedures, restriction, etc. and construction of an infrastructure for 
the delivery of treated wastewater effluent. 

o Encourage the WVWD to continue to be the leader in providing water conservation 
information. 

o Investigate financial incentives to promote water reclamation 

o Support the rWVWD in their investigations to provide an alternative (non-local) 
water source for the Valley 

o Encourage the TWVWD to continue in their development of conservation staff to 
initiate, monitor, and implement water conservation programs targeted to reduce the 
water use per connection. 

SECTION II-16-18 





Final Environmental Impact Report 
For 
1991-201 0 General Plan LIpdate 

o Adopt ultra low flow and water conservation appliances for all new construction 

o Require approval of water conservation landscape prior to final occupancy of new 
structures. 

o Continue to require all new construction and development to obtain a "will serve" 
letter from the IWVWD. 
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Chapter 1.0 

EXECUTIVE SUMMARY 

PURPOSE OF EIR 

The purpose of this EIR is as follows: 

o To serve as an informational document for decision-makers and the public, that 
assesses the potentially significant, adverse impacts of implementation of the General 
Plan; 

o To serve as the foundation of the Master Environmental Assessment for the City of 
Ridgecrest; 

o To hnction as a first tier EIR in assessing the impacts of full development under the 
Draft General Plan and three development alternatives. Subsequent EIRs (i.e., second 
tier documents) would be prepared for specific projects subsequent to the adoption 
of the General Plan. These EIRs would need address only the site-specific issues 
related to each project and could summarize and incorporate by reference the 
discussion of cumulative impacts in this document, as appropriate; 

o To update the base data of and provide an orderly transition fiom the 198 1 General 
Plan Master EIR. 

1.2 GENERAL PLAN UPDATE 

The focus of the City's General Plan Update process is the draft General Plan. The 
draft Plan is intended to hnction as a policy document to guide land use decisions within the City 
planning area through and beyond the year 2010. The draft Plan incorporates goals, objectives, 
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policies, and programs fiom the adopted 1981 Plan, as we11 as an update of these in response to 
changes in the City's environment and identified public needs. The draft Plan was developed by 
citizen volunteers, working in committee, with technical support provided by City staff Further 
individual participation was solicited through the public review process. The committees and 
participants consisted of representatives tiom all walks of Ridgecrest's rich and diverse community 
life. The draft Plan consists of a policy document and technical appendices, and includes seven 
mandatory elements (Land Use, Circulation, Housing, Open Space, Conservation, Safety and Noise) 
and one optional element (Economic Development). Maps are an integral part of the draft 
Comprehensive Plan Two other state mandated elements, Household Hazardous Waste and Source 
Reduction and Recycling have been prepared as a joint project with Kern County, these elements, 
according to the State Office of Planning and Research, are not part of the General Plan and are 
published separately, although their issues are discussed in the Conservation element. 

1.3 SYNOPSIS OF DEVELOPhIENT ALTERNATIVES 

Buildout includes all existing development within the planning area in conjunction with 
the hture and potential development of residential projects, and commercial, industrial, and 
institutional and open space projects that could be developed under the City's current land use 
designations. The following development alternatives were assessed in this EIR. 

o Alternative 1. This scenario constitutes growth that is presently planned to occur 
under the City's adopted (1981) Genera1 Plan. The population of about 50,000 (post 
2010) that would result fiom this low to moderate growth alternative could occur 
with continued buildout under the City's current 1981 General Plan and Sphere of 
Influence, whether or not the City adopts a General Plan Update. 

o Alternative 2. This scenario comprises the moderate buildout recommended by the 
General Plan Committees, and is reflected in the draft General Plan. This aiternative 
would result in a population buildout of approximately 75,000 afier the year 2010. 

o Alternative 3. Buildout under this high growth alternative would generate a 
maximum population of approximately 100,000 after the year 2010. Water District 
&&indicate that buildout under this scenario would resuit in the maximum amount 
of residential and non-residential uses that could be served with available and 
foreseeable water resources, if the City received the entire Water District allocation. 

o No Project Alternative (Alternative 4). Under this scenario the City would not 
adopt a revised and updated General Plan, buildout would occur within the existing 
City Limits and only within those areas of the sphere of influence where land uses 
have been predesignated and annexation can occur in accordance with the 1981 Plan. 
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1.4 SUMMARY OF SIGNIFICANCE THRESHOLDS, IMPACTS, 
MITIGATION MEASURES AND IMPLEMENTATION 
SCHEDULE 

Matrix 1-1 provides a summary of the following: 

o Significance thresholds (i.e., criteria recognized, or developed especially for this 
assessment that are used to determine whether potential impacts are significant); 

o Sigmficant and less than significant adverse impacts that would result from buildout 
under the development alternatives: 

o Mitigation measures for each identified impact. The applicability of each measure to 
the development alternative is indicated; 

o Schedule for implementation of the mitigation measures (e.g., who is responsible, how 
are the measures to be implemented, and when); 

o Residual adverse impacts, if any, that would result following implementation of the 
measures. This column identifies whether significant adverse impacts would still 
occur once the measure is implemented, or whether the measure would filly mitigate 
the impact. Under Sections 1509 1 and 15093 of the State CEOA Guidelines, any 
unavoidable adverse impacts would necessitate that the city issue written findings and 
a "Statement of Overriding Considerations," since they cannot be mitigated to less 
than significant levels. In addition secondary impacts that may result fiom 
implementation of the mitigation measures are also identified; 

o Identification of the environmentally superior alternative among the "No Project," 
and the three development alternatives. 

SUMMARY OF SIGNIFICANT, UNAVOIDABLE ADVERSE 
IMPACTS FOR WHICH WRITTEN FINDINGS AND A 
STATEMENT OF OVERRIDING CONSIDERATIONS MUST BE 
ISSUED 

A s u m m q  is provided for the significant adverse impacts identified in Matrix 1-1 that 
would occur fiom cumulative buildout under each development alternative and would not be filly 
mitigated with the imposition of any of the measures described in Section II and listed in Matrix I- 1. 
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In addition, the summary includes those sigdicant, adverse impacts that can be mitigated to less than 
sigmficance, as identified in Matrix I- 1, but the Planning Commission andor  City Council may find 
the measures to be economically, politically, or socially infeasible. These two types of impacts are 
summarized in a singie location in Section 1.0 of the EIR for the benefit of the Public, Planning 
Commission and City Council, and so that those impacts that may require findings under Sections 
15091 and 15093 of the State CEOA Guidelines are readily identified. 

Section 1509 1 provides the following: 

(a) No public agency shall approve or carry out a project for which an EIR has been 
completed which identifies one or more sipficant  environmental effects of the 
project unless the public agency makes one or more written findings for each of those 
signiiicant effects, accompanied by a brief explanation of the rationale for each 
finding. The possible findings are: 

(1) Changes or alterations have been required in, or incorporated into, the project 
which avoid or substantially lessen the significant environmental effect as 
identified in the final EIR. 

(2) Such changes or alterations are within the responsibility and jurisdiction of 
another public agency and not the agency making the finding. Such changes 
have been adopted by such other agency or can and should be adopted by 
such other agency. 

(3) Specific economic, social, or other considerations make infeasible the 
mitigation measures or project alternatives identiiied in the final EIR. 

(b) The findings required by subsection (a) shall be supported by substantial evidence in 
the record. 

(c) The finding in subsection (a)(2) shall not be made if the agencv making the finding has 
concurrent jurisdiction with another agency to deal with identified feasible mitigation 
measures o r  alternatives. 

Section 15093 requires that additional findings be made: 

(a) CEQA requires the decision-maker to balance the benefits of a proposed project 
against its unavoidable environmental risks in determining whether to approve the 
project. If the benefits of a proposed project outweigh the unavoidable adverse 
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environmental effects, the adverse environmental effects may be considered 
"acceptable." 

(b) Where the decision of the public agency allows the occurrence of significant effects 
which are identified in the final EIR but are not at least substantially mitigated, the 
agencv shall state in writing the specific reasons to support its action based on the 
find EIR and/or other information in the record. This statement may be necessary if 
the agencv also makes, a finding under Section 15091(a)(2) or (a)(3). 

(c) Ifan agency makes a statement of ovemding considerations, the statement should be 
included in the record of the project approval and should be mentioned in the Notice 
of Determination. 

It should be noted that while cumulative buildout would result in significant 
unavoidable adverse impacts, or si@cant impacts that cannot be feasibly mitigated, as noted below, 
individual projects not result in similar impacts. Because all of the impacts of each development 
alternative either cannot be filly mitigated, adoption of any of the alternatives assessed in this EIR, 
or a scenario which combines characteristics of more than one alternative, would necessitate the 
iss~~ance of the written fhdings and statement of ovemding considerations as required under Sections 
15091 and 15093. 
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Impact 

SUMMARY OF ENVIRONMENTAL IMPACTS, MlTIGATlON MEASURES, AND IMPLEMENTATION 
ResiduaVSecondary Impaas 

Mitigation Measures 
(Are there any unavoidable 

inlpaas or secondary 
( ~ ~ ~ l i c a b l e  alternatives (Applicable alternatives Implementation impacts after 

in parentheses) in parentheses) ( WholiiowlWhcn) in~plementation of 
Mitigation Measures) 

I. c a t  EnMromentaJ lm~adg  for which findings must be made under Section 15091 of the State CEQA Guidelines, md if unavoidable, for which a statement of overriding 
considerations must be issued under Section 15093 of the State CEQA Guidelines if any project alternative is adopted. 

CLIMATOLOGY AND AIR 0IJAI.ITY (SECTION I!, I ~ I ? ~ ! c L I ~ ~  

Significance Thresholds 

First Tier l rn~act  .4nalvsir. Both site preparation and construction associated with development will result in short-term effects on ambient air quality. The determination of 
significant impact upon air quality must be made during project specific review subsequent to the adoption of the General Plan Update. 

Second Tier Impact Analvsis. Currently the SEDAB portion of Kern County is listed as serious non-attainment for ozone with resped to attainment of National Ambient Air 
Quality Standards. Curtdative population increases would worsen the SEDAB's current non-attainment of the state ozone and PM-I0 standards as well. As such, a significant 
air quality impact is identied for cumulative population growth in the planning area. 

1. Increased vehicular emissions 1 I Provide convenient access to transit 1. I. Public Works Department and the 
will result fiom buildout and stops. Through site plan review, require Kern County Air Pollution Control 
con-tribute to an increase in development of projects to provide for District. 
ozone and PM-I0 levels (All transit convenience and accessibility. (All 
Alts.) Alts. 

SECTION 1-1-6 



Mitigation Measures 

MATRIX 1-1 

Implementation ResiduaUSecondary lmpaas 

Impact 

- (continued) 
1.2. To reduce vehicle use, provide easy 1.2. Development of streets and 
pedestrian access, maintenance of street sidewalks would be required to meet city 
lights, curbs, sidewalks and walk lights. standards 

1 2.2 Initiate cu~b, gutter and sidewalk 
completion projects where applicable. 

1.3. An increased number of designated 1 3 Development review to insure 
bicycle lanes will be provided per the that all city roads are conuructed to 
General Plan Update. provide for developn~ent of bicycle lanes 

where applicable. 
1.4 The existing grid system will be 1.4 Development review to insure 
maintained and expanded as the most that all plans are in conformance to the 
efficient traffic carrying system. General Plan and Ridgecrest Municipal 

Code. 

1.5. Traffic flow improvements will be 1.5 Development review to insure 
implemented as necessary to ease that all plans conform to the General 
periodic congestion, including: Plan and the Ridgecrest hlunicipal Code. 

o additional off-street parking 
o restrict on-street parking 
o synchronized signalization 
o restrict IeWright turn lanes 
o provide good design of parking 

fa " '  clllt~es and signs 

1.2 Areas where no construction 
occurs may lag behind in the 
development of curb, gutter and 
sidewalk. 

1.3 Areas where no construction 
occurs. may lag behind in development 
of bicycle lanes. 

I -1 Same as 1.3 

SECTION 1-1-7 



Impact Mitigation Measures Implementation ResiduaYSecondary Impacts 

- (continued) 

1.6. Under the California Clean Air Act 1.6. Compliance with CCAA emission 1.6 Does not apply to pre-1966 
(CCAA), vehicle emissions in the Indian standards is required prior to car vehicles. 
Wells Valley air basin are required to be Licensing or rclicensing. 
tested bi-yearly. 

1.7. Encourage balanced urban areas I .7. Review all development applications 
with homes close to employment and at time of application to Building, 
shopping. Engineering and Community 

Development Departments for 
conformance to Chapter 20 of the 
Ridgecrest Municipal Code 

1.8. Encourage balance oflow and high 1.8. Develop land use, planning and 
density development. zoning ordinances, that allow for an 

increase in residential density. 

SECTION 1-14 



MATRIX 1-1 

Impact Mitigation Measures Im~lementation ResiduaVSecondarv Imoacts - . . 
~ e s i d u a ~ ~ e c d n d a q  Impacts 

- (continued) 

2. b%t!!!a!e and combustion 2.1 Normal constn~ction preventative 2 1 and 2 2 As conditions of project 2. Potential short-term in-creases in air 
emissions with potential short measures for fugitive dust would be re- approval, developers would implement poUution levels (All alts.) 
term impacts on ambient air quired. (All alts.) measures during construction to 
quality would be emitted during effective professional standards. 
construction. (All Alts.) 2.2. To aid in the control of emissions 

h-om construction equipment, all 
equipment engines should be maintained 
in proper tune and use low sulfur fuel 
(.OS% by weight) when possible (All 
alts.) 

3. Nuisance and toxic emissions 
and objectionable odon may be 
generated by industrial land uses. 
(All alts.) 

3. Adopt development standards to 3. City must adopt development 3. None (All alts.) 
prohibit industrial activities that would standards in zoriing ordinance prior to Unknown for toxic air emissions. 
produce nuisance emissions and allowing developn~ent of specific 
objectionable odors within 114 mile of projects. 
upwind sensitive receptors or require 
control equipment to reduce emissions 
to below detectable levels at property 
line. Additional statelfederal laws 
needed to determine appropriate 
measures to mitigate potential impacts 
from toxic air emissions (All Alts.) 

SECTION 1-1-9 



Impact Mitigation Measures Implementation ResiduaVSecondary Impacts 

BIOLOGICAL RESOURCES (SECTION n. Chapter 181 

Sknificance Dre&&~ Any reduction of native vegetation or introduction of new plant species resulting from any alternative is a potentially significant effect. Any change in 
the Runben, habitat, range, or introduction of any wildlife species is also a potentially significant effkct. Loss of critical habitat for state or federal designated endangered species 
is identified as significant as is any change in numbers, range or introduction of any "listed" wildlife species as a result of any alternative 

1. Introduction of non-native 1 City shall develop landscaping 1 .  City shall develop landscape 1. Desert urbanization can bring 
vegetation will result from land- guidelints to recommend use of native guidefines set requirements for all with it non-native vegetation. that once 
scapiig of development. (All plants throughout the City and require development approvals. Education and established, cannot be eradicated. 
Alts.) such at interfaces with natural areas to enforcement shall occur during permit 

the extent feasible. process. 

2. With the development of vacant 2 1 Encourage use of native 
lands. the native vegetation in vegetation in landscaping design. 
the planning area will be 
decreased, and baniers will be 2 2 As development occurs open 
formed that isolate native space lands within the City shall be 
vegetation and limit their reviewed for potential as "native 
replenishment. vegetation" sites. 

2. Minimal net loss of native 
vegetated lands. 



Impact 

j3IOLOGlCAL RESOURCES - (continued) 

Mitigation Measures 

3. Introduction of noxious weeds 3. Proper control of noxious weeds (e.g. 
into native habitat may result as Russian Thistle) would be achieved per 
development occurs (All Alts.). weed control requirements (All Alts.) 

4. As residential development 4. Dogs and animal licensed as per the 
occurs, accompanying domestic Ridgecrest Municipal Code. 
animals will be introduced (All 
Alts.) 

5. The number of native animal 5 and 6. Coordinate development in the 
species will be reduced as native City and sphere of influence with the 
vegefation is impacted (AU Alts.) parameters delineated in the BLM's 

Habitat Management Plan for the 
6. Development will negatively Northern Mojave Desert. 

effect the habitat of the Desert 
Tortoise, and possibly the Desert 
Kit Fox. (All Alts.) 

7. The Mohave Tui Chub habitat 7. Maintenance of the Mo-have Tui 
may be effect-ed by changes in Chub habitat will be addressed in the 
sew-age production resulting City Master Scwer Plan by providing for 
kom growth. (AU Alts.) continued percolation to the ditches 

above the habitat area. 

Implementation ResiduaYSecondary Impacts 

3. As conditions of project approval, 3. None. 
developers would implement weed 
control measures during construction to 
the approval of the Community 
Development Department Director. 
4. Revise the Ridgecrest Municipal 4. None 
Code where necessary. 

5. Adopt the BLM's Habitat 5. Minimal loss 
Management Plan to insure acquisition 
of Section 208 1 and I O(A) permits. 

6. Development will be re-quired to 6. None 
provide mitigatior~ per the City's Section 
208 1. and Section IOA g~idelinrs. 

7. The City will cooperate with NAWS 7. None 
in maintaining the habitat. 

SECTION 1-1-11 



MATRLY I- 1 

Impact Mitigalion Measures Implementation ResiduaUSecondary Impacts 

ENERGY [ S e a  11. Chaoter 4) 

Si~ificance Threshou Future natural gas, he1 oil, and gasoline resource extraction is difficult to drtern~tnr due to the relationship of supply and demand factors, and the political, 
&al and economic h o r s  influencing production. Therefore, it is difficult to project hture supply and demand which makes it difficult to determine the thresholds ofsignificance for 
the development alternatives. For the purposes of analysis, the denland for enerby resoitrces is assumed to increase at the same rate as the planning area population increases under each 
alternative. See Section 6.3 for additional calculation assumptions. 

1. Buildout of Alts. 1, 2, 3, and 4 1 Although no measures are necessary 
would increase the demand of to mitigate energy impacts, see Section 
energy re-sources by 60%, 11-4 for recommended conservation 
150%. 330%. and IOP?, measures and alternative energy 
respective1 y. resources to conserve valuable energy 

resources and to minimize indirect air 
quality impacts 

SECTION 1-1-12 

Because no significant energy impacts 
would occur as a result of buildout of 
Alternatives I ,  2. 3, and 4, there wotlld 
be no mitiation measures necessary and, 
theretbre, no residual energy impact. 
Funher, over the twenty year life of 
these alternatives, consmation measures 
and advances in energy technology may 
serve to decrease demand upon existing 
sources. However, under current 
technoloby, energy resources generation 
to accommodate buildout of each 
alternat~ve may indirectly contnbute to 
pollution levels 





MATRIX 1-1 

Impact Mitigation Measures Implementation ResiduaUSecondary Impacts 

4 Erosion of soil by water. With 4 Development shall be required to 4. Desip enengineering standards for 4. None 
increasing overcovering related conform to the City's Master Storm development to meet the objectives of 
to development, waters will have Drainage Plan and F.1 R M. standards. the City's Master Storm Drainage Plan. 
a higher carrying velocity. (All 
alts.) 

5. The direction or rate of flow of 5. Development shail be required to 5. Development shall follow 5. None. 
ground-waters may be altered conform to the City's Master Stonn engineering standards for the flow of 
because of increasing Drainage Plan. ground waters when overcovering sites. 
overcovering and higher carrying 
velocity. 



Impact Mitigation Measures Implementation ResiduaVSecondary Impacts 

HOUSING AND POPULATION (SECTION 11. Chapter I U 

Sign/ficdincc T!u~sl!old: Cunlulative popula~ion increases would effect exisling air quality, affordable housing dcticiencies, and traffic circulation As such, a significant 
population impact is identified for cumulative population growth in the Ridgecrest planning area. 

A significant housing impact could result if the total housing need for tile buildout population increase is not met by the total units provided by the alternative. 

A significant housing impact would occur if the affordable housing need is greater than the projected number of affordable units provided by the alternative 

1. Under all alternatives, the 1. Zoning standards and designations 1.  Ail zone standards and designation I .  None 
population distribution and den- may need periodic review and revision to changes are subject to public hearings 
sity of the planning area will be accommodate such growth. and planning commission approval. 
altered as a direct result. 

2. Cumulative population growth 2. Adequate measures are not available 2. Planning elforts will strive for a 2. Significant impact under 
could create significant air to fully mitigate population dependent balance of housing and jobs and Alternative 3 to air quality and traffic. 
quality, affordable housing and impacts (i.e. affordable housing, air implementation of the circulation plan. None, Alts. 1.2, and 4. 
traffic impacts (Alt. 3). quality, traffic). 

3. Employment opportunities 3. Approval of commercial, industrial. 3. City should institute policies to 3. None 
created by new industrial, com- and institutional land uses should be achieve a jobs1 housing balance. Implc- 
mercial, and institutional land balanced by approval of residential mentation should occur through project 
uses in the planning area would projects. approval. City shall ensure that 
exceed the number the local adequate land use desigriations are in 
households accommodated by place to support balances. 
new housing units. (All Alts ) 

SECTION 1-1-15 



MATRIX 1-1 

Impact Mitigation Measures Implementation ResiduaYSecondary Impacts 

W R O L O G Y  (SECTION 11. W e r  15) 

S d c a n c e  Thresh& A significant impact is  1dcnti6ed if any change to the quality of potable water sources resulted from any alternative Funher, a significant impact is 
i d e n d 4  ifany change to h e  amount of surface water or quantity of groundwater resulted from any alternative. 

1. Runoff waters will in-crease as 1 .  Natural drainage pat-terns will not I .  Prior to construction permitting, all 1. Storm waters may be temporarily 
vacant Ian& continue to be over- substantidly change as all development development would be subject to  the diverted from historical drainage 
covered by structures, paving will be required to conform to the review of the Public Works Director for channels during construction of drainage 
materials, and other impermeable Master Drainage Plan and federal confomity to the Master Drainage Plan. idiastructure. 
surfaces. (All alts.) standards. 

2. Development may alter course or 2 and 3 As development 2. See Implementation 1, above. 2. None 
flow of Bood waten. (All dts.) within flood zones ocaus, each project 

will be required to conform to the 
3. An increase in runoff waters may Master Drainage Plan which defines 3. See lmplemen~ation I, above. 3. None 

effect the dry lake beds on a water courses. 
seasonal basis (AU alts.) 

4. The level of the sewage 
treatment ponds may rise as 
population increases (necessary) 
(All alts.) 

5. As development occurs, the 
potential exists for the public to 
be exposed to water related 
hazards through increased 
runoff waters. 

4. The City has proposed a plan to utilue 
increasing amounts of effluent water. 
thereby, stabilizing those effluent water 
levels. 

5 Natural drainage pat-terns will not 
substantially change all development 
will be required to conform to the 
Master Drainage Plan and federal 
standards. 

4. The City shall provide reclamation 4. This positive impact would provide 
project management. irrigation from other than potable 

sources. 

SECTION 1-1-16 

5. Prior to consmction approval, all 
development wwld be subject to the 5. None 
review of the Public Works Director for 
conformity with Master Drainage Plan. 
Development shall be sited in accordance 
with F.I.RM standards. 



Impact Mitigation Measures n ResiduaVSecondaq Impacts 

flOISE (SECTION 11 Chapter a 

Si~nificance Tnresholh Excceciance of an menor CNEL (community noise equivalent ievei) of 6Olor 65 dUA ~n noise sensitive land uses such as residential-low density family, 
duplex, or mobile homes or an intaior CNEL of 45 dBA at noise sensitive land uses due to potential increases in traffic noise is considered significant and regulated by state law. 

1. New commercial developments I .  Design of all new commercial facilities I .  City shall require mitigation measures I .  None 
adjacent to residential areas can adjacent to residential areas should site for permit approval during permit review 
cause significant nuisance noise truck loading areas, garbage dump sites, process. 
and exceedance of standards (All and loud speaker systems distant fiom 
alts) residences. Construction of sound 

attenuation walls. 

2. Any growth alternative will 2. Adopt appropriate noise control 2. Through site plan review and as a 2. None. 
naturally result in a comes- measures that interact with the zoning condition for approval, Community 
ponding increase in ambient ordinanccs to mitigate intrusive noise. Develop-n~ent I)epa~tment will require 
noise levels (AU alts.) Setbacks and noise attenuation walls and appropriate noise controls be provided 

acoustical dcsign shall be utilized in all based on zoning ordinances. 
noise interior corridors. 

3. The public may be ex-posed to 3. Restrict hours of construction 3. At project permitting review. 
limited time periods of severe activities through the use of zoning 
noise levels during construction standards. 
activities (All alts.) 

3. None 

SECTION 1-1-17 
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Matrix 1-1 

Impact Mitigation Measures 

PARKS AND RECREATJONICULTURAL A R B  - contin~~ed 

2. The number of residents that 
would participate in cultural arts 
activities is expected to increase 
above existing levels. This 
would increase the use of 
existing cultural arts facilities and 
could adversely affect certain 
activities that have a "small 
town" appeal. However, the 
increased demand could also 
pro-vide an audience to support 
other cultural arts activities that 
must have certain revenues to be 
viable. (All alts.) 

2 1 Alternatives could involve 
redevelopment of the county fairgrounds 
to include a cultural arts center, 
consuuction of a new facility, joint use 
of a facility developed as part of the 
Cerro Coso campus, or city involvement 
in joint use agreements with school 
disuict to maximize use and defray costs 
of existing or new facilities. Coordinate 
with existrng cultural arts organizations 
and solicit public input for the 
appropriate fi~nctional design of such 
facilities. 

2 2. Encourage financial and formal 
public support of existing cultural arts 
organizations to promote cultural art 
activities and public awareness and 
education of cultural arts resources in 
planning area 

Implementation ResiduaVSecondary Impacts 

2 1 .  City, Sierra Sands School District 2. None All alternatives) 
and local arts organizations should work 
cooperatively. Funding could be 
provided througli cooperative use 
agreements, development fees, bonds, 
private and corporate grants, loans, gifts, 
land lease agreements, land exchanges, 
etc. 

2.2. See 2.1. above for mechanisms 
through which City could assist hnding. 
City could adopt policy commitment as 
part of the Cieneral Plan Update 
adoption and implementation. 

SECTION 1-1-19 



Matr ix  1-1 

Impact Mitigation Measures Implementation ResiduaUSecondary Impacts 

P ARKS A - continued 

2 3 Corls~der an art in public places 2 3. City could adopt a policy 2 3 Resultin8 fees may have a 
program, requiring all new development commitment as part of the General Plan rrecondary affect on development costs. 
to participate in such a program by Update Open Space Element and adopt 
commissioning a work of art for public an implementing ordinance that sets 
display onsite, subject to a public arts standards and creates an advisory 
review board or through an in-lieu fee committee and review board. 
for projects less than a size specified by 
a City Art in Public Places advisory 
committee and review board. 



Matrix 1-1 

Impact Mitigation Measures Implementation ResiduaVSecondary Impacts 

POLICE AND F R E  PROTECTION (SECTION 11. C h a w  

Significance Thresholds 

police Services: The significance of the increase in demand for police protection services is dependent upon stafling levels and response time to existing and new development. 
P a  Local Police Saf* Standards, the police office ratio is 1.5 per 1000 pasons. Ridgecrest has available perso~ell?om City P.D., Sheriffs Dept. China Lake P.D., and California 
Highway Patrol. Acceptable staffing levels are dependent on community characteristics, active demand for services (service calls) and needs, economic conditions, technological 
advances and other fiaon. Therefore, t h e  standards which are used in the E W E A  analysis to project thc number of additional officers needed to provide adequate emergency 
response time (5 minutes) may need to be monitored and adjusted in the future. 

Fire. The significance of the increase in demand for emergency response services for any project alternative is dependent upon s t d n g  levels, the ability to maintain adequate 
response times to existing and new development, and the provision of proprietary fire systems. A significant impact would occur if an emergency response time of 5 minutes is 
exceeded. 

1. Buildout would result in I .  Alt I : lncrease officer staff level 
W c i e n t  police officer staffto by 24 to reach a total of 60 officers. 
provide adequate service levels. Alt 2: Increase officer staff level by 54 
(All alts.) to reach a total of 90 officers. 

Alt 3: Increase officer stafflevel by 84 
to reach a total of 120 officers. 
Alt 4: Increase olficer staff level by 38 
to reach a total of 74 officers. 

I .  City Police Department should: 1. No. (AIl alternatives) 
o Hire additional police officers prior to 
approval of any develop-ment that 
would impact existing police ser-vices or 
demand additional police proteaion 
XMCCS 

o Consider iniplen~cntation of safety and 
security fees as necessary to ensure that 
demand can be accommodated. 

SECTION 1-1-21 



Matrix 1-1 

Impact Mitigation Measures Implementation ResiduaVSecondary Impacts 

POLICE AM) FlRE P R O W  - continued 

2. Buildout would increase the size 2 Redes~gn beats to serve demand for 2. P.D. sbould eslablish additional or 2. No. (All alternatives) 
of the service area that would Service. realign existing beat areas prior to the 
require police protection services issuance of building permits for 
(Alts 2 and 3) proposed deve-lopment in the affected 

area. 

3. Buildout would result in an 3.1. Increase fire departmat staff by a 3 1 .  Kern County should: 3. None 
insufficient number of fire total number of employees to be o Hire required number of staff 
depart-mat staff to provide determined by the Kern County Fire prior to approval of any 
adequate 6re protec-tion and Department. (All) development that would impact 
emergency savices (All alts.) exlsting fire/ emergency services 

or demand additional protection 
sewices 

o Institute development fees prior 
to issuance of building permits if 
hnding is inadequate for 
construction of stations and 
acquisition of capital equipment. 

4. None. (All alternatives) 
4. Additional office facilities would 4. Office facilities to accommodate the 4. Kern County should provide 

be required to accom-modate additional staff should be provided. (All equipment and facility space. 
additional staE(Al1 alts.) alts.) 

SECTION 1-1-22 



Matrix 1-1 

Impact Mitigation Measures Implementation ResiduaUSecondary Impacts 

-- 

POLICE AND FIRE PROTECTION - continued 

5. auiidout couid resuit in 5. I .  Cons~ruct new 6rs strtioris as 
development outside satisfactory development occurs (All Alts.) 
emergency response time of 5 5.2. Additional stations, equipment and 
minutes (All Alts). staff should be added as determined by 

the Kern County Fire Chief. Existing 
stations would as necessary be improved 
to accommodate the additional 
equipment and staff (All Alts.) 

5. Kern Coiinty i ~ i l d  use existing 5. None. (All dierriaiivesj 
hnding sources and create assessment 
dis-bicts, acquire land, im-prove existing 
nations, and construct new fire sta-tions 
prior to approval of any development 
that would impact existing fire pro- 
tection services or demand additional fire 
protection services. 

6. Buildout would gene-rate a 6 1 .  Acquire new fire-fighting 6. Kern County (or City) and 6. None. (All alternatives) 
demand for additional equipment equipment, additional engine companies NAWS continued aid agreement. 
(All Alts.). stations as developn~ent and demand 

occurs 
6.2 The existing mutual aid 
agreement with NAWS should be 
continued (All Alts.) 

7. Buildout would create need for 
additional f i e  protection mea- 
sures (All Alts.) 

7 1 .  Consider prohibiting the use of 7.1. City could implement as conditions 7. None. (All alternatives) 
shake and tlammable rook in all areas. of approval for project specific tenta-tive 
Use of fire rated assembly roofing parcel maps or by Code. 
materials is recommended. (All Alts.) 

SECTION 1-1-23 



Matrix 1-1 

Impact Mitigation Measures Implementation ResiduaUSecondary Impacts 

POLlCE A N D  FlRE PROTECTION - continued 

7 2. Require removal of dry brush from 7 2. City could implement as conditions 
property boundaries of outlying of approval for project specific tmta-tive 
residential development (All Alts.). parcel maps 

7.3. 14orneowners to remove brush 
annually prior to the onset of the fire 
season as required per city ordin-ance 
and the Uniform Fire Code. City should 
imple-ment as soon as is feasible and 
prior to approval oT any development 
&at would impact existing fire pro- 
tection senices or demand additional fire 
protection services 

7.4. Provide adequate accesdcirculation 
syJtem to accommodate 6re equip-ment 
(AU Alts.) 

7.5. Provide adequate water pressure to 
meet fire flow needs for fire protection 
througho~~t City boundaries (All Alts.) 

7.4 City should implement as 
development standards based on Fire 
Department recommendations and 
require as co~~ditions of approval for 
specific projects. 

7.5. City. lWVWD and Fire Depan- 
ment should require development to 
demonstrate that adequate water 
pressure would be provided as condition 
of approval of specific project 

SECTION 1-1-24 



Matrix 1-1 

Mitigation Measures Implementation ResiduaVSecondary Impacts Impact 

POLICE AND FIRE PROTECTION - continued 

8. Buildout would create a need for 8. New fire stations should be 8. Kern County should ac-quire land and 8. None. (All alternatives) 
(an) addi-tional fire stationls constructed as development occurs. fund con-struction of  new stations as 
(Alts. 2,3, and 4). buildout occurs. 

SECTION 1-1-25 



Matrix 1-1 

Impact Mitigation Measures Implementation ResiduaVSecondary Impacts 

SCENIC RESOURCES (SECTION 11. Chapter 5)  

First Tier Impacts Transformations in the physical environment are potentially significant as the alternatives will eliminate some of the pure desert environment and create a more 
urbanized &% A f t d o n  of natural resources with a poor visual quality could rsuh in potentially beneficial impacts. Changes in urban areas with high or low visual condition 
raimgs could result in sigruficant declines or improvements in the overall visual quality of the planing area. Absolute determinations of visual quality cannot be ascertained at this 
level of evaluation because the visual impacts of development relate not only to modifications that would occur on the land, but also to an individual project's location and the 
circumstances under which it is viewed. The a d u d  significance of development on the scenic resources cannot be determined until specific projects are reviewed. 

Second Tier Impacts Siting and design of sp~xific projects can significantly alrect project :isibility and tl~e degree to wlich it blends or contrasts wit11 natural or urban elements. 

1. Buildout would occur adjacent I 1 Establish precise scenic corridor 1 1 City shall prepare new land use map 1 Buildout may result in significant loss 
to scenic drives, wenic high- boundaries and create design standards identifying exact scenic corridor of open space that would not be fully 
ways, scenic approaches, and for them (All alts ) boundaries that coincide with property miligated by any of the recommended 

entry-ways significantly limits, city zoning or other legal delinea- measures Buildout would result in a 
changing the visual image of the tions as soon as is feasible and prior to signhcant increase in ambient night light 
entire planning area. (All dts.) allowing action that would affect the that would not be hlly mitigated by the 

visual condition of thc scenic resources. recommended measures. (All 
alternatives) 

SECTION 1-1-26 



Matrix 1-1 

Impact Mitigation Measures Implementation ResiduaUSecondary Impacts 

SCENlC RESOURCES (Continued) 

1 .  continued 1.2. Create a visual identity in the 1.2. City should develop and implement 
planning area through aesthetic architecture/ landscape standards for the 
treatment of natural features and scenic roadway system to promote 
enframement of public views. (All alts.) public viewing of scenic resources in the 

foreground, middle distance, and 
background prior to allowing action that 
would affect the vibual condition of the 
scenic resources. 2. None. 

Buildout would occur on large 2.1. Subject scenic corridor development 2. City should prepare nkw land use map 
parcels of highly visible desert to visually sensitive design review that redistributes development to Icu 
land adjacent to sce-nic pursuant to standards as developed. (All visually sensitive areas or provide design 
corridors, signi-ficantly changing Alts.) reviews at development approval. 
the mral character of the 
planning area. (All Alts ) 2 2. Implement land use and zoning 

regulations that result in more intense 
evaluation of visually sensitive areas (All 
Alts.) 

SECTION 1-1-27 



Matrix 1-1 

Impact Mitigation Measures Implementation ResiduaVSecondary Impacts 

m C  RESOURCES (Conti& 

2 continued 2.3 lrnplement scenic preservation zones 2 3 City should prepare scenic conidor 
that would require architecturally standards prior to allowing development 
sensitive development in visually that would affect the scenic resources. 
sensitive areas. (All alts.) 

3. Buildwt would sigru6cantly alter 3. Protect public viewing 
public viewing opportunities of opponunities. (All alts.) 
natural areas. (All Alts.) 

4. Buildout would poten-tially alter 4.1. Prescribe design and land use 
the visual character of the urban criteria for visitor and resident serving 
landscape (All alts.) commercial eaablishrnents, encourage 

public participation, create a lively urban 
flavor, and promote the historic heritage 
of the city (All alts.) 

4.2. Encourage use of landscaping 
throughout the planning area (All alts.) 

3. City should encourage 
consemtive dedication of scenic 
rcsaurce areas for passive recreation and 
hiking. 

4.1 City should develop and adopt 
design policies and standards prior to 
allowing any action that permit 
development in "special design districts". 

4.2. City should initiate an urban 
planting program for the planning area 
that incorporates drought tolerant 
landscape materials which reflect the 
character of the area; provides buffers 
between dissimilar uses; and maintains 
existing trees in flourishing conditions. 

SECTION 1-1-28 

3. None. (All alternatives) 

4. None. (AII alternatives) 





Matrix 1-1 

Impact Mitigation Measures Implementation ResiduaUSecondary Impacts 

!jimificance Thresholds The thresholds of s~gnilicance for each educational facility are based on the current design capacity of Sierra Sands School District's facilities and any 
planned improvements, including any property owned by the educational institutions. 

A. Sierra Sands Unified School District (SS(JSQ 

I .  Buildout would result in 1 1 .  Alleviate the overcrowded I .  Depending on the type of 
increased student cnroUment conditions by implementing the improvement to be funded, the SSUSD 
(adding to the existing over- appropriate finance mechanisms to should implement the listed finance 
capacity problems (All Alts.) provide for portable classrooms at the mechanisms where appropriate prior to 

schools until such time that long term city issuance of building permits for any 
solution can be put into effect. residential development that would 

Eenerate the need for improven~ents. 
Approp~iulr finance mechanisms include: 
o General Obligation Bonds 
o Mello-Roos Bonds 
o Certificates of Participation 
o State Grants 
o Developer Fees 

1 2. Consider year-round sessions 1.2 Implementation of this measure 
throughout the city to  alleviate ova-  would be at the discretion of the Sierra 
capacity problems throughout the city Sands Unified School District 
(Alts 2 B: 3 . )  
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SCHOOLS IContinuedj 

2. Alternatives I and 4 buildout 2. See 1. I and 1.2., above. 
may substantiate the n e d  for 1 
elementary school. 
Alternative 2 buildout could 
require 4.4 elementary schools. 
.39 middle schools and .52 High 
Schools. 
Alternative 3 buildout could 
require 7.8 elementary schools. 
5.1 middle schools and 1.03 
High Schools. 

B. C m o  Coso Community Collea~ 

3. Buildout would result in 
m d  student enrollment that 
would exceed state enrollment 
projections. (A11 Aits.) 

2. See I ,  above. 2. None. (All alternatives) 

3.1. Community college fbnding 3. The state and Cerro Coso Community 3. None. (Ail alternatives) 
allocated by the state should be College District should implement the 
incnaKd to accommodate the additional measures as soon as feasible and prior to 
e~ollment. city approval of developments that 

would cause exceedance of the state 
3.2. Enrollment fees should be assessed enrollment projections. 
to supplement funding. 

3 3. Enrollment fees assessed to non- 
California residents should be increased 
to supplement funding. 
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SWAGE (SECTION 11. hater 17 

Sianificance Thresholds Significant impacts on the sewer system would occur if: 
a Trunk lime capacities are exceeded due to increased sewage flows generated by buildout under each alternative; 
b. Excedance of capacity andlor allowable discharge levels of the NAWSRidgmest Wastewater Treatment Plant as shown by increased sewage flows generated by buildout 

under each alternative; 
c. Structural modifications and/or new plant facilities are required to accommodate the sewage flows generated by buildout under each alternative 

1. Buildout would result in sewage 1 1. Complete planning for future plant 1.1. City should implement Master I None (All alternatives) 
flows in excess of 75% of the in conformance with existing RWQCB Sewer Plan and EIR upon adoption by 
existing City plant capacity (All discharge permit (All Alts.) City Council with the associated EIR. 
Alts.) 

1.2. Review and develop hnding for 1 2 Same as 1 I 
hture plant d d g n  and construction (M 
Alts.) 

1.3. Design and construct treatment 
plant (All Alts.) 

2. Buildout would result in sewage 2. Items I .  1. and 1.2., above, plus 
flows in excess of existing sewer construct added sewer capacity to trunks 
trunkline capacity (AU Alts.) noted in Section 111, Chapter 17, Table 

17-3 (All Alts.) 

1.3. Scope and timing is dependent upon 
adoption of Master Sewer Plan (All 
Alts). 

2. City shall collect appropriate fees 2. None. (All alternatives) 
&om new development at time of permit 
issuance andor implement sewer 
improvement dist~icts prior to 
improvement of W facilities. 
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W O E C O N O M I W C T I O N  11. C b t e r  101 and OTI IER IMPACTED AREAS -'I - --- 11: ~w~AL- 

Sipnificance Thresholds 

a. Land Use Any alteration in land use designations. 

1. Land use designations may be 1 Urban reserve areas will be the focus 1. Following review by the Community 
substantially altered over the life of most zone changes. Urban reKrve is Devdopment Department and subject to 
of the project (41 Alts.) used in the context of this project as a Planning Cornmission and City Council 

holding classification of land use to be approval, zone changes may be made. 
determined by the needs of the 
community at a later date. 

1. None 
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&gifjcance Thresl~(& Givcn the nlral nature ofthe planning area, any altmative which would result in a Level of Service (LOS) C or worse would be significant. The exception 
to this is at State owned or shared intersections where roadway improvements have not been implemented and correction is dependent on state priority list. In this case LOS C 
is accepted until improvements are made) 

1. Buildout under Alts 1 and 2 
would result in most road 
segments at LOS C or bener 
and some arterial intersections 
with a.m. and p.m. peak hour 
LOS of D or worse. 

2. Buildout under Alt.3 would 
result in road segments at LOS 
D or worse and intersections 
with a.m. and p.m. peak hour 
LOS of D or worse. 

1 .  Road improvements on arterial road 1 .  City should implement development 
segments would be needed. The grid fees for dedications, traffic management 
system will be continued and maintained programs. Capital improvement 
for approach widening and mitigated by programs to continue strengthening the 
signal tinung and cap~tal improvement grid system. 
planning. 

2. Road improvements on arterial road 2 .  City implement utilizing developer 
segments would be needed. Arterial fees, dedications, exactions, etc. 
intersections need approach widening, 
express ways should be const~cted.  The 
grid system will be continued and 
maintained for approach widening and 
mitigated by signal timing and capital 
improvement planning. 

I .  None. LOS C or better 

2. Some intersection would not be hlly 
mitigated due to unrealistidunachievable 
widening needed to achieve satisfactory 
LOS blitigition nleasures n~lry result in 
signiticant secondary impacts to 
archeological and scenic resources and 
displacement of residents and land uses. 
Some arterial interse~vons at LOS D or 
worse 

3. Buildout under Alt.4 would 3 The grid sysfern will be continued and 3. City implement utilizing developer 3 None, LOS C or better. 
result in some road segments at maintained for approach widening and fees, dedications. exactions, etc. 
LOS D or worn and some mitigated by signal timing and capital 
intersections with a.m. and p m. improven~rnt planning. 
peak hour LOS of C or worse. 
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4. Cumulative traffic volumes 4. Proposed improvements for Alts. 2 4. CityICounty should implement 4. None Alts. 2 & 4. Alt. 3 impacts on 
(including that generated by and 4 could improve LOS to acceptable through traffic mitigation fee p r o w s .  roadway segments may not be hlly 
buildout under the development levels Alt 3 would require redesign and mitigable if widening cannot be achieved. 
alternatives) would reduce the of citylcounty circulation system. Redesign and reconstruction of road 
LOS to D or worse at NAWS system may result in significant 
gates, along segments of China secondary impacts involving the 
Lake Blvd, Ridgecrest Blvd, and displacement of people and land uses. 
outside the city boundaries. 
(Alts. 2, 3, and 4) 
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WATER SUPPLY (SECTION 11. Chapter 161 
Sknificance Thresholds 

a A significrrnt irrrpact would occur if water demand generated from buildout of the development alternatives exceeds available sources of water supply 

b. A significant impact would occur if water distribution facilities within each pressure zone cannot deliver water necessary to serve the additional growth within that zone 
resulting from buildout of the development alternatives. 

Water demand from buildout 1 1 Location and construction of I .  I .  IWVWD should construct necessary 
would exceed avaiiable system if new wrlls should be provided to assure wells as appropriate to assure adequate 

used at its present rate per adequate supplies. (Alts. 2 and 3) supply. 
household (alts. 2 and 3) 

1 2 Require water conservation design 1 2 Adopt water conservation 
in construction and landscaping of new guidelines in conjunction with . - 

structure (All Alts ) developnlcrlt of the water consewation 
ordinance. 

1 3 Provide incentives to encourage 
the retrofit of existing structures and 
landscapes to water conserving devices 
and dcsign 

1 4 lWVWD should locate new 1.4 lWVWD is a separate agency 
sources of water. from the City of Ridgecrest. 
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1.  I .  Even with implementation of the 
mitigation measures secondary impacts, 
could result in the provision of poor 
quality groundwater to customers, 
exacerbation of the existing poor water 
quality conditic~ns in the basin by 
drawing down tile sul~ply, increasing the 
concentrations of constituents, and the 
exacerbation of the overdraft situation. 

1.4 SigNficant impact could occur if 
other sources of water are not found. 



SECTION I 
1 

ii 
Chapter 2.0 

INTRODUCTION 
1 

LEGAL AUTHORITY 

In accordance with provisions of the California Environmental Quality Act (CEOA) 
Guidelines as amended August 1, 1986 (California Administrative Code, Title 14, Division 6, Chapter 
3), the City of Ridgecrest, lead agency for the proposed Generai Update, has prepared an initial study. 
The initial study, included in this document as Appendix 4 determined that implementation of the 
Update could result in potentially significant, adverse environmental affects; therefore, preparation 
of ah environmental impact report (EIR) is required. 

In accordance with Section 15 121(a) of the State CEOA Guidelines, the purpose of 
this EIR is to serve as an informational document that: 

"... will inform public agency decision-makers and the public of the significant 
environmental effects, and describe reasonable alternatives to the project ..." 

This EIR compares the potential impacts of buildout under the Drafi Generai Plan and 
development alternatives to buildout. 

2.2 BACKGROUND 

The Draft General Plan is intended to hnction as a policy document to guide land use 
decisions within the Ridgecrest planning area. This area is located in the northeastern portion of Kern 
County and includes property presently within the city limits, unincorporated properties to the west 
and south of the City, parts of the military reservation to the north, and the lands in the Indian Wells 
Valley to the east of the City in San Bernardino County. The boundaries of the planning area 
generally include the lands adjacent to Highway 395 to the south and southwest, the hills rimming the 
Indian Wells Valley to the east, Ridgecrest Boulevard's section line south of Inyokern's Sphere of 
Influence to the northwest, Inyokem Road and the inhabited portions of the Naval Station to the 
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north including the City's wastewater treatment plant, and those lands and terrain south of Cerro 
Coso College within the common watershed and adjacent to Highway 395. 

The General Plan committees recommended' revisions to the Open Space, 
Conservation, Land Use, Circulation, Housing, Safety, and Noise Elements of the City's Plan. In 
addition, the policies and programs contained in the existins Scenic Highways Element have been 
incorporated in the Circulation Element, the Community Design and Public Facilities Elements have 
been incorporated into the Land Use Element, Environmental Management and Energy into 
Conservation, and Seismic Safety within the Safety Element. Buildout under the recommended Draft 
Plan preferred altemarive would result in a population of 75,000 subsequent to the year 2010. The 
Draft Plan presently consists of a policy document; technicai appendices and maps. 

In addition to the recommended buildout scenario, City staff developed, based on 
discussions within the Plan. additional alternatives to be assessed in this EIR. These alternatives were 
selected to reflect the feasible ranges of population that could occur in the planning area given the 
amount of remaining undeveloped land and potential water resources available to the City. Buildout 
under the three scenarios could result in populations of 50,000, 75,000, or 100,000 post year 2010 
depending on growth rates of approximately 3, 5 and 7 percent respectively. It should be noted that 
Ridgecrest's population growth fluctuates greatly in response to micro (Valley) and macroeconomic 
(national) conditions and during the 1980's varied fiom 3% to 8%. There is no "steady state" 
ecbnomic growth rate and projections are statistical only. The value of the alternative scenarios fiom 
the standpoint of environmental analysis, is the positing of identified outside parameters of impact 
within which the scenario occurs. Thus, an examination of the impacts of a population of up to  
75,000 will enable an accountability of environmental, fiscal, public service, cultural impacts of any 
population less than that posited. The land use plan to be adopted by the City Council as part of the 
General Plan Update may incorporate any of the alternatives, reflect elements of one or more 
alternatives, or include land use changes made during the review process. Changes will require 
reexamination, but the scenarios are thought to accommodate anticipated changes that may occur 
within their parameters of study. 

2.3 PURPOSEIOBJECTIVES OF THE EIR 

2.3.1 EIR As Master Environmental Document 

In addition to hnctioning as an information document, this EIR also serves as the basis 
for a Master Environmental Assessment for the City. The EIR provides a comprehensive data base 
for all the issue areas addressed that can be used for the preparation of future analyses or  during the 
review of s p d c  development projects. The EIR is also intended to serve as the base environmental 
document for the revision of  the City's sphere of influence and annexation of properties within that 
sphere. 
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23.2 Tiered EIR 

This EIR. has also been prepared as a "Tiered" EIR., as permitted under Section 15 152 
of the State CEQA Guidelines. The tiering concept is designed to promote streamlining and 
dciency in the environmental assessment process, and focus review on the issues which are relevant 
to the action under consideration (in this case, an update of the City's General Plan). This first tier 
EIR assesses the impacts of fid development under the proposed plan and development alternatives. 
Subsequent EIRs (i.e., second tier documents) that would be prepared subsequent to the adoption 
ofthe Update for specific development projects, need address only the site-specific issues related to 
each project, and could summarize and incorporate by reference the discussion of cumulative impacts 
in this document, as appropriate. Providing the new project proposed nothing outside of the scope 
of the original study, there would be no need for repetition of the broad analyses and information 
contained in this EIR. ~ l s  stated in Section 15 152(a) of the Guidelines: 

"This approach can eliminate repetitive discussions of the same issues and focus the 
EIR on the actual issues ripe for decisions at each level of environmental review." 

Section 15152(b) provides that discussion in the subsequent EIRs shall be limited to: 

It... effects which: 

(1) Were not examined as significant effects on the environment in the prior EIR, or 

(2) Are susceptible to substantial reduction or avoidance by the choice of specific 
revisions in the project, by the imposition of conditions, or other means." 

2.3.3 EIR As Transition From 1981 Master EIR 

In 198 1, the City prepared an EIR for the General Plan. This document facilitated the 
comparison of the post-project conditions with existing conditions. The 198 1 EIR has fbnctioned 
to date as the Master Environmental Assessment for the City. 

The analysis contained in this EIR is based in part on the background data found in 
the 1981 Master EIR fbr each issue area. In addition, the mitigation measures contained in the 
document have been incarporated in this EIR as appropriate. As such, the analysis contained in this 
EIR is consistent with, and provides for an orderly transition from the previous document. The base 
data contained in the 198 1 Master EIR has been updated in this Ell2 to reflect the most recent data 
available for each issue area. As a result, this EIR supersedes while incorporating prior documents 
as the City's Master Environmental Data Base. 
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2.4 RESPONSIBLE AND TRUSTEE AGENCIES 

The Plan Update involves expansion of the existing City sphere of influence and hture 
annexations of land to allow for urban development. Consequently, the Kern Local Agency 
Formation Commission is a responsible agency as regards to annexations and Sphere of Influence 
amendments. The County of Kern would serve as a responsible agency for subsequent development 
under the update that would require county permit approvals, such as environmental health and fire 
permits. The California Department of Fish and Game (CDFG) and U.S. Fish and Wildlife are trustee 
agencies responsible for all fish and wildlife resources that could be affected by buildout under the 
update. As many of the lands within the City's Planning area are under the ownership of the Bureau 
of Land Management and the United States Navy they are also regarded as responsible agencies. 
Additional agencies with responsibility in the planning area include the California Department of 
Transportation, Kern Councll of Govenunents, Air Pollution Control District, Regional Water Quality 
Control Board. Indian Wells Valley Water and Community Service Districts, Invokern Airport 
District, w o r t  Land Use Commission, and, due to proximity to the City, San Bernardino County. 

2.5 SCOPE OF EIR 

This EIR addresses the potentially significant environmental issues identified in the 
City's initial study, and recommends technically feasible mitigation measures that will reduce or 
eliminate these impacts. The EIR assesses the primary impacts that would occur as a result of 
adoption of the Comprehensive Plan Update, as well as those secondary effects which may occur 
!?om specific projects made possible by land use changes resulting from the Update. The EIR hrther 
identiies environmental issues for which additional, specific analysis will be required. either as soon 
as feasible or in conjunction with development proposals. This document also identifies. in the text 
and in the executive summary (Section 1.0), mitigation measures that should be incorporated in the 
Update or that may be appropriate for later decision-making stages. 

Issue areas addressed in this EIR include: 

Agricultural Land Conversion 
Air Quality 
Biologicai Resources 
Energy Resources 
Geology 
Historic and Archaeological Resources 
Housing and Population 
Hydrology 
Noise 
Parks and Recreation/Cultural Facilities and Activities 
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Police and Fire Protection 
Scenic Resources 
Schools 
Sewage 
Socioeconomics 
Solid Waste 
Traffic/Circulation 
Water Suppiy 

The proposed project evaluated by this EIR is a Comprehensive Plan Update. CEQA 
recognizes that the required level of detail in an EIR for a General (Comprehensive) Plan is less than 
for a specific development project. Section 15 146 of the State CEOA Guidelines states: 

"The degree of specificity required in an EIR will correspond to the degree of 
specificity involved in the underlying activity which is described in the EIR. 

(a) An EIR for a construction project will necessarily be more detailed in the specific 
effects of the project than will be an EIR on the adoption of a local General Plan or 
comprehensive zoning ordinance because the effects of the construction can be 
predicted with greater accuracy. 

(b) An EIR on a project such as the adoption or amendment of a comprehensive zoning 
ordinance or a local General Plan should focus on the secondary effects that can be 
expected to follow fiom the adoption or amendment, but the EIR need not be as 
detailed as an EIR on the specific construction ~roiects that rnieht follow." [emphasis 
added] 

"Secondary effects" refer to the impacts that would resuit from development that 
would be allowed by the adoption or amendment of the zoning ordinance or General Plan. 

This EIR focuses on the changes in the environment that would occur fiom buildout 
under any of the four development alternatives. The level of specificity of this EIR is more than 
required by CEQA because the amount of residential and non-residential buildout for ail communities 
in the City was projected by City staff for each development alternative. However, because no 
specific projects were assessed, the actual extent of physical changes could only be estimated. 
Further environmental review will be necessary for specific development proposals regardless of 
which alternative is adopted as part of the Plan Update. 

Many of the issue areas evaluated in this EIR, particularly social and aesthetic issues, 
are either subjective or involve methodologies that are imprecise. It must be recognized that precise 
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answers are not possible fiom imprecise sciences, but require a degree of speculation by the analyst. 
The State CEOA Guidelines recognize the inherent problems with speculation in an EIR and place 
limitations on its use. Section 15 145 states: 

"If: afier thorough investigation. a Lead Agency finds that a particular impact is too 
speculative for evaluation, the agencv should note its conclusion and terminate 
discussion of the impact. " 

This section of the State CEOA Guidelines is intended to deal with the difficulty of 
forecasting when thorough investigation is unable to resolve an issue, and the answer remains pureiy 
speculative. It is intended to reiieve the lead agency fiom a requirement to engage in idle speculation. 
Once an agency finds thas a particular e f f i  is too speculative for evaluation. discussion of that effect 
can be terminated. This EIR has been prepared consistent with Section i 5 145 and bases conciusions 
on available data rather than speculation. 

The standards for adequacy of an EIR are based on Section 15 15 1 of the State CEOA 
Guidelines: 

"An EIR should be prepared with a sufficient degree of analysis to provide decision- 
makers with information which enables them to make a decision which intelligently 
takes account of environmental consequences. An evaluation of the environmental 
effects of a proposed project need not be exhaustive, but the sufficiency of an EIR is 
to be reviewed in the light of what is reasonably feasible. Disagreement among 
expens does not make an EIR inadequate. but the EIR should summarize the main 
points of disagreement among the experts. The courts have looked not for uerfection 
but for adequacy, completeness, and a good faith effort at f i l l  disclosure." [emphasis 
added] 

2.6 EIR ORGANIZATION 

As noted previously, Section I, Chapter 1 of this EIR contains the Executive Summary 
of the impacts and mitigation measures for the four development alternatives. Section I, Chapter 3.0 
provides a detailed description of the location and amount of buiidout that would occur under each 
alternative. Section I Chapter 4.0 provides a broad description of the environmental setting of the 
planning area (the existing condition). Section I Chapter 5.0 assesses the consistency of buildout 
under the four a l t d v e s  with the goals, objectives, policies and programs of the adopted and draft 
Comprehensive Plans, as well as City and county plans and programs. 

The assessment of each issue area (Section II, Chapters 1 through 18) has been 
divided into three parts: setting, impact analysis, and mitigation measures. The setting addresses the 
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existing condition within the planning area for each issue area. The impact analysis identifies 
"significance thresholds" (i.e., criteria adopted by the City or county, universally recognized, or 
developed especially for this assessment that are used to determine whether potential impacts are 
si@cant). This section provides a discussion of the effects that would occur from buildout of each 
of the development alternatives, and assesses their significance using the thresholds. Lastly, the 
mitigation measures section addresses those actions that would fblly or partially alleviate the impacts 
of each alternative. Certain measures may not be pertinent to all alternatives; other measures may 
firlly alleviate the impacts of certain alternatives, but only partially alleviate the impacts of others. The 
test identifies which measures are applicable to which alternatives; who is responsible for 
implementation of the measure and how and when they are to be implemented; and the residual, 
adverse impacts, if any, that would result from imposition of the measures. 

The latter section (Section 111) of this EIR includes a discussion of the potential for 
growth inducement under the development alternatives (Section In ,Chapter 1); the irreversible 
ekvironmental changes that would resuit &om buiidout under the Draft Comprehensive Plan (Section 
8.0); and the relationship between short-term uses and long-term productivity under the Draft 
Comprehensive Plan (Section ID, Chapter 3.0)). In addition, this EIR identifies the environmentally 
superior alternative from among the "no project" and the development alternatives (Section Q 
Chapter 5). 

2.7 MONITORING AND REPORTING OF MITIGATION 
MEASURES REQUIRED BY ASSEMBLY BILL 3180 
(CORTESE) 

Assembly Bill 3 180 (Cortese), effective January 1, 1989, requires a lead agency, in 
making findings under Sections 15091 and 15093 of the State CEOA Guidelines related to significant 
impacts, to adopt a monitoring and reporting program for adopted or required changes to mitigate 
or avoid significant environmental effects. Assembly Bill 3 180 indicates that the monitoring and 
reporting program is required for changes made to a project or imposed as conditions of project 
approval in order to mitigate significant environmental impacts. The definition of a "project" in 
Section 15378 ofthe CEQA Guidelines includes the adoption of a local General Plan; therefore, the 
adoption of a monitoring and reporting program is required for the mitigation measures identified for 
buildout under the development alternative that is adopted. However, Assembly Bill 3 180 refers to 
mitigation measures imposed on specific development projects, as opposed to those identified in an 
EIR for a General Plan. The mitigation measures identified in the General Plan EIR to alleviate the 
impacts of buildout under the development alternatives reflect two levels of mitigation: those that 
can be included as policy statements within the General Plan, and those that are appropriately 
implemented at the time specific development would occur. The City is presently developing a 
program for the monitoring and reporting of mitigation measures for specific projects, as required by 
Assembly Bill 3 180, and will also develop a program for the mitigation measures identified in this 
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EIR. It should be noted that Assembly Bill 3 180 does not require a monitoring and reporting 
program to be included in an EIR. 
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SECTION 1 

Chapter 3.0 

PROJECT DESCRIPTION 

3.1 PROJECT LOCATION AND BOUNDARIES 

The City of Ridgecrest General Plan Update addresses the area within the city limits, 
as well as unincorporated properties within the Sphere of Influence and Indian Wells Valley. The 
boundaries of the planning area proposed for the General Plan include the east/west valley lands 
betyeen Highway 14 and to the east of the City in San Bernardino County, the lands in the common 
watershed to the south along Highway 3 9 5  and south of Cerro Coso college. To the northwest the 
plan includes those lands south of the Inyokem S p d c  Plan area, southward of a line extended from 
Ridgecrest Boulevard to the West; those lands south of Inyokem Road and east of Jack's Ranch 
Road, the northern perimeter of the planning area follows Inyokern Road eastward, then along the 
existing city limits line and continues east along Ridgecrest Boulevard (Highway 178) into the Indian 
Wells Valley portion of San Bernardino County. 

The proposed planning area is an expansion of the existing planning area to the south 
and west, to include additional lands adjacent to highwav 3 9 5  and in the hillside areas. The proposed 
planning area includes properties both within and outside the adopted sphere of influence (the 
ultimate city boundary) of the City. 

3.2 DRAFTGENERALPLAN 

The focus of the City's General Plan Update process is the draft General Plan, which 
was developed by the General Plan Element Review Committees with technical support provided by 
City staff. The Committee consisted of representatives fiom the business sector, civic groups and the 
public at large. The committees held public meetings, and conducted an element by element reviews 
of the adopted General Plan. Their efforts have culminated in the draft General Plan which guides 
development in the City through and beyond the year 2010. The draft Plan contains goals, objectives, 
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policies, and in some instances, specific programs, for each element of the Plan in addition to 
technical appendices for the various elements. 

The CityWs current Comprehensive Plan was adopted in 198 1. The planning time 
horizon of the adopted Plan, as amended, is to the year 1995. Buildout under the Plan's land use 
scenario would result in a population of approximately 65,OW. The Plan itself targeted a population 
of 26,495 for year 1995, the population in 1992 was 29,3 13. The population has increased at a rate 
faster than that anticipated by the 1981 General Plan, but is well below the canying capacity of the 
land use element within the City Limits and Sphere of Influence. 

3.3 PURPOSE OF THE GENERAL PLAN UPDATE 

The California Government Code requires that local General Plans contain seven 
mandatory "elements": Land Use, Circulation, Housing, Open Space, Conservation, Safety and 
Noise. In addition to these elements, the City's draft General Plan includes an "optional" element: 
Economic Development. The General Plan presently contains a Scenic Highways Element. This 
element is proposed to be deleted and its contents incorporated into the mandatory elements; policies 
relating to scenic highways are included in the draft Land Use, Conservation and Circulation 
Elements. Land Use Plan, Circulation Plan, and Special Study maps are an integral part of the draft 
General Plan. 

The draft General Plan is intended to finetion as a policy document to guide land use 
decisions within the City planning area through and beyond the year 2010. The purpose of the update 
process is one of renewal to address changes in economic and environmental circumstance, culture 
and technology, and in public policy on a periodic basis. Typically General Plans receive a 
comprehensive update every decade with an intermediate update review at five year periods. The Plan 
incorporates goals, objectives, policies and programs from the adopted General Plan, as well as an 
update of these in response to changes in the City's environment and identified public needs. The 
goals, objectives, policies, and programs included in the draft Plan have been developed to ensure that 
adequate public services will be available to serve City growth to the year 2010, and that the City's 
natural resources will be effectively conserved and managed to provide for a high quality of life. As 
noted in the Draft General Plan, the General Plan Update also is intended to allow development of 
a mix of land uses in the City planning area that will generate balanced economic growth and 
sufficient revenue to provide a satisfactory level of municipal senices. 

3.4 DEVELOPMENT ALTERNATIVES 

This EIR assesses the potential impacts of four development alternatives identified by 
the Ridgecrest Planning Commission and General Plan Committees. These alternatives include the 
draft General PIan, and three scenarios that would generate 50,000 to 100,000 residents. Community 
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Development Staff utilized these alternatives to reflect the feasible range of population that could 
occur given the amount of undeveloped land in the planning area and the support resources available 
to the City. The population assumptions developed by staff were based on existing land use 
designations, undeveloped acreage, and census information regarding the average number of people 
per dwelling unit. Staff found this to be the most objective and defensible method of deriving the four 
buildout alternatives. 

In developing the types of residential land uses that would result from buildout under 
the development alternatives, City staff derived a maximum number of units fiom three generalized 
buildout populations: 50,000, 75,000 and 100,000. Land Use designations were already assigned, 
because the no project scenario includes existing, approved and pending development as well as 
existing land use designations that could develop without changing the plan. The number of units that 
would occur from buildout at the maximum density permitted under each residential designation for 
each development alternative were then aggregated by residential land use type (single and multiple 
family). The additional housing units, jobs, traffic etc. that would occur under each alternative was 
generated by City staffusing an average population per dwelling unit type derived from the census, 
and multiplying the average population factor times locally established or professionally statistical 
basic units of consumption and impact for each land use. 

Ultimate buildout under the four alternatives includes infill development in existing, 
largely developed neighborhoods as well as residential, commercial and industrial development in 
undeveloped areas within the City limits and Sphere of Influence. However, intensification of existing 
land uses or redevelopment of existing uses to other uses outside the Redevelopment Area has not 
been considered in detail. All of the scenarios assume that land use designations will remain 
essentially the same with diierences between scenarios limited to ultimate buildout. The specific land 
use plan to be adopted by the City Council may: (a) duplicate any of the four alternatives; (b) result 
in a population within the low to high end of the range of buildout scenarios; (c) include elements of 
one or more of the alternatives; or (d) incorporate land use changes made during the review process. 

The following discussion describes the four development alternatives and provides a 
breakdown of the incremental land uses proposed under each alternative; number of dwelling units, 
densities, acreage, and population. Table 3-1 shows the existing level of development in the current 
planning area, and the incremental buildout that would result in a populations of 50,000, 75,000 and 
100,000 people through and beyond the year 2010. The no project alternative would extend existing 
land uses and development within them with minimal reconsideration of the impacts on sewer, 
transportation, schools etc. and is posited as a base for CEQA purposes. 

Development under Alternatives 1 (50,000) and 2 (75,000) could be limited to the 
existing City limits and with some recommended changes to the existing Sphere of Influence. 
Alternative 3 (100,OO) would result in development of portions of the area outside the existing sphere 
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and planning area. These figures are consistent with working maps utilized by the City Planning 
Commission and staff for use in the preparation of this EIR. 

3.4.1 No Project Alternative (Alternative 4) 

A base year of 1990 was used to identi@ land use and population buildout. The No 
Project buildout includes those land uses and the intensity of development that have occurred and will 
continue to could occur as a result of buildout of the 1981 General Plan e.g.: As such, some of the 
impacts of the No Project Alternative could be considered to have already occurred. This scenario 
constitutes growth that is presently planned to occur under the City's adopted General Plan, and 
would result in a population within the City of about 50,000. The No Project Scenario development 
will be consistent with the land uses shown in the Land Use Map of the existing Plan. The Land Uses 
within the 1981 General Plan could result in a Buildout Population of up to 55,000 post year 2010 
but the adopted General Plan and companion programs (including the Air Quality Management Plan 
Implementation program and Congestion Management Plan) would need to be amended. Without 
amendment to incorporate the Master Waste Water Treatment Plan, The No project alternative would 
result in a significant impact on wastewater treatment plant resources 

The No Project Alternative would result in an additional 8,000+ dwelling units on 
approximately 2000 acres within the existing city limits, or an increase of approximately 20,000 
persons within the planning area. Approximately 630 Acres would be developed with new 
commercial uses and approximately 200 acres of land would develop with industrial uses. Upon 
completion of buildout, significant tracts of land within the planning area would remain in Urban 
Reserve. 

3.4.2 Alternative 1 

Buildout under Alternative 1 is anticipated to result in a population of approximately 
50,000 + post the year 2010 but not expand or provide for the ultimate populations projected by 
Alternatives 2 and 3. Alternative 1 diiers f7om the No Project Scenario in that it would be amended 
to accommodate revisions to the General Plan such as the Congestion Management plan, Master 
Sewer Plan, Circulation Element that would better accommodate and facilitate quality of life issues. 
While accommodating the same population as the No Project Alternative, it represents a 
modernization of the General Plan and serves as an update to accommodate new social, economic 
and environmental circumstance. 

Development under Alternative 1 would not necessitate amendments to the City 
sphere of influence and the fkture number of househoids would increase from 10,577 by 8,082 to 
18,659. The City's population could be accommodated by the development of approximately 14,000 
acres. This alternative requires the expansion of the City's wastewater treatment system to process 
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approximately 6 miilion gallons of sewage per day. Buildout under any of the population scenarios 
represents a significant impact on water supplies. 

3.4.3 Alternative 2 

Alternative 2 comprises the buildout and ultimate population of 75,000 recommended 
by General Plan Committee. Ultimate buildout under this scenario may necessitate some minor 
amendments to the sphere of influence and will require the ultimate development of 20,000 acres of 
land. 

The attached Table 3-1 provides a breakdown of the incremental residential and non- 
residential land uses, residential densities, and population proposed under Alternative 2 and the other 
scenarios. This buildout includes the revisions to the adopted land use designations proposed by the 
General Plan Committees. The residential land uses and population recommended by the Committees 
would result in an additional 17,509 households or 28,086 at buildout. In the proposal approximately 
12,969 additional acres of development will occur. The Wastewater Treatment System would require 
expansion to accommodate 9 million Gallons of Inflow per day. 

3.4.4 Alternative 3 

Alternative 3 would generate a population of approximately 100,000 at buildout post 
year 2010. Buildout under this scenario would result in the maximum amount of residential and non- 
residential uses that could be served with available water for a hundred years, if the City utilized a 
significant portion of the Indian Wells Valleys water resources. As with the other alternatives, the 
impact is considered to be significant. 

This alternative would result in complete development of the existing City Limits, 
Sphere of Influence and require the annexation of an additional 8,000 acres. Under this alternative, 
it is anticipated that all of the areas of the City, a sigruficant portion of the lands to the south and west 
and most of the southern hillside areas would be either developed or under development. 

Table 3 - 1 provides a breakdown of the incremental residential and non-residentid land 
uses, residential densities and population proposed under Alternative 3 .  This alternative is anticipated 
to result in an additional 19,000 dwelling units, for an increase of approximately 25,000 persons 
beyond the buildout under Alternative 2. 

Alternative 3 would require significant changes to the City's traffic and circulation 
system, expansion of the wastewater system to accommodate treatment of 12 million gallons per day, 
and result in a community of more than 37,000 households. 

SECTION 1-34 - .  
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3.4.5 Comparison of Development Alternatives 

Table 3-1 provide a comparison of the population and types and amount of residential 
and non-residential uses existing within the planning area and proposed under the four development 
alternatives. The following observations can be made from the table and figure: 

o Full buildout under the No Project and Alternative 1 scenarios would add an 
additional 20,000+ persons to the 1990 population (approx. 30,000) in the planning 
area (60 percent increase), Alternative 2 would add 45,000 persons (1 SO percent 
increase), Alternative 3 would add 70,000 persons (21 0 percent increase); 

o Under all alternatives the proportional relationship between the acreage of existing 
land uses and the intensities of those uses would remain simiiar to 1990 distributions. 
3 1% of existing land in the City is vacant. Buildout Scenarios do not include vacant 
lands. 

o Most of the additional commercial, industrial, and recreatiodpark development is 
anticipated to occur proportionately although new institutional uses would be 
developed to accommodate the senice population of Alternative 3 .  

SECTION 1-3-6 



TABLE 3-1 

INCRE&lENTAL RESIDENTIAL AND NON-RESIDENTIAL 
LAND USES, RESIDENTIAL DENSITIES AND POPULATIONS 
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1 

Alternative 3 Cateeorv 

1991 Population 

New Population 

Total Popuiation 

1991 Households 

New Households 

Total Households 

1991 Jobs 

New Jobs 

Total Jobs 

1991 Land Acres 

Land Existing Use 

Future need 

Total Land 

Parks, existing (acres) 

New Park 

Total Park Acres 

Alternative 1 Alternative 2 

28.24 1 1 28.24 1 28.24 1 

21.759 1 46.759 1 71.759 

100,000 
(2025) 

50,000 
(2025) 

75,000 
(2025) 

I I 
10,577 

8,082 

18.659 

8,136 

6,217 

14,253 

City Limits 1 1,359 

7,838 

6.03 5 

13.873 

115 

66 

159 

10,577 

17.509 

28,086 

8,136 

13,468 

21.504 

Sphere 9.636 

7,838 

12,969 

20.807 

115 

141 

234 

10.577 

26.876 

37,453 

8.136 

20.674 

28.810 

1991 Total 20.995 

7,838 

19,003 

27,741 

115 

216 

309 



TABLE 3-1 (continued) 
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Alternative 3 

33,778 

317.270 

2.644 

6.719 

9.363 

740 

Category I Alternative 1 I ~lternative 2 

Future h.IF 

Total ADT's 

School Grade K-5 

New students 

2010 Total 

School Grade 6-8 

10.243 1 22.007 

New students I 565 

158.892 

2.644 

2.02 1 

4.665 

1.226 1 1.881 

2010 Total 

School Grade 9- 12 

New students 

2010 Total 

238,077 

2,644 

4,377 

7.02 1 

1.966 

1,058 

1.751 

2.809 

1,305 

1,058 

808 

1.866 

Total Students K- 12 

New 

2010 Total Students 

Solid Waste. 1991 

New 

Total Tons 2010 

Landfill capacitv net 

740 1 740 

2.62 1 

1,058 

2.688 

3.746 

1 I 

4,442 

3.394 

7.836 

57,894 

44.606 

102,500 

1,171.500 

4.442 I 4.442 1 
7,354 

11,796 

57,894 

95,856 

153.750 

1,171.500 

11.288 

15,730 

57.894 

147,106 

205,000 

1,171.500 



TABLE 3-1 (continued) 
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Category Alternative 1 Alternative 2 Alternative 3 

Existine annual waste 

2010 annual waste 
Notes on Assumptions: Households(HH) = 2.67 person per household. Jobs = 1.3 per HH; Parks = 
3 acres per 1000 persons; Solid Waste = 2.05 tons pp/y; 1200 lbs = cu.yd. 

130,400 

171,000 

130,400 

256.500 

130,400 

342.000 



SECTION XI 

Chapter 4.0 

ENVIRONMENTAL SETTING 

LOCATION OF CITY IN KERN COUNTY 

This section briefly describes the regional setting of the City of Ridgecrest in Kern 
County. A detailed discussion of the environmental setting in each category of potential impacts is 
discussed in Section 2.0. 

4.1.1 Topography 

Ridgecrest is located in the northeast comer of Kern County in the Northern Mojave 
Desert. Located 125 miles northeast of Bakersfield and approximately 150 miles northeast of Los 
Angeles, this desert community is elevated approximately 2400' above sea level and is the only 
incorporated City within the Indian Wells Valley. The Indian Wells Valley is bounded by four 
mountain ranges, the Coso, Sierra Nevada, Argus and El Paso Ranges. 

4.1.2 Regional Access 

The City of Ridgecrest can be directly accessed fiom State Route 178 with ingress at 
the northern portion of town from the west and east. The City can also be accessed fiom the south 
by State Route 395, the major transportation corridor for the Eastern Sierra Nevada. 

4.1.3 Regional Climate 

Being a desert community, Ridgecrest is relatively arid with approximately 4.75 inches 
average annual rainfall. Temperatures can reach upwards of 1 18 degrees in the summer months and 
can drop to a s  low as 25 degrees in the winter. Heavy winds are prevalent during the spring months 
with winds often exceeding 60 miles per hour and occasionally exceeding 70 miles per. 

SECTION 1-4-1 
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4.1.4 Surrounding Land Uses 

The City of Ridgecrest is immediately surrounded by the China Lake Naval Air 
Weapons Center to the north, the County of San Bernardino to the east and unincorporated areas of 
Kern County to the south and west. The Weapons Center serves as a Test and Evaluation and 
Research and Development Facility for the Navy and Department of Defense. There is a minor 
amount of commercial development in San Bernardino County adjacent to the east of the City limits 
with some estate residential and predominantly open space. 

4. 2 LOCAL SOURCES 

4.2.1 NaturaUScenic Resources 

4.2.1.1 Mountain Ranges 

Ridgecrest is surrounded by 4 diierent mountain ranges, the Coso Range to the north, 
the Sierra Nevada Range to the west, the Argus Range to the east and the El Paso Range on the 
south. Each of these ranges have sensitive ecosystems that are well maintained as natural scenic 
resources. 

4:2.1.2 Open Space 

Open Space and clear skies are typical of the region and allow the four mountain 
ranges to be viewed from within the City. At night there is a scenic vista of the town provided to the 
residents living in the College Heights area at the south end of town. 

4.2.1.3 Parks 

Ridgecrest has approximately 115 acres of City parks and playing fields that 
accommodate various recreational activities. Besides recreational opportunities, City parks provide 
visual and aesthetic qualities inherent to the undeveloped/open space nature of a park setting. In 
addition to City parks, a golf course exists at the China Lake Naval Weapons Center and is open to 
the public. 

The City's largest park is the Leroy Jackson Regional Park (leased from Kern County), 
which is approximately 40 acres. The City maintains baseball and soccer fields, tennis courts, picnic 
areas horseshoe pits and other amenities there. 

SECTION 1-4-2 
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4.2.1.4 Agricultural Lands 

Very little agricultural development exists within the City limits. During the 1940's 
prior to the incorporation of Ridgecrest, the area was heavily farmed with alfalfa as the predominate 
crop. Currently no agriculture occurs in Ridgecrest other than 40 acres of alfalfa fields maintained 
by the City of Ridgecrest for the purpose of sewer effluent disposal. 

4.2.2 Cultural Resources 

4.2.2.1 Ethnicffistoric Heritage 

Historicallv, Ridgecrest was inhabited by three native American cultures, the Koso, 
Kawaiisu and chemehueki-~ue to the harsh climate of the region these tribes were nomadic. Evidence 
ofthese Native American cultures can be found in the Coso, Argus, and Panamint Mountain Ranges. 

Mining became very prevalent within the surrounding area of Ridgecrest during the 
early 1800's. Silver and gold were heavily sought after during this time period. Ranching also became 
popular during this time period with cattle, sheep and goats being raised in the area. Ranching was 
prevalent in the 1940's when NOTS (Naval Ordinance Test Station) located in the Indian Wells 
Valley. Later becoming the China Lake Naval Weapons Center and now China Lake Naval Air 
Weapons Station (NAWS). 

Along with the military and Department of Defense (DAD) presence in the Indian 
Wells Valley a significant amount of development occurred. In 1963 Ridgecrest became an 
incorporated City with a population of over 6,000 and has now nearly reached 30,000. 

4.2.2.2 Cultural Facilities and Activities 

The City of Ridgecrest is a highly educated community. As a result of this, there is 
much appreciation and numerous activities in the finer arts such as symphony orchestras, art guilds, 
theater and other fine arts. In addition to these cultural activities, the Desert Empire Fairgrounds 
within Ridgecrest provides the opportunity for recreation and at the same time allows for cultural 
activities to occur. For instance, several rodeos occur at the fairgrounds during the course of a year. 
This is reminiscent of the old west and the farming communities. 

4.3 EXISTING LEVEL OF DEVELOPMENT 

Non-residential uses total about 3,524 acres: 2,101 acres of commercial, 2 10 acres 
of industrial, 1,2 13 acres of institutional, and an additional 3,137 acres of parks and open space 
lands. Residential development totals 4,698 acres. 

SECTION 54-3 - - 



Final Environmental Impact Report 
For 
IQQ1-7nln -p 7 

4.4 PHYSICAL CONDITIONSICURRENT LEVEL OF ENVIRONMENTAL 
QUALITY 

The Ridgecrest planning area is located in the southeast desert air basin. The majority 
of air pollutants in the region are particulate matters that are dispersed by prevailing winds. 
Occasionally, air quaiity measurements in Ridgecrest exceed the state and federal standards for 
particulate matters. Recently a monitoring station has been set up in Ridgecrest to determine if 
Ridgecrest exceeds the standards set for ozone within the air basin. 

The major existing storm drainage system in Ridgecrest consists of a natural flow of 
water fiom the west to the east. Drainage facilities are currently inadequate to accommodate storm 
water runoff in most of the planning area, isolated portions of the City currently experience 
localized drainage or flooding problems. (The problems stem from inadequate or non-existent 
facilities, often in low areas and flat lands.) 

The planning area lies within a highly active earthquake region of southern California 
(In seismic zone 4). Portions of the planning area are subject to such geologic hazards as fault 
displacement, earthquakes and ground shaking, liquefaction, soil subsidence, and flooding. 

The base year (1990) population in the Ridgecrest planning area is 27,594. The 
average annual population growth rate was 4.7% between 1985 and 1990. Housing prices have 
remained relatively low in the planning area. There is a sufficient housing stock within Ridgecrest 
to maintain affordable housing. 

Police protection in Ridgecrest is provided by the Ridgecrest Police Department. The 
City has a considerably low crime rate for a City of its size. The existing staff level of 1.2 officers per 
1,000 residents is considered sufficient by the police department to provide for the law eni'orcemem 
needs of the current planning area population. 

The City of Ridgecrest contracts out fire service to the Kern County Fire Department. 
The China Lake Naval Air Weapons Station provides fire assistance by mutual aid agreements. There 
are two Kern County fire stations located within Ridgecrest and one located within the 
unincorporated area of Inyokern, approximately 13 miles from Ridgecrest. 

The Sierra Sands Unified School District is comprised of 7 elementary schools, 2 
middle schools, and 2 high schools within city limits. Cerro Coso Community College provides a 2- 
year program in a variety of studies leading to an AA or AS degree, vocational training, and 
community interest classes. Extension programs for Bachelor and Master Degrees are currently 
(1993) being offered by Cal State University Bakersfield. 

SECTION 1-44 



Final Envuonmentai Impad Report 
For 
lQ91-?/)7/3 

The City oERidgecrest provides sewer service for those properties located within the 
incorporated areas of Ridgecrest. There are few City residences served by septic systems. Currently, 
the City's Wastewater Treatment Plant does not have the capacity to handle much more growth. 
Several detailed studies have been formulated to determine what improvements are needed. 

Municipal solid waste generated in the planning area is disposed at the Ridgecrest 
Landfdl on Bowman Road west of Jacks Ranch Road. This landfill is operated by Kern County Public 
Works Department. The City will be implementing a solid waste reduction program in conjunction 
with the county to meet the state mandated waste reduction goals. 

The pianning area's traffic circulation system consists of 2 state routes, 8 primary 
arterial, 7 secondary arterial, several collector streets and many residential roads. Currently there is 
no fixed route bus qstem in Ridgecrest. however the Ridgecrest Area Transit System. a dial-a- ride 
program provides transponation on an as needed basis. Bike lanes exist mainly on arterial in the 
northeast portion of town. The rest of the arterial are slated for bike lane improvements under the 
proposed general plan. 

Major sources of noise in the planning area include traffic noise along the two state 
routes and major arterial streets. In general, traffic is the single greatest source of noise, including 
off-road vehicles that are driven in the area. The Navy's Test and Evaluation operations also create 
noise impacts. However, test flights are directed away from the denser populated areas. 

The Citv's planning area is serviced by the Indian Wells Valley Water District which 
boundaries far exceed city limits. Water conservation is one of the main concerns of the community 
because of the overdraft situation to the underground water aquifer in the Indian Wells Valley. Over 
a long period of time we may see the quality of water diminish along with quantity if preventative 
measures are not taken. 

4.5 FUTURE CONDITIONS DISCUSSED IN EXISTING GENERAL PLAN 

The proposed General Plan intends for development and growth to be orderly such 
that adequate capital improvements are in place without jeopardizing the viability of further 
development of property in Ridgecrest or the integrity of open space land. 

The General Plan adopted in 1981 identified a population of 19,800 persons and 
estimated that there would be a total of 23,660 (including 4,100 Naval Weapon Center personnel) 
persons by 1995. This total was exceeded in 1986. The growth rates from 1983 to 1988 were 
between 3% and 8% and were not anticipated to go this high. 

SECTION 54-5  . . 
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Alternatives 2, 3, and 4 address these growth rate ranges. Any potential growth 
impacts should be addressed in this environmental impact report. 

SECTION 1-46 



SECTION I 

Chapter 5.0 

CONSISTENCY WITH EXISTING 
AND 

PROPOSED GOALS, 
OBJECTIVES, POLICIES AND PLANS 

The purpose of this section is to compare and analyze the interrelationships between 
the adopted and draft General Plans, policy document, the proposed development alternatives, and 
several other existing City and County planning documents that affect the City and its planning area. 
This analysis shows how and where the draft General Plan policy document and the development 
alternatives establish new direction for development in Ridgecrest, and how this direction might differ 
from established planning goals in the City and the region. 

Section 5.1.1 compares the policy statements found in the adopted General Plan 
to the buildout proposed under the four development alternatives to identify where the alternatives 
may depart from adopted policy. 

Section 5.1.2 compares the draft General Plan policy statements to the four 
development alternatives to identify where buildout under the alternatives potentially differs from 
proposed policy. It is understood that land use policy and mapping revisions proposed in the draft 
General Plan reflect buildout under Alternative 2, so the greatest consistency would be expected to 
occur between the draft policies and buildout under Alternative 2, or one of the previous alternatives. 
In some instances the draft policies and mapping revisions are not applicable to Alternatives 1 and 3. 

Section 5.4 compares the goals, objectives, policies and programs of the elements of 
the draft General Plan to one another to identify any internal inconsistencies. 

SECTION 1-5-1 
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5.1 GENERAL PLAN GOALS/OBJECTIVES/POLICIES 

5.1.1 Comparison of Adopted Plan Goals/Objectives/Policies to Development 
Alternatives 

The purpose of a comparison of the adopted goals, objectives, policies, and programs 
of the existing General Plan with the development alternatives is to identi@ how each alternative 
conforms with current City poiicy. hluch of the existing policy document contains programming 
statements and directives that could be applied to any long range development scenario and therefore 
do not represent areas of inconsistency. There are not many goals, objectives, and policies that 
conflict directly with one or more of the four alternatives. 

5.1.1.1 Open Space and Conservation Elements 

The existing General Plan contains an Open Space Plan as an implementation program 
of the Environmental h4anagement EIement and not an individual element. This implementation 
program addresses habitat preservation, natural hazard protection, water reclamation and recreation. 
The proposed Plan addresses habitat preservation, natural hazard protection and water reclamation 
in the Conservation and Safety Elements. 

The proposed General Plan has an Open Space Element with 4 goals and 10 objective 
statements. A majority of these objective statements deal with establishing recreational standards city 
wide and acquiring facilities to develop and meet those standards. 

All four 4 alternatives of the proposed Plan differ from the existing implementation 
program in that the Element mainly addresses recreation and establishes development policies that 
would be parallel to the growth of the community. No development standards for recreation were 
addressed in the Environmental Management Element of the adopted General Plan. 

The Environmental Management Element of the adopted General Plan lists goals and 
objectives for air quality, desert habitat., soils, and ground water. These goals and objectives are very 
similar to those of the proposed General Plan. 

Good Air Quality is very important to the operations of the Naval Weapons Center 
and remains a priority of the City of Ridgecrest. Ground water is the most precious resource available 
in the Planning Area and is given serious consideration in both documents. Soils preservation and 
habitat preservation have also been identified in both documents as being important to the community 
and there is no major change in any of the alternatives of the General Plan. 
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5.1.2 Comparison of Draft General Plan Goals1 Objectives/ Policies to Development 
Alternatives 

The purpose of this section is to compare the proposed goals. objectives, policies, and 
programs developed during the General Plan Update process to buildout under the development 
alternatives to identify where inconsistencies might exist. Through this process, one can identi@ the 
alternative that is most consistent with the draft policy statements, or identifjr policy statements that 
need amending to conform to the desired development alternative. 

Alternatives 1 and 3 are inconsistent with the General Plan in that populations of 
50,000 and 100,000 are not full buiidout that maximize public facilities and services. Services would 
be under-extended at 50,000 and over-extended at 100,000. 

Alternarive 2 (population of 75,000) is consistent with the proposed land use 
designations and would not signdicantly impact public services and Alternative 4 (population 62,000) 
would be ideal for the land use designations. 

This section is organized to review the policy document element by element. Only 
policy statements that are inconsistent with one or  more of the development alternatives will be 
mentioned. To avoid duplication and to minimize confusion, policy statements are not restated 
verbatim. Instead, a brief description of the policy is provided, and the discussion of consistency 
is presented in a way as to clan@ statement intent (for the exact wording of each policy statement 
refer to the draft General Plan policy document). 

a. Land Use Element: Land use changes in the proposed general plan update focus primariiy 
on providing increased commerce on arterial streets; and on land use changes within the 
sphere of influence. 

b. Circulation Element : The proposed draft circulation element extends the existing grid 
traflic system and proposes no new concepts. The City and County Circulation EIement are 
consistent and each prepare for a "smooth flow of goods services and people." 

o Encouragement of Alternatives to Motor Use The update continues and extends bike 
trails along existing comdors and asks for service of transit programs for feasibility. 

c. Open Space and  Conservation Element: Provision and fund'urg of parkland. Subsequent 
to completion of the Draft Genera1 Plan a significant amount of parkland was acquired and 
recreational facilities have been expanded. Most of the deficiencies as noted in the General 
Plan no longer exist. The City of Ridgecrest now meets the standard of 3 acres of parkland 
per 1,000 persons. 

SECTION 1-5-3 
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o Policy 2.2 - Establishment of Park Acreage Standards. Sufficient park acreage has 
been allocated to meet anticipated demands unuer ail alternatives. 

o Policy 3.1 - Protection of Historic and Archaeological Resources. All alternatives are 
considered because mitigation measures to preserve and protect historic and 
archaeological structures are implemented to avoid alteration. 

d. Economic Development Element: This element is consistent in that it calls for maintenance 
and enhancement of the economy and a stable market. 

e. Noise Element: The proposed element is consistent in all alternatives. Mitigation measures 
will be installed to reduce sound impacts because ambient community sound will increase as 
the City grows. 

f. Safety Element: The Seismic Safety and Safety Elements of the existing plan have been 
combined into one Safety Element. 

There has been a new Seismic Special Studies Zone added to the region since the adoption 
of the existing General Plan. As required by state law a geologic report has been required 
prior to development of habitable structures in that zone. 

An upgraded IS0 rating for Fire Insurance has been received since the adoption of the 
General Plan (1984). These rating evaluations should occur every 10 years. 

The Police officers ratio of 1.5 officers to 1,000 population has never been met. This standard 
has never been met and no significant impact has occurred to the Police Department. Unless 
crime drastically increases this standard may be over estimated, although when the China 
Lake Police Dept., Sheriffs Dept., and Highway Patrol are counted the standard is 
significantly exceeded. 

o Establishment of Acceptable Levels of Risk. All alternatives may be inconsistent with 
Police s t m g  iflevels are not maintained at the noted police officer ratio. However, 
levels are currently below established standards and there is no significant impact. 

Construction of habitable structures has occurred over known fault lines. Although 
geologc reports have been submitted and accepted there is a minimal amount of risk 
accepted with construction. 
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Major drainage improvements are needed to protect the existing community and 
hture buildout in flood plain areas. FIood standards will be implemented for new 
development. 

o Policy 7.2 - Retention of Drainage Channels in Natural State. Drainage channels 
can be considered important habitat areas supporting migrating birds and other animal 
species found in this area. 

o Policy 2.2 - Designation of Non-Residential Uses in 65 CNEL Contour Areas. All 
alternatives are potentially inconsistent with this policy statement which provides for 
the location of non-residential uses within 65 CNEL contour areas, wherever possible. 
Residential designations are present along arterials and Bowman Road in 65 CNEL 
areas under each alternative. Special residential design will limit residential exposure. 

o Policy 2.6 - Exterior Noise Levels Adjacent to Noise Sensitive Land Uses. 
Alternatives 3 is potentidy inconsistent since new school sites have not been selected 
by Sierra Sands Unified School District. 

g.. Source Reduction and Recycling Element : This is a new element of the County of Kern 
Integrated Waste Management Plan as required by AB939. This element addresses solid 
waste issues and landfill capacity. Environmental review of this eiement has been done in the 
environmental impact report that was developed for the Source Reduction and Recycling 
Element. 

h. Household Hazardous Waste: Refer to Source Reduction and Recycling above. 

5.2 ADOPTED PLANS AND PROGRAMS 

5.2.1 Applicable CityICounty Plans and Programs 

The folIowing City and county plans and programs are applicable to and may be 
affected by, the proposed development alternatives. Reference to additional discussion of these plans 
and programs in Section 111 is made, as appropriate. 

5.2.1.1 City Flood Plain Management Program 

The City's Master Drainage Plan is consistent with the Federal Flood Insurance map 
requirements established by Federal Emergency Management Agency ( FEMA). 
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LAFCO 

The sphere of influence is defined as the probable ultimate city limits. The sphere 
boundary can be amended, upon the request of the City and approval of LAFCO. Under established 
guidelines, unincorporated land within the sphere should be annexed to the city prior to being 
developed with urban uses or prior to receiving municipal services. The portion of the planning area 
located within the sphere is shown on Figure 3-1. The sphere includes all property within the 
planning area with the exception of lands to the east of the City. The City area of interest includes the 
entire planning area, and provides for City input in planning matters occurring outside of the city 
limits but within the Indian Wells Valley. 

Buildout under Alternative 1 and 4 would occur within the present city limits and the 
boundary of the sphere of influence. Therefore, no amendment to the sphere boundary would be 
required. A minor amount of buildout would occur outside the sphere under Alternatives 2. 
Substantial development under Alternative 3 would occur in the south and west areas presently 
outside the sphere. Under the Guidelines, the urban development proposed by Alternatives 2, and 
3 for property outside the sphere could not occur without amendment of the sphere and annexation 
of the property. 

5.2.1.3 Kern Counry Air Quality Attainment Plan (AQAP) and Searles Valley State 
Implementation Plan (SIP) for PMIO 

In accordance with Federal Clean Air Act requirements, the "Kern County Air Quality 
Attainment Plan (AQAP) for the Southeast Desert Air Basin" was adopted June 25, 199 1, amended 
and readopted June 8, 1992 and the "PM-10 State Implementation Plan (SIP) for the Searles Valley 
Planning Area" was adopted December 6, 1991. These two plans have been adopted by the Kern 
County Board of Supenisors and approved by the California Air Resources Board. These plans are 
administered by the Kern County Air Pollution Control District (KCAPCD). The purpose of these 
plans are to meet the National Ambient Air Quality Standards OIJAAQS) and the California Ambient 
Air Quality Standards (CMQS).  The AQAP assesses eastern Kern County's air pollution problems 
and contains control strategies for reducing air pollutant emissions. 

The SEDAB portion of Kern County cannot rely on a model to predict ozone 
attainment in the AQAP for this area, since no accurate model currently exists. Furthermore, until 
adequate monitoring exists in this area, a database for a model will not be available. 

The modified linear rollback method demonstrates that the district is mitigating the 
emissions under its responsibility. However, being that the SEDAB has been documented as 
experiencing overwhelming transport from both the SCAB (South Coast Air Basin) and the SWAB 
(San Joaquin Valley Air Basin) demonstrate that future ambient concentrations will have to rely on 
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the photochemical model that is presently being used in the SCAB and the model that is expected to 
be developed as a result of the $16 million San Joaquin Valley Air Quality Study. These models will 
provide important data about the amount and composition of transport into the SEDAB. 

The Kern County Air Pollution Control District (KCAPCD) has established through 
the Searles Valley PMlO Plan, a level of emission reductions at about 25 percent. It is expected that 
similar reductions could be made in the same targeted source categories of unpaved roads, process 
related figitive dust, and wind erosion, so a 50 percent emission reduction across the board could be 
realized. Kern County APCD also asserts that residential waste combustion control measures would 
be implemented to assist with making the necessary reductions as required. 

Buildout under all Alternatives is consistent with the AQAP and the SIP. Any 
development under these alternatives will be required to provide site engineering, circulation design, 
recreational features, water and energy conservation measures and provisions for affordable housing 
to meet the requirements of the plans. 

Further discussion of the potentiai effects of the AQAP and the SIP on buildout 
under the development alternatives is found in Section I1 Chapter 13. 

5.2.1.4 "Indian Wells Valley Water District Domestic Water System 1990 Water General 
Plan" 

The above named plan was developed and adopted by the Indian Wells Valley Water 
District QXWWD), an agency that is separate fiom the City of Ridgecrest. The IWVWD is tasked 
with providing water of a quality to support the existing and hture population of the City. Studies 
of the water basin suggest that it can support a population of 75,000 (Alternatives 1,2 and 4) with 
the appropriate consenarion measures, indefinitely. A larger population (Alternative 4) would likely 
lead to the importation of water fiom other areas. 

5.2.1.5 County Solid Waste Management Plan 

The County Integrated Waste Management Plan (CoIWMP) was adopted in October 
1988 and is scheduled to be updated in 1995. The Plan identifies existing and potentiai landfill sites 
within the county. The Ridgecrest Landfill is the disposal site for the City of Ridgecrest and is 
expected to reach capacity in the year 2007. 

Buildout under ail four alternatives will be consistent with the existing landfill 
remaining capacity and the long term goals of Kern County to develop a regional landfill in the Indian 
Wells Valley. 
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5.2.1.6 County Hazardous Waste Management Plan 

The Hazardous Waste Management Plan for Kern County and it's incorporated Cities 
was adopted in May of 1991. The purpose of the CHWMP is to provide the public and decision- 
makers with a document which will contain information and policies for the management of 
hazardous wastes/materials county-wide. The Plan includes two documents - a technical document 
and a poiicy document. The technical appendix presents information and background on the existing 
county-wide programs for regulation and management of hazardous waste and materials and 
discusses issues and problems. The second document comprises the actual policy document which 
contains the recommended solutions, policies, implementation schedules, siting criteria, and general 
siting locations for faciiiries. The overall objective of the CHWMP is to ensure that safe, effective, 
and economical facilities for the management of hazardous wastes are available when they are needed, 
which protects public health and the environment. 

The pian must be adopted by a majority of the cities containing a majority of the 
incorporated population and the Board of Supervisors. 

The technical appendix provides hazardous waste volume projections through the 
year 2000 for each waste group in Kern County. These projections are based on the number of 
existing waste generators in each city and industrial growth factors. The year 2000 volume 
projections were then translated into hazardous waste facility needs. These needs are addressed in 
the technical appendix. It is projected that approximately 52,746 tons of commercial hazardous waste 
will be generated and require treatment in the year 2000. This volume can be reduced by treatment 
of residuals requiring subsequent disposal. 

Industrial buildout under the development alternatives is likely to include hazardous 
waste generators that will generate waste inciuded within the above projected demand. The 
discussion of disposal needs and potential mitigation found in the CHWMP is herein incorporated by 
reference. A copy of the document is avadable in the City Clerk's Office of Ridgecrest City Hall, 100 
W. California Avenue. Ridgecrest, CA 93555. 

5.2.1.7 County General Plan 

The County of Kern is completing an update and reformat of its General Plan in 
stages. The County General Plan, similar to the City's Draft General Plan and is a policy document 
which contains county-wide goals, policies, and programs; four appendices, which contain 
background data in support of county-wide goals, policies and programs; and several Area Plans 
which contain specific goals, policies and programs for specific geographic areas of the county. 
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Planning policies in the Indian Wells Valley are consistent with the City's existing and 
proposed General Plan. 

5.2.1.8 County Circulation Element and Congestion Management Plan 

The County's Element and Plan for the Indian Wells Valley are consistent with the 
City's existing and proposed General Plan. 

5.3 COMPLWNCE/CONSISTENCY OF ROADWAY IMPROVEMENTS 
REQUIRED FOR DEVELOPMENT ALTERNATIVES WITH ADOPTED 
AND DRAFT CITY CIRCULATION PLAN 

In general, the road improvements described in the City adopted Circulation Plan are 
the same as those proposed in the draft Circulation Element. However, the draft plan includes a few 
important additional improvements that extend roadway designations into the Planning Area to create 
consistency with the County Plan. 

5.4 INTERNAL CONSISTENCY AND COMPLIANCE BETWEEN THE DRAlT 
GENERAL PLAN ELEMENTS 

The purpose of this section is to indicate where policy statements within the draft 
General Plan may conflict or otherwise be inconsistent with other policy statements in the same 
element or other elements. Policy statements are defined as statements of intent contained in the nine 
General Plan elements, and may be in the form of goals, objectives, policies, or programs. 

This exercise, in conjunction with Sections 1.1 and 1.2, meets the objective of 
California Government Code Section 65300.5 which requires that the General Plan and elements and 
parts thereof comprise an integrated, internally consistent and compatible statement of policies for 
the adopting agency. 

This section differs fiom Section 1.1, which compared policy statements in the existing 
and draft General Plans to the four development alternatives. This should consider the buildout 
alternatives but instead focuses on program statements and their operational, rather than spatial, 
consistency. However, no inconsistencies are found in the elements and are therefore not addressed. 
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SECTION I1 

Chapter 1.0 

d AGRICULTURAL LAND CONVERSION 

1.1 AGRICULTURAL LAND PRODUCTION 

The following analysis was prepared using primarily three references: 

(a) the zoning map of the city planning area 
(b) discussion with the United States Soil Conservation Service 
(c) California Department of Agriculture. 

1.1.1 Setting 

In the early 1940's agriculture played an important role in the economy and livelihood 
of the City of Ridgecrest. Ridgecrest was at one time considered a f d n g  community where alfalfa 
production and grazing were prevalent. There is now only approximately 40 acres of agricultural 
zoned land within the City of Ridgecrest and there is a minimum amount of agricultural zoned land 
within the Kern County portion of the City's Sphere of influence. 

1.1.2 Types of Products. 

Information as noted by the Soil Conservation Service: 

The USDA soil conservation survey identifies the types and locations of soiis. The 
majority of soils in this area are composed of sand, silt, and clay. These are not typically good prime 
agricultural soil types. Therefore, agriculture is very sparse within Ridgecrest. Generally speaking, 
"prime" farmlands in California are irrigated soiis (Class I and Il) over 40 inches deep with an 
available water-holding capacity of four inches or more. 
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There are some orchards within the sphere of influence which average between 114 
and 112 acre in size. However, there is no gauge to measure the productivity of these crops. The 
Statistics Division of the California Department of Agriculture keeps records of only State 
productivity and not by county or city production. 

1.1.3 Land Conservation Act Contracts 

A primary tool to preserve f d a n d s  is the California Land Conservation Act (LCA) 
or Williamson Act contract program. State Govenunent Code Section 5 1282 provides specific 
findigs that must be made for the approval of LCA contract cancellations. There are no Williamson 
Act contracts within the City of Ridgecrest 

None of the agricultural zoned lands in the Ridgecrest planning area falls under the 
Williamson Act. 

CITY OF RIDGECREST LINEAR PARKS 

The City of Ridgecrest has designated the Bowman Road area as a linear park. The 
linear park areas have been adopted to provide flood control, aesthetic enhancement of drainage 
right-of-ways, wastewater reuse and wind mitigation. 

Because there is no agricultural land within the city limits that are in production there 
would be no large employment loss by rezoning those lands. The Primary Agriculture District within 
the existing city limits total 80 acres. 

There is no revenues generated from agicultural lands other than property tax. Since 
agricultural land has no production there would be no negative fiscal impact of the conversion of 
agricultural land. 
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CHAPTER 2.0 
NOISE 

2.1 NOISE DEFINITION 

Excessive noise can be classsed as a dangerous and unhealtfil nuisance. Generally, 
most concerns regarding noise evolve around residentiai neighborhoods. Noise can be generated by 
vehicles on residential streets, off-road vehicles, and by aircraft. TrafEic along arterials have the 
greatest impact to residential areas. Off-road vehicles which are also a noise generator are prevalent 
in certain areas of the community. 

The City of Ridgecrest General Plan addresses goals to reduce noise sources and 
lessen noise source impacts. 

2.2 NOISE LEVELS 

Noise levels are measured on a logarithmic scale because of physical characteristics 
associated with noise transmission and reception. Decibel changes represent a change in sound energy 
not sound loudness. A three (3) dB(A) change represents a doubling in sound energy, but not a 
doubling of sound loudness. Because of the structure of the human auditory system, a 10 (ten)decibel 
increase in noise is required to perceive a doubling of noise. A one (1) to two (2)decibel change in 
noise level is generally not perceptible to sensitive receptors. 

Attenuation of noise levels occur as the distance to the source is increased. For 
example, an average industrial facility noise level decreases at a rate of six (6) dB per doubling of 
distance. Noise levels can also be decreased as bamers are constructed. 

The State Office of Noise Control has issued land use compatibility guidelines (Figure 
2-1) in which all Cities are recommended to be within. The City of Ridgecrest meets these 
recommended levels. 
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Time of day, duration and levels of noise are important in determining the impacts in 
land use planning. Exposure of noise impacts for extreme periods of time can be a nuisance in certain 
land uses. Exposure of extreme levels of noise can be detrimental to the health of the general public. 

2.2.2 AICUZ Study 

Armitage Airfield is located on the China Lake Naval Air Weapon Station (NAWS) 
and serves the military in flight operations and test and evaiuations of military aircraft. An Air 
Installation Compatible Use Zone (AICUZ) study for the Navy facility was completed in 1977 to 
reduce noise impacts to the City. 

As a result of the AICUZ study all departures from the Naval Air Weapons Station 
are to the south-southwest to avoid the major populations within and outside of the NAWS. The 
aircraft noise contours are located within the Noise element of the General Plan. 

Although most air traffic is directed away from incorporated areas, this is a miiitary 
community in which some impact fiom noise wilI occur. The City of Ridgecrest is supportive of the 
Naval Air Warfare Station's mission and must assume that testing of naval ordinance will continue 
as well as military flights. 

. . 

2,2.3 Other Noise Impacts 

Off-road vehicle noise in the City of Ridgecrest and surrounding study area is another 
major source of environmental noise which must be considered in land use planning for the 
community. At the present time, off road vehicle use (primarily motorcycles) occurs in nearly all 
undeveloped areas within the City. Estimated standards for dBA readings for unshielded (unmuffled) 
off-road motorcycles indicate that noise levels of approximately 100 dBA at fifty (50) feet from the 
source can be expected. 

Table 2-1 is a comparative scale for noises which commonly occur in a community in 
order to provide a perspective on the impact of off-road vehicle noise. Recognition of recreational 
noise generating activity and the frequency of its occurrence will ensure that planning solutions and 
updating of existing enforcement policies can be developed and effectively applied. 

IMPACT ANALYSIS 

2.3.1 Significance Threshold 

The Catifornia State Highway Design Manual requires specific design criteria to abate 
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COMMON NOISE AND REPRESENTATIVE DECIBEL LEVELS 

Sound Level in dB Environmental Conditions 

140--- 
Threshold of Pain 
13 0---- 

Pneumatic Chipper 

Loud Automobile Horn (distance 1 m) 

Inside Subway Train 

Inside Motor Bus 

Average Traffic on Street Comer 

Conversational Speech 

Typical Business Office 

Living Room, Suburban Area 

Library 

Bedroom At Night 

Broadcasting Studio 

Threshold of Hearing 

Encountered Noise Levels (Sound Pressure Levels) 
Source: Olinda Off-Road Vehicle EIR, EDAW, Inc. 
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noise along existing, new, and reconstructed highways. Caltrans is responsible for locating, designing, 
constructing and operating highways to minimize the intrusion of t r a c  noise into adjacent areas. 
Upon noise levels exceeding those maximums as noted in the highway design manual, mitigation 
measures should be used to reduce noise impacts. 

The City of Ridgecrest should adopt the Office of Noise Control standards (Figure 
2-1) for noise levels. To prevent noise levels fiom exceeding those standards, the City of Ridgecrest 
should continue its policy of requiring a minimum of six (6)  foot high sound walls along arterials. 

Residential areas adjacent to arterials have been required to have six (6)  foot high 
block wails to mitigate traffic noise. This height may need to be increased if dB(A) exceeds those 
standards as set by the Office of Noise Control. 

In addition to block wails being used as noise attenuation, Chapter 35 (Sound 
Transmission Control) of the Uniform Building Code should be enforced. This section of the Building 
Code establishes minimum noise insulation performance standards to protect residential dwellings 
from excessive noise. 

23.2 All Alternatives 

Periodic noise studies should be conducted to determine CNEL impacts to residential 
areas along arterials streets. If significant impacts are found the minimum height for sound walls 
should be increased to reduce excessive noise. 

New residences constructed near arterial streets, parks and commercial and industrial 
areas should be reviewed for conformance to the insulation standards of Chapter 35 of the Uniform 
Building Code (Sound Transmission Control). Residential buildings within noise control areas 
exceeding state standards should be designed by Acoustical Engineers. 

The below table shows the average daily t&c totals at the major intersections within 
Ridgecrest, these intersections generate more noise than other intersections within town. However, 
they are located in commercial areas and should have no impact to residential areas. 
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TABLE 2-2 

State Route 178 CNEL Contours 
1991 

Roadway 

STATE ROUTES 178 & 395 

Intersection of Inyokern Rd 
& Mahan Avenue 

Intersection of Inyokern Rd 
& China Lake Boulevard 

Intersection of Ridgecrest 
Blvd & China Lake Blvd 

Peak Pk. ADT 
Hour Mo. Annual 

ADT Average Daily Traffic Total 
Pk Mo. Peak Month (Average Daily Traffic Total For The Peak Month) 
Annual Average Annual Daily Traffic Total 
Source CALTRANS - 199 1 Tnffic Volumes on California State Highways 
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LAND ~JSZ COMPATIBILITY FOR COMMUNITY NOISE E?TVIaaNmS 

INTERPRETATION 

D 
NORMALLY ACCEPTABLE 

Spec~fied land use 1s sal~siactorv, based 
upon the assumutlon that anv butldlnqs 
~nvolved are o f  normal conventional 

construction, wlrhaul any rpu la l  n o l v  
~nsutaclon requtrements. 

CONDITIONALLY ACCEPTABLE 

New construction or development should 
be undertaken onlv aiter a deralled analysts 
of the no lw reductlun requtrements IS maae 
and nnaed n o l K  lnrulaclon features tncluded 
In rhe deslqn. C~nven t~ona l  conrtructlon, but 
wlth closea wlndowr and fresh alr $uooiy 
systems or alr condlt lonlnj vlil normally 
suffice. 

n 
NORMALLY UNACCEPTABLE 

New constructton or develooment should 
genaailv be discouraged. I f  new construct~on 
or dc*eloomenr doer oroced. a decalled analysts 
of the no lw reductloo requtremcnts muse be 
made and nceded not= ~n ru la t~un  feature¶ 
~nctuded In the d n l ~ n .  

p j  
CLEARLY UNACCEPTABLE 

New constructton or dwelaoment rhotrld 
generally ~ i o c  oe undertaken. 

SOURCE: CALIFORNIA DEPARTMENT OF HEALTH, 

OFFICE OF NOISE CONTROL 

r l)  

C O N S I D E R A T I O N S  I N  D E T E R M I N A T I O N  O F  N O I J E - . C O M P A T I B L E  L A N D  USE 

A NORMALIZED NOISE EXPOSURE INFORMATION OESIRED munlo HOIW Exoosure Areas greater rhrn 65 dB rhwld be d~rcour- 
aw md conudurd locatrd wlthln nurmallv unaccrotaole areas. 

Whue wflic~ent data ex~rts. crrluate land urr su~tao~li~v rltt. rn-t 
lo a 'normutrw" v d w  of CNLL or Ldn. N u r m u ~ ~ d  rr1a.r u e  
obcalned bv rddlnq or wbtractlnt tse ronwantr Jncrtbed rn [able I C. SUITABLE INTERIOR LNVlROPtMENTS 
lo  the measured or calculated value of CNEL or LJ,. 

OM &IU~IW of Itxactnq rewdmttal unlts nlatlrr to r known nolw 
source m to malntaln r cultable tnrmor n o w  mrlronmmt r t  no 

B. NOISE SOURCE CHARACTERISTICS p . . c u  man 45 dB CNEL of Ldn. This reqummmt. couoted with 
me -red or ealculatrd nolu rducclon pdormmce of the t v m  

The land uvnone com~aclblll~v ruommendat~nnr JIould be r m d  u i  s c ~ u c t ~  undsr conwduanon. should ( w a n  the mtn~mum uc.pl. 
in rdacien to rhe cp.clfk source of rk. no-. For example. rlrcraft ah(. d l s w  :o a none source. 
and ral lrod nolw n -*lv maw uo of hl*a onbe n o w  mncs 
than auto traffic buc accun I-s frcoumav. Thcrdwe. d l f f m t  
-r, v ~ d d o y  *r - comooute nonre~oosure do not nccnur~lv 0. ACCEPTARLC OUTDOOR ENVIRONMENTS 
creato the ume not- mnmnmmc. The (care Auonauclcs 4ct uws 
6J dm CNEL rs Ik* crlcmon whlcn U ~ O O ~ I ~  must nmruailr m a  to 41mrhw consduatton, whrck ~n -me commun~t~.r Is m o v u r t d t ~  
p o t u t  exluln(. mdrn1l.I Zommun8t1.r I* uwcwtaw* exoorum l x t w .  IS the dmre fa m acrcgtablo outdoor now mvwonmmt. 
10 -raft nolu. In ordm to fxd iuc*  chr :uroosrj e l  the Act, o m  of Whm dl19 ic Ike caw. mare r rmath .  standards for land use corn 
r k r k  IS to mourr t .  lrnd u u r  compat~c~e wtrh t)l* 65 dB CNEL pmbtlltv, typcc.llv b d m  the m~xtmum conwdomd " narmatly 
c n t ~ l o n  rk.rmr poswb)., and l n  adu to factlitat* the rb~lify of uuptabla" lor that land uw catqory. may be rpprapnate. 
a i rpun to comyv vtck me Act. mdmtul u r n  located In b m  

, d 
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SECTION I1 

Chapter 3.0 
POLICE AND FIRE PROTECTION 

3.1 SETTING 

3.1.1 Police Protection 

a Existing Level of Service. Ridgecrest Police headquarters are located at 100 West 
California Avenue (Figure 3-1). Areas outside the city limits, but within the planning area boundaries, 
aie served by the Kern County Sheriffs Department. The California Highway Patrol, located in 
Inyokern, also has jurisdiction on State Route 178 and Highway 395. There is typically one (1) 
sergeant and seven (7) officers operating out of the Inyokern office. The China Lake Naval Air 
Weapons Station adjacent to the City has their own police force. Mutual aid agreements exists 
between all of the four mentioned agencies. 

The police department has a staff of 37 civilian personnei and 36 sworn personnel. 
The department maintains 10 unmarked support vehicles and 13 patrol cars. 

The City is patrolled on a 24-hour basis. Response time goals within the City are 3.5 
minutes for emergency calls and 5 minutes for non-emergency calls. The police force works out of 
one police facility, and patrol officers are assigned to various locations throughout the City. There 
are three (3) officers and one (1) sergeant assigned to emergency and non-emergency calls on each 
shift. Evaluation of the 3.5 minute response time is monitored by the Police Department to make sure 
that sufficient service is being provided. The department responds to an average of 15,680 service 
calls per year. 

The existing city police headquarters were built in 1989. The facilities have been 
designed to service a population up to 75,000. An evaluation of the communications center for 
expansion should be considered at a population of 65,000. A site for a police substation has been 
considered for possible hture expansions. 
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One measure of law enforcement protection services is a desired police 
officer/population ratio, generally stated in terms of the number of poiice officers per 1,000 
population. Such measures are strictly employed by other cities as standards or guidelines, however, 
Ridgecrest has a low crime rate and may not necessarily need the standard officer ratio (Compton, 
personal communication, 1992). However, the police department may be currently negatively 
impacted. 

Based on a total of 34 sworn officers and the current (1991) City population of 
28,675, Ridgecrest's current patrol officerlpopuiation ratio is approximately 1.2: 1000. The average 
ratio statewide is 1.5:1,000 and 1.4: 1,000 nationwide, but the City has a low crime rate in comparison 
to other California cities with a similar population. 

b. Planned Improvements. The police department has a public relations program in 
place and is working on improving the public perceptions of the police force through public 
interaction, and community affairs. 

There is a minor trace of "gang" related activities within the City of Ridgecrest 
that the Police Department and DARE @rug Awareness and Resistance through Education) Officers 
are addressing with the primary age school children. Two sworn officers are assigned as DARE 
office& on a rotational basis. Their main responsibility is to educate primary age school children about 
drugs and substance abuse. This is done by addressing the kids through the media, during community 
functions, at school activities and numerous other activities. The Police Department is planning on 
continuing it's Dare program. 

If the demand on police protection service increases, the type of service provided by 
sworn officers may change. An evaluation will need to be made by the Police Department. In order 
to maintain certain services the police department will need to expand it's civilian volunteer personnel. 
Currently four (4) additional volunteers are needed, but that number wiil expand as time goes on. 
An evaluation of adding volunteers will need to be made by the police department. 

In addition to the sworn officers there are five (5) dispatchers, two (2) administrative 
clerks, one (1) support manager, 10 police reserve (volunteers), 10 explorers, 12 explorer volunteers, 
one (1) fbIl time Community Service Officer (CSO), five (5) part time Community Service Officers, 
one (1) Secretary and two (2) crossing guards. 

3.1.2 Fire Protection 

a Existine: Level of Service. Fire protection services for the City of Ridgecrest are 
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provided by the Kern County Fire Department through a contractual agreement. Areas outside the 
city limits but within the planning area boundaries are also served by the Kern County Fire 
Department. The China Lake Naval Air Weapons Station assists Kern County Fire through a mutual 
aid agreement signed by the two agencies in 1988. This agreement is a standing agreement until 
canceled by the two agencies. (ED Bishop, Kern County Fue Marshall, personal communication).The 
locations of the county fire departments and the China Lake facility are shown on Figure 3-2. 

Station 74 is located at 140 E. Las Flores and Station 77 is located at 8 15 W. Dolphin 
Ave. Station 74 maintains two fire engines, one patrol car, and four fire fighters per shift. Station 77 
maintains two engines. one patrol car and three fire fighters. In addition to the two stations within 
the city limits, the Kern County Fire Department maintains a station in Inyokern, available to assist 
in emergency situations within Ridgecrest, when necessary. The fire department provides fire 
prevention, fire inspection and investigation services, hazardous materials enforcement knctions and 
emergency medical support. The F ie  Department responds to approximately 699 calls for emergency 
services (CFES) per year. The greatest number of CFES are for emergency medical assistance. All 
of the fire personnel are certified emergency medical technicians. The fire department who responds 
to 487 (487 out of 699) CFES annually coordinates with Liberty Ambulance Service to transport the 
victims of medical emergencies. The response time within the current City boundaries ranges fiom 
3 to 10 minutes. Response times are calculated by multiplying 2.8 (a coefficient established by I.S.O.) 
by the number of miles to the site. Insurance Service Office (I.S.0) is responsible for evaluating the 
level of fire protection for each county within the state. Each county receives a new rating every 10 
years. 

b. Existins Deficiencies. Station location and response time to fires and other 
emergencies are the key elements in measuring fire protection service. The City of Ridgecrest which 
has an I .S .0  rating of 4, has not received a survey since Station 77 was constructed in 1988. 
Typically cities receive an I.S.O. survey every ten years and in which case the City of Ridgecrest 
should receive a survey in 1994. 

Response times are currently between 5.6 and 8 minutes at the northwest area of town 
and also at the eastern most area. There is a 10 minute response time at the Cerro Coso Community 
College Located at the southern most area of town. Most other areas are under 5.6 minutes. 

c. Planned Im~rovementq. The fire department currently has no plans for 
improvements. With the recent addition of Station 77 a sufficient response time exists throughout 
most ofthe City. Upon the City reaching a population of 75,000 the Fire Department may determine 
the need for an additional fire station. The Fire Department has noted that an appropriate general 
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location for a new fire station, would be in the area of the comer of Mahan Street and Inyokern Road 
shown on figure 3-3 (personal communication, John E. Bishop, Kern County Fire Marshall) . 

3.2 Impact Analysis 

3.2.1 Police Protection 

a. Sienificance. The significance of the increase in demand for police 
protection senices would be dependent on the stafT'leve1 of officers, and response time to new sites. 
Upon buildout of the current city limits and any future expansion of the city limits, the police officer 
ratio may have to be adjusted to meet any increased police needs. Although not necessarily sufficient, 
the existing ratio of 1.2 officers per 1,000 population is used as the threshold of significance for the 
City reaching a population of 50,000, 75,000, 100,000 and 62,000. The acceptable community 
policing level needs to be carehlly monitored as the City grows. Another threshold of significance 
addresses the emergency response time to development in the planning area. A significant impact 
would result if an emergency response time of 3.5 minutes is exceeded (existing Police Department 
standard). To assess this impact, the response times to new development, based on the boundaries 
of police patrol beats, will be estimated. 

Upon reaching a population of 65,000 the Police Department should begin evaluating 
the need for a police substation or expansion of existing facility. A substation may need to be 
completed upon the City reaching a population of 75,000. 

b. Imuacts Common to All Alternatives. Buildout under the three population 
scenarios would convert currently undeveloped land to residential, commercial, and industrial land 
uses. Changes in land use and the increases in population could result in increased crime and calls 
for service (CFS). Table 3-1 illustrates the additional police officer stafF required by buildout of 
Alternatives 1, 2, 3, and 4. 

c. Alternative 1. Buildout of Alternative 1 (population of 50,000) would convert 
currently undeveloped land to mostly residential land use. Alternative 1 provides additional buiidout 
development within current City limits. The majority of residential development would probably 
occur along the southern areas of the City. There is a significant amount of Urban Reserve land 
available for residential zoning. There is currently a sufficient amount of commercial zoned land 
within the community for buildout of alternative 1. Increased demand for police protection services 
throughout the City would require additional police protection s e ~ c e s  and might cause a needed 
increase in the 1.2: 1,000 poiice officer ratio. Emergency response times to new development are not 
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d expected to exceed the 3.5 minute standard if the increased demand on police protection services is 
met by an increase in stafF and a higher percentage of service calls do not occur. 

TABLE 3-1 

d Personnel and Equipment at Fire Stations 

STATION #74 

Location: 140 East Las Flores Avenue 
Persomei: Four Firefighters per shift 
Equipment: Two Engines, One Patrol Vehicle 

1 STATION #77 

Location: 8 15 West Dolphin Avenue 
Personnel: Three Firefighters per shift 
Equipment: Two Engines, One Patrol Vehicle 

The demand for police protection services generated by buildout of Alternative 1 
would require a staff of 60 sworn police officers. The current staff level of 34 is considered adequate 
for existing conditions. To meet the police officer/popuiation ratio of 1.2 officers per 1000 residents, 
buildout of Alternative 1 would require an additional 26 officers. If additional staff is not available 
to meet the increased police protection service demand, buildout of Alternative 1 could result in 
significant adverse impacts to the poiice protection services of the City. 

d. Alternative 2. Buildout of Alternative 2 would convert currently undeveloped land 
to residential, commercial, and industrial land uses throughout the planning area. The majority of 
development would occur as residential, industrial, and commercial development. As currently zoned 

..a there would be complete buildout within the existing city limits. 

m 
The demand for police protection services generated by buildout of Alternative 2 

P 
would require a staff of 90 police officers. The current staff level of 34 is considered adequate for 
existing conditions. To meet the police officer/population ratio of 1.2 officers per 1000 residents, 
buildout of Alternative 2 would require an additionai 56 officers. If additional staff is not available 
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to meet the increased police protection service demand, buildout of Alternative 2 could result in 
significant adverse impacts to the police protection services of the City. 

e. Alternative 3. Buildout of Alternative 3 would convert currently undeveloped land 
to residential, commercial, and industrial land uses. Existing city limits would be built out under 
existing zoning regulations and adjacent County areas would be incorporated in order to meet the 
development needs. 

This alternative would result in buildout of the areas currently zoned for residential 
development. Residential development would also occur in much of the urban reserve area located 
in the southern portion of the City. 

The Police Department is located within a central area of the City which enables 
response times throughout the City to be approximately the same. Increased demand for police 
protection services within the City would require additional police protection services. This might 
cause the need for Police Officer ratio of 1.2: 1,000 to increase. Currently traffic congestion is not a 
large concern within the City. During the commute hours of employees of the Naval Air Weapons 
Station a minor amount of traffic congestion exists along China Lake Boulevard and along secondary 
arterials. Any impact to this existing M c  congestion may result in time delays for police responses, 
re'sulting in the need for additional patrol units. Emergency response times to new development are 
not expected to exceed the 3.5 minute standard ifthe increased demand on police protection services 
is met by an increase in staff and patrol units. The expanded police facilities addressed in alternative 
3 would also be required to accommodate this projected population of 100,000. 

The demand for police protection s e ~ c e s  generated by buildout of Alternative 3 
would require a staff of 120 police officers. The current staff level of 34 is considered adequate for 
existing conditions. To meet the police officer/population ratio of 1.2 officers per 1000 residents, 
buildout of Alternative 3 would require 86 additional officers. If additional staff and facilities are not 
available to meet the increased police protection service demand, buildout of Alternative 3 would 
result in significant adverse impacts to the police protection services of the City. 

f. Alternative 4. The scenario is the current growth rate of the City, which would 
bring the total population to approximately 62,000. This buildout within the existing general plan 
scenario would require a total of 74 police officers at the existing level of service. 
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3.2.2 Fire Protection 

a. Simificance Thresholds. The significance of an increase in fire risk would be 
dependent upon the installation and maintenance of proprietary fire protection systems (fire protection 
systems owned by the structure owners), conformance to the Uniform Building and Fire Code, the 
level of fire department h g ,  technical equipment support and the ability of fire suppression units 
to maintain a response time of 5 minutes or less. A significant fire protection impact could result if 
an emergency response time of 5 minutes is exceeded in numerous areas of the City (existing fire 
department standard). To assess this impact, the response times to new development, based on the 
location of existing and proposed fire stations and service areas, should be analyzed. 

b. Alternative 1. Buildout of Alternative 1 would convert currently undeveloped land 
to residential, commercial, and industrial land use. Alternative 1 provides buildout within the City 
boundaries and beyond some existing development. Development can conceivably occur throughout 
all areas of the City with most residential construction occurring in the southern and western portions 
of the City. Commercial areas tend to develop along China Lake Boulevard. Industrial development 
would primarily occur in the northwest and southeast portions of town. Increased demand for fire 
protection s e ~ c e s  would occur within the response districts of all county fire stations. 

The demand for fire protection services generated by buildout of Alternative 1 would 
require the installation and maintenance of proprietary fire protection systems in new structures as 
well as conformance to the Uniform Fire Code. Buildout of Alternative 1 is anticipated to require 
a staffincrease proportionate to the anticipated maximum growth rate of this scenario. An increase 
in tax revenue as a result of the increased growth shall be used to pay for increased fire services. 

d. Alternative 2. Buildout of Alternative 2 wouid convert currently undeveloped 
and agricultural land to residential, commercial, and industrial land uses throughout the planning area. 
In addition to the development identified for Alternative 1, the majority of development under 
Alternative 2 would occur in the same general locations and directions as residential development in 
alternative 1, however the boundaries would obviously be expanded. Increased demand for fire 
protection services would occur within the response districts of all county fire stations. 

The demand for fire protection services generated by buildout of Alternative 2 would 
require the installation and maintenance of proprietary fire protection systems and conformance to 
the Uniform Fire Code, in the buildout areas. Buildout of Alternative 2 is anticipated to require a stafF 
increase proportionate to the anticipated maximum growth rate of this scenario. An increase in tax 
revenue as a result of the increased growth shall be used to pay for increased fire services. 
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e. Alternative 3. Buildout of Alternative 3 would convert currently undeveloped 
and agricultural land to residential, commercial, and industrial land uses. In addition to the 
development identified for the previous alternatives there would be additional industrial lands located 
in the southwest portion of the City. There would also be other residential deveiopments to the south 
and west as well as some additional commercial development in the northwest portion of the City. 
The development of parks would occur at designated areas to the south and west and possible 
neighborhood parks within residential developments. Natural open space would be maintained at the 
southern most area of the planning area and also to the north on Navy lands. All new structures 
would require the installation and maintenance of proprietary fire protection systems. Additional lands 
would need to be incorporated in the City sphere of influence. 

Development of areas near the boundaries of the sphere of influence would increase 
the demand for fire protection services in the south, west, and southeast areas of the City. The 
increased demand would require additional fire stations, staff, and equipment. 

The demand for fire protection services generated by buildout of Alternative 3 would 
require the installation and maintenance of proprietary fire protection systems and conformance with 
the Uniform Fire Code in the buildout areas. Buildout of Alternative 2 is anticipated to require a staff 
increase proportionate to the anticipated maximum growth rate of this scenario. An increase in tax 
revenue as a result of the increased growth shall be used to pay for increased fire services. 

f. Alternative 4. The population of the City under the cwrent growth rate would 
reach a total of 62,000. There would be a need for expanded fire protection service consistent with 
the existing level of service under buildout of the existing general plan designations. 

3.3 Mitigation Measures 

3.3.1 Police Protection 

a Impacts Common to All Alternatives. The following measures should be 
implemented by the City police department to mitigate the significant impacts to City police 
protection services by buildout of all the Alternatives. The measures should be implemented as soon 
as feasible and prior to buildout of any development that would impact existing police protection 
services. The city police department wouId analyze response times, the number of police officers, 
and patrol units to be added, depending upon service calls. General Plan revenues need to continue 
to increase and allocation of finds need to be made by future city councils. 
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o The City could investigate development fees, to finance the city police 
department, by all new development for capital improvements. Fees could be 
assessed prior to the issuance of building permits, based on a monetary 
amount per square foot of building area coverage to be developed. 

Currently school fees are required at building permit stage for residential development. 
A nexus has been established by the state to determine the fee. ($1.58/ftz for residential units and 
$0.26/ft2 for commercial structures) 

b. Alternative 1. Buildout of Alternative 1 would significantly impact police 
protection service demand, unless the following mitigation measure is implemented: 

o To adequately serve the new planning area population, the existing city police 
officer stafflevel should be increased by 24 officers to a total of 60 (based on 
the 1.2: 1,000 population ratio). 

c. Alternative 2. Buildout of Alternative 2 would increase police protection 
service demand requiring the following mitigation measure: 

o To adequately serve the new planning area population, the existing number of 
sworn officers should be increased by 54 to a total of 90 officers (based on 
the 1.2: 1,000 population ratio). 

o Additional community service officers would be required to provide non- 
emergency services. 

o An evaluation of a police sub-station should be made. Depending upon the 
evaluation a police sub-station may need to be constructed. 

d. Alternative 3.  Buildout of Alternative 3 would increase the police protection 
service demand requiring the following mitigation measures: 

o To adequately serve the new planning area population, the existing number of 
sworn officers should be increased by 84 to a total of 120 officers (based on 
the 1.2: 1,000 population ratio). 

o Additional community service officers would be required to provide non- 
emergency services. 
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e. Alternative 4. Buildout of Alternative 4 would require additional police 
officers and staff consistent with the current growth rate of the City of Ridgecrest. The current 
growth rate would bring the population of Ridgecrest to approximately 62,000 by the year 2010 and 
require a total of 74 officers (based on the 1.2:1,000 population ratio). 

f. Residual Impact. Implementation of mitigation measures in a timely manner 
would result in less than sigdcant residual impacts. If mitigation measures are not implemented the 
result would cause the police protection services of the City to decline, resulting in significant adverse 
unavoidable impacts such as increased crime and exceedance of emergency response times. 

3.3.2 Fire Protection 

a. Impacts Common to All Alternatives. The following measures are 
recommended to mitigate the significant impacts to fire protection service demand by buildout of 
Alternatives 1,2,3, and 4. The measures are to be implemented by Kern County Fire Department 
prior to the approval of development that would increase the demand for fire protection services. 
Kern County would ultimately determine the number of firefighters, type, and amount of equipment 
required, and location of fire stations based on community need. Funds to employ additional 
firefighters and supply additional equipment would be provided by the City; however, the City fire 
department will be competing with other City agencies for the allocation of funds. 

o The City should make all applications for new subdivisions, development 
plans, conditional use permits, environmental impact reports, and business 
license applications available for review by the fire department to ensure 
compliance with fire safety regulations. The Kern County Fire Department 
plans to continue to enforce fire prevention programs to minimize fire hazards 
to an acceptable level of risk along with assistance from the City of 
Ridgecrest. Fire prevention programs shall continue to include: 

- Public education programs; 

-- Annual fire prevention inspections; 

- Enforcement of State smoke detector laws; 

- F i e  retardant roofing ordinance; 

-- Enforcement ofUnifonnFire Codes as adopted by the City of Ridgecrest 
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o The installation and maintenance of proprietary fire protection systems would 
be required in all new structures. 

b. Alternative 1. Buildout of Alternative 1 would increase fire protection service 
demand, requiring the following mitigation measures: 

o To adequately serve the new planning area population, the existing fire 
department stafF level should be increased proportionately to the growth of 
the City. 

c. Alternative 2. Buildout of Alternative 2 would increase fire protection senrice 
demand, requiring the following mitigation measures: 

o To adequately serve the new planning area population, the existing fire 
department staff level should be increased proportionately to the growth of 
the City. 

d. Alternative 3. Buildout of Alternative 3 would increase fire protection service 
demand, requiring the following mitigation measures: 

o To adequately serve the new planning area population, the existing fire 
department staff level should be increased proportionately to the growth of 
the City. 

e. Alternative 4. This is a no project scenario that would require additional st& 
and equipment that would maintain the existing level of service. 

The following table (Table 3-2) is a summary of the potential personnel staffing needed to adequately 
staff the police and fire departments under the four different growth alternatives. However, no 
specific staffing numbers have been made available by the Kern County Fire Department. 
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TABLE 3-2 

Additional Emergency Service Demand of 
Development Alternatives 

Existing 
Emerg. Defici- Alterna- Alterna- Alterna- Alterna- 
Ser. encv tive 1 tive 2 tive 3 tive 4 

Police 0 26 5 6 86 3 8 
officers additional additional additionai additional 

officers officers officers officers 
F i e  0 

fire additional additional additiond additional 
dept. fire dept. fire dept. fire dept. fire dept 
staff staff staff staff staff 

contingent contingent contingent contingent 

NOTE: Police Orficer demand based on current 1.2 police officer per 1,000 population ratio for Alternatives 1, 
2, and 3. 
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SECTION I1 

Chapter 4.0 
ENERGY RESOURCES 

SETTING 

4.1.1 Natural Gas 

The Pacific Gas and Electric Company serves the Ridgecrest planning area with 
natural gas. Natural gas consists of approximately 85% methane and 15% ethane, it is typically used 
in residences for the purposes of heating, water heating, and for cooking. 

Due to its burning cleanliness, natural gas is being utilized in some industries as an 
alternative he1 for vehicles. Many (fleet) vehicles throughout the United States may be required to 
convert to natural gas sometime in the hture. The availability of natural gas resources will play an 
important role in the conversion of automobiles fiom gasoline to natural gas. Natural gas is relatively 
inexpensive and can be easily and economically transported through pipelines. Upon conversion of 
vehicles to natural gas use, the construction of natural gas service stations will have to occur. 

The Pacific Gas and Electric Company has stated that they will be able to serve any 
growth within our planning area as required by Rules 1 5B, 1 5C, and 16 as on fiIe with the California 
Public Utilities Commission. "Any upgrades in distribution facilities, pressures, etc, will be directly 
related to demand, as would additional manpower and or facilities" (DeCarlo, written communication 
1992). 

4.1.2 Electricity 

Southern California Edison Company provides electricity to the Ridgecrest planning 
area. There are three sub-stations located within the city limits that distribute electricity throughout 
the planning area. Edison has stated that they can currently meet the needs of Ridgecrest through 
1997. The needs generated due to growth will be accommodated by Edison. They have stated that 
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"As population increases, substation transformers are increased or where need be, new substations 
are buiit. (Beck, written communication 1992). 

4.1.3 Fuel Oil and Gasoline 

There are several oil and gasoline purveyors within the Ridgecrest planning area that 
provide gasoline to the existing population. The amount of oil and gasoline consumed within the 
Ridgecrest planning area is unknown, however, California Division of Oil and Gasoline has stated that 
approximately 23 1,685,000 gallons of oil are produced within Kern County (Mitchell, oral 
communication 1992). No production of oil occurs within the Ridgecrest planning area. 

3.2 Impact Analysis 

4.2.1 Thresholds of Significance 

Thresholds of significance are difficult to determine for the production and 
consumption of energy resources. Political and economic climates greatly influence the production 
and supply of these resources. Without the complex information available on the economic and 
political factors, the demand for energy resources is assumed to increase at the same rate as the 
pl&mhg area population increases under each alternative. A free market economy as well as federal 
laws will insure the availability of natural gas, eIectricity, fuel oil, and gasoline. 

4.2.2 All Alternatives 

Upon buildout of Alternatives 1, 2, 3, and 4, there would be an increase in demand 
of energy resources by 43%, 63%, 75%, and 50% respectively. These increases in demand are 
assumed to be at a constant and equal rate. However, the local level of consumption of the different 
resources will be affected by social, political, economic, and environmental factors as determined at 
higher levels (state and federal). 

As stated earlier in this section (section 4.1) the utilities will meet any increase in 
demand of the energy resources. Therefore, the impact to any increases in demand of energy 
resources would be less than significant. New discoveries of any of these resources can positively 
impact availability. 

4.3 MITIGATION MEASURES 

Although no measures are necessary to mitigate energy impacts, the following 
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conservation measures and alternative energy resources are recommended to conserve valuable 
energy resources and to minimize indirect air quaiity impacts. 

Energy conservation measures offer a low cost method of conserving valuable energy 
resources, saving the consumer money and forestalling the development of costly power plants. In 
addition, conservation measures offer the benefits of decreasing wasted energy resources, air 
pollution, and traffic congestion. 

o All development proposed under the four (4) alternatives should incorporate energy 
efficiency in building design and materials to minimize the need for heating, cooling, 
and lighting. 

o Reduction of automobile use can be achieved by providing alternative means of 
transportation to the public, particularly for commuter uses. 

o Businesses should offer employees incentives to carpool to reduce single-occupant 
vehicle use. 

o Bike lanes should be installed in appropriate areas in the planning area to separate 
motor vehicle traffic from bicyclists and encourage commuter use. 

o Encourage solar energy features in new public buildings 

o Initiate monthly reporting on public (City) energy use. 

o Research the viability of a building retrofit program. 

o Develop a library of solar and energy conservation references for use by local 
residents. 

o Evaluate the feasibility of using alternative hels in public vehicles. 

o Encourage solar access plans for new development proposals. 

a. Alternative Enerw Resources. Alternative energy allows energy conservation 
resulting in cost savings and existing sources of energy offers more flexibility to the consumer. 
Possible alternative energy resources that could be used in the hture are cogeneration, liquified 
natural gas, geothermal, solar, and wind. 

SECTION 11-4-3 



Final Environmental Impact Report 
For 
1991-2010 General Plan Update 

o cogeneration (Processes Tnvolvine the Use of Waste Heat). 
Cogeneration is a process that involves transferring steam heat into energy resources 
such as electricity. Generation of carbon dioxide and water purification are other 
potential benefits of cogeneration. 

o Liauified Natural Gas Liquified natural gas is being used as an alternative energy 
resource by some companies within the United States. Its storage capacity (1/600 the 
volume of room temperature natural gas) and its ability to be transported from abroad 
by storage tankers makes it favorable during a natural gas shortage. 

o Geothermal Energy is that which is generated from steam from the interior of the 
earth. Geothermal energ can be used as a heat source for various uses. Byproducts 
such as sulphur and many others can also be generated as a result of this energy 
source. 

o Solar energy also exists as a possibility within the City's planning area. Currently 
Southern California Edison attains some of its electricity from the Kramer Junction 
Company solar energy plant located near Krarner Junction, approximately 18 miles 
east of Boron, an area outside of the Ridgecrest planning area. 

o - Wind Intennittent heavy winds occur often within the planning area, especially in the 
spring. The possibility of harnessing some of the wind for energy does exist. 

Residual Tmoact. Because no significant energy impacts would occur as a result of 
buildout of Alternatives 1,2,3,  and 4, there would be no mitigation measures necessary and therefore 
no residual energy impact. Some of the alternative energy resources are cleaner to produce and use 
than others. For example Coal and Cogeneration production can produce pollutants. One particular 
byproduct of cogeneration, carbon dioxide, is one of the gases that may have to attain California and 
Federal ambient air quality standards. However, alternative energy resources offer the potential to 
create positive impacts. 
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Chapter 5.0 
SCENIC RESOURCES 

5.1 SETTING 

5.1.1 Existing Scenic Resources Surrounding Ridgecrest 

The City of Ridgecrest has a surrounding panorama of mountain ranges and desert 
valley floor. Visual quality involves a degree of subjective evaluation which depends on the 
perception of the individual viewer. Moreover, viewing location can greatly affect the perceived 
visual quality of the terrain. The movement of the viewer and the speed of that movement in relation 
to an area creates constantly changing perspectives and visual sequences. Therefore, the amount of 
time spent viewing an area will have a direct impact on the viewer's perception of the site. 

a. Evaluation Criteria The methodology used to assess scenic resources in the 
planning area is a three-tiered evaluation process. The visual resources within the Ridgecrest 
planning area have been evaluated on the basis of visual character, sensitivity level, and quality. 

Key to the evaluation process was the overall impression of the landscape as perceived 
fiom travel routes, and public use areas. Section 5.1.2 discusses recommended scenic drives within 
the planning area and the scenic approaches to Ridgecrest fiom which travellers can view the planning 
area's varied view scapes. 

Visual Character. The character of the planning area has been evaluated on the basis 
of relative variations in such natural characteristics as general landscape character and landforms. 

Visual Sensitivity. The viewer's sensitivity level is based on a determination of factors 
that reflect the viewer's awareness of the resource. Relevant factors include public concern, and 
frequency and level of detail with which the resource is viewed. Great concern over visual quality 
is assumed to be felt by those driving for pleasure or those engaged in recreational activities. 
Conversely, less concern is assumed to be exhiiited by those commuting to and fiom or during work. 
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Visual Oualitv A determination of the overall attractiveness of the region is defined 
as visual quality. This determination is based on the inherent characteristic variety of the resources 
and the degree to which introduced features appear uncharacteristic and incongruous with their 
surroundings, thereby attracting attention and disrupting the continuity of the scene. Factors that 
impact the viewer's determination of visual quality include the magnitude and visibility of 
uncharacteristic elements, as well as duration of the view studied. Larger, conspicuous elements 
constantly in a viewer's field of sight will have the most significance in rating the visual quality of a 
landscape. Visual quality is key to determining potential visual impacts resulting from buildout of 
each alternative, because it evaluates the viewer's perception of potential changes in the existing 
viewsheds. 

b. Natural Visual Resources. In its natural state the planning area contains scenic 
resources that give it a unique visual character. These include views of and from the mountains, and 
desert valley floor area. 

General Landsca~e Character. The planning area is defined by these major mountain 
ranges: Sierra Nevada, El Paso, Coso and Panamint. A visual boundary is created along the 
ridgelines that define the Indian Wells Valley. Situated in this physical location, the City of 
Ridgecrest offers distinctive views of mountains with extensive open space on the valley floor. 
~rans~orta t ion corridors are Highways 14, 395, and 178. These transportation corridors carry a 
significant number of users traveling through the planning area to tourist or recreation serving 
destinations who would have a major concern for the visual quality of the travel route. 

Landforms. The nonhern portion of the planning area consists of the mountain 
facades of the Coso and Panamint Ranges. The southern portion of the pianning area is bounded by 
the El Paso Mountains, the west by Sierra Nevadas, and east by the Panarnints. 

The visual quality of these hillside areas is a hnction of their open space and 
topographic diversity. The visual impact of the hillsides varies widely depending on whether the 
hillside area has been deveioped and how it has been developed (residential, commercial), as well as 
how visible the hillside area is, for example. There is significant housing development on the El Paso 
Mountain Range as well as the Cerro Coso Community College. The hillsides dominate the city's 
landscape and can be seen throughout the planning area. This distinctive topography helps to create 
a sense of city identity as the first series of ridgelines creates a visual community boundary. 

In addition to providing distinctive views fiom the urban core looking south, the 
hillsides provide residents and visitors panoramic views of the city and the desert. The hillsides to 
the north, east and west also include visually sensitive areas but were not included in the planning 
area. 
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b. Significant Visual Urban Assets. While natural resources make up an 
important part of the character of a community, they do not create the entire pictorial image of an 
urban area. Recognizing that urban elements in a community impart a distinct impression of the 
community's visual identity, the draft Community Design portion of the Land Use Element has 
developed general design guidelines and recommended scenic corridors in those portions of the 
planning area meriting special attention. 

Determinations regarding the scenic qualities associated with Ridgecrest's existing 
urban components are based on (a) city-wide setting, (b) neighborhood setting, and (c) site specific 
setting. Most of these determinations focus on developed areas in the planning area and would not 
be directly impacted by future development. However, they do offer a perspective on the urban 
design assets that make up the identity of the City of Ridgecrest and provide a framework for 
assessing the impacts future development will have on the urban character of the planning area. 

Citv-Wide Settinq. The City of Ridgecrest is characterized by a variety of 
architectural forms and urban land use patterns that have developed over the last 50 years. Most of 
this development has occurred on the level terrain of the valley floor leaving large open vistas of the 
planning area's distinctive scenic hillsides available for public observation. Historically, building 
densities have been low and building heights have been less than 35 feet. Commercial and 
government agencies are mainly centralized along the China Lake Blvd comdor. Over the last several 
years this land use pattern has been altered with the development of the Ridgecrest Towne Center and 
the WalMart Shopping Center. Large, undeveloped parcels comprise the areas surrounding the entire 
City creating an open desert environment. 

Neighborhood Setting. Within the planning area the city proposes to encourage 
development activities that would preserve, enhance, restore and improve the unique features of 
downtown; residential neighborhoods; and industrial parks. 

c. Scenic Corridors and Approaches. The image of the city is often initiated and 
experienced fiom an automobile traveling along one of the planning area's circulation corridors. To 
a lesser extent, the image of the city is also formulated by traveling through the planning area by bus, 
bicycle and on foot. 

The state highway system is the most widely traveled circulation corridor in the 
planning area. Consisting of Highways 14, 395, and 178, this system is more widely used by 
motorists than any other combination of urban thoroughfares. Highways 14 and 395 are the primary 
routes east of the Sierra Nevada Mountain Range linking northern and southern California. Highway 
178 is the primary route to the Death Valley area. Highway 178 also serves as the major commuting 
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route within the planning area. All three of these highways have views of the city's most distinctive 
natural elements (mountain ranges). 

5.1.2 Planned Improvements/Additions to Scenic Resources 

a. Scenic Corridors. The City has not initiated any hnding or study program to 
promote Highways 178 and 395 as officiai state scenic highways. To gain recognition, a local scenic 
highway survey must be conducted by the state to ensure statewide consistency with this scenic 
resources program. Criteria that must be considered include: consistency in land use and intensities; 
grading and landscaping; outdoor advertising; design and placement of structures and equipment; and 
land site planning. 

Scenic Drives. The 1986 General Plan defines scenic drives as those roads which 
typically provide natural rather than a man-created views, and has indicated the following routes for 
consideration as scenic drives in Ridgecrest: 

o China Lake BIvd. 
o Bowman Road 

f 

The proposed General Plan update adds these comdors to the list of scenic drives: 

o Inyokern Road 
o Norma Street 
o Ridgecrest Blvd. 
o College Heights Blvd. 
o Downs Street 

While these drives offer unique viewing opportunities, more often than not, man- 
created views dominate the viewer's field of vision and greatly influence the visual perception of the 
planning area. This allows the city to give special consideration in environmental review to the lands 
adjacent to these roadways as potentially distinctive and valued for their scenic resources. 

All these drives are primary travel routes and have distinctive views of the mountain 
ranges. Given this criterion, these drives have a high sensitivity level. 

Scenic A ~ ~ r o a c h e s  and Entrvwavs. The city has three clear distinctive entryways; 
Inyokem Road, East Ridgecrest Blvd. and South China Lake BIvd. The purpose of these approaches 
is to inform even the causal visitor that they are entering the city of Ridgecrest. All approaches offer 
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a scenic backdrop of mountain ranges. These areas are an important element in creating a city 
identity by providing opportunities for focal points that convey a strong initial visual image. 

The city does not have a &ding program established to enhance the visual character 
of areas located within developed areas of the city or to protect viewsheds seen from these scenic 
approaches and entryways. However, undeveloped parcels located within designated scenic 
approaches and entryways scheduled for development must meet the design criteria prepared in the 
Land Use Element for these specific areas. 

5.2 IMPACT ANALYSIS 

5.2.1 Significance Thresholds 

A determination of significant visual impacts resulting fiom buildout under each 
alternative is based on standards of visual character, visual sensitivity, and visual quality. A 
potentially significant visual impact is assumed to occur when the casual viewer can perceive a 
transformation in the physical environment that results in a change in the quality of a scenic resource. 
Changes in the visual quality of the planning area have been assessed by estimating declines or 
improvements in visual condition classifications that would occur as a result of buildout !?om each 
alternative. Areas where hture development would have a significant adverse, significant but 
mitigable, less than significant, or beneficial impact on the existing visual character of the planning 
area were evaluated. 

5.2.2 Impacts on Existing Resources From Buildout of Each Alternative 

The potential sigmficance of the visual impacts for each buildout scenario is based on 
the degree to which existing scenic resources could potentially be altered. Absolute determinations 
of visual quality cannot be ascertained at this level of evaluation because the visual impacts of 
development relate not only to modifications that would occur on the land, but also to an individual 
project's location and the circumstances under which it is viewed. Siting and design of specific 
projects can significantly affect project visibility and the degree to which it blends or contrasts with 
natural and urban elements. Therefore, actual impacts should be reviewed on a project by project 
basis during the permitting process. 

a. Chanees in Views From Freeways and Maior Roadways Associated with Each 
Alternative. 

The motorist's perception of the planning area is generally gained fiom initial 
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impressions of the region formulated at the scenic routes identified in Section 5.1.2. 

Changes in the viewshed associated with the elimination or degradation of natural 
resources visible from the planning area's scenic approaches and corridors would adversely impact 
the adopted and recommended scenic routes. This could potentially result in streets and highways 
loosing their eligibility as scenic drives and highways. Reductions in visual quality would also lower 
visitor and resident assessments of the planning area as a unique visual resource area. 

Buildout that would result in creating a sense of urban identity at City entry points 
could have a potentially beneficial visual impact on the planning area. 

Section 5.1.2 identses highly sensitive and moderately sensitive scenic corridors and 
reflects the visibility of the hillsides from the scenic approaches. 

b. Visual Effects ofN~eht Liehtine and Glare Increases. Increased development 
generated from buildout of Alternatives 1 through 3 would incrementally increase the amount of 
ambient night light in the planning area. Under all alternatives, the hillsides in the southern portion 
of the planning area would be most significantly and adversely impacted by the increased light which 
could alter the nocturnal atmosphere of these areas. This could change the visual condition 
cl~sification of the hillsides as the viewer's perception of this area shifts fiom rural to suburban. 

5.3 MITIGATION MEASURES 

The City of Ridgecrest has no current policies or ordinances to preserve the aesthetic 
quality of the natural and open areas of the community. To fully mitigate the impacts associated with 
the buildout generated by each alternative; the following measures should be implemented as soon 
as is feasible and prior to allowing any action that would adversely affect the designated resource 
areas: t 

o Alternatives 1. 2. and 3. These measures would be required by the City to 
reduce the impacts of development under Alternatives 1, 2, and 3 to a less 
than sigdcant level. 

o Establish precise scenic comdor boundaries located adjacent to the designated 
scenic drives (process has the potential to affect property owne+s use of their 
land within scenic comdor boundaries). 

o Adopt architectural and landscape standards for scenic comdors, scenic 
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approaches, and entryways to create a sense of identity through aesthetic 
treatment of natural features and enfiamement of public viewing 
opportunities. 

o Incorporate plant materials that are resistant to NOX, TSP, ozone, and acid 
deposition into the city plant list. 

o Implement standards requiring developers to hood light fixtures and orient 
them away fiom surrounding residential units. 

o Orient structures so longest dimensions are not in full sight of public views 
along sensitive scenic comdors to minimize structural mass and optimize 
views of open spacdandscaping. 

o Provide building setbacks a minimum of 20 feet from property lines and vary 
setbacks to prevent a solid wall of development along scenic comdors and to 
provide adequate buffering between dissimilar land uses. 

o Encourage clustering of structures and development of open space easements 
to minimize visual impacts in view shed areas. 

o Place utilities underground in new developments and when redevelopment 
requires replacement of existing utilities. 

o Develop architectural standards restricting heights of structures to below tree 
lines to minimize their impact on distant views within scenic comdors. 

o Maintain existing trees in flourishing condition in future development plans 
whenever possible. 

o Use landscape materials that reflect the color, size, and texture of the 
surrounding area and that require minimal supplemental water to flourish. 

o Require vegetative buffers, consistent with the natural setting of the region 
within scenic corridors. 

Residual Impacts. Implementation of all measures described above would not klly 
mitigate the following impacts in the planning area: 
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o Buildout under all alternative would result in a potential increase in 
atmospheric pollutants (NOX, ROC, TSP, ozone and acid deposition). This 
increase could cause potential damage to vegetation and building surfaces. 
Potential damage may be unavoidable over the long-term. Significance of 
residual impacts would increase progressively with each succeeding 
alternative. 

o Buildout would result in siplieant loss of open space that would not be fblly 
mitigated by any of the recommended measures. 

o Buildout would result in a significant increase in ambient night light that 
would not be fully mitigated by the recommended measures. 
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Chapter 6.0 
SOLID WASTE 

' 6.1 SETTING 

6.1.1 Source Reduction and Recycling Element and Household Hazardous Waste 
Element 

The City of Ridgecrest City Council adopted a Source Reduction and Recycling 
Element (SRRE) and a Household tlazardous Waste Element (HHWE) by Resolution 93 - 17 on April 
7, 1993. These elements address solid waste issues for the City of Ridgecrest as directed by 
Assembly Bill 939. In the same resolution, the City Council found that the Program Environmental 
Impact Report adopted by the Kern County Board of Supervisors by Resolution No. 92-604 
adequately addressed the impacts associated with the SRRE and HHWE. 
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Chapter 7.0 

HISTORIC 
AND 

ARCHEOLOGICAL RESOURCES 

7.1 INTRODUCTION 

This section is an analysis of the archaeologic and historic resources in the planning 
area supplemented by consulting professionals in their respective areas of expertise. An 
archaeological literature search of the planning area was conducted by Dr. Mark Q. Sutton of the 
Southern San Joaquin Valley Information Center, California State University, Bakersfield. The scope 
ofwork entailed: (a) a cultural resource records search of archaeological documents, (b) an impact 
analysis, and (c) the formulation of appropriate mitigation measures. An historical literature search 
of the planning area was also conducted. The scope of work was similar to (a), (b), and (c) above, 
augmented by a broad field survey of areas not previously surveyed for potential resources. 

7.1.1 Setting 

The Indian Wells Valley has been identified as a prehistoric and historic area. 
However, only a portion of the Valley area has been extensively surveyed for prehistoric or historic 
archaeological sites. In reviewing the literature, it was noted that even though this area has a harsh, 
dry climate, extensive travel through the area occurred. Prehistoric peoples used the area for such 
seasonal activities as hunting and the procurement and reduction of lithic resources. Historic use of 
the area has been focused on the mining of mineral deposits. 

Most cultural activity within the City of Ridgecrest occurred in recent history. 
Historic reference is uniformly confined to NAWS perimeters. The following information on local 
resources was taken fiom the Preliminary NAWS Master Plan. 
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This chronologicai summary is based on Coombs and Greenwood (1982), Elston and 
Zeier (1984) and NAWS Environmental Division (1 984), except where noted. 

7.1.2 Prehistoric and Historic Overview 

a. Earlv Prehistoric Inhabitants. The earliest human occupation dates for the 
China Lake area have been debated among archaeologists. Some archaeologists, most notably Emma 
Lou Davis, believe that occupation dates back to when Pleistocene Lake China covered most of the 
area between the White Hills and the present southern boundary of the China Lake Complex. 
Lndian artifacts and mineralized bone fragments from Rancholabrean animals have been found in the 
dry playa of the ancient lake (Davis, 1978). 

Other archaeologists believe that the eariiest cultural period in the base area is the 
Lake Mojave Period (10,000 B.C. to 5000 B.C.). Diagnostic artifacts include large leaf-shaped and 
stemmed points, crescents, and a variety of knives, scrapers and gravers. Groups were apparently 
small and highly mobile. The Pinto Period (5,000 to 2,000 B.C.) was a time of sparse human 
occupation or perhaps abandonment of some areas. A hunting and gathering society rotated between 
permanent base camps with storage facilities adjacent to rivers and springs, and temporary base camps 
and task sites in upland areas. The subsistence pattern during the Gypsum period (2,000 B.C. to A.D. 
500) apparently emphasized hunting, although seeds were also processed. The petroglyphs in the 
Coso Range may indicate the importance of hunting ritual. The Saratoga Springs Period (A.D. 500 
to A.D. 1200) saw the introduction of the bow and arrow. Other artifacts of the period include 
milling stones and manos, incised stones, and slate pendants. The Shoshonean Period (A.D. 1200 to 
the present) includes groups who occupied the area at the time of historic contact and had large 
winter villages in the Coso Range. Diagnostic &acts include projectile points and pottery (Coombs 
and Greenwood, 1982; Elston and Zeier, 1984). 

c. Historic Backeround - - Earlv Indians In historic times, the NAWS area was 
the province of three Nurnic peoples: the Koso, Kawaiisu and Chemehuevi. The Chemehuevi and 
Kawaiisu, southern Paiute groups, occupied the southern portion of the NAWS, including the 
southern end of the China Lake Complex. However, this was not their primary area. In the west, 
the Kawaiisu were concentrated in the Tehachapi Mountains, while the principal Chemehuevi 
settlements were located further east, particularly along the Colorado River. 

The Koso, or Panamint Shoshone, the western most member of the Shoshoni- 
Comanche division of the Plateau Shoshoneans, occupied the northern portion of the NAWS, 
including the Coso Mountains, Indian Wells Valley, the Argus Range and Panarnint Valley. This was 
the core of the Koso temtory. The Coso Mountains and the Little Lake area formed the Kuhwiji 
district, an area of approximately 1,000 square miles which contained four villages. Two of the 

SECTION 11-7-2 



f i u f  Environmentaf Impact Report 
For 
1991-2010 General Plan Update 

villages were on what are now base lands, one at Coso Hot Springs and the other at an unidentified 
spring area, perhaps Coso (Cold) Springs, located approximately five miles south of Darwin. 

The harsh desert environment permitted only sparse populations. Groups moved with 
the season and in response to the local water and food supply. They traded with both coastal and 
central valley groups to the east. They apparently traded for goods that were consumed locally as 
well as serving as intermediaries in commerce. Obsidian was heavily mined and was used for trade 
as well as for local uses. Remnants of extensive obsidian mining, covering several miles, have been 
found in the vicinity of Sugarloaf Mountain, in the China Lake Complex. 

d. Minine/Ranch Activitv Jedediah Smith and Joseph Walker passed through the 
general area between 1825 and 1935. They are credited with the development of a north-south 
transportation route along the east side of the Sierras; it passed just west of the base boundary. 
Several other groups passed through the China Lake area, most notably the Death Valley Party of 
1849. The records of these lost emigrants may well be the first account of travel on land presently 
within the naval base boundaries. Since little was known of the China LakdOwens Valley area, 
surveyor AW. Von Schmidt was hired to do the ilrst official survey in 1855. He recorded a roadway 
leading to a spring called Granite Wells, near Pilot Knob. This site is perhaps the earliest known 
historical use of land in the China Lake area. 

The first permanent Euro-American settlement in the China Lake area was the direct 
result of silver and gold mining activity. In 1860, Dr. Darwin French's party discovered silver in the 
Coso Mountains, in the northern part of the China Lake Complex, and shortly thereafter, discoveries 
were made in the Slate Ranges, in the northern portion of the Mojave B North area. Miners swarmed 
to the Coso and Slate Ranges, and the mining camps became the chief places of population south of 
Mono Lake. Coso Viage (old Coso) is considered to be the first Euro-American settlement on the 
naval base, and was inhabited through the early 1940s. It played a major role in the development of 
the mining industry in the area. 

In 1873, the first mining discoveries were made in the Panarnints, northeast of China 
Lake. One of the transportation routes traversed across the Mojave B Ranges. A mining center was 
located at Copper City, in Mojave B South, and a few hundred people inhabited the area until around 
1890. The roads in the area increased traffic and settlement and facilitated the growth of the borax 
mining industq, particularly the development of the Death Valley borax trade in 1882. The famous 
"20-mule teams" traveled in a northeast/southwest orientation across the Randsburg Wash/Mojave 
B Complex. In addition, the San Bemardino Borax Mining Company, formed in 1873 to compete 
with the 20-Mule Team trade, traversed a portion of the China Lake region. 
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The mining activity was responsible for the establishment of the ranching industry in 
the China Lake area. The first documented ranching activity near China Lake was at Haiwee 
Meadows, where Bart Bellows maintained the Goat Ranch, with 8,000 imported angora goats. It is 
probable that Bellows, and others like hun, utilized what is now the naval base for grazing. The oniy 
permanent ranch known to have been located on China Lake was Junction Ranch, which was located 
near the present project area by that name. From the 1880's to the early 1900s, the Ranch served as 
a way station, from which trails branched to Darwin, the Panamint Valley, and along the ridge of 
Renegade Canyon. 

The ranching industry was the catalyst for the beginning of the Indian Wars, which 
continued sporadically fiom 1862 to 1867 but apparently had little impact on Indian Wells Valley. 
Seasonal cattle grazing continued in the area through the 1940s. Cattle were wintered in the Junction 
Ranch, Mountain Springs Canyon, and Argus Range areas, with limited activity in the Randsburg 
WashIMojave B Complex. 

A minor mining boom apparently took place about 1900 near the western edge of 
Mojave B North. In addition, an epsom salt deposit was discovered in Mojave B Nonh and a 
monorail was completed in 1924 to bring the mineral out of the inaccessible area. Numerous 
technical and legal problems were encountered, and the operation ceased in 1928. 

Mining continued in the China Lake area, primarily in the Randsburg WashlMojave 
B Ranges, between 1925 and 1945. Little mining took place on the China Lake Complex during this 
period, although some quicksilver mining occurred at Devil's Kitchen. No major deposits appear to 
have been developed. 

e. Earlv Rideecrest. 

The first introduction of Euro-Americans to Indian Wells Valley occurred in 1849 
when the Maniey and Jay Hawker parties found their first water at Indian Wells after five days of 
trekking across the Argus Range. 

Early settlement of Indian Wells Valley centered around Inyokern. Inyokern was 
originally called Siding 16, as a stop for the railroad during the construction of the Los Angeles 
aqueduct. Siding 16 was eventually named Magnolia, finally Inyokern in 1910. 

Early homesteaders, like the Cans and the Sterlings were forced to give up their 
homestead in 1943 to the Navy for as little as $4 an acre for developed lands and $1 for undeveloped. 
The Sterling Ranch, located north on China Lake property, raised and broke pack mules and horses. 
The animals were used for backpacking into 9-Mile Canyon, and for packing products which included 
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Borax for Trona. The Sterling family owned and operated several local mines, including, the Sterling 
Queen Mine at "B" Mountain, now on Navy property. The mine produced gold and silver. 

Another homestead, the Stare Ranch produced peaches, grapes, vegetables and 
chickens. Military personnel utilized this ranch as Sandquist Spa for recreation once the ranch was 
taken by the Navy. This park area was the spot for dances, barbecues and family gatherings. 

Another 1912 homestead by a family named Robertson was purchased by Mr. and 
Mrs. John McNeil. The McNeils, who owned and operated a store in Inyokern, established a dairy 
on their newly purchased property. Robert and James Crum bought the McNeil Ranch after McNeil's 
death. The Crum Dairy was located on the north side of Ridgecrest Boulevard near where Norma 
Street is now. By late 1912, the small community was known as Crumville. 

Grant Bowman came to the Valley in 1913 and homesteaded 160 acres under the 
Desert Entry Act. He called his ranch Las Flores. Family members took up claims to ultimately own 
almost 1000 acres of Iand. Bowman Ranch, which was called Shangri-la, is located in the area of So. 
China Lake Blvd. and Bowman Road. The Bowmans also homesteaded 160 acres located between 
W. Ridgecrest Boulevard to Sunset, then south to Upjohn. 

On June 27, 1941, Ridgecrest got its name and post office. The first post office was 
located in Bentham's store at the southwest comer of China Lake Blvd. and Ridgecrest Blvd. Bill 
Bentham became the first postmaster. This is the current site of the Bank of America. The name for 
the community was selected through a contest, initiated by the Bentham girls. Names were 
submitted. Sierra View was fist choice. However, Sierra View was officially rejected because it was 
felt that there were too many towns in California that contained the name Sierra. Ada Thompson, 
a visiting friend of the Benthams, suggested the name Ridgecrest. Ridgecrest won over "Gilmore" 
(the name of the gasoline sold by Bentham) by only one vote. 

Prior to 1943, most residents were Depression era farmers that came to this area for 
a new start. It was generally an agriculturai community with cattle ranching, alfalfa fields, dairies and 
truck farms. 

NOTS (Naval Ordnance Test Station) was established in November 1943 at its first 
headquarters at Inyokern Airport which was called Harvey Field by the Navy until deactivation in 
1946-47. The station consisted of eight quonset huts and test ranges. The airport was returned to 
the county in 1947 after construction of facilities at China Lake. One of the most significant 
construction projects was Michelson Laboratory (named for the first American Physics Nobel 
Laureate). 
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After the Navy came, Ridgecrest was a boomtown. Many lived in make-shift housing 
in Ridgecrest and Inyokern. Tents and small house trailers provided the housing for construction 
people, Navy personnel, and Department of Defense employees. People lived in trailer parks that 
had central bath houses and restrooms. The first religious structure was the First Southern Baptist 
Church on the comer of what is now Ridgecrest Boulevard and Noxma Street. 

f. China LakeINavv Influence 

When the Navy came in 1943 to build the Naval Ordnance Test Station at China Lake, 
Ridgecrest had approximately 30 homes and 100 residents. Total school enrollment for Ridgecrest 
and Inyokern was 28 students. By spring of 1944, it had risen to 2,800 students. There were only 
two small grocery stores, five gas pumps, one school, one church, no hospital or bank. 

To prevent possible health problems unless some sanitation and civic planning was 
done immediately, Commander Sandquist sent a crew of engineers to help lay out a subdivision on 
Joe Fox' property with roads and waterlines. Fox laid water lines during the day and at night sold 
lots. Construction material was at a premium. Anything that could be located from corrugated steel 
to packing crates was utilized. Joe Fox even used the native tufa rock (fiom the Trona Pinnacles) 
as building material for several of the homes that he built. A few tufa structures remain and are 
generally located in the vicinity of Ridgecrest Blvd. and Norma Street. 

Navy personnel found housing in mining shacks while quonset huts and pre-fabs were 
being constructed on base. The Navy operation was referred to in the Saturday Evening Post as the 
Navy's Land of Oz. 

"Following V-J Day, when both the Army and the Navy sweated over cutbacks and 
cancellations, one military project was accelerated to full steam ahead. This was 
operation NOTS-the Navy's Land of Oz-a hitherto secret base, in a forbidden area 
about the size of Rhode Island, isolated in California's vast, rugged Mojave Desert. 

"...Naval Ordnance Test Station was a top priority undertaking huniedly set up in 
1943 to overcome the German's lead in deadly rocket missiles. 

"...an inspection of this fearsome desert Naval Base provides an awful glimpse into 
the fate of humanity if ever another world war breaks out. 

" '...Our job is not so much to prepare for the next war, but to help the United States 
get so far ahead in weapons that there will never be another war,' explained Capt. 
James B. Sykes, second commanding officer of the NOTS. 
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"...The Navy's Land of Oz is here to stay, insurance that never again will the United 
States be caught 10 years behind or 10 hours behind in the rocket fire. As Capt. 
Sykes says, '1 0 hours may decide who wins the war." 

The Saturday Evening Post, June 29, 1946. 

A Cal-Tech program at NOTS, headed by Dr. C. C. Lauritsen, tested the first rocket 
modification fiom the dry China Lake during the winter of 1943. The first major contract for the 
construction of facilities on NOTS involved more than $25,000,000. Fifteen months after the start 
up date, the contract was terminated. Only 93% completed, an expenditure of over $54,000,000 was 
realized. The first year after construction, over 7,000 people worked on the base. NOTS was 
renamed the China Lake Naval Weapons Center, and then again renamed the China Lake Naval Air 
Weapons Station (NAtVS). 

The following chronology was culled from local newspapers' headlines and articles: 

1952, January - First Sanitation District formed in January of 1952. It was partly 
w c e d  by a $375,000 federal grant and the remaining $242,000 was raised through a newly formed 
assessment district. 

1953, December - Wherry Housing construction begins. Rents started at $81.50 for 
a three bedroom unit and $71.50 for a two bedroom unit. 

1954, August - Development of Balsam Street a s  a 110 foot thoroughfare with a four 
foot plaza section down the center started with the development of a new post office (4,752 sq. A.) 
located at the northwest comer of Balsam and Station Streets. 

1954, September - First Street light in Ridgecrest goes in at the comer of Ridgecrest 
Blvd. and China Lake Blvd. (better known as Miracle Mile). 

1955, June 16 - New billboard installed on Highway 6 (14) - "Death Valley - High 
Sierras via Ridgecrest - A modem Shopping Center - Pop. 6,700 

1955, December 29 - Federal Court Jury comes to Ridgecrest to take testimony on 
a federal case where "Rocket Town" promoters were charged with using the mail to defiaud in 
connection with the sale of lots in the Rocket town tract (Ridgecrest Heights). 

1956, - Indian Wells Valley Water District formed. 
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1956, February 14 - The seeds for incorporation were planted when the Ridgecrest 
Chamber of Commerce made available a report on "Should Ridgecrest Incorporate?" 

1956, Apd 5 - Eight men connected with the Rocket Town promotion were convicted 
of fleecing more than $2 million fiom investors. They were found guilty of 68 counts of mail fraud. 

1958, December 4 - Efforts were made to form a Ridgecrest Area Planning Committee 
to request that the Kern County Board of Supervisors authorize a planning shdy of the community. 
This study would include a zoning map of the area. 

1960, February 4 - Ground Broken for Las Flores Elementary School. 

1960, March 3 1 - Interim Zoning goes into effect 

1962, July 19 - County Board of Supervisors approve adoption of General Plan for 
'the Ridgecrest area 

1963, April 25 - Petition for Intention to Incorporate was filed by the Ridgecrest 
Incorporation Committee. 

1963, June 7 - President John F. Kennedy visits China LakeEdgecrest. 

1963, November 19 - Ridgecrest incorporates by a 12% margin - 896 to 794. Of the 
2,3 17 registered voters, 73 percent cast ballots. 

1963, December 26 - First Planning Commission appointed. 

1964, June 25 - The budget for the first full year as an incorporated city was approved 
at expenses of $237,212 and revenue at $288,250. The first City General Plan consisted of only three 
elements: Land Use, Transportation and Community Facilities. 

1967, the first assessment d i k c t  (AD. 1) was formed to provide street improvements 
to the "Miracle City" tract (area southwest of Las Flores Ave. and China Lake Blvd.). 

1969, Feb 27 - New pool at Henry Hellmers Park named John Pinney Memorial 
Swimming Pool in honor of local resident Sgt. Pimey who died in Vietnam. 

1983, Dec 13 - Councilmembers L. Neal Webb and Donavon Padgett were recalled. 
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1985, May 3 1 - Ridgecrest Redevelopment Agency formed. 

1988, Sept. - Ridgecrest Housing Corporation purchases Cirnrnarron Gardens Housing 
Project. 

1989, Sept. 9 - Cornerstone for new Ridgecrest Civic Center laid. 

7.1.3. Significant Recorded Prehistoric and Historical Sites Present in Planning Area. 

a. Sienificant Recorded Prehistoric Sites An inventory of archaeological surveys 
within the study area was completed by the Southern San Ioaquin Valley Information Center, 
Bakersfield, the official repository for all data concerning Kern County surveys, site records, 
excavation reports, and relevant literature. Summary of information found is conditioned by certain 
constraints: 

o There are no recorded archaeological sites within the project boundaries. It is 
unknown if archaeological sites exist there. 

o Very little of the planning area has been examined for archaeological resources - 400 
acres and five miles of linear survey along roadways in a 44 square miles project area 
(only 1.5% of the total area.) 

o There are several recorded archaeological sites and isolated artifacts within a one mile 
radius of the project boundaries. These sites include rock alignments, lithic scatters, 
rock shelters, bedrock milling features, and a site complex of approximately 40 acres 
that contains severai loci of both aboriginal occupation and early mining activities. 

o Numerous archaeological resources exist on the China Lake NAWS to the north of 
the City of Ridgecrest, includiig some of the highest concentration and best preserved 
petroplyphs (rock art) in the United States. One site located three miles north of the 
City of Ridgecrest boundary is a very large complex covering approximately one 
square mile. This site contains many thousands of lithic debris and hundreds of 
artifacts includiig diagnostic projectile point styles suggesting an occupation that may 
date to 10,000 years ago. 

o Within the City of Ridgecrest project boundaries there are no historic properties listed 
on the National Register of Historic Places, the California Historical Landmarks, the 
California Inventory of Historic Resources, nor the Directory of Determination of 
Eligibility (for the National Register of Historic Places). 
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o Although there are no recorded archaeological sites in the study area, there is a 
possibility that archaeological resources might be present. The project area 
encompasses 44 square miles, yet only 400 acres (approximately 1.5%) has been 
systematically surveyed for culturai resources. The entire Indian Wells Valley is 
considered to be archaeologically sensitive and numerous sites are known and 
recorded in other portions of the valley. It is likely that prehistoric archaeological 
sites exist within the study area. In addition, sites associated with early mining 
activities may also exist. 

b. Significant - Historic Resources. Potential historic resources in the 
Ridgecrest area generally comprise of structures that are of unique architectural design or material 
(tufa structures on Ridgecrest Blvd. and Norma Street and 50's style buildings with curved corners 
on Balsam Street and southeast China Lake Blvd. and Ridgecrest Blvd.) and of significant local 
history (U.S.O. building on West Ridgecrest Blvd.) (Refer to Table 7-1 for a listing of potential 
historical sites/structures). No structures were found to be eligible for the National Register. 
Potential resources were found to be of local interest only. Historic and/or subsurface resources may 
exist in other parts of the planning area that have not been recorded. Any fbture changes to these 
areas would require a comprehensive survey of historic resources to determine their significance. 

7i1.4 Policies and Regulations for Protection and Preservation of 
ArchaeoIogic/Historic Resources 

Historic resources within the City of Ridgecrest are afforded protection if they are 
found to be listed under one of the following categories: potential local landmarkldistrict, local 
landrnark/district; National Register of Historic Places; State Landmark or Point of Interest. 

Those properties listed as state landmarks or points of interest are afforded some 
protection under the California Environmental Quality Act (CEQA). If the designated property is 
potentially affected by any development action, a study of impacts and mitigation is required. 
Currently, in the City of Ridgecrest, there are no State Historic Landmarks. CEQA also applies to 
archaeological sites, and Section 21083.2 defines "uniqueness," which must be evaluated by 
professional investigation, usually on the basis of fairly substantial subsurface testing. 

Potentially eligible historic structures remain unprotected unless they come under the 
CEQA review process when a project site is proposed for development. If historic resources appear 
to exist, a report as to the historic significance of the property shall be done and reviewed by the 
Planning Commission as to the significance of the property or for the potential that it may contain 
archaeological resources. 
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TABLE 7-1 

POTENTIAL HISTORICAL SITES INVENTORY 

1. Joe Fox home at s/w Norma Structure built of Tufa Rock and lumber from old desert homes 
Ridgecrest Blvd. and mines 

2. First Baptist Church First Church in Ridgecrest built in 1943. 
n/e Norma and Land was donated by the Foxes. 
Ridgecrest Blvd. 

3. Holland and Lyons United Methodist Church was originally located at this site. 
Mortuary (Norma St) 

4. Early Ridgecrest Structures made from Tufa Rock and lumber from old desert 
. . homes off Sunset homes and mines. 

5. Kern County Health Original site of the Ridgecrest Library 
Clinic (FUC Blvd.) 

6. Old Kern County Old U.S.O. site donated by Joe Fox. In 1946, Kern County 
Building (RfC Blvd) the building acquired for staff offices and courts. 

7. The Drawing Room Oldest business under the same management for 47 years. 
mdgecrest Blvd.) 

8. 123 N. Balsam Site of Ridgecrest Post Office, Sears Catalog Store and a 
Bank of America Branch. 

9. Various Structures located 50's architectural style curved comers 
on Balsam St. and s/e China 
Lake Blvd and E. Ridgecrest Blvd. 
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Human remains are protected under Section 7050.5 of the State Health and Safety 
Code, and Section 5097.94 of the Public Resources Code. In the event of such discovery, work is 
to be halted in the vicinity or any nearby area reasonably expected to overlie adjacent remains. The 
County Coroner is to be notified promptly to determine whether the remains are Native American. 
If the Coroner finds that the remains are not subject to the authority of that office, he or she is 
charged with notlfjring the Native American Heritage Commission, which will then identifj. and notify 
descendants of the deceased to arrange for the removal, study, and reburial of the individual(s). 

7.1.5 Native American Representatives 

The Native American community has deep concern for sites and places that provide 
ties to the lifeways of their ancestors and those who came before them. Such areas provide a material 
link to worid views and mythologies that are stiil alive within Indian communities. Such places may 
include gathering places that are habitat for dwindling plant and animal life, shrines or other 
ceremonial locations where development would have a direct impact on current cultural and religious 
practices, properties containing burials, and open spaces where it is still possible to view the 
undeveloped world, as well as the recorded villages and known archaeological sites. 

IMPACT ANALYSIS 

7.2.1 Thresholds of Significance 

Archaeologic and historic resources are not amenable to quantitative measures of 
impact; the total inventory is unknown, the current condition of many sites recorded is uncertain, and 
in contrast to certain natural resources that can be restored, they are irreplaceable and non-renewable. 
The National Register of Historic Places was designed as a planning tool; to meet the criteria for 
s i ~ c a n c e ,  an archaeologic or historic resource need not be the last, only, biggest, or oldest of its 
kind, only an important representative. Numbers of resources do figure into determinations of 
sigdicance, however, in the sense that the scientific values of a given site may become more critical 
if all, or most, other examples of its type have disappeared. 

The approach to assessing archaeologic or historic resources is, instead, qualitative 
and site-spdc. The criteria for significance, which determines whether mitigation is required, are 
made explicit in the guidelines for CEQA and eligibility to the National Register of Historic Places. 
Both set standards for evaluating whether a site possesses integrity and scientific (or unique, under 
CEQA) research potential. Archaeological sites may require subsurface testing to gather the data 
needed for this assessment, and to develop recommendations for the mitigation of impacts upon those 
found to be significant. It is necessary to ascertain the site boundaries, depth, complexity, 
chronology, cultural affinity, components, and integrity. The evaluation is a professional opinion, 
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subject to the final determination by the State Historic Preservation Officer. 

There is, therefore, no acceptable ration of expendable archaeologic and historic sites. 
Each resource is evaluated separately. For those found to be not significant, no further attention is 
necessary; for those evaluated as significant, mitigation of impacts is required. 

A potentially significant impact would result if recorded archaeological and historic 
resources (all local, county, state, and national register landmarks) and potential historic landmarks 
exist within any of the following development areas identified under each alternative: 

o Undeveloped or rural areas proposed for development; 

o Currently developed areas in which the density proposed is higher than 
currently designated or a different land use designation is proposed than 
currently exists; and 

o Partially developed areas that are currently designated for higher density than 
presently allowed. 

Potentially significant unknown archaeologic and historic resources could exist 
throughout the planning area that could be significantly impacted by specific projects proposed under 
any of the three alternatives. Such resources can only be identified through site-specific research 
survey and inventory. 

The significance of an archaeologic or historic resource is most appropriately 
determined during the site-specific project planning and review stages of the development process. 
More detailed and conclusive testing and evaluation should be conducted at that time based on state 
and national guidelines. Once that determination is made, the significance of a proposed project's site 
specific impacts can be identified by deciding if the resource would be demolished or altered or if the 
surface would be significantly disturbed. 

7.2.2 Impacts on Existing Archaeoiogic Resources 

Impacts upon archaeologicai resources may be caused by any process which disturbs, 
removes, redistributes (i.e., scatters), or otherwise affects the contents and integrity of a cultural 
deposit. Such impacts may be caused directly by the more obvious activities related to grading or 
construction, but also by developments on one property which may cause erosion on another, or by 
exposing heritage remains to vehicular traffic or unauthorized collecting. Even the most rigorous of 
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archaeological excavation results in loss to the cultural resource, so the use of heritage sites for the 
training of students is another form of impact, as well as contrary to the ethics of the profession. 

Significant unknown archaeologic resources could exist throughout the planning area 
that could be significantly impacted by specific projects proposed under any of the three alternatives. 
Such resources can only be identified through site-specific research survey and inventory. 

7.2.3 Impacts on Sensitive Native American Resources 

Development of the three alternatives could occur in areas considered sensitive by 
Native American representatives. Particularly, sensitive lands in and adjacent to the El Paso 
Mountains and the NAWS may be impacted by direct alteration or destruction or by limiting access. 
Specific sensitive areas that may be affected cannot be determined at this time. The City would need 
to consult with Native American representatives prior to allowing development in the broad areas of 
sensitivity to avoid or mitigate potentially significant impacts. 

7.2.4 Impacts on Existing Historic Resources 

a. Alternative 1. 2. and 3. Under present development conditions, significant 
historic resource impacts could occur in the Ridgecrest Blvd. area, Balsam Street area, and the area 
located at the southeast comer of Ridgecrest Blvd. and China Lake Blvd., due to inadequate existing 
protection of these resources fiom alteration or elimination. 

For structures or sites that may be eligible for the National Register of Historic Places, 
alteration of the setting is an impact which must be considered. Thus, it's not just pressure to convert 
an historic building to another use which may result fiom growth, but effects of higher buildings, 
greater density, loss of open space or viewshed, etc., which affect designated resources. 

7.3 MITIGATION MEASURES 

7.3.1 Archaeologic Resources 

Prior to approval of a specific project proposed under any of the three development 
alternatives, the City should develop a program for the mitigation of impacts upon significant 
archaeologic resources. This program should include completion of three phases: 

o The City should require project developers to find site-specific research 
surveys and inventories of site resources conducted by professional 
archaeologists, if existing information is not adequate, on any property where 
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the data base and professional experience suggest that prehistoric or historic 
remains may be present. (This determination should be made by a 
professional archaeologist, either on staff or as a consultant to the City, or 
through consultation with the local archaeologicai/historical society.) 

For most of the planning areas, the existing inventory is not complete, and the 
existing list of known archaeological sites cannot be accepted as identifying 
all of the potential resources. If an area being considered for development has 
not been surveyed according to contemporary professional standards, this step 
is necessary; for sites recorded in the past, an inspection may be required to 
determine its current condition. 

The results of investigations in other areas have demonstrated that intact 
Indian and historical deposits may survive even on properties which have been 
developed. When undertaken timely in the planning process, such studies no 
not delay project development; without them, resource management is 
impossible. 

o The significance of any such resources should be determined according to the 
criteria of CEQA and the National Register of Historic Places (NRHP); 

Once the resources of a given area are identified, they must be evaluated for 
significance, since mitigation for potential impacts from development is 
required only for those identified resources which meet established criteria. 
The assessment of archaeological sites will almost always involve subsurface 
testing to establish the site boundaries, depth, complexity, chronology, and 
integrity. Such data are needed to evaluate the significance of a site under 
criteria for nomination to the NRHP or its importance under CEQA, and to 
foxmulate a program for mitigation. The assessment is made by professional 
archaeologists qualified in the appropriate disciplines (prehistoric or historical 
archaeology), and the determinations of significance are ultimately confirmed 
by the SHPO (State Historic Preservation Officer). The definitions under 
CEQA and NRHP do differ, and evaluations under the former guidelines do 
necessitate a more substantial test investigation. 

o Based on the recommendations of the professional survey and prior to project 
approval, the City should approve and the developer should implement a plan 
that is designed to avoid or ameliorate impacts upon resources which have 
been found to be significant. 
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For sites, features, objects, or structures deemed significant, mitigating 
measures may take many different approaches. The most responsible and 
preferred method is preservation of the resource, or avoiding impact. This 
may ofken be achieved by redesign of a proposed development or, where 
circumstances permit, by capping a subsurface deposit with sterile fill. A site 
may be preserved in open space or as an interpretive display for the public 
benefit. Depending on the significance of the setting surrounding an historic 
structure, structures may be relocated without losing their landmark eligibility, 
although any subsurface archaeologicai deposits that may be associated with 
the location must still be addressed. 

When impacts cannot be avoided by any other means, mitigation can be accomplished 
by scientific data recovery as follows: 

o For archaeological sites, data recovery shall take the form of scientific data 
recovery (typically excavation) conducted according to a research design, 
combined with artifact analysis technical studies such as radiocarbon dating, 
obsidian hydration and sourcing, identification of faunal remains, and others 
as appropriate; a comprehensive report; and provision for curation of the 
cultural materials recovered. 

Residual Impact. Implementation of the recommended measures would reduce the 
potentially significant impacts to a less than significant level. 

7.3.2 Native American Resources 

The Native American community has developed certain recommendations that should 
be implemented to the maximum extent feasible by the City to mitigate potentially significant impacts 
to sites considered important to Native Americans: 

o All Native American cultural sites and archaeological sites should be protected 
as open space wherever possible, by easements or other means; 

o All areas proposed for development should be surveyed for significant Native 
American resources before planning is finalized; 

o Native American participation should be included in the City's guidelines for 
resource assessment and impact mitigation; Indian monitors should be present 
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during archaeological excavation, and during construction in an area likely 
to contain cultural remains; 

o Many sites should be regarded as sensitive culturally, even if they have been 
disturbed or have lost their archaeologicaVscientific integrity; artifacts may 
also possess intrinsic value even if their archaeological context is impaired; 

o The Native American community should be consulted hrther as more 
information is gathered, and the City moves toward implementation of the 
General Plan Update; 

7.3.3 Historic Resources 

a. Alternative 1. 2. and 3. The significant impacts on recorded and 
potential historic resources resulting fiom buildout under all alternatives would be mitigated by 
implementation of the following recommendations: 

o The City should declare as historic landmarks buildings identified as potential 
landmarks or districts to offer structures some protection as soon as is 
feasible, and prior to allowing any action that would affect those resources; 

o The City should direct a site-specific historic assessment to be completed by 
a qualified historian to determine the significance of a structure that is 
threatened by demolition or alteration when specific development applications 
are submitted. For older structures, an historical archaeologist should 
evaluate the potential for sigmficant subsurface resources. This would address 
the potentially significant unknown resources in the planning area. Once the 
assessment is made, it should be reviewed by the local historical society to 
determine if the property is eligible for landmark status. If the site is eligible 
for landmark status, landmark designation should take place in order to 
preserve the buildings. 

The following measures would hlly or partly mitigate site development impacts: 

o The archaeological potential associated with a structure should be evaluated. 
If a property is potentially sensitive, testing should be conducted to determine 
the integrity and scientific research potential and a program of mitigation 
should be implemented if it is found to be significant. 
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o The developer should incorporate historical structures into the development 
for use as a recreation or office building and maintain some of the landscape 
features. The change in use is not always the preferred method, because it 
leads to quicker deterioration of the building and often a change of significant 
interior features; 

o To partially mitigate the impact, the developer could move the structure at his 
own expense. This is rarely a preferred mitigation measure since moving an 
historically significant building violates its integrity of place and setting; 

o A final measure exists that would not reduce impacts to a insignificant level 
but would preserve some of the site's characteristics. This should not be 
considered a fully mitigating measure. A qualified architectural historian 
should be retained to thoroughly document all structures planned for removal. 
This documentation should include photographs, measured-to-scale drawings, 
and narrative descriptions of architectural and construction features; 

o If an historic resource remains onsite, new deveiopment should be sensitive 
to the historic resource. The Historical Society should review new 
development plans with careful attention to height, scale, density, building 
materials, and buffer zones with landscape features. 

The following measures should be implemented to the maximum extent feasible to 
strengthen hrther the protection of historic resources in the planning area: 

o The City should consider creating historic districts andfor institute some type 
of design control for historic neighborhoods. 

o The City should increase awareness among property owners of economic 
incentives for preserving their buildings through the use of various funding 
methods or tax incentives. These financial incentives include participation in 
one of the following: Historic Preservation Bond Act Grants, Conservation 
Easements, Incentive Tax Credits, Mills Act, and Marks Historical 
Rehabilitation Act; 

o The City should direct existing funding sources and loan programs to historic 
neighborhoods in need of rehabilitation as soon as is feasible, and prior to 
allowing any action that would affect those resources; 
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o Ss t i ng  hnding sources are generally limited; therefore, the City should also 
explore any new possible ftndiig sources and economic incentives to preserve 
historic structures and districts; and 

o The City should conduct an area-wide survey as soon as is feasible, and prior 
to allowing new development in the areas of Balsam Street, Ridgecrest 
Boulevard and the area southeast of the intersection of Ridgecrest Boulevard 
and China Lake Boulevard, to determine which historic resources are worth 
preserving. All buildings over 50 years of age should be included in the 
survey. In addition, buildings that are not 50 years of age but with 
architectural significance should be included. 

Residual Impact. The measures that would mitigate significant historic resource 
impacts to a less than significant level include: Historic Landmark declaration of the identified 
potential landmarks or district; and site-specific historic assessments by a qualified historian to 
determine the sigdicance of al l  structures that are threatened by demolition or alterations (this should 
also include evaluation by a qualified archaeologist of the archaeological potential associated with 
such structures). Other remaining measures would strengthen the protection of historic resources in 
the planning area, but would not in and of themselves hlly mitigate the impacts to a less than 
significant level. 
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Chapter 8.0 

PARKS AND RECREATIONICULTURAL 
ARTS FACILITIES AND EVENTS 

8.1. SETTING 

8.1.1 Existing Parks and Recreation Facilities 

The City of Ridgecrest parks and recreation system encompasses the entire planning 
aiea. Situated in a unique natural setting that includes mountains and deserts, the City offers a variety 
of park and recreation facilities and services to visitors and residents alike. There are 1547 acres of 
land identified for parks and recreation and open space uses in the planning area in the draft Land Use 
Plan Summary. This park acreage includes both developed and undeveloped land within the City 
limits, NAWS, and the unincorporated area of Kern County located within the City of Ridgecrest's 
Sphere of Mluence. The purpose of these facilities and services is to improve the quality of life in the 
community. 

The draft Park and Recreation Element uses 8 (eight) planning neighborhoods as basic 
building blocks to establish neighborhood needs, and then combines these neighborhoods to address 
broader community and city-wide needs. The eight neighborhoods, in conjunction with the linear park 
network, focus on the provision of facilities, parks, and open space. 

Figure 8.1-1 locates the City's park and recreation facilities and identifies each of the 
recreation neighborhoods within the planning area. Table 8.1-1 shows the distribution of the City's 
developed park acreage. A significant number of the park and recreation facilities are located on the 
NAWS in the northeast section of the planning area (see Figure 8.1-1). 

Table 8.1-2 shows the planning area's current park acreage needs and deficiencies 
based on the adopted standard of 3 acres of parkland for every 1000 population provided in Chapter 
19 of the City of Ridgecrest Municipal Code. Evaluation and specific standards shall be addressed 
in a Parks, Recreation, and Cultural plan to be developed subsequent to the General Plan. 
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Park acreage is not the sole measure used to determine the needs of potential park 
users. Location is an important criterion developed in the draft element to evaluate park needs. The 
extent to which the City's park and recreation system is used depends largely on the accessibility of 
the facilities and availability of senices for the people it is intended to serve. Key to developing a 
park and recreation system is providing a varied circulation network for accessibility. The draft Open 
Space Element identifies the need for auto, pedestrian, and bicycle routes. Other important criteria 
include housing densities, population characteristics, land use patterns, and phasing. 

The draft Park and Recreation Element takes the position that the City is not the sole 
provider of park and recreation services to the community. When identieng the need for existing 
and potential park and recreation services, the City should take into account providers other than the 
City. 

a. Planning Communities/Neiehborhood - Needs. Neighborhood parks are one of the 
most important components of the city park system. These parks are designed to serve local residents 
within each of the neighborhoods. According to the standards adopted by the City in Chapter 19 of 
the Municipal Code, the city should provide 3 acres of parklands per 1000 population. The draft 
Parks and Recreation Element standards, which are based on National Park and Recreation 
Association, state, and other local jurisdictions standards, also recommends the city provide 3 acres 
of park land per 1000 population in the community. This parkland shall be provided through a 
combination of services at the neighborhood, city, and regional level. 

A neighborhood park is to be a maximum of 5 acres in size and 
within a one-half to three-quarter-mile radius of the community's residents the park is designed to 
serve. Local residents should be able to access their local parks by walking or bicycling without 
encountering hazardous barriers. 
As shown in Table 8.1-1, only Neighborhood Zone 1 has neighborhood parks. However, unique 
features or developments may be more important than the neighborhood area park size. 

Park Access. Neighborhood parks should be centrally located and readily accessible 
by automobiie, bicycle, and public transportation with respect to the segment of the population they 
are intended to serve. Within the planning area, neighborhood parks are most often reached by 
automobiie which results in a significant portion of available neighborhood park land being developed 
as parking lots. When safe and pleasurable walking and bicycling opportunities are available, these 
activities gain favor as a means of transportation, and as a recreation activity of their own merit. 

Bus service provides access to all of the neighborhood parks within the planning area. 
However, the public transportation system serving the planning area was not developed to 
accommodate recreation users. Bus service is reduced on weekends and is non-existent after 6 p.m. 
and during major holiday weekends, all peak recreation use times. In addition, there are no provisions 
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for carrying sports gear on the buses. The youth and senior members of the community are the city 
residents most likely to be deterred fiom using auto dependent park systems. They are also more 
likely to perceive major arterial streets as barriers which limit their access to park sites. 

Neighborhood 1. Neighborhood 1 is bounded by Inyokern Road on the north, China 
Lake Blvd. on the east, Drummond Avenue on the south and Mahan Street on the west. This area 
is served by Pearson Park with approximately 3.96 acres of park facilities located at the northwest 
comer of Downs Street and %cki Ave. Pearson Park is located on major roads with easy access 
available to the entire Neighborhood 1 area by driving, riding a bike, walking, and public 
transportation. This park provides barrier-free access to the facility. There is also a small 
(approximately 8,000 sq. ft.) tot lot located in the 400 block of Moyer (Eagle Park). The parcel is 
City owned, but is maintained by the surrounding neighborhood. In addition to the City owned 
facilities, there are private open spacdrecreation buildings located at Heritage Village, Arrowhead 

, Mobilehome Park, Town and Country Mobilehome Park, and Westwood Manor Mobilehome Park. 
Also located in this neighborhood are Mesquite Continuation School and a vacant 10 acre site located 
on the northwest comer of Downs Street and Ward Avenue. Both sites are owned by the Sierra 
Sands School District. 

I * 

Neighborhood 2. Neighborhood 2 (bounded on the north by Drummond Avenue, east 
by China Lake Blvd., south by Ridgecrest Blvd. and the west by Mahan Street,) currently has no 
developed park sites. Several sites were identified as potential park sites. Approximately 5 acres 
located at the 600' north of the northeast comer of Florence and Norma was identified for a possible 
sumplpark use area. Another 5 acre area was identified near the northwest comer of Traci and 
Argus. The third site (City owned) is located at the northwest corner of Kern and Argus (4.47 acres). 
Las FIores Elementary Schooi is located within this neighborhood. 

Nei~hborhood 3.  The recommended service area for Neighborhood 3 consists of a 
northern boundary of West Ridgecrest Blvd., eastern boundary of China Lake Blvd., southern 
boundary of Bowman Road and western boundaries of Mahan and Brady Streets. This neighborhood 
has the largest concentration of developed City parks in Ridgecrest outside of the NAWS. Helmer's 
Park (9.12 acresdeveloped with a tot lot, picnic areas, tennis court, senior center and the John Pinney 
Pool) located on Warner Street, the Civic Center Park (approximately 4 acres of lawn area and trees) 
located behind the Ridgecrest Civic Center buildings, the Kerr McGee Community Center (a 
recreational and convention center facility) located at the Ridgecrest Civic Center, and the Kerr 
McGee Softball Fields (10 acres of developed softball fields) located on Downs Street and an 
undeveloped ID acre park site located on Helena Street. These parks provide this neighborhood with 
the most comprehensive and best distribution of services, land and facilities in the City. All parks have 
barrier-fiee access, public transportation, walking, bike riding, and pedestrian access. 
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Nei&borhood 415. These neighborhoods are located south of Bowman Road. One 
potential undeveloped park site is located in this neighborhood at Downs and Bums. Other sites 
include 160 acres of undeveloped land identified for future parks (potential nature interpretive area) 
immediately south of the College and the 360 acres surrounding Cerro Coso Community College are 
also identified as natural open space. 

Bowman Channel is also located within Neighborhood 4/5. Conceptual development 
of the Channel wilI include a linear parkway approximately 100' wide fiom City limits on the west to 
the City limits on the east. An approximate 12.12 acre linear parkway, suitable for bikelpedestrian 
trails would be appropriate for this channel as an ancillary use of the drainage way. 

Neiehborhood 6. Neighborhood 6 is a mixture of older housing and newly developing 
residential tracts located south of Ridgecrest Blvd., north of Bowman Road and East of China Lake 
Blvd. Upjohn Park (a City-wide park) was dedicated in May of 1992. Gateway Elementary (19 
acres) was opened September of 1992. Desert Empire Fairgrounds (20 acres) is also located in this 

, neighborhood as well as the 20 acre City-owned and operated miniature golf center. 

Neiehborhood 7. Neighborhood 7 includes the NAWS which according to the Navai 
Weapons Center China Lake Draft Master Plan Volume 1 "offers the following facilities and 
recreational programs to the military, DOD employees and their dependents: (1) the auto hobby 
enter, (2) children's centers; (3) the craflhobby shop; (4) stables; (5) a skeet and trap range; (6) a 
golf course; (7) the Information, Ticket and Tour Office; (8) the station theater; (9) sports; (10) 
bowling; (I 1) aquatics; (12) youth activities; (13) the library; and (14) messes. ... The recreational 
facilities were originally constructed for sole use by the military and DOD civilians stationed at the 
Center. As the City of Ridgecrest developed and its population grew, non-DOD civilians were given 
permission to use the facilities as associate members of the Center recreational program. However, 
in recent years, maintenance and operational funding for these facilities has been greatly reduced. In 
order to retain the existing recreational facilities and programs, and to minimize their maintenance, 
it may be necessary to establish a new Command policy which would deny non-DOD personnel 
access to these facilities." Also included on the Station site are these school sites: Viewig Elementary 
School, Burroughs High School, Pierce Elementary School, Richmond Elementary School, Murray 
Middle School, and Groves Elementary School. 

Other facilities located in Neighborhood 7 but not on the NAWS site include the 
Sandlewood Pasea (City owned-it is an approximate .6 walkway located within the Eastridge Estates 
housing tract), and the Kern RegionaVJackson Park. The Kern RegiondJackson Park is a 39 acre 
site located on China Lake Blvd. and French Avenue. Major portions of this site was newly 
developed by the City of Ridgecrest in 1992-1993. Some of the new improvements are sofiball fields, 
soccer fields, tennis courts, basketball courts, pedestrian walking trail, and picnic areas. 
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c. Citv-wide and Suecia1 Use Parks. City-wide parks focus on offering single or 
specialized activities that attract a wide range of age groups and interests. Activities and facilities 
may be speciaiized or unique enough to draw upon the whole resident population. City-wide parks 
often feature large open spaces, unique natural or cultural areas, group picnic facilities, interpretive 
centers, equestrian facilities, and bicycle trails. Unique amenities that permit single or specialized 
recreation facilities can include golf courses, historic sites, nature centers, zoos, arboretums, display 
gardens, gun ranges, arenas, amphitheaters, plazas, and squares. Within the City's parks and 
recreation system, specialized uses include a miniature golf course, a public swimming pool, an indoor 
recreation center, and field sports complexes. 

A list of parks with special use areas identified in the drafi element is provided on 
Table 8 .1-1 .  

d. Tourism. Ridgecrest's unique natural and cultural amenities drew about 40,000 
overnight tourists and conventions, and 75,000 day tour visitors in 1991. China Lake visitors totaied 
40,000 (Ray Arthur, Convention and Visitor's Bureau, August, 1992). Most of these visitors are 
drawn to special use facilities. The City's special tourism features include unique and sensitive natural 
habitats (Piiacies, Petroglyphs), gateway to Death Valley and the ski areas, and geological interest 
areas. 

e. Linear Park Network. The concept of the linear park network was broadened in 
the 1990 Draft General Plan to include two purposes: (1) to protect and preserve natural areas; and 
(2) to enhance pedestrian and bicyclist mobility in the City by providing trails and bikeways for 
commuting and recreational purposes. This network is not intended to provide a continuous 
circulation corridor, but to develop a combination of pedestrian and bicycling trails and view space 
areas that preserve and enhance the community. 

The proposed network shown on the Future Land Use Map connects most of the 
developed urban areas. Local bike clubs were canvassed as to appropriate travel and leisure routes 
for biking use. These identified routes are shown on Figure 2.3 of the Draft General Plan. 

8.1.2 Leisure Trends 

In an effort to recognize the role that community leisure patterns play in designing 
recreation services, the City conducted a leisure preference survey in 1988 to determine, and then 
incorporate, the public's needs into the park and recreation system planning process. 

The data presented in the draft element appendices were compiled in 1988, and the 
proposed subareas reflect population and leisure preferences at that time. The subareas need to be 
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evaluated on a regular basis to ensure that they continue to provide a valid reflection of current 
demographics and preferences. 

8.1.3 Planned Parks and Recreation Improvements 

a Neiehborhood Parks. As new residential developments are proposed throughout 
the City, an examination of impacts on park needs is made. 

b. Citv-Wide and Suecia1 Use Parks/Facilities and Tourism Areas. Funding has been 
allocated and development ofKern County Regional Park into a special use facility that would meet 
City-wide and tourist oriented regional recreational needs has occurred. In addition, the City is 
currently working with Cerro Coso Community College to develop plans for additional recreational 
and cultural facilities on the campus that would fulfill a special use facilities need. 

8.1.4 Cultural Arts Activities and Facilities 

The word "culture" may be defined in varying terms, interpreted narrowly or broadly, 
depending on personal viewpoint. The common definition provided by Webster's dictionary states 
that "culture" is the "acquaintance with and taste for fine arts, humanities, and broad aspects of 
science ..." These interests could include drama and performing arts, arts and crafts, and cultural 
heritage, etc. 

a. 
Rid~ecrest. Cultural arts activities provided in the City of Ridgecrest currently use a range of 
facilities. A network of public facilities is available as well, most notably the Ken McGee Civic 
Center, Ceno Coso Community College, NAWS, and the state-owned Desert Empire Fairgrounds. 
Other private and public facilities of a smaller scale are scattered throughout the City, including 
facilities at local public schools. The NAWS Auditorium is the largest auditorium in the City, with 
a seating capacity of 998, followed by Burroughs High Schools auditorium which seats 621. The 
Cerro Coso Lecture Center has a total seating capacity of 225. 

Table 8.1-3 lists the cultural hcilities available in Ridgecrest and broadly describes the 
fbnctions that are accommodated by the facilities. Selected facilities in other parts of the City 
available to Ridgecrest residents for cultural exhibits, special events, and on-going activities are also 
listed in Table 8.1-4. Small theaters groups (some very successfbl), art galleries (mostly commercial), 
and galleries and theaters run by the community college provide other cultural opportunities for 
Ridgecrest residents. 

b. Existing Cultural Arts Events in the Planning Area and Selected Events in 
Ridnecrest. In Ridgecrest, art, drama, music, dance, educational, and historical activities are available 
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to community residents. The City, through its Parks and Recreation Department, and a variety of 
private groups and non-profit organizations are involved in providing these opportunities which are 
supplemented and/or enhanced by City-sponsored programs in many cases. 

Table 8.1-4 lists the cultural activities currently provided in Ridgecrest. Many of the 
activities listed are sponsored by the City. These activities are augmented by non-profit organizations 
and commercial ventures that offer periodic or ongoing live dramatic, musical, and dance 
performances and art exhibits. Cultural events are also provided by local schools, Cerro Coso 
Community College, and local religious organizations. 

c. m c i ~ a t i o n  in Cultural Activities. The leisure survey conducted by the Kern 
Council of the Arts in 1988 included arts activities as part of several cultural activities in Ridgecrest. 
As defined in the survey, arts activities include visual arts, dance (ballroom, other, and square dance), 
hobbies, music (playing, listening), and theater (performing, watching - not movies). Both the lack 
of time and money were the most frequently cited constraints on participation in all leisure activities. 

d. Support Provided bv the Citv for Cultural Arts Activities. The role of government 
in cultural activities is generally one of encouraging and promoting the development or preservation 
of a variety of resources through planning, coordination, administration, and possible provision of 
facilities and programs that fbrther the evolution of a culturally healthy community. The arts are 
increasingly regarded by the City as an essential ingredient to the quality of life of a community. 
Cultural arts activities are provided directly by the City through the Park and Recreation Department 
and in cooperatiodpartnership with local arts organizations, the Sierra Sands Unified School District, 
Cerro Coso Community College, NAWS and other agencies. Such activities exempli5 the City's 
approach of being a broker or partner in delivering these services to the community. The Arts 
Council mission is to develop and promote the arts in Ridgecrest through education, presentation, 
and marketing. These types of efforts addressed in a long range plan are intended to deliver the 
cultural opportunities needed by the community. In addition to the arts, stewardship and 
interpretation of the City's historic resources are directed by policy statements contained in the draft 
Open Space Element and in site specific plans. Emphasis is placed on stabilization, preservation, 
restoration and interpretation of these resources. 

e. m o v e m e n t s  Under Consideration. Cultural arts facility resources exist in the 
community that could be maximized through cooperative efforts and agreements between facility 
owners and interested arts and govenunental agencies. Discussions have occurred between the City 
and the Cerro Coso Community College in regard to the joint development of a 1000+ seat 
Auditorium as a community theater. The Maturango Museum has contracted a consultant to assess 
the needs to be addressed in fbture expansion to include visual arts exhibits (indoors and outdoors) 
and expanded historical programs. 
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The City intends to continue to work with the Cerro Coso Community College, the 
Arts Council, the Maturango Museum, and others to develop arts programs and special events in 
Ridgecrest. The Maturango Museum is in the process of formulating ultimate goals and objectives 
to guide its efforts in the most effective manner. The goals and objectives inciude enhancing youth 
and adult cultural education, increasing interest in art and artists, and stimulating artistic development 
and professionalism by establishing a cultural center. Funding for these efforts is expected to be fiom 
corporate and foundation grants, city sponsorship and grants, and museum members. 

8.2 IMPACT ANALYSIS 

8.2.1 Parks and Recreation 

a. Significance Thresholds. The Open Space Element establishes park acreage 
standards based on the population ratios shown in Table 8.1-1. Park standards shall be based on 
acreagdpopulation ratios, minimum parcel sizes, and locations within neighborhood, and city-wide 
zones. The impact analysis has been prepared based on the draft standards shown in Table 8.1-2 
because these standards provide a more comprehensive base for evaluating the significance of the 
impacts of anticipated growth on the public park and recreation system. Based on the draft element, 
a potentially significant impact would result if there is not sufficient park acreage to meet the 
acreage/population rations identified in Table 8.1-2, or if the size or location of the park does not 
'meet the recommended standards. 

b. Parks and Recreation Demand P.=:Izsed on Po~ulation. Park and recreation 
facilities available to residents of the City of Ridge:: 1: ,.. 2 identified in Table 8.1-1. A summary of 
the City's total existing demand for park acreage and anticipated deficits is shown on Table 8.1-2. 

c. Park Acreage Demand Upon Buildout of Each Alternative. Adverse impacts on 
existing park facilities would result when the acreagdpopulation ratio is such that these facilities are 
operating above their intended capacity or are not accessible to the popuiation they are intended to 
serve. These impacts may be direct - the neighborhood park acreage does not meet the park needs 
within that immediate area, or they may be indirect - adjacent neighborhood deficiencies result in spill 
over to surrounding park facilities. Following is a summary of existing deficiencies and impacts 
associated with the growth (changing acreagdpopulation ratio) anticipated by each alternative for 
neighborhood, and City-wide parks. 

W~thout the acquisition and development of sufficient neighborhood park acreage to 
meet the deficiencies outlined below, on-going impacts associated with overburdened existing 
facilities would continue. Existing development in Neighborhood 1 precludes acquisition of 
addition21 park land in that neighborhood. This area is experiencing, and would continue to 
experience, significant unavoidable adverse impacts associated with operating park facilities above 
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the recommended standard of 3 acres per 1000 population for parks. According to the draft 
standards, school open space may help to alleviate this deficit. 

Currently there are 4.11 acres of neighborhood parks or .14 acre of neighborhood park 
land per 1,000 population. This represents a sigtzlficant planning area deficiency of neighborhood 
parks. This deficit would be aggravated in many neighborhoods by a population increase unless there 
is parkirecreation acreage development in conjunction with growth. Neighborhood Zone 1 is the only 
planning area with a neighborhood park as defined although most zones have access to City parks 
or school sites that meet some of the existing local needs. Based on the current acreage deficit, it is 
assumed that all the neighborhood parks in Neighborhood Zone 1 is operating above capacity. 
Therefore, growth in any of the neighborhoods would result in significant adverse impacts associated 
with overcrowding and deterioration of existing facilities. 

Neighborhood 2 through 7 have a base year population great enough to warrant 
neighborhood facilities.. 

The development of future residential projects in these neighborhoods could result 
in the dedication and reservation of lands for neighborhood parks in these areas to meet the upcoming 
needs of the new residents. 

Alternative 1. Alternative 1 would generate a population of 50,000. This population 
would result in a park need of 150 acres City-wide. Approximately 22.42 acres of parks are 
proposed leaving a deficit of approximately 12.97 acres. 

Alternative 2. This alternative would generate a population of 75,000 representing 
a park need of 225 acres City-wide. There are 160 acres of parks proposed for this alternative. 
Development of the open space land south of the Cerro Coso Community College as a nature 
preservelinterpretive area would meet the needs of Alternative 2. 

Alternative 3 .  Alternative 3 would result in a population of 100,000, generating a 
need for 300 acres of parks City-wide. Development of the 160 acres as discussed in Alternative 2 
would meet the needs of this Alternative with an unmet need of 2.97 acres. 

While additional park acreage does not mitigate the impact of the increased population 
throughout the City, it does fblly provide for the overall needs of the entire community. 

S~ecia.1 Use FacilitiesIAreas. Visitor Sewing Areas. and Linear Park Networks. There 
are 88.5 acres (see Table 8.1-1) of designated special use facilities within the City. Miles of linear 
park network will provide recreation opportunities throughout the planning area. In addition, special 
use facilities under other jurisdictions (e.g., the Desert Empire Fairgrounds, Ridgecrest Golf Center, 
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Ken McGee Center) contribute to meeting Citywide and regional needs. However, minimum park 
acreage standards have not been established for these types of recreation areas. Therefore, potential 
special use and linear park acreage deficiencies that would occur as a result of buildout under each 
alternative have not been addressed. 

d. Potential Deficiencies of Prouosed Comprehensive Plan in Senins Parks and 
Recreational Needs of Population at Buildout of Each Alternative. The draft element recommends 
standards for assessing park needs that provide a strong framework for determining park acreage 
requirements. Potential deficiencies that could result fiom basing demand solely on these standards 
relate to deficiencies in services and facilities and inappropriate boundaries. These factors need to 
be addressed in the proposed Parks and Recreation plan because buildout of any of the alternatives 
would result in individual and cumulative significant and adverse impacts on the facilities and service 
levels. 

8.2.2 Cultural Arts Facilities and Events 

a Sinificance Thresholds. Demand for cultural arts facilities and activities cannot 
be quantified or measured because such demand stems generally from cultural awareness, a 
characteristic not amenable to measurement. Therefore, no threshold of significance is available to 
measure the impacts of the four development alternatives on existing cultural arts facilities and 
aktivities. 

b. Impacts on exist in^ Cultural Arts Facilities and  event^, The population increase 
above existing levels resulting fiom the adoption of any of the four development alternatives is likely 
to increase the use of existing cultural arts facilities and the participation in existing cultural arts 
activities. 

Increased public awareness of cultural arts resources and the desire to participate in 
cultural arts activities above existing levels due to education, exposure, and out-reach programs 
conducted by the City or other non-profit organizations could significantly increase the demand on 
existing cultural arts facilities and activities as the percentage of the total population that participates 
in such activities increases. As an adverse impact of such an increase, overcrowdig of existing 
activities such as the Maturango Museum Mining Days could alter their "small town" appeal. 
Paradoxically, an increase in population can generate a "market" or audience that can support certain 
cultural arts activities that must have sufficient revenues to be viable. Thus, substantial increased 
population can result in a beneficial impact by allowing for the growth and development of cultural 
arts facilities and activities. 
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8.3 MITIGATION MEASURES 

8.3.1 Parks and Recreation 

The following measures should be implemented to mitigate demands for park acreage 
as soon as it is feasible and prior to allowing any action that would hrther impact existing park 
acreage deficiencies: 

o Alternative 1. The City should acquire/and or develop the following park acreage: 

22.42 acres 

o Alternative 2. The City should acquire the following park acreage in addition to 
Alternative 1 acreage: 

160 acres 

o Alternative 3. The City should acquire the following park acreage in addition to 
Alternatives 1 and 2 acreage: 

0 acres 

o Alternative 4.(Existing) The City should acquire the following park acreage in 
addition to Alternatives 1,2 and 3 acreage: 

0 acres 

These deficiencies are based on unmet needs for each alternative as shown on Table 
8.1-2. These mitigations are based on existing data and do not account for additional purchases not 
identified by the City as of June 1991. As an example: if the City were to hlly mitigate the existing 
citywide park acreage deficiencies by acquiring land, they would only need to acquire 160 additional 
citywide park acres to mitigate the impacts to recreation resulting from the population of 75,000 
anticipated under Alternative 2. 

To meet the demands identified above, the City should continue to develop action 
programs that generate new park and recreation facilities. New programs and design developments 
the City should consider include: 

o Preparation of a new linear park network map that provides connections to all existing 
and proposed communities in the planning area; and 
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o Preparation of budget requirements for acquisition, development, operations, and 
maintenance. 

o Preparation of a new parks and facilities map and new community profiles that include 
the entire planning area; 

o A priority acquisition/development schedule; and 

o Programming and facility requirements that include carrying capacity figures to meet 
residential demands; demands of employees in commercial~industrial areas; and 
college student demands. 

Following is a discussion of mitigation measures that the City should consider as 
means for implementing the action program: 

o Acquisition of Additional Park Land. The City Parks and Recreation Department 
should continue acquiring additional park acreage by implementing: 

- Park land Dedication O r d i i c e  No. 87-01 (Quirnby Ordinance) which require 
the City to determine whether the subdivider should be required to dedicate 
lands for recreational purposes, pay an in-lieu fee, or both according to 
standards and formula contained in the Park land Ordinance at the time of 
approval of a Tentative ParceVTract Map. 

- Linear Park Subdivision Conditions - require developers to dedicate and 
improve where appropriate portions of the linear park network located 
adjacent to subdivisions built in the planning area; 

- Land Trusts - the City could acquire park lands that could be set aside for 
development at a future time when demand increases. This measure would 
ensure that the City would be able to provide sexvice area parks and City-wide 
parks and special use facilities in areas not scheduled for full buildout until 
Alternative 2; 

- Land Exchanges - trading properties between the City and another party, 
private or public, could result in a better distribution of facilities in 
communities where existing development precludes acquisition of 
undeveloped land for recreational use; 
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o Buildout of Existing Underutilized Parks. The City should consider achieving higher 
utilization of existing City park lands by implementing the following measures 
identified in the draft Open Space Element: 

- Dedicate and improve where appropriate a linear park network that includes 
neighborhood facilities, as well as connections between existing communities 
and proposed hillside development; 

- Prepare and implement master plans incorporating neighborhood and service 
area facilities where feasible into existing City-wide parks that are 
underutilized. 

o consideration of Existine Parks Beloneine to Other Jurisdictions. When developing 
the prioriry/acquisition schedule, the City should consider taking into account all the 
regional park acreagdand school sites located within the neighborhood zones 
belonging to other jurisdictions. If total credit was given to these recreation areas, 
which are used by the residents to meet citywide needs, the total citywide park 
acreage would be increased to approximately 12 acres per 1000 population. Based 
on this figure, citywide parks would adequately serve the estimated resident 
population associated with full buildout of Alternatives 1 through 4, as well as 
anticipated visitors to the planning area. Alternative 2 would augment this citywide 
park land with the development of 160 acres. Considering a total acreage of 160 
acres of available park land to meet citywide park needs attained as a result of the 
park development in Alternative 2, the planning area would provide 3 acres of 
citywide parks per 1000 population for a population of 75,000 persons. Using this 
information as a data base, the City should consider addressing neighborhood and 
service area park deficiencies which are not being provided by other jurisdictions. 

o Coo~erative Use Ameements. The City should consider pursuing opportunities for 
establishing cooperative use agreements and financing strategies that would enable 
both parties to provide services neither party has the resources to implement 
separately. Recreation service providers that the City should consider when 
formulating cooperative use agreements include: 

- NAWS 

- The Sierra Sands Unified School District (SSUSD); 

- Cerro Coso Community College; 
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- Private sports clubs; 

o Funding Resources. The City should consider a variety of monetary resources for 
W i g  the substantial costs necessary to mitigate the existing park deficiencies in the 
planning area. Because of the high costs associated with developing and maintaining 
park facilities, the City Parks and Recreation Department should consider establishing 
policies for accepting real or personal property as gifts or acquiring properties with 
public hnds prior to initiating any ofthese fbnding measures. Following are potential 
hnding resources the City should consider pursuing in their park facilities and 
services acquisition and operating programs: 

-- General Fund - provides day to day operating costs; 

-- Bonds - couid be sold by the City to finance acquisition or construction of 
park lands upon voter approval; 

- Public Subscriution - the City or civic-minded community organizations could 
sponsor subscription drives to fund recreation facility development; 

-- Public and Private Foundations or Trusts - could be established by the City in 
response to community interest to develop, operate, and maintain recreation 
facilities; 

-- Gifts - the City could establish a gift catalog approach to facility acquisition 
which could enable private citizens to purchase specific items for the City 
parks that meet City standards; 

-- Land Lease Agreements - a developer could lease property acquired by the 
City for 20 to 30 years. During this time they would develop and manage the 
recreation facility. The City would receive an annual income and at the end 
of the leasing period the improved property would revert back to the City. 
This type of financial arrangement would be weU suited to special use facilities 
such as goifcourses; 

-- Contractual Agreements - the City could defer operations and maintenance 
costs by contracting with concessionaires and park maintenance operators to 
provide services on a long-term basis. Special events can be contracted out 
to local business through a variety of short-term agreements; 
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- Joint Powers and Use Aereements - financial and use agreements between the 
City and other jurisdictions or private real estate developers could be 
established to share capital outlay and operating expenses in exchange for 
shared use of facilities; 

- Assessment Districts and Develouers /Homeowners P ro~e r tv  Owners 
Associations - formation of assessment districts by the City could off-set costs 
of maintenance, thereby lowering long-term fhncial impacts on the parks and 
recreation department; 

- Grants - though less available due to reduced funding, grants fiom a variety 
of sources could still provide monies for park land acquisition and park and 
facility development; 

- Fees and Charges - revenues generated from charges levied by the City or 
concessionaires for services such as greens fees, league fees, and aquatics fees 
could provide financial support for recreation services; 

- Volunteer Proerams and Student Work Experience P r o m s  - initiated by the 
City, could help offset operating and programming costs for park and 
recreation services; and 

- MsIat ion - through active lobbying the City could support passage of bids 
that could be critical to meeting City recreation demands. 

o Park Site Selection Criteria. Provision of adequate park acreage would not ensure 
that each park is used at the desired capacity or that it satisfies all public recreation 
demands. Safe access, appropriate siting, and facility designs should complement the 
park acquisition program in order to create a highly efficient, cost-effective public 
park network. The City should consider incorporating park siting criteria in the draft 
element: 

- Pertaining to the selection of potential recreation programs, park sites, and 
open space that would increase park use and decrease operating and 
maintenance costs; 

- Which eliminate architectural barriers to recreation facilities and parks that 
limits access by the elderly and the disabled; and 

- That would minimize water consumption at City parks. 
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Residual Irnuacts. If'the City acquires sufficient park acreage to meet existing demand 
and demand upon buildout of each alternative, residual impacts would be hlly mitigated. However, 
unless the City relies on increased cooperation with other public jurisdictions and private contractors 
or other innovative means to disperse use over a larger resource base, not enough land would be 
available in the developed portions of the planning area for park land acquisition to satisfjl recreation 
demands. 

Secondary impacts that could result fiom building out existing underutilized parks 
include overcrowding of facilities, degradation of parks, increased traffic, noise, and off-street parking 
in developed neighborhoods adjacent to the parks. 

8.3.2 Cultural Arts Facilities and Events 

All four alternatives would potentially add to the existing demand for cultural facilities 
and activities; therefore, the following measures should be adopted as soon as is feasible; 

o The City should work in cooperation with other agencies or commercial 
organizations to develop a community theater or cultural center. This couid 
be developed as a new structure on undeveloped or redeveloped property or 
it could be a renovated and remodeled existing structure. Other alternatives 
could involve redevelopment of a facility in the Downtown area, the joint use 
of facilities developed as a part of the Cerro Coso Community College, or 
City involvement in joint use agreements with the School District to maximize 
the use and d e h y  costs of existing or new facilities. The City should 
coordinate with existing cultural organizations in the planning area and should 
call for public input to determine the anticipated hnctions that should be 
accommodated in the designs of such facilities. 

The City should consider a variety of resources to fund the costs required to 
develop and maintain cultural arts facilities. The hndiig resources discussed 
previously (see Fundine Resources in Section 6.11.3.1) could be used to 
acquire, construct, and maintain cultural arts facilities in the planning area. 
Cooperative use agreements, development fees, bonds, private and corporate 
grants, loans and gifts, land lease agreements, land exchanges, contractual 
agreements, public subscription drives, etc. should all be actively pursued by 
the City as potential innovative funding sources. 

o The City should increase its financial and formal public support of existing 
cultural arts organizations as such groups can focus their efforts and resources 
on promoting cultural arts activities and public awareness and education of 
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cultural resources in the planning area This would augment the efforts of the 
City Parks and Recreation Department. 

o The City should adopt formal commitments to provide art in public places, as 
discussed in the draft Land Use Element as part of the General Plan update. 
To this end, all new development should be required to participate in the 
program by commissioning a work of art for public display onsite subject to 
review by a public art review board, or through an in-lieu fee for projects less 
then a certain size, as identified by a City Art in Public Places program 
advisory committee. The in-lieu fees should be accumulated for the placement 
ofworks of art on a predetermined site. An implementing ordinance should 
be adopted that sets standards and creates an advisory committee and review 
board prior to approving new development. 

Residual Impact. Implementation of the recommended mitigation measures would 
reflect a strong City commitment to enhancing the cultural arts opportunities available to Ridgecrest 
residents. No residual adverse impact is expected to occur. 
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Table 8.1-2 

Park Needs and Deficiencies 

Population and 
Park Acreage Needs 

Existing (Alternative 4) 

Population 28241 (1991 base year) 
Needed Acres* 84.72 
Existing Public Parks (acres) 114.61 

Unmet needs 0 

Alternative 1 

Population 50000 
Needed Acres 150 
Proposed Additional Parks 10.3 
Bowman Channel Linear Parkway** 12.12 
Total Parks 137.03 

Unmet needs 12.97 

Alternative 2 

Population 75000 
Needed Acres 225 
Proposed Additional Parks 160 
Bowman Channel Linear Parkway** 12.12 
Total Parks 297.03 

Unmet needs 0 

Alternative 3 

Population 100000 
Needed Acres 300 
Proposed Additional Parks 0 
Bowman Channel Linear Parkway** 12.12 
Total Parks 297.03 

Unmet needs 2.97 

*Based on draft standard of 3 acres per 1000 population 

**Bowman Channel Linear Parkway calculated at 4 miles x 100' 
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Table 8-1.3 

Cultural Arts Facilities in the Ridgecrest Area 

Cultural Arts Facilities Function 

Mataurango Museum 
Kerr McGee Civic Center 

NAWS Theater 

Burroughs High School Theater 

Kern County Library 

Ridgecrest City Hall 
Desert Empire Fairgrounds 

Cerro Coso Community College Lecture Hall 
Local Churches 
Service Clubs (Eagles, Elks, Veterans) 

NAWS Museum 
Chamber of Commerce/Convention and Visitors 
Bureau 

Museum 
Convention Center 
and Gymnasium 
T h e a t e r l L i v e  
Performances 
T h e a t e r / L i v e  
Performances 
E d u c a t i o n a l  
Enrichment 
Art Exhibits 
County Fair, Special 
Exhibits, Music 
Performances 
Live Performances 
Musical Performances 
Dances, Musical, 
Charity shows 
Museum 

Resource 
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Table 8.1-4 
Cultural Arts Activities in the Ridgecrest Area 

Cultural Arts Activities ~ctivity Schedule 

Mataurango Museum (Tours, Fundraising 
Auctions, etc. ) 

Desert Empire Fair 
Joshua's Jamboree 
Annual Easter Egg Hunt (Service Group) 
Rodeo Association 
Family Connection 
City of Ridgecrest (Annual Halloween Party) 
Annual Children Christmas Parade 
Santa's Art Shop 
Theater Groups (Clota, China Lake Players, 

LL & Company, Randsburg Players) 
Desert Art League 
Sierra Artists Guild 
Balsam Street Fair 
Local Choral Groups 
Desert Community Orchestra Association 
Local Dance Clubs 
Indian Wells Valley Concert Association 
BLM - Tours 
Cerro Coso Community College (Arts/Drama) 
Sister Cities Association (Dances) 
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Ongoing 

Yearly - October 
Yearly - May 
Yearly - Spring 
Ongoing 
Ongoing 
October 31st 
December 
December 

Ongoing 
Ongoing 
Ongoing 
Yearly - Winter 
Ongoing 
Ongoing 
Ongoing 
Ongoing 
Ongoing 
Ongoing 
Ongoing 
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SECTION I1 

Chapter 9.0 
SCHOOLS 

9.1 SETTING 

9.1.1 Existing Public Education Facilities 

Educational services are provided to the City of Ridgecrest by the Sierra Sands 
Unified School District, the Cerro Coso Community College, State of California College System, and 
private educational facilities. 

a. Sierra Sands Unified School District(SSUSD). Information provided by 
SSUSD staffwas used to prepare the following description of the existing elementary, middle, and 
high school educational facilities of the City of Ridgecrest. The SSUSD staff has identified the 
operating capacity, structural condition, and future enrollment of each of the SSUSD schools. 

The SSUSD currently operates nine elementary schools for grades kindergarten 
through 6th; two middle schools for grades 7th through 9th; one high school for grades 10th through 
12th and a continuation/opportunity school not only for the City of Ridgecrest, but also the 
Randsburg-Johannesburg, Inyokern and China Lake communities. Table 9.1-1 lists the capacity and 
enrollments of each school within the planning area for school years 1992- 1993 and 1993-1 994. The 
percent capacity used at each school for both school years are shown. The SSUSD schools are 
experiencing approximately a 1 percent increase in growth per year according to the 1991-1 992 and 
1992- 1993 enrollment figures. 

Existing conditions. In general all SSUSD facilities are in severe need of 
rehabilitation. All schools (with the exception of Gateway Elementary School) at are least 20 years 
old and are experiencing various degrees of need for upgrading. Continued use of these facilities 
would require major rehabilitation to ensure an environment that is safe and conducive to education. 
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Elementarv Schools. All of the elementary schools are currently operating near or 
at capacity (Table 9.1 - 1). Portable classrooms at most of the elementary schools were phased out 
upon the development of the new Gateway Elementary School although some schools still utilize 
these temporary classrooms. The use of portable classrooms is a viable alternative to permanent 
classrooms due to fluctuations in population age distribution. The portable classrooms can be moved 
fiom school to school to alleviate temporary overcapacity problems. Currently, portables are in use 
as classrooms and several vacant units are located on school sites (Table 9.1-1). 

The demographic trends of the NAWS and the fact that there are 4 schools on base 
has made for a very unique commuting situation for the students in the Ridgecrest community. Most 
students living off-base who attend these schools are bussed inlor are required to have a pass. 
Although the base and the school district maintain an amicable relationship concerning access to base 
schools, occasional problems do arise as an increasing number of parents are providing the 
transportation for their children. 

Middle Schools. Currently, Monroe Junior High School is experiencing an 
overcapacity problem with enrollment at 104%. Murray Junior High School is operating at 8 1% 
(Table 9.1-1). Jurisdictional boundaries of the middle schools could be adjusted as needed to balance 
enrollments. 

Hiah Schools. The SSUSD currently operates one comprehensive high school and 
one continuation school. The location of these schools are shown in Figure 9.1-1. The 
comprehensive high school (Burroughs) is operating at 69% capacity. The district's high school 
enrollment projections indicate that the capacity of the current facilities will be adequate throughout 
the 1993 school year. Mesquite Continuation High School is currently operating at 68% capacity. 
Neither Mesquite nor Burroughs High School have jurisdictional boundaries. 

b. Private Schools. As mentioned before, the 6 private schools that operate 
within the Sierra Sands Unified School District are integrally involved in the provision of education 
as shown by their enrollment the past few years. In 1991-1992, private school enrollments 
constituted almost 15 percent of the total enrollment for grades K-12 within the Sierra Sands Unifled 
District's boundaries. Table 9.1-2 p-*- ,ents recent trends in private school enrollment. 

Available Furdi~x -. urces. Several methods of financing school facility projects are 
available to the SSUSD. P ng mechanisms include (but are not limited to) General Obligation 
Bonds (GOB), Mello-Roos I -,.ids (community facilities district), Certificates of Participation (COP), 
~ e v e l o ~ e r  Fees, Interagency cioperatioR Joint Ventures, and inclusion of schools as part of 
residential developments. GOB'S, Mello-Roos bonds, COP'S, and Developer Fees represent the 
current popular methods (Office of Local Assistance, 1988). These hnding mechanisms differ in a 
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variety of ways; some require voter approval, some use taxes as a resource base, each have 
restrictions on the use of the funds, and some are more expensive to finance. The State Allocation 
Board (SAB) may require the district to match SAB funds; referred to as "matching share finds" for 
new construction, modernization, or reconstruction projects. This SAB policy can often reduce state 
apportionments to districts. When considering ail available financing methods, a key point to 
consider is the cost of the financing. Some methods include capitalized interest, underwriter fees, and 
issuance costs and therefore are more expensive. 

Ordinary operating expenses (i.e., salaries, supplies) are generally paid fiom current 
revenues, which is known as a "pay as you go" (cash) method. This is the least expensive approach 
to finance capital projects; however, it must be used prudently because early commitment of available 
cash may restrict the district's ability to meet unanticipated needs. Capital items (buildings), which 
have usefbl life over a long period, may be financed over this period, and are known as a "pay as you 
use" (debt) method. This is more expensive but tends to provide the district greater flexibility and 
alternatives to meet rapidly changing requirements. Each method is discussed below. There are 
advantages and disadvantages to each. 

General Obligation Bonds (GOB) are bonds secured by the issuer's full faith, credit, 
i+d usually, taxing power. A bond is an interest-bearing promise to pay a specified sum of money 
(the principal amount) due on a specific day. A GOB is considered a "pay as you go" (cash) method 
of financing and therefore is a lower cost method. Issuance of bonds can be timed with district needs. 
The tax is based on assessed value of property district-wide. Permitted fbnd use includes purchase 
or improvement of real property. A GOB requires a two-thirds vote and voters may be influenced 
against approving a bond if they recently approved a local bond issue. Under current SAB policy, 
h d s  obtained by a GOB may reduce state apportionments and therefore reduce the incentive of the 
district to support approval. 

The Mello-Roos Community Facilities District Act of 1982 (tj 53311 et seq., 
California Government Code) established a method whereby school districts (and other agencies) may 
form a separate (community facilities) district to finance certain public facilities on a "pay-as-you-go" 
basis (a lower cost method). The schooi district is authorized under the Act to raise hnds by 
collecting a special tax within the district. The tax is not based on assessed property values. The 
Community Facility District (CFD) boundaries are defined by the school board, and do not have to 
be contiguous areas. The tax rates can be adjusted depending on need and the established maximums 
approved by the voters. Permitted hnd use includes construction or improvement of any facility with 
a usefbl life of 5 years or more. Mello-Roos bonds may be unfamiliar to voters and may include 
restrictions by the SAB. 
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Certificates of Participation (COP) are obligations of a public entity based on a lease 
or installment sale agreement. Payments to certificate holders may originate from the City's general 
fiind (in the case of a lease) or a special fbnd (in the case of an installment sale). A COP does not 
constitute indebtedness and can be structured fairly quickly (within 8 to 10 weeks). Permitted hnd 
use includes construction of facilities, purchase of equipment, and refinancing of existing leases. The 
sale or lease of property may include restrictions by the SAB. A COP requires a revenue source for 
repayment; sources usually include general finds and developer fees. 

Developer fees, as permitted by Government Code Sections 65995 and 53 08, provides 
school districts with the ability to generate revenue locally by assessing fees on new residential, 
commercial, and industrial development, and additions to existing residential units. Fees are assessed 
based on a square footage per monetary amount rate. This method is one of the few methods of 
generating revenue. Revenue flow fluctuates depending on the amount of new development, and for 
older districts in urban areas, this may be an almost nonexistent revenue source. If the district is in 
the State program and enters a "Match Period" or Matching Share Requirement, the fees collected 
would be used to pay the district's matching share and thereby reduce the State's apportionment to 
that project. 

c. Cerro Coso Communitv Colleee. The Kern Community College District 
(KCCD) operates the Cerro Coso Community College located at 3000 College Heights Boulevard 
Figure 9.1-1). The ColIege offers a 2-year program leading to an Associate degree in a wide range 
of fields as well as vocational training. The State determines capacities for community colleges based 
on a formula that defines capacity for lecture, laboratory, and office space. The operating capacity 
of the college is based on Weekly Student Conduct Hours (WSCH) which is the amount of hours 
students spend in classes per week. Cerro Coso Community College's current 1992-1993 design 
capacity is 32697 WSCH. According to the WCCD, the college iecture rooms are operating at 76 
percent capacity overall, laboratories at 344 percent capacity, and office space (for fill-time faculty) 
at 66 percent capacity. However, during the morning and evening hours the college operates near 
capacity and parking is at full capacity. Additional parking is planned as hture projects are funded. 

Cem, Coso Community College aIso holds classes off-campus. For example, classes 
are held at SSUSD school sites, NAWS, and City facilities. 

d. 0; Various higher education institutes 
offer a variety of degrees and classes on a limited basis. California State Universities and Colleges 
like Chiw, Bakersfield, and Northridge, as well as private facilities such as University of Laverne and 
Redlands University, offer four year and six year degree programs. 
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9.1.2 Enrollment Projections to 20101Growth Trends 

a. Sierra Sands Unified School District. Enrollment projections for the SSUSD 
are conducted on a year-to-year basis by SSUSD staff. They have projected a 1% growth rate for 
the 1993-1994 school year. State projection rates of K-5 = 0.46 studenthesidentiai unit, 6-8 = 0.08 
studentlresidential unit, and 9-12 = 0.14 student/residential unit were utilized to extrapolate 
projections to the year 2010 under each alternative. 

b. Cemo Coso Communitv Colleae District. Enrollment projections for the 
community college are made by the State. The state estimates that Cerro Coso Community College 
will grow 22 percent from 1991 to 1995 from 4,532 to 5,522 students, and 37% between 1991 and 
2000 fiom 4532 to 6190 students. The college will have enough lecture space in 1997 but would need 
additional laboratory and office space before that time. Enrollment projections beyond year 2000 are 
not currently available. 

9.1.3 Planned Improvements 

a. Sierra Sands Unified School District. Planned improvements by the SSUSD 
include the possible rehrbishrnent of all school facilities as finding is made available(SSUSD, staff, 
dct. 16, 1992). The SSUSD owns several properties to be developed as school sites, although no 
specific development plans have been made. Property includes 10 acres near the intersection of 
Downs Street and Ward Avenue and additional acreage at the Faller Elementary School site. 
Typically, elementary schools are located on 10-acre sites, middle schools on 20-acre sites, and high 
schools on 40-acre sites. When the current high school facilities become overcrowded, the SSUSD 
may build additional facilities on the existing campus or open a second high school possibly in the 
southwest end of the Sphere of Influence for the City. 

b. Kern Communitv Colleee District. Planned improvements by the KCCD 
include an Architectural Barrier Removai project which will remove ail barriers in order to provide 
equal access to all students. This $1.5 million project is scheduled for construction in 1993-1 994 and 
1994-1995. A $9 million Performing Arts Center scheduled for construction in 1994-1995 will 
provide additional space for existing programs that cannot reach their fill potential because of 
inadequate facilities. A $4.5 miilion Cafeteria facility will provide adequate food service facilities on 
campus for students, and is slated for construction in 1994-1995. A secondary effects project of the 
Cafeteria facility will provide additional space for the Learning Assistance Center to meet the growing 
student demands for learning assistance services at Cerro Coso. This will be accomplished by 
remodeling the vacated snackbarlstudent center. The $2 million project is scheduled for construction 
in 1995- 1996. 
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9.2 IMPACT ANALYSIS 

9.2.1 Significance Thresholds 

The thresholds of significance for each educational facility are based on the current 
design capacity of each facility and any planned improvements, including the design capacity of 
currently closed schoois and any property owned by the educational institutions. 

9.2.2 Student Generation Rates 

a. Sierra Sands Unified School District. To project new student growth 
generated by new residential developments, the state applies student generation factors per residential 
unit. The factors are averages used for all residential types including single-family and multi-family 
residential units. At the writing of the Draft EIR, the SSUSD projects new student generation 
growth on a year to year basis and, therefore, the impact analysis for each alternative is based on the 
state rates. The state student generation rates for each grade level are listed below: 

o K-5 = 0.46 studendresidential unit 
o 6-8 = 0.08 studentlresidential unit 
o 9-12 = 0.14 studendresidential unit 

The generation rates for the three grouped grade levels (K-5,  6-8, and 9-12) were not 
intended to be used to project student generation beyond several years for long-term projections. Use 
of the state-provided student generation rates may not accurately project actual student generation 
for new residential development beyond several years because of potential demographic fluctuations 
in age distribution. 

b. Kern Communitv Colleee District. There are no specific student generation 
rates available to project new student generation for the Cerro Coso Community College by buildout 
of Alternatives 1,2, and 3. Increased student enrollment is determined by assuming that enrollment 
would increase at the same rates as the planning area population increases under Alternatives 1, 2, 
and 3. 

9.2.3 Projected Student Generation Upon Buildout of Each Alternative 

a. Sierra Sands Unified School District. Projected new student generation upon 
buildout of Alternatives 1, 2, and 3 (including existing students) is shown in Table 9.1-3. For the 
purposes of this impact analysis, growth under each alternative is assumed to occur at an equal and 
constant rate per year over the period of time in which buildout is expected to occur. New student 
generation by buildout of all alternatives is assumed to grow at a constant rate fiorn now until 2010. 
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Adverse impacts to the education facilities would result when the facilities begin 
operating above their intended capacity. A school operates at exceeded capacity when the number 
of students enrolled at a school (enrollment) exceeds the number of students the school was designed 
to accommodate (design capacity). Schools operating at exceeded capacity are considered 
overcrowded, causing the quality of educational services to decline. Impacts to schools may be direct 
(the schools do not meet the education demands within the community) or they may be indirect 
(schools that meet the educational demands of their area may be impacted by spillover fiom schools 
in adjacent area operating at exceeded capacity). 

An impact related to the effects on public schools is the effect of additional population 
on available child care facilities. The issue is becoming an increasingly important consideration in this 
era of families in which both parents work. An analysis of the demand for child-care facilities would 
warrant a separate study focusing on this issue county wide, which is not within the scope of this EIR. 
This section focuses on the impacts to public primary and secondary schools in Ridgecrest. 

Alternative 1. Projected new student generation upon buildout of Alternative 1 is 
illustrated in Table 9.1-3. Alternative 1 would generate approximately 4442 additional new students 
citywide. The new student generation would result in an increase in enrollment at SSUSD schools. 
One new elementary school is proposed under Alternative 1. Some attendance area boundary changes 
would be required as well as interim use of portable units. 

The majority of new student generation would occur in the south, southwest, and west 
areas of the City. New student generation would sigdicantly impact Gateway, Faller, and Las Flores 
Elementaq schools, which are currently operating at capacity. New student generation would cause 
all existing elementary schools to exceed capacity, resulting in significant adverse impacts to the 
education services of t.hose schools. 

New student generation would increase enrollment at the two middle schools, 
Burroughs High School, and Mesquite Continuation School but would not cause the schools to 
exceed capacity. The result would be less than significant impacts to the schools. 

The location of four SSUSD schools within the base presents an issue of accessibility 
and convenience for students in all three of the Alternatives. The migration of local population away 
%om the NAWS has to a large extent separated these schools fiom most of the student population. 
A solution has been to bus students from the surrounding area. 

Alternative 2. Projected new student generation upon buildout of Alternative 2 is 
illustrated in Table 9.1-3. Alternative 2 would generate approximately 73 54 new students citywide. 
Five new elementary schools, one middle school and one high school is proposed under Alternative 2. 
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The majority of new student generation would o m  in the south, southwest and west 
portions of the City. 

Alternative 3. Projected new student generation upon buildout of Alternative 3 is 
illustrated in Table 9.1-3. Alternative 3 would generate approximately 11288 new students citywide. 
The new student generation would result in increases in enrollment at SSUSD schools and 
substantiate the need for eight new elementary schools, one middle school and one high school above 
existing levels. 

The majority of new student generation would occur in the south, southeast, and east 
portions of the City. New student generation would significantly impact Gateway, Las Flores, and 
Faller Elementary schools which are currently operating at full capacity, resulting in significant 
adverse educationai service impacts to these elementary schools. 

b. Cerro Coso Communitv Colleee. Currently, the Cerro Coso Community College 
lecture rooms are operating at 76 percent capacity overall, laboratories at 344 percent capacity, and 
office space (for fill-time faculty) at 65 percent capacity. Funding for improvements (construction 
of classrooms, etc.) at the community college is provided by the state. The state allocates hnds based 
on state enrolIment projections. Therefore, if enrollment is at or below state projected enrollment, 
fimding is available to accommodate the increased enrollment. If enrollment exceeds state projected 
e'nrollrnent, state hnding would not be available to accommodate the increased enrollment. 

Alternative 1. Alternative 1 would result in a citywide population of 50,000. The 
state projects that enrollment at the Community College will grow 22% fiom 1991 to 1995 and 37% 
from 1991 to 2000. If the community college enrollment increases at the state projected rate, 
enrollment would exceed state projections. 

An increase in enrollment would incrementally increase the operating capacity of the 
lecture rooms, laboratories, and offices; however, this would not be significant. Indirect impacts of 
the increased enrollment would add to the existing parking problems resulting in indirect parking, 
public transportation services, and road safety impacts. 

Alternative 2. Buildout of Alternative 2 would result in a citywide population of 
75,000. State enrollment projections for the community college are not estimated to 2010, only to 
2000, and are projected to increase 37% from 1991 to 2000 If the community college enrollment 
increases at the same rate as the planning area population, the increase would exceed the state 
projection. The result would be a significant impact to the education services capacity of the 
community college. 
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An incr& would incrementally exceed the operating capacity of the lecture rooms, 
laboratories, and offices. Indirect impacts such as overcapacity parking facilities would occur as a 
result of the increased enrollment. 

Alternative 3. Buildout of Alternative 3 result in a citywide population of 100,000 in 
the year 2010. If the community college enrollment increases at the same rate as the planning area 
population, the increase would exceed the state college enrollment projection. The result would be 
a significant impact to the educational service capacity of the community college. Indirect impacts 
such as parking problems may occur as a result of the increased enrollment. 

9.3 MITIGATION MEASURES 

9.3.1 Sierra Sands Unified School District 

The following mitigation measures should be implemented by the SSUSD to mitigate 
demands for educational services as soon as feasible and prior to approval of any development that 
would impact existing educational facilities or increase demand for additional educational facilities 
(specific mitigation measures are addressed following the impacts): 

a. Existing. Significant impacts would worsen the currently overcrowded 
conditions of several SSUSD schools. These impacts would be unavoidable until the overcrowded 
conditions are alleviated. 

o The SSUSD should alleviate the overcrowded conditions of Viewig and Faller 
Elementary Schools by implementing the appropriate finance mechanisms to 
provide for portable classrooms at the school until such time that a long-term 
solution can be put into effect. . 

b. Trans~ortation. Properly locating fbture school sites must reflect population 
changes on a subarea basis. Although the total Schooi District enrollment has been only slightly 
increasing, some attendance areas have experienced si@cant changes. Adjustment for this situation 
can be made through busing. However, at some point, development of new schools may be 
necessary, and provision for their location in the General Plan is advisable. Where population growth 
will occur and its density will be determined by the City' land use and zoning decisions. The District 
currently owns one potential school site located on North Downs Street, and additional vacant 
acreage on the Faller Elementary School site. Both sites offer opportunities for new development. 
Consideration should be given to the appropriateness of these sites in relation to overall planning 
objectives. 
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Currently, considerable joint use of building and recreational facilities by the School 
District, Community College, City of Ridgecrest and NAWS occurs. While some inconvenience in 
scheduling results, this system allows maximum utilization of resources. In planning for hture 
development in Ridgecrest, hrther consideration should be given to the effectiveness of this system 
and means of resolving difficulties. Increased efforts at coordination, expansion of heavily used 
facilities (i.e. recreational) and increased accessibility to facilities located within the NAWS are 
possible approaches for consideration. 

c. Alternative 1. Implementation should be made by the SSUSD to mitigate the 
following impacts associated with buildout of Alternative 1 : 

o Existing overcapacity problems of three SSUSD elementary schools; and 
o Exceeded capacity of all remaining additional elementary schools. 
o One new elementary school 

Year Round Sessions. The SSUSD should impiement a year round session school to 
alleviate overcapacity problems throughout the City. 

Im~lementation of Finance Mechanisms. Depending on the type of improvement to 
be funded, the SSUSD should implement one or more of the following finance mechanisms. Money 
fiom these finance mechanisms should be used by the SSUSD to implement the improvements needed 
to mitigate the impacts of the additional student generation prior to City issuance of building permits 
for any residential development that would generate the need for improvements. 

In evaluating each of the funding mechanisms addressed, the SSUSD must provide 
adequate financial planning to ensure that the district does not incur debt beyond that of needed, 
definable projects for which (if necessary) an adequate repayment revenue exists. Selection of a 
finding mechanism should consider "all costs" of financing including interest, underwriter fees, and 
issuance costs. 

o Develo~er Fees State law requires the payment of developer fees by 
individual homebuilders (developers) to affected school districts. Therefore, 
prior to the issuance of building pennits, the developer should pay the SSUSD 
development fees (the current amount is $1.58 per square foot of living 
space). Developer fees can finance improvement of existing school facilities 
and construction of new schools. 

o General Obligation Bonds The SSUSD should consider placing a General 
Obligation Bond on the ballot (voter approval is required). Passage of a 
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General Obligation Bond raises finds to finance the purchase or improvement 
of real property. 

o Mello-Roos Bonds The SSUSD should consider placing a Mello-Roos Bond 
on the ballot. Passage of a Mello-Roos Bond can be used to finance 
construction or improvements of any facility with a usefil life of 5 years or 
more. 

o Certificates of Participation The SSUSD should consider selling Certificates 
of Participation. Certificates of Participation can be used to finance 
construction of facilities, purchase of equipment, and refinancing of existing 
leases. 

o State Grants. The SSUSD should consider applying to the state for grants to 
be awarded to finance construction and improvement projects. 

d. Alternative 2. The SSUSD should implement the measures listed above to 
mitigate the following impacts associated with buiidout of Alternative 2: 

o Existing overcapacity problems of all SSUSD elementary schools; and 

o Projected exceeded capacity of all elementary schools; 

o 5 new elementary schools 

o One new middle school 

o One new high school 

e. Alternative 3 .  The SSUSD should implement the measures listed above to 
mitigate the following impacts associated with buildout of Alternative 3: 

o Existing overcapacity problems of all elementary schools; 

o Projected exceeded capacity of all elementary schools; 

o The need for 8 new elementary schools in the community 

Residual Impact. If the mitigation measures addressed above are successfblly 
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implemented under each alternative, the existing and new student generation would be accommodated 
by schools operating at or below capacity, resulting in no residual sigtllficant impacts. If the finance 
mechanisms are not implemented, no fbnds would be avaiIab1e to accommodate existing overcapacity 
schools and the new student generation, resulting in significant adverse residual impacts to the 
elementary schools. 

9.3.2 Cerro Coso Community College District 

Buildout under all alternatives would result in increased student enrollment that would 
exceed state enrollment projections and hnding availabiity to accommodate the increased enrollment. 
The following mitigation measures should be implemented by the state as soon as feasible and prior 
to  the approval of any residential development that would increase the demand on educational 
services of the community college to mitigate the full capacity problems associated with buildout 
under ail alternatives. 

o Community college fknding allocated by the state should be increased to  
accommodate the additional enrollment; 

o Enrollment fees should be assessed to supplement funding; and 

o Enrollment fees assessed to non-California residents should be increased to  
supplement funding. 

Residual Imuacts. Implementation of the mitigation measures would result in no 
residual impacts. 
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TABLE 9-1-2 
Private School Enrollment Trends 

Enrollment 
1992-1993 

17 
102 
151 

17 
1 00 

6 

393 

Enrollment 
1991-1992 

20 
90 

142 
16 

112 
54 

434 

School 
High Desert 7th Day Advt 1' 

Ridgecrest Christian - 
St. Anns School 
Pilgrim Christian 
lmmanuel Christian 
Ridgecrest Christian-Downs 

Total 

Grade 
Span 
1 to 8 
1 to 8 
1 to 6 
1 to 8 
1 to 8 
1 to 8 



Table 9.1 -3 

Existing School Grade K-6 
New Students - 

Total Students in  201 0 ---- 
New Elementary Schools needed 

Existing School Grade 8-8 
New Students 
Total Students in 201 0 --- 

New Middle Schools needed 

Existing School Grade 9-1 2 
New Students 
Total Students in 2010 -- - - 

New High Schools needed 

SSUSD 

Alternative 1 
2644 --- 

-- 2021 - - - - 
4885 ------ 

740 
565 
1385 -- 

1058 
808 --- 
1888 -- --- 

ENROLLMENT 

Alternative 2 
2644 ----- 
4377 --- - - - - - 
702 1 --- 

740 
1228 - - 
1966 - - 

1058 
1751 
288% --- 

2010 

- - 
- -- 

-- 

- .- . - 

PROJECTIONS YEAR 

Alternative 3 
2844 - - - - - 
871 9 - -. - - - - 
9363 ---- 

740 
1881 --- 
282 1 - - 

1058 
2688 -- - - 

3748 - - - 

Existing 
Capacity 

- - - - 
- 

4084 

1728 

1844 -- 

Additional 
School 
Needs 
Alternative 
1 

- - 

60 1 
1 

-423 
0 

2 2 
0 

Additional 
School 
Needs 
Alternat~ve 
2 
--p 

- - 

2957 
4.4 

238 
0.39 - 

985 -- 
0.52 

Additional 
School 
Needs 
Alternative 
3 - 
-.- .- 

5299 
7.8 

893 
0.61 

1902 
1.03 



Figure 9.1-1 



SECTION I1 

Chapter 10 

SOCIOECONOMICS 

This section examines the potential impacts of the four development alternatives on 
certain socioeconomic factors within the City. The socioeconomic factors which are the subject of 
this analysis include population, employment, tourism, and public finance. 

10.1 SETTING 

The purpose of this section is to describe in a general fashion the existing 
bcioeconomic conditions in the City of Ridgecrest. This setting provides the foundation upon which 
the potential socioeconomic impacts of the proposal will be analyzed. The description of existing 
conditions is intended to provide the level of detail necessary for an evaluation of the potential 
impacts. 

10.1.1 Population and Employment 

a. Po~uiat ion.  The City of Ridgecrest, remotely located in the high Mojave 
Desert of eastern Kern County has experienced significant growth as a result of increasing pressures 
fiom the Los Angeies Metropolitan Area and the Southern California Region as well as from 50 years 
of increasing investment by the Department of Defense in military technology research, testing and 
development. According to figures released in January 1992 by the state Department of Finance, the 
City of Ridgecrest currently supports a population of 29,3 13. This is a 2.2 percent increase over the 
1991 population of 28,765 and a 86 percent increase over the 1980 population of 15,750. Table 10- 1 
provides time series information on population changes in the City of Ridgecrest. As the table 
illustrates, the population grew the fastest during the 1950s and again in the 1970's when the average 
annual increase in population exceeded 10 percent and with the City nearly doubling it's population 
each decade. Some of this population increase is attributable to annexation of lands into City 
boundaries. Since 1950, the average rate of population growth has averaged approximately 9%+ per 
year, but has slowed to a lower than 3% rate in the 90's decade. 
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TABLE 10-1 

CITY HISTORICAL POPULATION 

Year Population Increase f O h )  
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The most recent information on the age distribution of the City's population is based 
on 1990 data from the Federal Bureau of Census. These data indicate that 30 percent of the 
population is younger than 18 years old. The median age in the City of Ridgecrest of 3 1.5 has varied 
only slightly since 1960. 

b. Employment. Data fiom the 1990 Census indicates that the civilian labor force 
(persons 16 years and older) within the City of Ridgecrest was 15,197, equivalent to 55 percent of 
the City's population. Those persons (16 years and older) outside the labor force numbered 4,944. 
The military force numbered 75 1. The number of employed in the civilian force was 13,710, which 
yields an unemployment rate of 4.8 percent. The unemployment rate has grown since the census and 
in 1993 stands at about the state average of 9%. W e  the growth rate points to the fact that the City 
of Ridgecrest is host to a growing and healthy economy, it certainly is not immune from and is 
responsive to short term trends. With a significant workforce in the Department of Defense and the 
Bureau of Land Management, Ridgecrest is very susceptible to changes in budget and economy at 
a national level, and is also to the state economy's influence on tourism, settlement and retirement. 
It can be estimated that approximately 13,63 1 of the 14,461 employed individuals within Ridgecrest, 
work within 30 minutes of their homes with a median commute of 13 minutes. 13,000 people travel 
to work by motor vehicle. 

The following fiscally describes the distribution of the City's employment by economic 
sector based on information 5om the Bureau of Census. While the largest single employment sector 
within the City is the private sector with 7,686 jobs, the public sector (local government including the 
Sierra Sand School District 837, state 245, and federal 4917 jobs) has an unusual ratio of jobs, 43% 
of the total. The largest single employer within the City is the Department of Defense, other major 
employers are the Mining and Chemical Industry (North American Chemical Company and Rand 
Mining). 

Following is a list of the various economic sectors of the City and an indication of 
expected trends for each sector. 

o Agriculture. Never a large component in the local economy, Agriculture is waning, 
employment has decreased. This decrease in agricultural employment is due to the 
urbanization of agricultural lands within the City and lack of competitiveness with other 
regions. 

o Mininp and Chemical Manufacture. These commodities and special manufacture goods are 
a hnction of the international market which has provided a steady demand over the long tenn. 
It is difficult to forecast future activity in this sector, although product is present to meet 
demand. 

SECTION 11-10-3 
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o Manufacturing. Employment in the manufacturing sector now provides (including DOD 
manufacture) 1,195 jobs in the City. 

o Construction. After a period of decline in the 1970s, and a boom in the 1980's the 
construction trade is experiencing a slowdown with a 1990 level of employment of 1,139. 
Traditionally the most cyclical of the economic sectors, we forecast a continued strong 
increase in this sector as the current economy recovers and investment by Public and private 
sectors resurges. 

o Trans~ortation. Communication and Utilities. Major employers in this sector include 
Southern California Edison, Contel, Pacific Gas and Electric, Indian Wells Valley Water 
District, the News Review and the Daily Independent. The imponance of these sectors to the 
City's overall economy remains relatively constant. This sector accounts for 2.5 percent, 332, 
of the City's jobs. The major subsector in this group is electric, water, gas and sanitary 
senices, however, it is the telecommunications sector that is anticipated to experience major 
increases in growth as technologies develop and demand increases. 

o Wholesale and Retail Trade. The wholesale sector has declined as somewhat as Department 
of Defense purchases in the Indian Wells Valley have declined. The wholesale industry 
employs some 116 members of the labor force. Providing employment for 1782 persons in 
the City's labor force, the Retail Trade sector is a major employment provider. It is estimated 
that 30 percent of the jobs in this sector are within the City's hotels, restaurants and bars. 

o Finance. Insurance and Real Estate. Following a period of rapid growth, employment in this 
sector has declined since 1990. Much of this was due to a decline in the number of employees 
in banking and in real estate. This industry will revive in conjunction with the Construction 
Industry. 

o Services. The Services sector has increased since 1974 and now employs almost 30 percent 
ofthe City's labor force. Major employers in this sector are personnel and business services, 
recreational services, health services, legal services, and educational and social services. The 
total employment in this area is 4,586 

o Local Government. The two major employers of the 873 jobs in this category are the Sierra 
Sands Unified School District and the City of Ridgecrest. 

o Federal and State Agencies. The largest single employer in the Indian WeIls Valley is the 
Department of Defense. Due to the unique location and mission of the China Lake Naval 
Station, the prospects for expanded federal activity here is good. With 1.1 million acres, a 
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land area greater than the State of Rhode Island, the China Lake NAWC, renowned for its 
research accomplishments, serves as the premier Department of Defense research, 
development, testing, and evaluation facility. Although drawdowns in the defense and 
aerospace industries have resulted in the loss of 2,000+ jobs in Ridgecrest, 880,000 jobs to 
California since 1990, with appropriate transfer of technologies, incubation of strategic 
industries, and a focus on dual use developments the City may reverse that trend by the 
introduction of new programs and higher paying scientific and technician jobs in our City and 
our state. Ridgecrest presents a working laborato~y in which the technology transfer process 
can be defined and modeled, utilizing a partnership relationship between a national laboratory, 
a local government, and a skilled and competitive private sector. The support facilities, 
hfktructure and scientific-technological skills for these programs are already in place in the 
community and the prospect; for expanding private sector activity to regain and create jobs 
is good. Additionally the City is in a position to lobby the Senate and Congress on behalf of 
introducing new programs into the community and can interface with the Base Realignment 
and Closure Commission so as to benefit from Mission consolidations as installations close 
in other areas. 

.!0.1.2 Hospitality and Tourism 

It is widely recognized that a thriving hospitality industry can contribute significantly 
to the local economy of an area. Tourism is an industry that creates employment for the local labor 
force, injects dollars into the local economy and generates public revenues for the local jurisdiction. 

The City of Ridgecrest is impacted by tourism in the Southern California Region, since 
this area is the primary source of the tourist market for the City. The assets of the City of Ridgecrest 
that attract visitors include the Mojave Desert, Death Valley National Monument, Inyo National 
Forest, the South Sierra Nevadas, Red Rock Canyon, the Trona Pinnacles and the Petroglyphs. 

It is a goal of the City to increase tourist activity and enhance the local hospitality 
industry. At this writing, no report on existing and proposed hotel and motel accommodations has 
been prepared to indicate how many hotel rooms can be supported. In Fiscal Year 1992, the City 
spent $60,000 to support the efforts of the Ridgecrest Convention and Visitors Bureau in promoting 
tourism and invested an additional $50,000 in the Chamber of Commerce. 

The City's tourist economy is comprised of four main components: overnight visitors, 
day visitors, business travelers and conference attenders. Data indicates that business travelers 
generate the largest demand for overnight accommodations, followed by the overnight tourists. 
While conference attenders only demand a small percentage of overnight accommodations, the 
number of occasional and annual conferences and events has grown steadily in recent years. 

SECTION IX-10-5 
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In addition to the number of visitors, an important factor with respect to the effect of 
tourism on the local economy is the size of the tourist expenditures. Estimates of tourist expenditures 
for overnight visitors are based on bed tax information, Convention and Visitors Bureau data, and 
state reports which allocate visitor expenditures among several services. Estimates indicate that in 
1992, exclusive of Department of Defense activities, 46,000 overnight visitors to the City of 
Ridgecrest spent a total of $10,3 16,000 within the City on non accommodation expenditures. The 
overnight visitors, including attenders at conferences and meetings, tourists, and people involved in 
film productions, contributed $186,000 in TOT and $734,570 in sales tax to the community. These 
figures do not include expenditures by day visitors. 

Due to the location of the City of Ridgecrest in proximity to the Sierra and Mojave 
Desert Regions and to the China Lake Naval Station the City supports a large number of day visitors, 
however, there are no estimates for the number of day visitors that the City hosts per year and 
consequently little data is available on the spending patterns of the City's day use visitors. 
Information extrapolated indicates that tourists in Ridgecrest spend an approximate $64 per person 
per day exclusive of accommodations. This is evidence of the importance of the day use visitor to 
the tourist economy of the City. 

The City's finances are also affected by the level of tourist activity that occurs within 
the City. The City receives revenue in the form of sales taxes on goods and services purchased by 
visitors and transient occupancy taxes on hotel and motel rooms. The transient occupancy tax is 10 
percent. For the fiscal year ending June 30, 1993, the City collected $606,272 in transient occupancy 
taxes. This is a maintained number as the transient occupancy taxes collected in prior year FY 9 1-92 
was $606,137. While the amount collected from the transient occupancy tax has maintained itself 
over the last two years, this maintenance has occurred during a dowrrturn in DOD activity and 
indicates that tourism and other visitation has increased dramatically. While it is not possible to 
determine the portion of the sales tax revenue that is attributable to the purchase of goods and 
s e ~ c e s  by visitors to the City, it amounts to a valuable part of the local economy. 

10.1.3 Public Finance 

This section will focus on the finances concerning the maintenance and operations of 
the City's general govenunental functions. Table 10-2 provides summary data on general 
governmental costs and revenues. Expenditures have been grouped into categories to reflect the 
costs of providing different types of public services. Revenues have also been grouped into 
categories. These categories utilize the state report format. 
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TABLE 10-2 

Operating Cost and Revenue Summary 
FY 1993-94 General Fund Only 

OPERATING REVENUES 
Sales Tax 
Bed Tax 
Franchise Tax 
Property Taxes 
Business License Tax 
Other Taxes 

Estimated FY 93-94 
$2,125,000 
$ 600,000 
$ 543,200 
$ 478,100 
$ 157,000 
$ 32.500 

Total Taxes !§3,935,800 

Intergovernmental 
LicenselPemits 
Fies/Forfeitures 
Use of MoneyiProp. 
ChargedServices 
Other 

Total Revenues $8,159,050 

EXPENDITURES 
General Govenunent 
Public Safety 
Transportation 
Community Dcveiopment 
Health (Resource Recovery) 
Culture and Leisure 

Estimated FY 93-94 
$2,460,3 80 
$3,094,470 
$ 480,880 
$ 722,880 
$ 98,700 
$1.1 17.160 

Total Expenditures $7,974,470 

Sourcs: FY 93-94 Budget City of Ridgecrrzt 
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Property tax revenues are those monies, received fiom the property owners via the 
County of Kern, which represent the City's share of the property tax levy. As the table indicates, 
Property Taxes are not the most significant of City revenues. Sales Tax, Transient Occupancy Tax, 
and Franchise Taxes, all greater than property tax, have been increasing in recent years. The property 
tax does not constitute the primary source of revenues for cities as it does with counties. This is due 
to the fact that the City receives only a portion of the property taxes collected fiom propenies within 
its boundaries; the County receives the remainder and dispenses it to other agencies, such as the 
School Districts and Redevelopment Agency. The retail sales tax is the primary source of revenues 
for the City of Ridgecrest due to a strong local business climate. Sales tax represents 26.6% percent 
of the City's annual revenue and with the exception of occasionaI economic downturns has increased 
on an annual basis. This is expected to continue well into the hture. In 1992 and 1993, the State of 
Catifornia, in order to balance it's budget, impounded portions of local property tax that are sources 
of revenue for cities and counties. It is unknown whether the sequestering of local taxes will 
continue. 

The City spends approximately $7.9 million a year providing services to its residents. 
City government costs have been increasing over the years as providing the level of senice required 
becomes more expensive. Public safety is the most expensive of all local governmental functions. 
For the City of Ridgecrest, public safety costs constitute approximately 36.8 percent of annual 
expenditures. This is not just the case with the City of Ridgecrest, but with all local jurisdictions. 

10.1.4 Social Programs and Health Care Services 

a. Social Programs. Residents of the City of Ridgecrest enjoy the benefits of 
social programs which are supported by City taxpayers through tax payments to the Federal and State 
Governments, and through property tax payments to the County. A few programs, such as senior 
citizen programs, Meals on Wheels, DARE, are run by the City. The majority of the social programs 
are provided by the County either directly or through contract. These programs are run by a host of 
different organizations. The various programs address the needs of drug abusers, seniors, abused 
children, troubled famiiies, teenagers, the homeless and the disabled. In addition, the County Fire 
District, also supported by City citizens property taxes, provides a social service in the way of non- 
fire emergency assistance. The Fire Department will respond to calls for assistance in a variety of 
situations such as childbirth, accident, physical assistance for the elderly and coronary failure. 

The County of Kern provides a number of social service and assistance programs to 
the residents of the entire County. The list of public assistance programs is exhaustive. They include 
Aid to Families with Dependent Children, Welfare, food stamps, Medicare and Medicaid. The 
County administers many of these programs on behalf of the State and Federal Governments. 
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Recent increases in the cost of providing public assistance is associated as much with 
cost of living increases than with an inmas in the number of cases. According to staff at the County 
Administrative Office, the County's public assistance case load is somewhat more than of other 
counties of similar size. This is due to the fact that this Counws median income is lower than that 
of many counties of similar size. Of the existing cases within the County, a significant number are 
single parents who are provided assistance. It is not possible to determine the share of the public 
assistance budget that is attributable to residents of the City of Ridgecrest since the County 
Administrative Office does their accounting on a County-wide basis. 

b. Health Care Services. The discussion of health care services is limited to the 
general hospital located within the City of Ridgecrest. Ridgecrest Community Hospital is a private 
regional hospital and health care center. The City of Ridgecrest and Indian Wells Valley is the 
primary area served by this hospital although patients are served from nearby Trona, Death Valley 
and the Eastern Sierras. The hospital capacity is adequate to serve the existing population of the City. 
Occupancy at the hospital hovers around 70 to 75 percent. This is down fiom the occupancy rate 
of approximately 80 percent of a few years ago. This decrease in occupancy is a result of recent 
trends in health care towards outpatient services. The Executive Director of the Ridgecrest 
Community Hospital estimates that the hospital will be able to increase capacity to support the 
growing market population as it increases; depending on demand this increased capacity will require 
facility modifications or expansion. Drurnmond and Sage Medical Clinics and Kern County Health 
Department also provide medical care within the community. 

IMPACT ANALYSIS 

10.2.1 Population and Employment 

a. Alternative 1. Alternative 1 would result in an additional 20,000 residents 
within the City for a total population of approximately 50,000 post 2010. Assuming that the 
characteristics of the population are similar to those which existed in 1990, the age distribution of the 
population would also be similar. 

Based on the estimated population distribution described in the 1990 Census, it 
appears that almost one-halfof the population will be between age 20 and 54. This is the primary age 
group from which the labor force draws most of its members. It is recognized that many individuals 
in the 55 to 64+ age group are still members of the work force and also that businesses in the service 
industry employ individuals in the 15 to 19 age group. 

To estimate the effect of this additional population on the size of the City's work force, 
it is necessary to make an assumption regarding the relationship between the growth in population 
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or households and the increase in the size of the City's work force. According to the 1992 
development profile (City of Ridgecrest Department of Community Development, May 1992), it is 
estimated that there are approximately 0.77 households per employee. Conversely, each new 
household or dwelling unit is assumed to generate 1.3 new members of the worisorce. It is important 
to note that while not all of the members of the labor force reside within the City, most of 
Ridgecrest's citizens are employed within the City limits. Because of the presence of other labor 
markets within commuting distance of the City of Ridgecrest (Inyokern, Trona, Randsburg), some 
jobs within the City are filled by residents of other communities and some of the City's residents are 
employed outside of the City. Because of the limited employment opportunities outside the City, it 
is assumed that a substantial component of the total labor force are employed within the City. 

Alternative 1 is projected to result in the addition of 8,082 new households within the 
City. Usiig the multiplier of 1.3 new employees per household, it is estimated that Alternative 1 to 
sustain a population of 50,000 will need to generate 10,506 new members to the work force. 

The extent to which these jobs result in employment for the City's residents depends 
on the types of commercial and industrial developments that occur and the availability of the needed 
job skills within the local labor force. 

Of the existing commercial and industrial acreage within the City, 66 percent are 
assigned to commercial uses while 34 percent are for industrial uses. More than 50% of the Ciws 
commerciaVindustrial lands are vacant. This balance of commercial and industrial lands is supporting 
the City's healthy, growing economy. However, these numbers could be misleading as a significant 
amount of the City's industry is located on the 5,850 acres of the China Lake Naval Station within 
the City limits. As proposed, Alternative 1 would retain this balance and would hrther the City's 
present growing economic trend. 

b. Alternative 2. Alternative 2 would result in an additional 46,759 residents 
within the City above existing conditions for a total population of approximately 75,000 post the year 
2010. Assuming that the characteristics of the population a.i-co similar to those which existed in 1990, 
the age distribution of the population would also be similar, and it appears that almost one-half of the 
population will be between age 20 and 54. 

To estimate the effect of this additional population of the size of the City's work force, 
it is necessary to make an assumption regarding the relationship between rn p v m h  in population 
or households and the increase in the size of the City's work force. As descnbed in Alternative 1, it 
is assumed that each new household or dwelling unit wiil generate an addition of 1.3 people to the 
City's work force. Alternative 2 is projected to result in a total of 17,509 new households within the 
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City. Using the multiplier of 1.3 employees per household, it is estimated that Alternative 2 will 
generate 22,761 new members of the work force. 

As noted previously, of the existing commercial and industrial acreage within the City, 
64 percent are assigned to commercial uses while 34 percent are for industrial uses. Alternative 2 
would alter this ratio, decreasing commercial and increasing industrial acreage. This slight change 
is not expected to noticeably affect the local economy. 

c. Alternative 3. Alternative 3 should add 71,759 additional residents to the City 
for a total City of approximately 100,000 post the year 2010. Assuming that the 
characteristics of the population are similar to those which existed in 1990, the age distribution of the 
population would also be similar, it appears that almost one-half of the population will be between 
age 20 and 54. 

It is assumed that each new household or dwelling unit will generate an addition of 
1.30 people to the City's work force. Alternative 3 is projected to result in a total of 26876 new 
households within the City. Using the multiplier of 1.3 employees per household, it is estimated that 
Alternative 3 will generate 34,938 new members of the work force. 

Alternative 3 would slightly change the existing balance of commercial and industrid 
acreage to increase the percentage of industrial acreage. 

The retail and services sectors are the strongest sectors of the local economy. 
Together, retail trade and services (1990 Census) provide 6861 jobs or 50 percent of the City's 
employment opportunities. The vigor of the City's commercial sector not only benefits the local 
economy, but there are fiscal benefits associated with commercial developments. To move away from 
the current balance of commercial and industrial acreage toward a land use scenario that includes 
more industrial than commercial acreage could adversely impact the local economy and the City's tax 
base. However, under Alternative 1,2, and 3, the change in the balance of commercial and industrial 
land uses is too small to create a significant impact. 

d. Alternative 4. the no proiect alternative . Alternative 4 is problematic in that 
the City would exist without plan and consequently would attempt to maintain jobs, but this couid 
result in stagnation of the local economy, a reduction in competitiveness and loss of primary sectors 
such as the DOD and the service sectors. Without plans for community transformation andlor 
expansion jobs and the economy would be likely to erode. 
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10.2.2 Tourism 

The importance ofthe tourist economy on the local economic cIimate was discussed 
in Section 6.16.1.2. W~th the downturn in the Department of Defense industry, it is more important 
than ever that the tourist industry in the City continue to thrive and capture the tourist market which 
is so beneficial to the local economy. Table 10-3 presents a summary of the revenue generated by 
the Transit Occupancy Tax (TOT). 

TABLE 10-3 

CITY TRANSIENT OCCUPANCY TAX 

Year Amount Collected 6) General Fund 

1987188 495,579 $5.1 Million 

1988189* 608,132 $5.6 Million 

1989/90 650,541 $6.4 Million 

1990/9 1 656,885 $7.4 Million 

199 1192 606,13 7 $8.2 Million 

1992193 606,272 $6.8 Million 

41 In 1989 T.O.T. increased fiom 8 to 10%. 

(In 1992 The City had 782 rooms at average rate of $38.29 per night; Occupancy rate of 47.14%.) 

Sourca: City of Ridgcual Annul Repat of F i  TrYrvaiom to St& Controlla. Convention and Viiton Burau. 

Based on information gathered &om the Convention and Visitors Bureau and Chamber 
of Commerce, factors that affect tourism are: (1) an area's natural resources, particularly the desert, 
(2) accessibility, (3) cultural and special events, (4) cost, and (5) marketing efforts. None of these 
factors would be directly affected by the proposed development alternatives. However, all of the 
alternatives would increase the amount of land designated for commercial use. To the extent that this 
additional commercial acreage is developed with establishments that are attractive to the visitor, the 
impact on tourism would be beneficial. 
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According to the Visitors and Convention Bureau, a problem for the City of 
Ridgecrest is its distance fiom highways 14 and 395, the principal tourist routes. Tourists often get 
lost on Highway 178 trytng to navigate the route fiom the Highways to Death Valley and the Sierras 
or vice versa. As the additional development envisioned under the four alternatives adds fbrther 
traffic, this could exacerbate the accessibility problems and discourage tourists fiom visiting the area. 
However, given that many of the visitors are fiom the Los Angeles Metropolitan Area and the 
Southern California Region, it is not expected that the level of traffic which could occur in the City 
would be much of a discouragement. Therefore, the potential impact is considered insignificant. 

10.2.3 Public Finance 

a. Methodolow. The purpose of this section is to analyze the potential impacts 
of the four alternatives on the City's operating expenditures and revenues. This section does not 
include an analysis of the costs of needed or fbture capital improvements. These improvements are 
often wholly or partially supported by developer fees, assessment districts, user fees, etc. It is 
mcu l t  to obtain an indication of the annual costs or revenues that appear in the City's budget each 
time an additional person is added to the City's population as numbers represent costs and revenues 
wbch are accruing over time. Certain costs and revenues may not become evident until such time 
as the growth in population or commercial and industrial development reaches a certain levei. 

Commercial and industrial land uses are important factors to be incorporated into 
fiscal analysis since it is believed that the demand for services and the public revenues received are 
associated not only with a growing population but also with a growth in commercial and industrial 
development. 

From a pure fiscal perspective, commercial development is the most advantageous to 
the City, generating revenues well in excess of the costs of serving the development. Residential 
developments (when recreation, parks, and other services are factored into the equation) create 
expenditures in excess of revenues. Industrial deveiopments basically have a neutral fiscal effect 
(although this is where the spendable incomes are derived fkom). On whole however, the three appear 
to balance in the positive. 

b. Sipificance Thresholds. Fiscal impacts have not been established by the City 
of Ridgecrest, however, a number of communities consider impacts to be "adverse" if a net fis& 
deficit is projected which is greater than $10,000 and beneficial impacts are considered "substantial" 
if the projected budget surplus is equal to or greater than 2 percent of the Fiscal Year budgeted 
operating revenues. 
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c. Alternatives 1.2. and 3. The development permitted under Alternatives 1, 2 
and 3 will result in additional residents within the City. Based on the costs of sustaining citizen 
services, this level of population growth could generate an annual net fiscal deficit, however, it is 
assumed that residential development will be accompanied and balanced by industrial and commercial 
development and thus be seifsustaining. lfit is not, residential development can be a significant draw 
on local government resource. To be effective, and be in a position to provide public services cities 
need to be balanced. 

The expenditure of revenues by local jurisdictions is limited by Senate Bill 1352 which 
implements the 1980 Gann Initiative, or Proposition 4. The limitation is based on the appropriations 
for Fiscal Year 1978-79 adjusted for increases in population and the Consumer Price Index. 
Therefore, the increase in population will benefit the City by increasing the appropriations limitation. 
This is a benefit that must be taken into account. 

d. Alternative 4. Under this alternative infill wiii be sporadic and job development 
will occur without public support. This alternative could be significant in that without lobbying and 
the loss of jobs at China Lake, and the commensurate downturn in the local economy would result 
in higher unemployment and a greater demand for government and social services without generating 
offsetting revenue. 

10.2.4 Social Service Programs and Health Care Services 

a. Social Service Programs. It is difficult to estimate what percentage of the 
population added to the City under the development alternatives would require the social services 
presently provided. It is assumed that the current relationship between population and social service 
costs continues into the future. 

The potential increase in social service costs associated with all four alternatives is 
considered to be substantial. 

The potential impact of the development scenarios on the County's costs of providing 
public assistance must be examined in light of the economic status of individuals needing assistance 
from the County's programs. The City's social service programs are not targeted to population of a 
specific economic status. For example, emergency assistance and the senior programs are not related 
to the economic status of the recipients of the services. However, the County's programs provide 
assistance to individuals with lower incomes. The extent to which the additional population within 
the City would increase the demand for these assistance programs depends on the economic status 
of the new residents. Recent trends in housing prices within the City appear to maintain the 
composition of the population to one of predominantly middle income families. According to staff 
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ofthe County Administrative Office, population growth within the City of Ridgecrest is not expected 
to significantly increase the demand for public assistance. 

b. Health Care Facilities. the Executive Director of Ridgecrest Community 
Hospitai states that the hospital has the capacity to support increased population and continue to 
provide services with facility modification andlor expansion. Therefore, while Alternatives 1,2 and 
3 contribute to the eventual need for a hospital expansion, they can be accommodated without 
significantly impacting the hospital. The population proposed under Alternative 4 wouid not 
necessitate an expansion of Community Hospital. It is believed that these impacts would occur far 
enough in the h r e  to allow the hospital to be able to plan for this eventual expansion and therefore, 
avoid creating a significant impact. 

10.3 MITIGATION MEASURES 

Based upon the impact analysis, the following impacts should be mitigated: 

o The Social Service costs of all the development alternatives. 

o The need for new hospital space resulting from the demand likely to result under the 
alternatives. 

o The potential unemployment of a new population. 

To offset the potential increase in social service costs, the City should ensure that 
hnding leads expenses by anticipating costs 2 to 5 years into the hture to support these programs. 
However, given the fiscal constraints facing all agencies involved in social service and public 
assistance programs, it is not certain that a significant amount of fbnding would be available. 
Therefore, the City may be unable to support the current level of social senices in the future and may 
have to amend or delete certain programs. 

The goals and programs to create jobs and maintain and enhance the economy of 
Ridgecrest need to be implemented so as to lead population growth with economic development. 

Residual Impacts. Imposition of the above mitigation measures would reduce all 
identified socioeconomic impacts to less than significant levels. No significant housing impacts would 
result fiom the creation of new employment oppomnities under the development alternatives as a 
greater number ofjobs would be created than the number of units provided to accommodate the new 
households. 
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TABLE 10-4 

Summary of Impacts 

Issue Alternative 1 Alternative 2 Alternative 3 Alternative 4 

Population 50,000 75,000 100,000 unknown 

Current Jobs 13,710 13,710 13,710 13,710 

Additional Jobs 10,516 22,76 1 34,938 unknown 

Total Jobs 242 16 3 6,47 1 48,648 unknown 

Social Service Cost YES YES YES YES 

ExpansionModification 
of Community Hospital NO YES YES NO 
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Chapter 11.0 

HOUSING AND POPULATION 

See Section 4 Chapter 10, Socioeconomics, for a discussion of the consequences to 
housing and population. 
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SECTION I1 

Chapter 12.0 

TRAFFIC AND CIRCULATION 

SETTING 

Transportation facilities, their location, and accessibility have been, and will continue 
to be, a major influence in shaping the form of Ridgecrest. In addition to their primary purpose as 
carriers of people and goods, the City's roads influence the development pattern of the environment 
by affecting the location of housing, employment, recreation and commercial activity. The economic 
viibility of each land use is dependent upon acceptable levels of access. An inadequate circulation 
system may cause congestion and pollution, result in losses of time, and possible impacts to health. 

By the nature of the M i o n  they serve, many of Ridgecrest's roadways cross 
jurisdictional boundaries. As a consequence, decision-making by the City regarding transportation 
may involve the State, Kern and San Bernardino Counties, and the Kern Council of Governments, 
perhaps to the point of conflicting interests. These interests must be resolved by inter-agency 
cooperation, negotiation, and commitment. 

The circulation portion of the Ridgecrest General Plan depicts a roadway system 
designed to ensure public mobility and access that will meet the needs of the existing and anticipated 
population of the City. The intent of the Circulation Plan is to preserve a corridor unobstructed by 
any permanent structure for every future road right-of-way for shown on the Circulation Plan Map. 

It is the intent of the City of Ridgecrest to provide for a balanced transportation 
network that will provide for the safe and efficient movement of goods and people through the 
planning area. This will be accomplished by the development of roadways consistent with the 
standards and designations delineated in the Circulation Plan. Also, alternative transportation 
opportunities will be provided for, such as transit, truck routes, pedestrian routes and bikeways. 
F i l y ,  pedestrian access is planned to facilitate recreational and leisure uses. 
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The Ridgecrest Circulation Plan serves to designate those roads in the City that, under 
state law, constitute the City's select system of major roads. This designation is used to determine 
the eligibility of roads for improvement with certain specified Highway User Tax Funds. The title 
"Circulation Plan" used in this plan corresponds to the term "General Master Plan" as used in Section 
186.4(3) of the Streets and Highways Code of the State of California. 

California Government Code Section 65302(b) specifies that all general plans shall 
include a circulation plan intended to designate the "location and extent of existing and proposed 
major thoroughfares, transportation routes, terminals, and other local public utilities and facilities." 

Located in Northeastern Kern County, the Ridgecrest and Indian Wells Valley area 
is included in the jurisdiction of Caltrans District 9, Urban Mass Transportation Administration 
Region 9, and Federal Highway Administration Region 9. Within the City, there are a total of 136 
roadway miles, including secondary State Highways. 

Because Ridgecrest is situated in the Northern Mojave Desert and is the major urban 
area at a confluence of roadways serving the East Sierra Nevadas, the Mojave and Death Valley, it 
is considered locus, regional center, and gateway to many diverse recreational pleasures. Recreational 
traftic is a significant and often neglected element of transportation demand that must be served by 
the Ridgecrest circulation system. As the population of the greater Southern California area 
iircreases, more people will seek these recreational opportunities, thus creating additional demand for 
transportation system improvements, regardless of increases in local development. For this reason, 
the plan includes elements of the state highway system as well as the local street system, and the 
interface between the two systems. 

12.1.1 Introduction 

Principals of Effective Circulation Plans 

In order to effectively serve the community, the circulation system must be all of the 
following: Comprehensible, Cornpiete, Capable. 

Comprehensible: For a circulation system to work in the true sense of the 
word "system", it is necessary for the user to understand the intent or function of the various 
streets in the system. The function of the street, whether it is meant to carry large volumes 
of traffic for relatively long distances or, at the other end of the scale, to provide access to 
individual small properties, must be obvious fiom the design and appearance of the street. 

Just as the street system must be comprehensible so that the driver can choose 
his route within the community, the fieeway interchange pattern and arterials must be clear 
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so that people entering or leaving the City will be able to find their way. An arterial system 
which cannot be understood, one which may have been adequate for a predominately rural 
area, will restrict access to the City and reduce its potential to achieve its goals. To be clear, 
interchanges and arterials should provide full service to the surface street system; a driver 
exiting from a freeway to a street should be able to use the same street to get to a freeway 
entrance for his return or continued trip. The interchange system must also recognize the 
City's arterial street system, and should serve as many of the system's components as good 
design will permit. 

Complete: A system of streets theoretically must have facilities which (1) 
carry large volumes of traflic and provide little or no access to individual property, (2) 
provide fiee access to property and carry little traffic, and (3) provide a mixture of these 
extreme functions. The spacing and total mileage of each type of facility must be properly 
balanced in order to achieve a high level of traffic service. Those streets intended to carry 
appreciable volumes of traffic should have continuity without jogs at intersections, smooth 
alignments (with curves) which will allow reasonable urban speeds, and logical termini so that 
vehicles can travel through the City in a reasonably direct path. Streets which are not meant 
to carry through traffic may be discontinuous, such as cul-de-sacs or loop streets, perhaps 
cudinear to discourage undesiily high speeds, and where practicable, should not intersect 
arterial streets so that the possibility of becoming by-pass or relief routes is minimized. 

The design of a street system cannot be regarded as complete unless the total 
journey is considered and accommodated. Adequate access, parking, and goods delivery 
facilities must be provided at each end of the trip. Such inadequacy of facilities can result in 
the use of the movement portions of the street for storage or loading; a situation which is 
inconsistent with the objectives of the pian. 

Capable: Each individual component of the total system must be capable 
of carrying, safely and economically, the traffic volumes which are likely to use the facility. 
These traffic demands will depend on the types and intensities of land uses which the street 
serves or connects, and the types of areas through which it passes. In addition, especially for 
the State Highway system, demands will also reflect increases in population in the Southern 
California area in general, regardless of local land development. The fhnction of the street 
and the traflic facilities to which it connects will also influence the demands on the street. All 
of these factors must be considered in the street's design. The major streets, particularly, 
because they will constitute the traffic-carrying system, must provide adequate capacity to 
serve existing and future needs. 

Implementation of the General Plan will result in increased demands for all types of 
transportation. Population increases associated with new housing and employment opportunities will 
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create increased traffic volumes on existing roadways and require the construction of new ones. 
Also, demands for alternative transportation systems, such as bus and bicycle circulation, will expand 
with the growing population. Development of the complete transportation system will be required 
over an extended period. 

In order to llfill the above key elements of the circulation plan, the Circulation Plan 
Map identifies each of the arterial and coIlector routes found necessary to support the general plan 
land uses identified for the City. 

This section provides introduction to general concepts used in this report to evaluate 
potential circulation and traffic system impacts. The components of the circulation system of the City 
of Ridgecrest, sphere of influence and area of interest include the following: Streets and highways, 
transit, railroads, parking, bicycle and pedestrian facilities, air transportation. The basic components 
of the city circulation system are described below. 

a. Streets and Highways. A city's circulation system is composed of a 
wide range of transportation facilities which serve two basic finctions: mobility and land 
access. Mobility means providing the ability for people to travel between their points of 
interest. Land access means providing access to destination properties which may include 
parking, driveway access and bicycle storage. 

The purpose of the circulation plan is to designate an efficient system of streets 
and highways which will provide enhanced access routes to the city from other areas, and 
adequate links between land use elements within the city. Such a plan must complement the 
land use plan in order to contribute to achievement of the economic, physical, and social goals 
of the community. Mobility is not an end in itselc it merely makes possible the hllest use of 
the city's facilities. Wlth these broad criteria in mind, the Plan provides the city with a means 
of implementing a circulation network which can sustain and develop maximum efficiency, 
safety and community service. 

The street plan provides for concentrations of traffic on a minimum mileage 
arterial street system, locates the streets in the arterial system to efficiently serve and remain 
compatible with the land Lises of the urban area, provides through the design of the grid 
system an adequate supply of non-arterial streets. 

A circulation plan is typically composed of facilities that emphasize both 
mobility or access in varying degrees. In Ridgecrest the following types of facilities are 
defined: 
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Facility Type Emphasis (Mobility versus Land Access) 

Freewayhlighway Mobility with no land access and limited access to arterial streets only. State 
Highways conform to the standards of the California Department of 
Transportation. 

Parkway 

Major Arterial 

Mobility with access to arterials and no land access. Parkways, by design are 
to  be fed arterials and convey major cross town traffic. The parkways may 
contain linear parks andlor drainage channels and provide Class I Bike Trails. 
Depending on associative functions Right-of-way @OW) may vary from 
140' to 200'+. 

Mobility with intermittent access to secondary arterials, other streets and 
tieeways, with minimal direct land access. Arterials form the backbone of the 
circulation system. As such, they must have logical termini, predicated not 
only on the existing land-use plan, but also on reasonable possibilities of 
b r e  expansion. In general, locations and classes of arterials are defined by 
the existing circulation layout, or for fiture routes, by topography and by 
estimated hture travel patterns. Where hture development may affect the 
actual location of an arterial, schematic locations are shown. Finally, the class 
of arterials is dependent upon the volume and nature of traffic expected to 
utilize these routes. Major Arterial Right-of-Ways (ROW) are not less than 
110 feet in width and are characterized by divided directional traffic. 

Secondary Arterial hlobility with access to some local streets and major traffic generating land 
uses. Secondary Arterials serve to connect major arterials with local and 
collector streets providing access to the various land uses. Thus, while 
serving this intermediate function, they also provide some albeit minimized 
access directly. The designation of streets as secondary arterials is an 
important portion of the circulation element, since secondary arterials form an 
integrated component of the overall transportation network. It is important 
for safety purposes and cost of section, however, to avoid mixing traffic fiom 
residential development with industrial and commercial traffic on collector or 
local streets. Secondary Arterial ROW are not less than 90 feet wide. 

Collector Streets with a significant focus on access in which the mobility function is 
intermediary, collecting and fbnneling local street traffic to arterials. Collector 
streets ROW are not less than 64 feet wide. 
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Local The ultimate purpose of local streets is in their access to adjacent land use; the 
primary function of local streets, whether in commercial, industrial, or 
residential land use areas, is to provide access to adjacent properties, and to 
feed this t.ra£Ec to collector or arterial streets that extend mobility. Local and 
Cul-de-sac streets ROW are not less than 60 feet wide. 

Circulation systems are designed with the above hierarchy of streets largely 
as a means of achieving the goals of mobility and access in an efficient manner. While it might 
be desirable to provide both access and mobility on all facilities, no one would favor arterial 
street standards for all facilities in a circulation system. The designation of street types has 
fknctional, safety, and economic value to a community. 

b. Regional Access. Regional and Inter-regional access for the City of Ridgecrest 
is provided by a system of freeways, highways and local arterials. Highways 395 and 14 
provide south and west linkage to LancasterPalmdale, Bakersfield and San Bernardino, and 
the Los Angeles Metropolitan Region. Northward they link Ridgecrest with Bishop, 
Mammoth, The Sierra Nevadas, Lake Tahoe and Reno. Highway 178 passing through 
Ridgecrest provides an important primary arterial and scenic linkage to Bakersfield to the 
west and Death Valley and Las Vegas to the East. 

12.2 BASE CIRCULATION AND TRAFFIC SYSTEM 

a. Freeways/Highways: The Indian Wells Valley and City of Ridgecrest are 
served by three state highway facilities: Highways 14, 395, and 178. Highways 14 and 395, 
primarily 2 lane highways within the Indian Wells Valley are identified by CalTrans Route 
Concept Reports as b r e  4-lane keeway Level of Service (LOS) "C" facilities. Highway 14 
and 395 to the west are linked to Ridgecrest via Highway 178 which is planned as a four lane 
facility with interchanges at each juncture. Additional interchanges are planned for Highway 
395 at Bowman road and at South China Lake Boulevard. The Route Concept Report for 
Highway 178 (RCR 178) states that the roadway segment fiom Highway 14 to Highway 395 
is projected to deteriorate to a LOS of E by the year 2010 due to right-of-way constraints that 
could potentially make widening to 4 lanes through the Village of Inyokern infeasible. The 
Kern County Inyokern Specific Plan recommends developing alternate routes and relocation 
of 178. RCR 178 identifies Bowman Road as a roadway that, if extended to meet 178 West 
at Highway 14, could divert a significant amount of through traffic, and by serving as the 
major EasWest traffic carrier in the valley make widening of 178 through Inyokern 
unnecessary. An additional proposed rerouting of 178 would have it circle Inyokern to the 
North and join existing 178 west of the Inyokern Airport. From the Route 395 junction 
through Ridgecrest, 178 (Inyokern Road, North China Lake Blvd. and East Ridgecrest Blvd) 
is planned as a 4-lane urban arterial and will require operational improvements, dividers, 
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signal phasiig, turn lanes, transportation demand management programs, and transit facilities 
if it is to maintain a LOS of " D  through the year 2010. The development of alternative east- 
west routes off loading traffic fiom 178 is critical to maintaining a viable LOS. 

b. Principal EasWest Streets: Inyokern Road (highway 178) is a major 4-lane 
arterial at the northern City limits and serves as the City's Northwestern Gateway. As the 
lands to the North of Inyokern Road are under federal ownership and are not anticipated to 
develop, M c  on Inyokern will increase in response to background traffic fiom development 
to the south, regional traffic, and Naval Station activity for which Inyokern Road serves as 
the main entry. Current LOS is low "C" or "D" due to speed restrictions and is planned to 
remain at LOS D through traffic control and management programs. 

Bowman Road is planned to develop as a major divided parkway and contain bike 
trails and a linear park with channels conveying the Valleys major storm drainage along its 
length. As it will be the major eastlwest roadway bisecting the City at its fbture center, it is 
slated to become the major transportation corridor of the community and will be characterized 
by limited private access. The road will ultimately connect to Highways 14 and 178 to the 
west, intersect with Highway 395 at a future interchange, cross the City at the center of its 

.. north-south axis, link to the commercial center of China Lake Boulevard, and convey trafiic 
to and from Highway 178 East and the Naval Station at Richmond Road. As such it is 
planned as the major east west thoroughfare of the Indian Wells Valley. 

Drummond, Ridgecrest, Springer, and Javis are planned as Major Arterials their full 
length across the Indian Wells Valley; due to right-of-way constraints West Ridgecrest 
Boulevard is planned as a Secondary Arterial with a special design section in the segment 
between China Lake Boulevard and Downs Street, and East Ridgecrest Boulevard is Highway 
178 East of China Lake Boulevard; fiom the college grid Javis follows contours to China 
Lake Boulevard but schematically continues along the gridline to the West of China Lake, 
perhaps at Laura Avenue. 

Ward, Las Flores, Upjohn, Dolphin and Kendall are Secondary Arterials placed at the 
half-section line and extended schematically across the Indian Wells Valley. Pilot Plant Road, 
Knox Road, and Inyokern Road within the Military Reservation are important China Lake 
Naval Station transportation comdors limited to Department of Defense traffic and not part 
of the City's street system. 

c. Principal NorthISouth Streets: Major Arterials are San Bernardino (County 
Line) Road, Gateway Blvd, Richmond Blvd. between Bowman and Highway 178, College 
Heights Blvd, China Lake Blvd, Downs Street, Brady Street, Jack Ranch Road, and fiuther 
west and schematically along section lines, Herbert Street, Calvert Boulevard and Victor 
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Street. Brown Road (Old Highway 395 also known as Inyo kern-Randsburg Road) intersects 
with Highway 395 at South China Lake Boulevard and proceeds Northwesterly toward the 
village of Inyokern. 

Secondary Arterials are Olema, Lumiil, Sunland, Norma, Mahan, and Primavera Streets. 

d. Other Roadways: Pilot Plant Road, Knox Road, and Inyokern and Richmond 
Roads within the Military Reservation are important China Lake Naval Station transportation 
corridors limited to Department of Defense traffic and not part of the City's street system. 

e. Bikeways and Pedestrian Facilities: The Circulation Plan is based on the 
assumption that Ridgecrest residents desire to retain the same level of mobility that exists 
today, and only reasonable changes in the transportation system will be acceptable. One 
method of anticipating acceptable change in transportation systems involves the development 
of alternative transportation systems. Alternative forms of transit are those systems that 
benefit the environment and consider lifestyle. Given these factors, bicycle and pedestrian 
oriented activities are emphasized in this section. 

The City has implemented a bicycle circulation system that encourages bicycling as 
a community activity for both transportation and recreation. As part of its adopted general 
plan circulation element, the City has prepared a bikeway master plan. Other activities that 
may promoted bicycling include expansion of downtown bicycle parking facilities and the 
installation of roadway hardware that enables bicycles to activate trffic signals. 

Surveys indicate that the bicycle represents a viable alternative to the automobile, 
particularly for the short work trips that dominate Indian Wells Valley travel. Clearly, 
bicycling to work is not an option available to everyone, but expansion of this travel mode can 
be achieved by reducing the barriers to bicycle use. 

Walking to work, shopping and recreational sites promotes direct interface with the 
physical environment as well as ecologically benefiting the community. Well-maintained 
sidewalks, trails and other street improvements, as well as pedestrian-oriented design 
standards, encourage pedestrian transportation. 

f. Public Transportation: Public transit is an integral part of a well-balanced 
transportation system. To be effective, public transit systems must be integrated into land use 
plans to provide mobility to the target population of the particular public transit program. In 
addition, the circulation system must provide viable routes within residential areas to 
maximize availability of transit stops within reasonable walking distances. Public transit 
systems can provide cost effective alternatives to automobile fuel costs and to street and 
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highway congestion. Other benefits of the effective utilization of public transit include 
reductions in air pollution and automobile accidents. 

The infirm elderly, handicapped and youth can rely heavily on bus and demand 
response public transit programs. Commuters can benefit from fixed route and ridesharing 
transportation programs. 

The City managed Ridgecrest Area Transit System (RATS) currently operates as a 
demand responsive (dial-a-rideldoorstep to doorstep) service to residents of the City and our 
sphere of influence. It also provides six fixed scheduled trips per day to the Cerro Coso 
College campus when classes are in session. The transit system carries approximately 35,000 
per year. It also contractually, in cooperation with Kern County, provides services to the 
outlying villages of Inyokern, Johannesburg and Randsburg on a limited basis. With the 
growing population of the City there may be a developing need for a fixed route system, 
development of which could additionally aid in emission reduction and compliance with the 
California Clean Air Act. The American with Disabilities Act (ADA) provides that a 
para-transit system must be available as a complimentary equivalent to those eligible special 
case riders who are unable to utilize a fixed route bus service. 
, 

Current finding for the City of Ridgecrest transit is predominantly subsidized and 
governmental based and derives fiom the City's General Fund, KernCOG, Kern County 
contracts, and grants and entitlements through the Transportation Development Act (TDA), 
State Transit Assistance (STA), and with less than 10% of the cost paid by the ridership. 
Federal Transit Administration (FTA) finds are only made available to communities with 
populations of more than 50,000 although Ridgecrest derives some section 18 funds from this 
source. 

An analysis, City of Ridgecrest Transit Development Plan, FY 1992193 - 1996197, of 
RATS current usage indicates a demand rate of 100 to 120 boardings per day and that b e d  
route alternatives to the demand-response system should be reviewed for effectiveness and 
economy when ridership exceeds 200 per day. In the interim the analysis has recommended 
systems efficiency improvements, datum collecting and the basis of a long range transit 
development plan. Long term the study identifies the implementation of a tixed-route service 
with a supplemental demand response service for the infirm elderly and the handicapped as 
being the most cost effective transit system. 

Through the creation and implementation of a comprehensive Transit Development 
Plan the City can begin to analyze such issues as: what population size to implement a fixed 
route system; efficient routes; best route to serve the highest density of the population; 
additional right-of-way requirements; bus stop locations; number and types of buses needed 
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to serve the community, special population transportation needs, and other transit related 
issues. 

12.3 TRAFFIC AND CIRCULATION SYSTEM COMPONENTS 

a. Road Network System The City of Ridgecrest's and the Indian Wells Valley's 
Land Uses, historically, because of the flatness of the valley floor and ancient lake bed, have 
developed within USGS Township and Section lines. Thus land uses and ownerships, have 
developed in geometrical and proportional symmetry. The Kern County and City circulation 
systems foilow this geometrical grid, and the traffic system, a true "grid system," continues 
this pattern throughout much of the valley except where the foothills and other land forms and 
geographical features require adaption to contour. 

With the exception of Highways 395 and 14, there are few land uses in the valley that 
are not design responsive to the grid. 

The grid system has enabled the deveiopment of a street system in which roadways, 
laid on section iines, have developed as major arterials, half sections as secondary arterials; 
this pervasive pattern enables local streets considerable access to the mobility offered by the 
arterials and by diffising traffic to numerous convenient arterials, has been advantageous to 
the City in avoiding the congestion other communities have encountered. The circulation 
element continues and reaffirms the value of the valley's transportation network. The 
circulation element extends the grid through the sphere of influence and Ridgecrest area of 
interest schematically; the final placement of the hture road system wiiI be contingent on 
topography and drainage, right-of way surveys, order of development and other 
determinations. 

Certain locations in the community, due to the intensity of the adjacent land uses, such 
as China Lake Boulevard's Commercial District,and Inyokern Road's China Lake Naval 
Station Gate area, where the roadways serve as both arterial and destination facilities 
(mobility and access) experience some deterioration in level of service. Efforts by the City and 
CalTrans to signalize the flow, and projects by the Navy to provide storage at the NAWS 
access gates and to institute TSM programs such as staggered shifts have had beneficial 
results. 

b. Intersection Operations, Traflic Volumes and Levels of Service R d n y  
on which trffic count information was available were analyzed relative to their 
volume/capacity ratios and the level of service of traffic operation. The technical appendix, 
"Existing Traffic Volumes," contains traffic volumes for the various streets in the City. 
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The term "level of service" is used to describe the quality or ease of traffic movement 
for operating conditions that may occur on a roadway or intersection as it accommodates 
various t&c volumes. Level of service provides an overall qualitative measure of the effect 
of a range of factors, which include speed and travel time, fieedom to maneuver, traffic 
interruptions, comfort and convenience, and safety. (1) There are six levels of service, "A" 
through "F", that relate to driving conditions. This technique is the standard method for 
identwg street deficiencies, and reflects the capacity of the street sections to accommodate 
M c  volumes (volume/capacity ratio). The characteristics of traffic flow on a roadway for 
these various levels of service are summarized in Table 12-1 

Obviously, level of service is a qualitative description based on traffic flow at any 
given time. Trafiic flows vary by time of day, with the P.M. peak hour usually representing 

Although "Level of Service" (LOS) was originally intended as a measure of the type 
of operation over a distance, it has been recognized that intersections are the primary 
restrictors of capacity on urban arterials, and that the originally defined values of speed versus 
distance did not apply to point locations. Since LOS is described in terms of driver 
satisfaction, LOS for intersections is now usually related to congestion or delay. Intersection 

.. service levels are now commonly calculated by the Critical Movement Analysis Method 
developed by the Transportation Research Board which relates the sum of existing or 
expected to a maximum value in order to determine a volumdcapacity (VIC) ratio and 
corresponding service level. the method provides an acceptably accurate measure of 
intersection performance, provided it is remembered that overall route LOS may be affected 
by other conditions (visibility, approach versus no approach parking) in addition to 
intersection performance. (See Tables 12-2 and 12-3) 

12.4 CAPACITY EVALUATIONS FOR EXISTING ROADWAYS 

Capacities of existing Roadways to accommodate traffic is considered good, with the 
exception of A.M. and P.M. peak demand periods when employment related commuter traffic is at 
its highest the majority of the City's roadways are level of service A and B. 

12.5 IMPACT ANALYSIS 

12.5.1 Project Impacts 

The Circulation Master Plan ( Figure 12-1 ) establishes the location and extent of 
major thoroughfares in the City. Major objectives of the plan include coordinating access routes to 
the delivery of traffic to the Naval Station, concentrating through traffic on arterial and collector 
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TABLE 12-1 

Level of Service (LOS Descriptions 

A Free flow conditions 
Low volumes 
Unrestricted operating speeds 
Uninterrupted flow 
No restriction on maneuverability 
Little or no delav 

B Stable flow condition, little delay 
Operating speeds beginning to be restricted 
Desien level for rural conditions 

C Stable flow but speed and maneuverability slowed 
Low to moderate delay, 
Full use of peak direction signal phase(s) 
Satisfactory operating speeds for urban conditions 
Restricted bv higher traflic volumes 

D 

11 F I Forced flow conditions 11 

Approaching unstable flow 
Moderate to heavy delay 
Tolerable speeds maintained, delays at signals 
Temporary restrictions 
Little fieedom to maneuver 

E 

Very low speeds, traffic volumes exceed capacity 

Low operating speed 
Significant delays, signal time deficiencies 
Volumes at or near capacity 
Unstable flow 
Congestion exists for extended duration through peak period 
Momentary stoppages, extensive delav at sirmals 
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TABLE 12-2 

Intersection Level of Service Ranges 
Level of Service by VIC Ratio and Delay Range 

TABLE 12-2 

LOS 

A 

B 

C 

D 

E* 

Intersection Level of Service Ranges 
LOS - Maximum Sum of Critical Lane Volumes. bv Signal Phasing Type 

1 1 I 1 

VIC Ratio 

0.00 - 0.60 

0.61 - 0.70 

0.71 - 0.80 

0.81 - 0.90 

0.91 - 1.00 

Delav Range (Seconds per Vehicle) 

00.0 -16.0 

16.1 - 22.0 

22.0 - 28.0 

28.0 - 35.0 

35.0 - 40.0 *Caoacitv 

( LOS I Two Phase I Three Phase 
I I 
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Four or More Phases 

A 

B 

C 

D 

E 

F 

0960 

1120 

1280 

1440 

1600 

Not Applicable 

0910 

1060 

1210 

1370 

1520 

Not 
Applicable 

0880 

1030 

1180 

1320 

1470 

Not Applicable 
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roads, developing a computer model suitable for circulation analysis, and coordinating land use and 
circulation planning to reduce vehicular traffic. 

IMPACT ANALYSIS 

12.5.1 Project Impacts 

The Circulation Master Plan ( Figure 12-1 ) establishes the location and extent of 
major thoroughfares in the City. Major objectives of the plan include coordinating access routes to 
the delivery of traffic to the Naval Station, concentrating through traffic on arterial and collector 
roads, developing a computer model suitable for circulation analysis, and coordinating land use and 
circulation planning to reduce vehicular traffic. 

The plan shows the location of existing and future arterial, collector and rural collector 
roads and existing local streets. Arterial and collector roads provide safe and efficient movement 
between major employment destinations and residential neighborhoods. Rural collectors give access 
to less populated rural and urban fiinge areas. Major Arterial roads are generally located at one-mile 
intervals along section lines, and Secondary Arterial roads along quarter-section lines. Because of 
their spacing and hnction, arterial roads tend to define individual neighborhoods within the City. 

The proposed changes to the City of Ridgecrest General Plan Circulation Element, 
and the impacts thereof, are listed and discussed in this section. These revisions are minor and consist 
of clarifications in roadway designations, alignments, schematic alignments, freeway access, public 
transponation, truck routes, bicycle and pedestrian routes, levels of service, and financial impacts. 

The Environmental Impact Report has assumed for purposes of extrapolation that 
hture  transportation growth will occur proportionate to the existing Land Uses and circulation 
system of the Valley. Unanticipated large scale single focus development that may intensiQ and 
localize t d c  impact has remained outside the scope of this report, although the circulation system 
as planned will have signrficant carrying capacity. The Naval Station continues to provide the nation 
with an essential and important defense mission and future activity or timing of activity at the station 
cannot be reasonably anticipated. Expansion of the station as a Department of Defense Research and 
Development Center or as a consolidated single service multi-mission or multi-service facility 
involved in training, development, and readiness is a distinct hture possibility. Should such 
development occur close cooperation and planning between the City and the NAWS will be essential. 

The proposed improvements to the circulation system are expected to provide a 
significant beneficial impact to the Ridgecrest transportation and circulation system. However, 
significant adverse impacts related to road realignments and fieeway access may occur as a result of 
the General Plan implementation and these are discussed later under "Changes in Roadway 

SECTION 11-12-14 



a 
1 

1 

1 

1 

1 

ill 

1 
1 

1 

1 

1 

d 
d 
1J 
1 
1 

rl 
rJ 

Fwd Environmenial Impact RepoH 
For 
1991-2010 General Plan Upd- 

Alignments" and "Freeway Access" in this section. In addition, implementation of the Circulation 
Element could create significant financial impacts upon the City, as discussed below. The proposal 
will result in improvements in existing Levels of Service (LOS). In general, the proposed circulation 
changes are a means to alleviate existing congestion and circulation inefficiencies and a means to 
accommodate traf£ic needs for land uses designated in the General Plan. 

a. Changes in Roadway Designations: The Circulation Plan continues the 
traditional grid development system of Primary Arterials on section lines and Secondary 
Arterials on Quarter Sections, there are no changes proposed to this system. 

b. Changes in Roadway Alignments: Bowman Road as per the City and 
County Plans is to be transitioned at Highway 14 so as to connect directly to the Highway 
178. South Norma and West Javis Roads will require special alignment plans at South China 
Lake Boulevard due to topography and existing development. 

c. Schematic Alignments in Areas Outside Present Development: Freewa~ 
interchanges are proposed for Bowman and Highway 14 and for Bowman, Ridgecrest, and 
South China lake Boulevard on Highway 395 as delineated in the County's Circulation 
Element. 

d. Public Transportation: Private companies provide intercity service linking 
Ridgecrest to other metropolitan areas. The City of Ridgecrest Area Transit System (RATS) 
provides local demand responsive service through a dial-a-ride program. The Transit 
Development Plan states that fixed route alternatives and methods of operations need to be 
reevaluated when ridership exceeds 200. 

e. Air Access: The City of Ridgecrest is part "of the Indian Wells Valley Airport 
District and is served by Inyokern Airport, a General Transport and Aviation Airport with air 
taxi carrier and commuter services. The facility provides the valley with scheduled airline 
service to the Los Angeles Basin and other areas as well as providing general aviation needs 
for personal, business and recreational flying. There are several fixed-base operators 
providing a variety of aviation and transportation related services. 

Existing facilities consist of three runways, the longest of which is 7,344 foot runway 
15-33. This runway and Runways 2-20 and 10-28 are equipped with medium intensity 
runway lights (MIRL). There are visual approach slope indicators (VASI) for Runways 20 
and 33. There are displaced thresholds on both ends of Runway 15-33 and Runway 20. In 
1990,88 aircraft were based at the airport, with 17,707 passenger emplanements and 16,188 
total operations. The District has recently completed an airport master plan that provides for 
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expansion and development of services and delineates uses, noise zones, hazards, and 
prevents encroachment fiom and conflicts with incompatible land uses. 

Ridgecrest and the Indian Wells Valley is also the location of the Military Aviation 
Facilities of the China Lake Naval Air Weapons Station and located in the restricted air space 
R-2508 complex, used for the advancement of weapons systems technology and tactical 
training. Due to the nature of the speeds, maneuvers and operations within this 110 miie wide 
and 140 mile long zone (1600 square miles covering portions of Inyo, Kern, Los Angeles, 
Tulare, San Bernardino counties and the state ofNevada) flight hazards exist for non-military 
aircraft and flight restrictions (time, locations, altitude) have been in effect since 1955 to 
provide for public safety and the protection of military activities. This area is also utilized by 
Edwards Air Force Base, Fort Irwin, and other military installations. 

f. Truck Routes: Inyokern Road. China Lake Boulevard, Bowman Road, Jacks 
Ranch Road, San Bernardino County Line Road, Richmond Road between Bowman and 
Ridgecrest Blvd., Drummond between Downs and French, Norma and Downs between 
Inyokern and Drummond, Grad and Ward between Downs and Jack Ranch Road, and 
Mahan, Brady and Primavera between Inyokern Road and Ward are the primary truck routes 
within the community. Additionally RTE 178 is included in the SHELL (Subsystem of 
Highways for the movement of Extra Legal Pennit Loads) system and these trucks are 
allowed only on Inyokern Rd. to and fiom the NAWS. 

g. Bike Routes and Pedestrian Walkways: Bike Routes and Pedestrian 
Ways are planned integrally with the street system. Class II Bikeways are provided on major 
arterials. 

h. Level of Service (LOS): Overall, the proposed circulation improvements to the 
system will have a beneficial impact by maintaining acceptable levels of senice as trafIic 
increases due to buildout of the General Plan. If the improvements were not constructed and 
buildout occurred, many arterial streets and intersections could operate at LOS C, D, E, or F. 

i. Finance: C'iculation and hfiastmcture needs are typically granted high priority 
in the Ridgecrest's capital budgets. Nevertheless finds are ultimately limited, and there is a 
long list of competing projects with high Ievels of need and community support. The City 
must look to creative fhancing for obtaining needed rights-of-way, intersection improvements 
and infrastructure development. 

Historically, the State and Federal gasoline tax has been the major hndmg source for 
street and highway construction. This source has not kept up with inflation as the gas tax was 
at fixed rate rather than proportional to the price per gallon. As a consequence of inflation, 
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national, state, and local street and highway infrastructure has not developed at the pace of 
traffic increases, and communities left to their own devices have sought creative methods for 
financing facilities adequate to the demand. Frequently communities have deferred needed 
routine maintenance only to face expensive roadbed reconstruction in the future. 

The City of Ridgecrest has implemented the use of a Pavement Management System 
to prioritize street maintenance projects. This program utilizes an inventory of streets and 
their age and condition to identifjl when and how capital maintenance should be applied to 
maintain the street system. The program recognizes that the life of a roadway depreciates and 
that initially minor intervention and investment through applications of sealants, thin overlays, 
etc. can resulting in cost effective restoration. This is a sound alternative to fully depreciating 
and reconstructing streets at a 100% of their cost, however, the initial years of these programs 
requires considerable expenditure and an understanding and commitment by the elected. 

Increasingly local agencies are relying on "user fees" to offset some of the funding 
needs for capital improvements. These fees are based on a measure of development impacts 
creating the need for infiastructure improvements. In the case of a circulation system, such 
fees are usually related to the traffic which will be add to the street system by a development. 
While these fees cannot fund all of the improvements which will be necessitated by buildout 
ofthe General Plan, they can be applied to those projects which are considered high priority 
items and which are directly related (nexus) to t r a c  increases brought on by new 
development. 

Implementation of the Circulation Element improvements could require extensive 
funding, and could place an extensive burden upon the City. Unless appropriate fbnding 
mechanisms are established to assist the City in financing these improvements in conjunction 
with the creation of a priority rating system to allocate available implementation knding, 
required circulation improvements could result in sigruficantly adverse fiscal impacts upon the 
City. The actuai distribution of resources and activities also depends upon the availability of 
finding. Consequently, improvement of streets should be coordinated with development 
exactions and dedications, capital improvement funds, Ridgecrest Redevelopment Agency 
(RRA), Transportation Development Act h d s  (TDA), Community Development Block 

Grant (CDBG) hnds and other revenue sources to optimize the results of street improvement 
expenditures. 

The City should consider d possible alternative means of finding capital 
improvements needed to meet the circulation needs of the General Plan. 
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j. Summary: It should be noted that in the absence of roadway improvements 
identified in the Circulation Element, Levels of Service on area intersections and roadways 
would be anticipated to degrade to unacceptable levels as hture local and regional 
development occurs. Therefore, build-out of the General Plan without implementation of the 
Circulation Element and mitigation measures could result in significant traffic and circulation 
impacts. The Circulation Element and its continuing consistency with the Land Use Element 
is understood to be a mitigation. 

12.5.2 Significance Thresholds 

Any Development that will reduce roadway and intersection LOS below "Dn will be 
considered significant by the City, County and KernCOG. 

12.5.3 Impacts of Development Alternatives 

a. Alternatives 1 and 2: The impacts associated with alternatives 1 and 2 can be 
provided for within the existing street system and through continuation of the grid system 
described herein without significant impact. 

b. Alternative 3: The impacts associated with a city population of 100,000 persons 
would in all likelihood require a redesign and realignment of the roadway systems of the 
Valley, potentially resulting in displacement and displacement of housing, businesses, and 
redesignation of land uses. Alternative 3 is considered to be a significant impact. 

c. No Project Alternative (Alternative 4) The no project alternative is similar to 
alternative 1 and 2 as the potential for populations of 50,000 to 75,000 lie within the capacity 
of the existing General Plan. 

12.6 MITIGATION MEASURES 

The following mitigation measures should be implemented and utilized to expand the 
existing transportation system, to accommodate existing un-met needs, and to guide and provide for 
*re improvements to circulation within the City of Ridgecrest and the Indian Wells Valley: 

1. The City shall implement the circulation plan established in the circulation element of the 
general plan, which provides for a number of roadway extensions andlor improvements 
designed to accommodate projected traffic volumes. This circulation plan also sets forth a 
variety of programs and policies to ensure the adequacy of the circulation system. 
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2. I'he City shall explore and support the development of public improvement fbnding sources 
tl3 upgrade and improve existing roadways and sidewalks to provide safe and convenient 
traffic and pedestrian flow and the implementation of the Circulation Element. These 
potential sources shall include transportation sales tax measures, development impact fees, 
development exactions, redevelopment agency tax increments, block grant fbnds, special 
assessment (area of benefit) districts and other sources that may cost effectively contribute 
tl3 transportation improvements. 

3. I'he City shall support the provision oS by RATS and others, economical, effective increased 
mobility for the community through a variety of public transit modes and schedules. 

4. I'he City shall ensure that adequate parking is provided for each new development through 
the development review process. 

' 5 .  Ridgecrest shall require paved gutters and storm drain channelintion in existing and future 
roadways, as appropriate. 

6.  The City shall promote and institute standard infrastructure designs for new development 
. while providing alternative standards and traffic configurations consistent with existing 

rdghborhood character and design within established practices of public safety and the goals 
of the circulation element. 

7. The City shall maintain a cooperative working relationship with all agencies that have 
jurisdiction over the transportation facilities in the planning area to maximize the service 
capacities of existing roadways, intersections and transportation systems, thus allowing full 
c:oordination of future improvements. 

8. The City shall establish a street improvement program and utilizing its pavement management 
program assign improvement priorities identifled by the circulation element within the limits 
of available h d s  and schedule necessary improvements based upon these priorities. Urban 
development shall be phased in accordance with established priorities, finance and service 
capabilities, and standards. 

9. The City shall, through the institution of traffic impact fees addressing local and system wide 
impacts, and exactions and dedications, ensure that costs of traffic, transportation, circulation, 
and road improvements made necessary by new development be borne by the developer. 

10. The City shall institute as necessary, transportation development fees (Traffic Impact Fees, 
Road and Thoroughfare Improvement Fees, Signal Lighting Fees, Parking, Transit Fees) 
reflecting the relationship between the type of development and its associated community 
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wide impacts, and the need for and cost of maintenance, development and improvement of 
the City's public infrastructure and transportation system. 

11. The City shall form and institute where appropriate, assessment districts and benefit districts 
so as to authorize and provide bond issues serving areas that benefit from improved 
transportation systems, services and maintenance. 

12. The City shall consider supporting local measures and elections for increased sales or gasoline 
taxes used for transportation purposes. 

13. The City through development review shall encourage private sector employers to prepare 
and implement transportation systems management plans to achieve a reduction in generated 
trips. 

14. The City shall promote and encourage ridesharing (i.e. carpools, vanpools, etc.) and public 
transit for residential areas through homeowners associations and through education 
programs. 

15. The City shall ensure that plans for improvements within or adjacent to environmentally 
Sensitive Habitats and resource areas are coordinated with resource specialists and 

.. appropriate agencies to maximize to the extent feasible the enhancement of habitats and 
resources. 

16. The City, to maintain priority land uses, shdl ensure that important resource lands identified 
as needed for transportation improvements in the circulation element are not converted to 
urban uses until development and circulation need is imminent. 

17. The City shall encourage and promote public transit, bicyciing, walking and other alternatives 
to the automobile. 

18. The City shall develop a traffic modeling program to maintain and monitor traffic volumes and 
levels of service on roadways to facilitate the identification of singular, incremental, and 
cumulative impacts for maintenance and improvement of the acceptable minimum Ievels of 
service specified in the circulation element. this traffic modeling program shall be coordinated 
with the KernCOG, CalTrans, and other transportation agencies. 

19. The City shall, as neceswy, require professional traffic studies in conjunction with the City's 
review process for development proposals. Such studies shall provide an analysis of a 
project's potential impact upon the City's circulation system and shall recommend mitigation 
measures as appropriate. These studies shall be required whenever it is determined that daily 
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or peak hour traffic generated by a proposal may have an adverse effect on the City's 
circulation system. 

20. The City shall develop and implement parking district plans to ensure that an adequate 
amount of private and public parking is provided to meet the needs of residents and visitors. 

21. The City, to mitigate the removal of residences which may result fiom public improvements, 
shall take all reasonable efforts to relocate displaced persons to suitable locations. Relocation 
activity shall be conducted in compliance with California Relocation Assistance Law (Govt. 
Code section 7260 et seq.) and state guidelines. 

REGIONAL ANALYSIS 

The Kern Council of Govenunents (KernCOG) acts in the capacity as the Regional 
Transportation Planning Agency (RTPA) for Kern County. Its membership consists of 
representatives fiom each of the incorporated cities and fiom the County. The RTPA is charged with 
the preparation of two federally mandated plans: the Regional Transportation Plan (RTP) and the 
Transportation Systems Management Plan (TSM). 

The KernCOG is receives analysis and recommendations fiom a Technical Advisory 
Committee (TAC) that consists of professionals representing CalTrans Districts 6 and 9, County 
Public Works, Planning and other Departments and professional representatives of each incorporated 
City in the county. 

The RTIP is prepared by KemCOG staffwith input fiom the TAC, and once adopted 
becomes the basis for local input into the State Transportation Improvement Plan and subsequent 
allocation of transportation improvement funds. The Plah identifies on a regional basis transportation 
needs and allocates priority status to each of the member agencies projects. 

KernCOG also serves as the Congestion Management Agency for Kern County and, 
through cooperation with member agencies, has prepared and adopted a congestion management pian 
for the County. The FederaVState mandated plan identifies local transportation comdors of regional 
significance and value and establishes interagency means of effecting planned improvements that will 
prevent these comdors from becoming congested. Highways 14 and 395, Inyokern Road and East 
Ridgecrest Boulevard (Highway 178), and North and South China Lake Boulevard linking 395 and 
178 have been designated as routes of regional significance in the Congestion Management Plan. The 
Congestion Management identifies Level of Service (LOS) E as the minimum acceptable traffic level 
for transportation in the Kern Region. 
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The City of Ridgecrest Circulation Element is consistent with this plan and with the 
Route Concept Plans prepared by CalTrans District 9. Through tratfic on the Ridgecrest Planning 
Area Corridors has grown by 3 percent per annum and the City's plan to improve those corridors 
proposes a minimal LOS of D for Highway 178 on Inyokern, North China Lake and Ridgecrest 
Boulevards. The Current LOS is "D" due to speed restrictions and is planned to remain at LOS D 
through traffic control and management programs that include synchronized signalization, dividers, 
transit, and rerouting of traffic. 

Bowman Road is planned to develop as a major divided park way and contain bike 
trails and a linear park element along its length. As it will be the major east'west roadway bisecting 
the City at its future center, it is slated to become the major transportation comdor of the community 
and will be characterized by limited private access. The street ultimately will connect to Highways 
14 and 178 to the west, intersect with Highway 395 at a fbture interchange, cross the City at the 
center of its north-south axis, link to the cornmerciai center of China Lake Boulevard, and convey 
traffic to and from Highway 178 East and the areas major employer the Naval Station at Richmond 
Road, As such it is planned as the major east west thoroughfare of the Indian Wells Valley and will 
reroute and displace a significant amount of commuter and through trathc from business route 178. 
The development of Bowman Road as an alternate route 178 may improve traffic on route 178 to 
LOS C. 

As stated previously the City's circulation element is consistent with the State and 
Regional Plan and it's implementation should be regarded as a mitigation for regional and local 
transportation constraints. 
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Chapter 13.0 

AIR QUALITY 

The following is based on the "Kern County Air Quality Attainment Plan (AQAP) for 
the Southeast Desert Air Basin" adopted June 25, 1991, amended and readopted June 8, 1992 and 
the "PM-10 State Implementation Plan (SIP) for the Searles Valley Planning Area" (adopted 
December 6, 1991. The two plans were adopted by the Kern County Board of Supervisors and are 
administered by the Kern County Air Pollution Control District (KCAPCD). These plans are hereby 
incorporated by reference and are available for review at the Community Development Department 
at 100 W. California Avenue, Ridgecrest, California. 

SETTING 

13.1.1 Air Pollutants of Concern 

a. Ozone. The air pollutants of most concern in Ridgecrest and its sphere 
of influence are ozone and particulate matter. Ozone (03-, the prima~y constituent of smog, 
is formed through a complex series of chemical reactions consisting of reactions involving 
reactive organic compounds (ROC), nitrogen oxides (NOx), and sunlight. Daily maximum 
ozone levels require several hours to form. The rate of formation depends principally on 
ambient temperature, sunlight intensity, and the kinds and quantities of ozone precursor 
emissions (reactive organic compounds and nitrogen oxides) involved. Peak daily ozone 
levels normally occur in the early afternoon hours. The sources of reactive organic 
compounds are listed in Table 13-1. 

Sigdicant health effects have been documented at ozone concentrations above 
the national standard of 0.12 parts per million (ppm), including changes in lung function, 
aggravation of chronic cardiopulmonary disease symptoms, increased asthma attacks, and 
decreased physical performance levels during strenuous activities. These effects are more 
severe under conditions of long exposure and higher levels of ozone. H-1 effects on 
vegetation have been documented at concentrations below the national ozone standard. 
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Visible symptoms of leaf damage have been the principal means of identifying the effects; 
however, yield reduction, leaf drop, suppression of fruit development and the degradation of 
crop quality can also occur. According to a recent report prepared by the California Air 
Resources Board, ozone causes more than $300 million worth of annual crop losses in 
California. 

TABLE 13-1 

Sources of Pollutants* 
Southeast Desert Portion of Kern County 

Nitrogen Oxides Reactive Organic Gases 

............ Mineral Processes ......... .34.2% Solvent Use.. .l7.5% 
.. Other Stationary Sources.. .l0.3% Pesticide Application. ..22.0% 

On-Road Vehicles.. ........ .3 6.5% Stationary Sources.. 12.5% 
...... Other Mobile Sources.. .... .l9.0% On-Road Vehicles.. ..27.7% 

... 3 Transport. ...................... Other Mobile Sources.. .20.3% 
3 Transport.. ..................... 

Ozone 

7 ...................... Transport.. 

*Source: AQAP for the Southeast Desert Kern County 

b. Particulate Matter. Atmospheric particulate matter is composed of finely 
divided soils or liquids such as soot, dust, aerosols, fumes, and mists. The particulates of 
greatest concern are those less than 10 microns (PM,J in diameter, which have the greatest 
likelihood of being inhaled deep into the lungs. Particulate matter is generated by a 
variety of human activities, including agricultural operations, industrial processes, combustion 
of fossil hels, construction and demolition operations, and dispersal of road dust into the 
atmosphere. Natural sources of particulate matter include wind blown dust, sea spray, 
wildfires, soot, and mineral particles. 
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13.1.2 Regional Meteorology 

The meteorology in the Indian Wells Valley is predominantly influenced by its high 
desert location. The climate is characterized by hot days and cool nights, with extreme arid 
conditions prevailing throughout the summer months. The mean annual temperature for the 
Ridgecrest area is 65" F. There are wide annual temperature fluctuations that occur fiom a maximum 
of 117" F to a minimum of 6" to 8" F. (Engineering-Science, 1986) 

Strong surface winds occur in late winter and spring as cold fionts move rapidly 
through the area. These fronts occasionally cause severe dust and sand storms. Strong surface winds 
with a prevailing speed of 15 knots or greater can be expected 15 days a year and strong gusts of 40 
knots or greater can be expected 10 days a year. On about 4 of these windy days the visibility will be 
reduced to less than 7 miles by blowing dust or alkali. 

Average annual precipitation in the Ridgecrest area is reported at less than 3 inches, 
while the relative humidity throughout the year averages 35 percent.. Because temperatures rarely 
fall below tieezing, snowfall is insignificant. (Engineering-S cience, 1 986) 

Air routinely flows into the Indian Wells Valley through low mountain passes. Air 
ckculates in from the San Joaquin Valley via Red Rock Canyon, Walker Pass and possibly Tehachapi 
Pass. To the northwest, air fiom Owens Valley flows through the gap at Little Lake. From the east, 
air comes into the Valley through Burro Canyon and fiom the southeast, through the gap between 
Argus and El Paso Ranges. 

a. Air Pollution Transport From San Joaquin Valley Air Basin to the 
Southeast Desert Air Basin. The climate and topography of the San Joaquin Valley Air 
Basin is we1 defined. During the summer, air frequently enters the San Joaquin Valley (SJV) 
fTom the San Francisco Bay area and flows in a southeasterly direction down the valley, and 
moves through the Tehachapi Pass onto the Mojave Desert. This air movement cames with 
it air pollutants that are transported into the Southeast Desert Air Basin (SEDAB). (See 
Figure 13-1) 

A California Air Resources Board (CARB) staff report used information from a 
1978-79 field study which investigated the origin and fate of airborne pollutants in the SJV. 
This study reported: 

o the primary transport route out of the SJV is over the Tehachapi mountains 
and this transport of pollutants does contribute to the pollutant burden in the 
Mojave Desert; and 
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o increased growth in the southern part of the SJV will impact the Mojave 
Desert. 

Tracer experiments fiom the study showed: 

o the northern Mojave Desert is impacted by airborne pollutants fiom the 
southern SJV during summer meteorological conditions; and 

o the south end of the Sierras between Lake Isabella and Tehachapi are not of 
significant elevation to pose a barrier to transport of air pollutants from the 
S J V  to the SED 

CARB StaEconcluded that ozone transport occurs from the upwind area of the SJV 
to the downwind area of the SED and, therefore, identified this as a transport couple. 

In preparing for the transport assessment regulation, California Air Resources Board 
(CARB) st& reviewed past studies and analysis of available air quality and meteorological 
data fiom 1986 through 1989. From this work, staffconciuded the contribution of S J V A E  
emissions to exceedences of the state ozone standard in the SEDAB is both overwhelming 
and inconsequential. An "inconsequential classification" in this case indicates some 

. . exceedences without significant transport from the SJVAB. 

The ovenwhelming classification required the SJVAB to develop control strategies to 
abate the impact of transported pollutants on the SEDAB. 70600, Title 17, of the California 
Code of Regulations contains specific language with respect to the SJVAB and the mitigation 
requirements for the SEDAB. 

b. Air Pollution Transport From South Coast Air Basin to the Southeast 
Desert Air Basin. Numerous studies have been conducted which establish the transport 
couple of the impact of the South Coast Air Basin (SCAB) on the SEDAB, as identified in 
the California Code of Regulations, Title 17,70500. CARB staff based their analysis on case 
studies of transport contributions on days when ozone exceedences occurred in the SEDAB. 
From this d y s i q  Kern County APCD staff was able to conclude transport from the SCAB 
to the SEDAB was both overwhelming and inconsequential. 

The overwhelming classi6cation requires SCAB to develop control strategies to abate 
the impact of transported pollutants on the SEDAB, as mandated in the California Code of 
Regulations, Title 17,70600. The inconsequential classification means that SEDAB is totally 
responsible for some of the days on which the ozone standard is exceeded. 
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13.1.3 Air Quality Trends 

The SEDAB portion of Kern County cannot rely on a model to predict ozone 
attainment in AQAP for this area, since no accurate model currently exists. Furthermore, until 
adequate monitoring exists in this area, a database for a model will not be available. 

The modified linear rollback method demonstrates that the district is mitigating the 
emissions under its responsibility. However, being that the SEDAB has been documented as 
experiencing overwhelming transport fiom both the SCAB and the SJVAB demonstrating hture 
ambient concentrations will have to rely on the photochemical model that is presently being used in 
the SCAB and the model that is expected to be developed as a result of the $16 million San Joaquin 
Valley Air Quality Study. These models will provide important data about the amount and 
composition of transpon into the SEDAB. 

The Kern County APCD has established through the Searies Valley PM,, Plan, a level 
of emission reductions at about 25 percent. It is expected that similar reductions could be made in 
the same targeted source categories of unpaved roads, process related figitive dust, and wind 
erosion, so a 50 percent emission reduction across the board could be realized. Kern County APCD 
also asserts that residential waste combustion control measures would be implemented to assist with 
making the necessary reductions as required. 

13.1.4 Air Pollution Control 

Air Pollution control is administered on three government levels in the State of 
California: federal, state and local (county). The Federal government has established nationai ambient 
air quality standards (NAAQS) to protect public health and welfare. The State of California has 
established separate, more s t ~ g e n t  standards. Federal and state standards have been established for 
ozone, carbon monoxide, nitrogen dioxide, suh r  dioxide, PM,,, and lead. In addition, California has 
standards for hydrogen sulfide, sulfates, vinyl chloride, and visibility-reducing particles. 

The Kern County Air Pollution Control District administers the air pollution control 
program locally. The Southeast Desert Air Basin portion of Kern County due to a lack of monitoring 
data has been designated "unclassified" nonattainment until an ozone monitor is sited at a location 
suitable for establishing an appropriate ozone "design" day. As such it is appropriate for KCAPCD 
to develop and implement mandates appropriate for a "moderate" classification until monitoring 
data is available. The Indian Wells Valley sub-area has received a rating of Group I (moderate) for 
nonattainment of PM,, for the Searles Valley Planning Area. 
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13.1.5 Air Quality Standards 

a. h n e :  There have been no officially documented ozone exceedences in the 
SEDAB portion of Kern County. (There are no sanctioned ambient ozone monitors, either.) 
However, for the purpose of characterizing the probable air quality in SEDAB portion of Kern 
County, air monitoring data for Lancaster and Trona (same air basin), both of which are less than 20 
miles fiom the Kern County line, were used. Table 13-2 states the number of days these areas 
exceeded the state standard for ozone: 

Table 13-3 gives the data on maximum 1 -hour concentrations for Ozone exceedences 
in Lancaster and Trona. Data for both sites are presented to represent the diversity of ambient air 
concentrations to be found near the Kern County portion of the SEDAB. Lancaster represents a 
station which will receive a sigruficant portion of transported pollutants fiom both the SCAB and the 
SJVAB, whereas Trona represents a station which probably receives an insignificant portion of 
transported pollutants. 

In fact the CARB has agreed for the time being the level of exceedence that the 
SEDAB is solelyresponsible for, that which was generated in the SEDAB and not attributable 
to transport is 0.11 ppm. This represents the "design value" for which all AQAP planning activity 
is based. 

The SEDAB portion of Kern County is designated "serious" for the federal ozone 
standards. (Approximately equivalent to the CCAA "moderate" designation.) As such a federal 
nonattainment plan must be submitted in 1994. 

The SEDAB has no documented exceedences in Kern County. However, there are 
exceedences documented elsewhere in the SEDAB. Since the California Clean Air Act (CCAA) 
recognizes ozone as a regional pollutant, an exceedence anywhere in the basin places the entire basin 
in nonattainment. Kern's actual degree of exceedence has yet to be determined. 

In March of 1992 the KCAPCD received notification from CARB that their petition 
for the SEDAB portions of Kern County to be redesignated had been granted. Therefore, this area 
has been redesignated as "Unclassified" (equivalent to "moderate") fiom "Serious" with regard to 
degree of ozone nonattainment. 

The KCAPCD has committed as a result of this action, to instituting an ozone 
monitoring station as soon as possible for this area. 

This classification will require the SEDAB communities of eastern Kern County to 
conform to the California Ambient Air Quality Standards (CAAQS) mandates for a "moderate" area. 
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Year 

TABLE 13-2 

Ozone Exceedences 
Number of Days Above State Standard 

LANCASTER TRONA 

TABLE 13-3 

Ozone Exceedences 
Maximum 1-Hour Average Concentrations 

Lancaster Trona 
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b. Particulates. The NAAQS for PM,, was established by the Environmental 
Protection Agency on July 1, 1987 at 150 micrograms per cubic meter (pg!m3) for the 
24-Hour standard and 50 Clg/m3 for the annual average standard. These standards were set 
at levels designed to protect the health of humans who are sensitive to exposure to fine 
particles. 

The closest CARB approved monitoring station to the City of Ridgecrest for PM,, is 
located in the Searles Valley. The Searles Valley Planning Area for PM,, is shown in Figure 
13-2 Although this station is in another county it is within the same planning area for PM,, 

PM,, is the only pollutant in the area that has exceeded the NAAQS in the area 
known as the Searies Valley Planning Area The standard was exceeded in Trona three times 
in 1985. Actual exceedences could be greater because PM,, sampling is performed on a 
standardized once every sixth day cycle. In addition the annual PM,, standard was also 
exceeded for that year. In 1986, neither the 24-Hour nor the annual PM,, standard were 
exceeded. Data fiom China Lake Naval Air Weapons Station (NAWS) indicates several very 
high concentrations of Total Suspended Particulate (TSP), which the KCAPCD believe would 
have probably caused exceedence of at least the 24-Hour PM,, standard. Both the PM,, and 
TSP samples taken fiom Trona and NAWS were collected in accordance with the standard 
"every sixth day" cycle. 

The severity of the particulate matter problem can increase to the level that visibility 
in the region is diminished. This has been an environmental concern of many, especially 
NAWS, which has a vested interest in maintaining good visibility. NAWS has been an active 
military participant in the "RESOLVE" study, which is an air quality study. This study 
observed that two types of synoptic conditions can lead to degraded visibility in the desert 
fiom particulate matter transport. One condition results fiom mesoscale transport of air 
pollutants from upwind basins to the desert and is shown in Figures 13-3(a),(b), and (c). In 
summer, a thermal low presswe condition seen in Figure 13-3(a), is frequently present, while 
the prefiontal condition in Figure 13-3(b), typically occurs in other seasons. On other 
occasions (See Figure 13-3(c), the presence of a strong pressure gradient aligned with the 
north-south desert valleys, can lead to degrading visibility. 

13.1.7 Air Quality Attainment Plans 

Under the provisions of the California Clean Air Act, Kern County APCD has 
developed an Air Quality Attainment Plan (AQAP) for the SEDAB portion of Kern County for 
ozone. In a tri-county (Inyo, Kern and San Bemardio) effort they have generated the "PM- 10 State 
Implementation Plan (SIP) for the Searles Valley Planning Area, which includes the Indian Wells 
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Valley. These are comprehensive planning documents intended to provide guidance to the APCD 
and other local agencies on how to progress toward attainment of the ozone and PM,, standards. 

The AQAP focuses on the ozone nonattainment problem in the SEDAB. Its purpose 
is to present a comprehensive strategy designed to enable SEDAB to attain CAAQS for ozone (0,) 
by earliest practicable date. Presented in this plan are the control measures which act as a "blueprint" 
to implement the strategy. The AQAP includes Transportation, Indirect, Stationary, Mobile and 
Area Source Control Measures. 

The SIP concentrates on the PM,, attainment standards to meet federal requirements 
for the "Searles Valley Area" (Figure 13-2) which includes the City of Ridgecrest. It presents a 
strategy fashioned to reduce the emissions in the planning area to meet the National Ambient Air 
Quality Standards ( N k i Q S )  by December 1994. The control measures presented are tailored to 
meet the specific problems in the planning area. They include measures that address process hgitives, 
open areas, unpaved roads. There are different statuses (primary and alternate) of measures defined 
by federal and state standards. 

a Compliance with Federal Clean Air Act. In accord with the Federal Clean 
Air Act, as with nonattainment areas, the Searles Valley Planning Area was required to meet the 
national standards for PM,, by December 1994. The SIP for a moderate area must contain 
"reasonably available control measures (RACM) to be implemented, unless their effect on a source 
is insipficant. In addition, the EPA mandates the application of RACM to existing sources, through 
the adoption, at a minimum, of reasonably available control technology (RACT). Also, in the 
preparation of a SIP, consideration must be given to any control methods suggested by the Air 
Resources Board andlor the general public. 

b. Compliance with California Clean Air Act. On January I ,  1989, the 
California Clean Air Act (AB 2595, Sher) became effective. This state legislation imposes many 
new requirements on areas of California that do not meet state and federal clean air standards. The 
Kern County portion of the SEDAB has been designated as "unclassified" (equivalent to 
"moderate") until sufficient KCAPCD monitoring data can be collected to accurately determine the 
degree of nonattainment for this area. The role of KCAPCD and the CARB in achieving attainment 
of the standards is outlined in the California Clean Air Act, which also outlines the progress schedule 
that must be included in district plans for attainment. If a plan cannot show attainment and the ARB 
agrees, the ARB will determine whether the plan contains all feasible measures to ensure progress 
toward attainment. The ARB can return deficient plans for revision and resubmittal. If conflicts 
cannot be resolved, the ARB has the authority to revise the plan as necessary. 
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13.2 IMPACT ANALYSIS 

13.2.1 Significance Thresholds 

a. First Tier Impact Analysis. For the purposes of assessing future air quality 
the 1991 SEDAB AQAP includes air pollution forecasts through the year 20 10 that take into account 
the effects of future socioeconomic changes. This analysis by the AQAP took into account the 
Employment Growth, Housing Growth and projected vehicles miles travelled to the year 2010. This 
area is presently designated moderate for ozone non-attainment and it is calculated that using linear 
rollback methods the area will attain ozone standards in the future. However, since the SED Air 
Basin has been documented as experiencing overwhelming transport from both the South Coast Air 
Basin (SCAB) and the San Joaquin Valley Air Basin (SJVAB) predicting future ambient 
concentrations will have to rely on the photochemical model presently being used by the SCAB and 
the model expected to be developed as a result of the San Joaquin Valley Air Quality Study. These 
models will provide important data about the amount and composition of transport in the SED Air 
Basin. 

The PM,, State Implementation Plan for the Searles Valley Planning Area (SIP) 
foresees that through a moderate level of emission reductions, attainment will be achievable. Some 
emission source categories may be targeted for reduction such as "process kgitives", wind erosion 
and unpaved roads. Additionally, residential wood combustion control measures may be 
implemented to assist in making the necessary reduction. Linear rollback model analysis was made 
using EPA guidelines to demonstrate that recommended control measures will reduce PM,, 
emissions sufficiently to meet the required Federal PM,, standards. Further analysis was found 
necessary to provide information for hture planning purposes. Further model analysis of the Trona, 
Apd 23, 1990 design day is currently being prepared and should be completed by December 1992. 
Some control approaches may be revised based upon this analysis. 

b. Second Tier Impact Analysis. Cumulative population increases associated 
with the broad land use alternatives should not result in significant air quality impacts. Specific 
development projects wilI be reviewed by the Ridgecrest Community Development Department and 
by the Kern County Air Pollution Control Board for air quality impacts. 

To determine the significance of air emissions generated by specific projects, the 
current or updated standards by the Kern County Board of Supervisors should be used. Future 
projects within the SED that emit 2 137#/Day of NOx will individually and cumulatively jeopardize 
attainment of the ozone standard and thus would have a significant adverse impact on air quality. 
This finding is based on the threshold for determining impacts of ROC (Reactive Organic 
Compounds) emissions used by the KCAPCD, the availability of feasible mitigation measures, and 
the definition of "sigdcant effect" in the California Environmental Quality Act guidelines: "A project 
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will normally have a significant effect on the environment if it will ... violate any ambient air quality 
standard, contribute substantially to an existing or projected air quality violation, or expose sensitive 
receptors to substantial pollutant concentrations." For PM,, purposes the NAAQS of 150 pg/m3 in 
a 24-hour period is used to determine a significant impact. 

13.2.2 Long Term Impacts 

a. Impacts Common To All Alternatives. The AQAP plan predicts that the 
state and federal ozone standard will be attained by 1994 in the Kern County portion of the Southeast 
Desert Air Basin. These findings are based on economic and demographic data and the estimated 
effectiveness of emission control measures. 

The anaiysis presented in the SIP estimates attainment of PM,, NAAQS by the end 
of 1994. Ifattainment is not met by this date, the planning area (Searles Valley) will be reclassified 
"serious" and must attain compliance with the standards as expeditiously as practicable, but no later 
than December 3 1, 200 1. 

Exceedance of Ozone Standards. The cumulative population growth associated with 
dqelopment alternative 3 would likely contribute to ozone standard exceedences and therefore result 
in significant adverse air quality impacts. 

During the next several years, the SEDAB is forecasted to reduce ROC and NOx 
emissions, primarily fiom the implementation of control measures for motor vehicles and industrial 
sources. Meanwhile, the City and its surrounding planning area will experience continuous 
population growth under the City and county general plans. As population increases, motor vehicle 
travel and domestic, commercial, and industrial activities also increase causing a commensurate 
increase in emissions. Unlike the earlier years of air pollution control, there are fewer control 
measures available for adoption, since many stationary sources of pollution are already controlled 
to the maximum extent feiisible. The 5% per year reduction goals of the AQAP will not be achieved 
in any future year, even with the expeditious implementation of all control measures. By 1994 ROG 
emissions will be reduced by 24%, and the NOx emissions will be reduced by 14% with ozone 
attainment projected. Fuil implementation of the control measures of the AQAP by 1997 will reduce 
both ROG and NOx emissions by approximately 30%. 

Exceedence of PM,, Standards. The cumulative population growth associated with 
the four development alternatives would not contribute to exceedance of the state and federal PM,, 
standards provided that the PM,, SIP is filly implemented. 

Construction Activities. Construction of individual projects developed under 
alternatives 1, 2, and 3 would generate particulate emissions during clearing and grading activities, 
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including the operations of trucks and equipment on unimproved roads. The level of particulate 
generation depends on soil moisture, wind speed, activity level, and silt content of the sod. 
Particulate generation typically occurs at the rate of 1.2 tons per acre per month of construction 
activity (U.S. EPA, 1985). Construction operations of major land deveiopment projects have the 
potential to result in concentrations of particulates that exceed the national ambient air quality 
standards on a short term basis. The dust generated by such activities may also pose a nuisance to 
those living and working near the construction sites. 

In addition to PM,, generation, construction equipment used for clearing and grading 
of individual development sites would produce combustion emissions (ROG and NOx), that would 
also occur on a short-term basis. Construction emissions can be estimated for individual fbture 
development projects using emission rates approved by the CARB. Although the magnitude of the 
construction equipment emissions would be highly variable day to day depending on the number and 
size of the equipment operating, the result could be short term increases in the ambient ozone levels, 
and thus, short term adverse impacts on air quality. 

b. Toxic and Nuisance Emissions and ObjectionabIe Odors. Objectionable 
odors and toxic and nuisance emissions couid be produced by industrial development in areas 
designated for such uses under alternatives 1, 2, and 3. The prevailing seasonal wind pattern in the 
planning area is a south-southwest flow during the summer. Winters will occasionally see a strong 
westerly wind of 20 to 30 knots sustained for periods of up to 24 hours. The strongest surface winds 
occur in the late winter and spring as cold fronts move rapidly through the area. With such variable 
wind directions, it can direct odors and toxic and nuisance emissions to sensitive downwind receptors 
such as residences and schools. Sensitive receptors may be subjected to levels of nuisance emissions 
that may be considered significant, although such a determination is subjective because it is likely 
to be a lower level than the point at which the emission is considered to be a health hazard. Toxic 
air emissions could also be produced in the industrial areas by facilities and businesses which do not 
actually manufacture chemicals, but do use hazardous substances in enough quantities to expose 
surrounding populations to toxic air emission "hot spots". However, little data is currently available 
to accurately analyze the amounts, types and health impacts of routine toxic chemical air emissions. 
Significant uncertainty exists about the amounts of potentially hazardous air pollutants which are 

released, the location of those releases, and the concentrations to which the public is exposed. 
Review of such sources, prior to construction, by the KCAPCD will help prevent creation of 
unhealtffil "hot spots". 

For the reasons described above, no quantifiable threshold of sigxuficance exists for 
the assessment of nuisance or toxic emissions or objectionable odors. Therefore, potentially 
incompatible uses in tenns of nuisance and toxic emissions and objectionabIe odors are identified for 
alternatives 1, 2, and 3 to allow decision makers the opportunity to select adjacent land uses that 
would minimize potential conflicts. 
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Alternative 1. Existing sources of potential toxic and nuisance emissions and 
objectionable odors in the planning area include the wastewater treatment plant 
(WWTP) located on the NAWS facility, the sewer effluent disposal fields located on 
San Bernardino County Road and the automotive body repair and paint facilities 
located on West Inyokem Road. The M-1 district (light industrial zone) at the north 
end of the community has sensitive receptors brimarily residences) to the east, west 
and south of these sources. The M-2 district (Heavy Industrial zone, presently 
vacant) located on San Bemardino County Road has sensitive receptors (residences) 
to the east in the unincorporated areas of San Bernardino County and to the west 
(residences and school) within the City limits. 

Alternatives 2 and 3 .  In addition to existing sources identified for Alternative 
1, potential new sources of toxic and nuisance emissions and objectionable odors 
would be allowed in the M-1 and M-2 zones. Additional residential development may 
be exposed to these emissions fiom both existing and new industrial sources. All 
industry would be subject to review by the Community Development Department and 
Kern County APCD. 

Alternative 4. With the no-project alternative, existing sources of emissions 
as described in Alternative 1 would continue. 

c. Consistency with AQAP Population Forecasts. The Kern County AQAP 
forecasts air pollution levels from stationary, mobile and indirect sources to the year 2010 for the 
Southeast Desert Air Basin, based in part on populations and industrial growth projections for the 
SEDAB. 

Population growth consistent with or less than the AQAP forecasts would result in 
decreases in air pollution emissions fiom existing levels. There is currently not enough of a database 
for the KCAPCD to accurately assess future impact of growth upon the SED. Future AQAPs will 
address this issue. 

Alternative 1 and 2. Alternative 1 and 2 would be compatible with the 
AQAP population forecast to the year 2010 (Indian Wells Valley population estimate 
95,855). Development under Alternative 1 would generate a population of 50,000 
and Alternative 2 would generate a population of 75,000 within the planning area 
without taking into account the non-incorporated areas. If the population stayed 
within this range to the year 2010 no reduction in air quality is foreseen. 

Alternative 3. Alternative 3 would be incompatible with the AQAP population 
fonc&to 2010. Buildout of Alternative 3 would generate a population of 100,000 
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within the planning area without taking into account the non-incorporated areas. 
Currently, the KCAPCD does not have enough of a data base for the SEDAB to 
accurateIy forecast pollution effects based on growth projection. 

Alternative 4. Alternative 4, the no-project alternative, would due to its 
nature see decreases in air emissions as the mandates of the CCAA are met. 

MITIGATION MEASURES 

Due to the planning area's classification as moderate for ozone attainment and Group 
I for PM,, attainment adoption of any of the alternatives by the City as part of its Generai Plan 
should include the implementation of all reasonable mitigation measures to reduce ozone precursor 
emissions and hgitive dust sources to the maximum extent feasible. 

Consistent with the California CIean Air Act, the city should cooperate with the Kern 
County APCD in designing a regional plan for attainment of all air quality standards. The AQAP and 
the SIP ident i  several measures for reducing ozone precursor emissions and hgitive dust emissions. 
The measures are grouped into area and stationary source control measures, development and 
construction, and transportation control measures (TCM). Nearly all measures available to the City 
to reduce vehicle emissions fall into the broad category of transportation control measures. 

13.3.1 Transportation Control Measures 

TABLE 13-4 

Projected Vehicle Counts and VehicIe Miles Travelled 
(If Unabated) In the Southeast Desert Portion of Kern County, 1990-2010 

1990 1995 2000 2005 2010 

Number of Vehicles 54,50 1 57,696 61,513 65,130 68,752 
VMT X 1000 2,080 2,293 2,459 2,615 2,771 

Cdifotnia Air Racurcu Bovd EMFAC 7E Prrdidionr 1990 

Transportation Control Measures (TCM) are methods developed to help reduce 
emissions f?om motor vehicles. The methods focus on reducing the number of vehicle trips per day, 
length of vehicle trips travelled in the area, and vehicle idling and traffic congestion for the purpose 
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of reducing motor vehicle emissions. The CCAA requires the SEDAB to "adopt, implement and 
enforce" reasonable available transportation control measures. [§40717(a)] and [§40918(a)(3)]. The 
KCAPCD, as allowed by the CCAA, delegated the responsibility of preparing TCMs to the Kern 
Council of Governments (Kern COG). Kern COG is an agency that is responsible for coordinating 
regional transportation in the area. Table 13-4 represents the expected number of registered vehicles 
in the SEDAB and the number of vehicle miles travelled (VMT). 

The City through its adoption of the Congestion Management Program has committed 
to implement the recommended transportation control measures fiom Kern COG. Due to this area 
having aHmoderate" designation with respect to degree of non-attainment, some measures have been 
mandated (primary) and others are recommended (contingency) measures in the event that there is 
no demonstrated air quality improvement. 

Primarv TCM's 
* Employer-based Trip Reduction Program is intended to reduce the number of 

vehicles trips related primarily to employee commuting. 
* New and Mod~fied Indirect Source Review is intended to reduce the number of 

vehicles attracted to a location. 

~ont in~encv  TCM's 
* Fleet Operator Alternative Fuek Program would require the use of alternate fbels to 

replace gasoline or diesel. 
* Parkrng Management Program is designed to control access to parking and to 

influence individual's decisions regarding using single occupancy vehicles for routine 
trips or commuting. 
Tram~r Improvement Program are designed to induce persons to use public transit 
instead of their personal automobiles wherever possible. 
Street and Highway Improvement Program would emphasize those improvements 
that would enhance tr&c flow and reduce congestion therefore having the potential 
for air quality benefits by facilitating the smooth flow of traffic or elimination of 
transportation bottlenecks. 

The City should include all measures that are reasonable and feasible for inclusion into 
a citywide program. This program should be adopted prior to approving new projects under any of 
the development alternatives. 

13.3.2 Stationary Source Control Measures 

Stationary Source Control Measures are methods developed to help reduce emissions 
fiom such sources as asphalt plants, solid waste landfills, retail gasoline stations, etc. The measures 
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focus on reducing the amount of emissions from new and existing sources. Emission reductions &om 
these sources are based on projected differences between uncontrolled emissions levels and controlled 
emissions levels. Growth and control values used to calculate baseline and reduced emissions by the 
KCAPCD are those identified by the CARB in their Growth and Control Turnaround Documents. 
The AQAP contains a control measure designed to hlfill the CCAA mandate requiring no net 

increase in pollutant and precursor emissions above 25 tons per year from permitted sources. The 
control measures adopted by the AQAP also describe "retrofit" emission control measures which will 
be the basis of KCAPCD rules to be developed and adopted during the next ten years. 

The CCAA requires a moderate nonattainment area's existing sources to be equipped 
with Reasonably Available Retrofit Control Technology (RARCT). 

ROG Control Measures (alreadv imulemented) 
* Rule 410.5, Cutback Asphalt Paving Material disallows the use of this paving material 

in ozone nonattainrnent areas. 
* M e  412. I ,  Retail Gasoline Station Vapor Recovery requires retail gasoline service 

stations to install "Stage Two" vapor control devices when reheling vehicles. 

Reasonablv Available Retrofit Control Technoloev M C T )  for ROG and NOx (to be im~lernented) 
* S-NSR, New Source Review is intended to limit emission increases from larger 

emission sources, either new equipment or modifications to existing equipment at 
facilities regulated by the KCAPCD, by requiring new or modified sources to be 
completely offset by prior reductions at least as great as the increase. 
S-I-P, Aircraft and Aerospace Exterior Coating regulates ROG emissions by 
requiring the use of low solvent technology or by ut i i ing control equipment with a 
control efficiency of at least 85%, as well as storing all organic containing materials 
in closed containers. 
S-2-P, Aircraft Refieling and Fuel Storage proposes that vapor control be used on 
all aviation storage tanks with significant emissions. 
S-3, Architectural Coatings wilI be required to lower the amount of VOC (Volatile 
Organic Compounds) contained within such products as paints, stains, sealers and 
other coatings used to protect and enhance the appearance of large stationary 
structures. 
S-4-P, Electronic Industry - Semiconductor Manufacturing would require both 
positive and negative photoresist operations to reduce emissions 90%. NAWC has a 
limited use printed circuit shop. 
S-5-P, Gasoline Transfer Into Stationary Storage Containers, Deliver Vessels, and 
Bulk Plants will phase out exemptions for previously exempt (delivers less than 
500,000 gallons per year of gasoline to facilities without vapor recovery) bulk plant 
over a two year period. 
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S-6-P, Graphic Arts would require the use of low solvent technology and emissions 
control equipment at graphic art facilities and also require that VOC materials be 
stored in closed containers. 
5-7-P, f i t  Mix Asphalt Batch Plants - Combustion would establish an asphalt batch 
plant dryer emission standard of 0.13 Ib NOx per million Btu of &el burned. 
S-8-P, Hot Mix Asphalt Batch Plants - Fugitives would require that asphalt batch 
plants optimize equipment efficiency to prevent the emission of fugitive ROG. 
S-9-P, I~dismaI and Commercial Package Boilers is designed to reduce basin wide 
NOx emissions through establishment of more stringent controls for boilers. 
S-11-P, Metal Parts Painting would reduce the VOC emissions from coating of metal 
parts and products by lowering the control exemption cut-off from 15 lbdday of VOC 
to not more than 3 Ibslday and establishing a 100 gallons of total coatings per year 
exemption. . 
S-122,  Motor Vehicle and Mobile Equipment Coating Operations would reduce 
ROG emissions from spray coating operations by requiring use of lower ROG 
coatings in refinishing vehicles unless emissions to the atmosphere are controlled to 
at least an equivalent level by control equipment with a capture efficiency of at least 
85 percent and an efficiency of at least 90 percent. 
S-13-P, Indirect Neat Tram$er Fuel Burning Equipment would require the use of 
clean fuels in stationary source combustion. 
S-IS, Organic Solvent Degreas-ing would require an additional 20% to 40% reduction 
of ROG emissions from each degreaser. 
S-16-P, Stationary Piston Engines would have emission limitations that could be 
achieved through replacing engines with electric motors, by combustion 
modifications, and by nonselective or selective catalytic reduction. 
S-17-P, Portland Concrete Kilns would target NOx emissions by about a 46% 
emission reduction fiom the baseline inventory that can be achieved through use of 
lower NOx emitting hels. 
S- 18, Residential and Commercial Water Heaters would require that a 2.3 lb per year 
NOx emission limit be established for new and replacement water heaters. 
S-19-P, solid Waste Landfills, would require a gas collection system be installed to 
reduce ROG emissions by 0.01 to 0.02 tondday in the SED. 
S-202, StPtionary Gas Turbine Engines, would limit the NOx emissions to 20 ppm 
at 15% 0, for existing stationary gas turbines. New turbines are required by 
KCAPCD Rule 2 10.1 to meet a BACT NOx emissions limit of 5 ppm. 
S-2 1-P, Wood Furniture and Cabinet Coating requires specific application processes 
be used for all wood hrniture and cabinet coating steps, exemptions fiom this rule 
would apply to touch-up any repair and any operation with total emissions less than 
15 lbs ROG/day. 
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* S-22, Charbroiling, Commercial would require a 90 percent reduction of ROG fiom 
comrnercid charbroilers 

13.3.3 Area Source Control Measures For ROC and Nor 

Areawide sources only emit small quantities of pollutants individually, but when 
measured collectively represent a si@cant source of emissions. The CCAA grants CARB authority 
to adopt regulations to reduce ROG compounds emitted by area sources such as consumer products. 
Local air districts are prohibited fiom adopting any regulations related to consumer products that 
differ fiom regulations adopted by the state prior to January 1, 1994. The C C U  defines consumer 
products as "a chemically formulated product used by household and institutional consumers, 
including but not limited to: detergents, cleaning compounds; poiishes; floor finishes; cosmetics; 
personal care products; d i s i n f i t s ;  sanitiiers; and automotive specialty products, but do not include 
paint hrniture coatings or architectural coatings". 

A number of the stationary source control measures presented previously are aerate 
sources, eg, degreasers. KCAPCD is addressing any aerate control measure that has associated 
emissions reductions in this manner. KCAPCD plans to address area sources with no associated 
emission reductions on a local basis by means of public awareness control measure. This measure 
will commit the District to definite public awareness activities to help hlfill its public education 
mandate. 

* Public Awareness, KCAPCD will disseminate public information to assist and to help 
the public achieve voluntary emissions reductions. Information on the following will 
be made available: 
o Use of Household Products 
o Use of Lawn & Garden Equipment 
o Reducing Vehicle Trips and Mile Traveled 
o More Frequent Vehicle Inspection & Maintenance Programs Encourage Use 

of Alternative Fuels 
o Use of Barbecues 
o Use of Fireplaces 

13.3.4. Health Effects of Air Pollution 

(The implementation agency for all these control measures cited in section 13.3 is the 
Kern County Air Pollution Control District. These measures will be placed before the Kern County 
Board of Supervisors for public hearings. Upon adoption of these measures, the KCAPCD will be 
responsible for enforcement of these measures as well as review of all permits for sourcesfand or 
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industries that meet the emission thresholds. The city should strive to assist and support the 
KCAPCD in all their programs and endeavors as well as any enforcement of these measures.) 

13.3.5 Development Source Control Measures For ROG and NOx 

Development design criteria and development incentives are specific actions that the 
City could implement to reduce emissions associated with various types of land use development. 

Provide Support Facilities On-Site, such as food services, banking, postal service and 
shower facilities. 
Provide Pedestrian Connections to well travelled locations. 
Encourage Altemtive Means of Transportation such as bicycle racks, transit stops. 
Develop a Rideshare Program for Facility. 
Develop a Rideshare Program with Adjaining Facilities. 
Implement a Reduced Work Week 

13.3.6 Construction Source Control hleasures For ROG, NOx, and PM,, 

Construction sites should be required to conform to the following procedures to 
reduce short-term emissions: 
* Require a dust control plan for construction, land clearing projects, and road 

projects. 
* Regular ground wetting of roads and graded areas at least twice daily. 
* Graveling of temporary r&. 
* Increase frequency of watering when winds exceed 15 mph and cease all grading 

activity when winds exceed 30 mph. 
* Direct application of water to materials be excavated andlor transported on-site or 

of/-site. 
* Watering material stockpiles. 
* Periodic cleanups of accumulated dirt materials fiom public streets accessing 

construction site entrances. 
* Adjust all construction equipment diesel engines to operate with a four degree 

ignition retard 
* Use low sulfirrfirel(0. 05 % by weight) for construction equipment. 
* Properly maintain and operate aIZ construction equipment used during project 

construction. 
* Schedule construction truck trips during non-peak hours to reduce peak hour 

emissions. 
* Require haul trucks to be covered 
* Require dust control measures for material storage piles. 
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Require revegetation, chemical stabilization, or other abatement of wind erodible 
soil. 
No grading of lot or parcel until a building permit has been issued 
Wherever feasible, require parking lots and paved roads to be constructed prior to 
building construction. 
Wherever feasible, maintain the natural topography to eliminate the need for 
extensive land clearing, blading, ground excavation, grading and cut and fin 
operations. 
Avoid soiUinud deposition by truck on roadways beyond facility boundaries. 

13.3.7 Toxic and Nuisance Emissions and Objectionable Odors Control Measures 

The city should adopt development standards that prohibit the development of 
industrial activities that would produce industrial nuisance emissions or objectionable odors within 
one quarter mile upwind of sensitive receptors (based on the prevailing regional wind pattern). 
.Similarly, residential development, schools, hospitals, and convalescent homes should be prohibited 
within one-quarter mile downwind of existing sources of industrial nuisance emissions or 
objectionable odors. 

* Development stanch& for Industrial and Manufacturing Zones should be 
incorporated into the Zoning Ordinance and applied during review of a proposed 
industrial or residential project for approval. 

t Require dust control measures for material storage piles. 
* Support of KCAPCD's Air Toxics Evaluation and Control Programs. 

13.3.8 Fugitive Dust Control Measures 

The City should implement measures to reduce levels of PM,, generated by industrial, 
roads, construction and demolitions sources. The air pollutant PM,, is not only a nuisance and 
irritant, some sources of PM,, may emit particles which contain toxic and carcinogenic compounds, 
which can increase the threat to human health. In addition certain sizes of PM,, can contribute to 
degradation of atmospheric visibility and pose a safety hazard during extremely dusty conditions. 
Other mitigation measures that can apply to dust control may be found in other sections of this 
document. 

1-s 
* Require Dust control measures for storage piles. 
* Inall  Add-on Particulate Matter Control Equipment on the process line or series 

of operational processes. 
t Enclose process line, to reduce likelihood of wind-borne fugitives escaping the 
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processing operation. 
* Require haul trucks to be covered 

Roads 
* Pave, vegetate or chemically stabilize access points where unpaved traffic surfaces 

adjoin paved roads. 
Prohibit permanent unpaved roads, and parking or staging areas at commercial, 
municipal, or idustrial facilities. 
Develop traffic reduction plans for unpaved roads. 
Pave or chemically stabilize unpaved r o d .  
Pave, vegetate, or chemically stabilize unpavedparking areas. 
Provrde for stonn water drainage to prevent water erosion onto paved roah. 
Provide rerouting or rapid cleaning of temporary sources of mud and dirt on paved 
r d .  
Develop traffic reduction plans for unpaved roads. 
Lower the vehicle speed limit on unpaved roads and implement a proactive 
enforcement program to monitor compliance with speed limits. 
Require curbing and pave or stabilize shoulders ofpaved roads. 
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SECTION I1 

Chapter 14.0 

GEOLOGY AND SOILS 

SETTING 

The City of Ridgecrest is located within the Indian Wells Valley, which is an 
approximately 480 square mile basin which extends about 3 5 miles in a north-south direction and 25 
miles in an east-west direction. The average elevation of the valley is 2300 feet above mean sea level. 
It.is estimated that the Indian Wells Valley has upwards of 6,000 feet of alluvial fill. The valley is 
surrounded by mountain blocks characterized by interior drainage. This depression is a local 
expression of the greater Basin and Range geologic province of the western United States. The basin 
consists of unconsolidated alluvium that has been eroded fiom the surrounding mountains, lacustrine 
deposits, windblown sands, playa silts and clays, with possible estuarine and marine sediments of 
depth. The major geologic feature within the study area is the many playas, such as Mirror Lake, 
Satellite Lake, Airport Lake and the largest being China Lake. 

The Indian Wells Valley is characterized as consisting of four geologic units. The 
deepest unit is the basement complex which is pre-Tertiary and is composed of igneous and 
metamorphic rocks that underlie the valley. This unit is considered to be generally non-water bearing. 

The next unit is made up of lake deposits, of Pleistocene and Holocene age and 
includes the playa and lacustrine deposits. The playa deposits are composed of unconsolidated silts 
and clays and occur at China Lake, Mirror Lake and Satellite Lake. The lacustrine deposits are 
composed of cemented sand, silt and clay. These deposits were formed by an ancestral lake much 
larger than the present China Lake. These units are of low permeabiiity and do not yield water of high 
quality. (Warner, June 1975) 

The third unit is the alluvium of Pleistocene and Holocene age which is exposed in 
most of the valley. This unit is comprised of unconsolidated younger and older alluvium, stream 
deposits, fan deposits and dune sands which are derived by erosion fiom the surrounding mountains. 
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This unit overlies the basement complex and the lake deposits. The alluvium is of particular 
importance as it constitutes the principal recharge area for the Indian Wells Valley. 

The playa and sand dune deposits are of Holocene Age and are comprised of 
windblown sand and small interdune playas. These deposits overlie the lake deposits and the 
alluvium. The playa and sand dune deposits yield small quantities of poor quality water and are not 
significant hydrologically as the sand is mostly above the water table. 

This section identifies the geologic issues that may potentially impact the planning 
area. 

a. Geoloeic Hazards. the planning area lies within an active earthquake region 
of Southern California and is subject to such geologic hazards as fault dispiacement, earthquakes and 
ground shaking, earthquake-induced flooding, landslides/mudslides, liquefaction, soil subsidence, 
expansive soils, and flooding. As the City of Ridgecrest is an inland desert community with no 
surface water bodies within the Indian Wells Valley, the following geologic hazards are not found to 
be of concern: lurching, tsunamis and, seiches. The discussion of each geologic hazard in this section 
will encompass: nature and effects of the hazard, general areas potentially subject to the hazard, and 
comments on the probability of occurrence and relative severity of the hazard. Existing hazard 
policies and management programs as they relate to each hazard shall also be described. 

14.1.1 Geologic Hazards 

a. Fault Disulacement. A fault is a plane or surface of earth materials along 
which failure has occurred and materials on opposite sides have moved relative to one another in 
response to the accumulation of stress. A fault is considered to be active if it has moved during the 
last 12,500 years or if it occurs within an identified seismic gap. Active faults represent the greatest 
risk for fbture movement and the greatest risk to life and property fiom a land use planning 
perspective. Faults which displace deposits less than 2 million years old but show no evidence of 
movement in the last 12,500 years are generally considered to be potentially active and represent a 
lesser risk of h r e  movement. 

Ground surface displacement along a fault, although more limited in area than the 
ground shaking associated with it, can have disastrous consequences when structures are located 
straddling the fault or near the fault zone. Fault displacement involves forces so great that generally 
it is not practically feasible (structurally or economically) to design and build structures to 
accommodate rapid displacement and remain intact. Amounts of movement during a single 
earthquake can range &om several inches to tens of feet. 
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Another aspect of fault displacement is not the result of violent movement associated 
with earthquakes, but the barely perceptible movement along a fault called "fault creep." Damage 
by fault creep is usually expressed by the rupture or bending of buildings, fences, railroads, streets, 
pipelines, curbs, and other such linear features. 

Permanent effects of ground displacement include abrupt elevation changes (up or 
down) of the ground surface along the fault, alteration of surface drainage patterns, changes in 
groundwater levels, dislocations of street alignments and property lines, and a permanent change in 
grade of sewer and water utilities. Secondary effects of ground displacement could include the 
disruption of traffic and emergency vehicle senice because of road and bridge destruction, and the 
disruption of vitai utilities and community services. 

Areas on and around "active" and potentially active fault traces are potentially subject 
to surface rupture. Please refer to Figure 14-1 for the approximate location of fault traces in the 
planning area. 

The valley floor is a very seismically active area. Fault systems lying within or near 
the valley are the main sources of this seismic activity (See Figure 14-1). The major source of fault 
activity is the Sierra Nevada frontal fault which extends visibly along the majority of the Sierra 
Nevada Range. This fault forms the west border of the Indian Wells Valley. It is characterized as a 
right lateral fault and its inception is likely pre-Tertiary. 

The Little Lake Fault branches eastward from the Sierra Nevada frontal fault and 
continues southeast across the valley floor to the Garlock Fault. It is typified as a steeply southwest 
dipping right-lateral fault and is thought to be an extension of the Owens Valley fault. This fault has 
exhibited minor ground cracking with a M5.2 earthquake occurring in 1982 and has an average 
indicated slip rate of 0.6 mrn per year. The Little Lake Fault has been identified as part of the 
Alquist-Priolo Speciai Studies Fault Zone by the State Division of Mines and Geology in January of 
1990. 

The third local source of seismic activity is the right slip Airport Lake Fault which 
strikes northfsouth approximately 22 miles through the Coso Range to terminate at the Little Lake 
Fault. The Airport Lake Fault is described as a "well defined zone of north-south trending nested 
grabens" (Zellmer, 1987). This fault is considered to be active, with activity occurring regularly within 
the last 10,000 years and known displacement within the past 100 years. 

The fourth local source is the Argus Fault. This zone appears as a series of splays 
located on the eastern edge of the valley at the base of the Argus Range. Its trace is lost as it 
continues north. 
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The final local source is the Garlock Fault which extends northeast and east-northeast 
for about 150 miles fiom its junction with the San Andreas Fault near Gorman to Death Valley. It 
has expressed left lateral movement in the past and is considered active with a general slip rate of 0.3 
inches per year. The Garlock Fault shows evidence of six Holocene events with no major earthquakes 
having been evidenced in the past 500 years. 

In addition, there are numerous northwesterly trending faults which subdivide the basin 
into a series of groundwater subunits. Most, but not all, of the latter faults are concealed beneath the 
shallow alluvium and data are not generally available to determine the effectiveness of the faults as 
groundwater barriers (Dutcher and Moyle, 1973). 

b. Earthquakes and Ground Shakinq. Ground shaking or ground motion is 
caused by the release of accumulated energy during an earthquake. The energy is released in the form 
of seismic waves which travel outward in all directions fiom the earthquake center. The intensity of 
groundshaking at a particular sire is a hnction of several factors, including: maximum ground 
acceleration, magnitude of the earthquake, near surface amplification, distance from earthquake 
center, duration of strong shaking, and natural vibration period. 

The primary effect of ground shaking is the damage or destruction of buildings and 
hfhstructure, and the potential for loss of life. Building damage can range fiom minor cracking of 
plaster to total collapse. Disruption of infrastructure facilities could include damage to utilities, 
pipelines, roads, bridges, etc. Slope failure, liquefaction, tsunamis, seiches, and dam failure are other 
geologic hazards that can be triggered by earthquakes and ground shaking. Fires may also occur. 
Secondary effects include damage caused by these hazards. 

Available geologic information indicates that the potential for strong ground shaking 
in the Indian Wells Valley is high. There is a potential for severe ground shaking to occur as a result 
of movement along one of the major Valley faults (e.g., Garlock, Sierra Frontal). 

The year 198 1 ended a 20-year period of seismic quiescence. Recently the months 
of June and July, 1992 ground shaking occurred when the Indian Wells Valley experienced 21 quakes 
of r 3.0 magnitude on the Richter scale. No surface expressions of these events have been located. 
Estimates of ground shaking intensity vary depending on various assumptions about the type of 
earthquake generating fault movement, attenuation, geologic characteristics of the seismic wave 
travel paths, and local soil conditions. The U.S.G.S. Open File Report 76-416, 1976, estimates that 
the horizontal acceleration in rock with 90 percent probability of not being exceeded in 50 years will 
be about 0.4 g in the Ridgecrest region. It is expected that there will be accelerations in the order of 
0.4 to 0.6 g &om a magnitude 7-7.5 earthquake on the Sierra Nevada fault. (Data supplied by NAWS 
Erom the CAL-TECWUSGS Broadcasting System for Earthquakes.) 
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Ground shaking from earthquakes is generally characterized by expressing the 
vibratory ground motion in t e r n  of its acceleration, velocity and displacement parameters in the form 
of a response spectrum, and by the duration of the shaking. The frequency of the vibration is also 
very important since high frequencies are generally less damaging than low frequencies. The most 
damaging frequency band extends between 1 and 10 cycles per second (periods of 0.1 and 1, 
respectively) 

Developing generalized response spectra for the City of Ridgecrest does not appear 
to be a responsible approach. Each structure to be built should be evaluated individually considering 
site-specific soil conditions, expected life and use, and acceptable risk factors. 

No historically active faults have been recognized in Ridgecrest. However, several 
faults which have prehistoric movements thought to have occurred in the last 10,000 years pass 
through the area and could experience displacements in the future. The Little Lake Special Studies 
Zone is a "sufficiently active" fault zone that wan-ants special study based on geologic evidence in this 
area. Seismic activity in the region cannot be entirely ignored. It is estimated that there are 3000 to 
5000 small earthquakes (Richter magnitude of s2) a year in the Valley. 

The ground rupture that might be anticipated depends on the nature of the fault 
movement. The faults in the Ridgecrest area are known, from geologic evidence, to have moved in 
the past both horizontally and vertically. The movement on any one of these faults during a single 
displacement episode might be close to one foot, both horizontally and vertically. 

Damage fiorn such a movement would include ruptured water, sewage, and gas lines, 
and ruptured foundations and roadways. In addition, changes in elevation could disrupt hydraulic 
gradients, thus affecting gravity sewer lines. The width of the zone of ground rupture could reach 
between a few inches and several feet. 

c. Liquefaction Liquefaction is a process by which relatively soft, watery 
sediments ("soil") may liquefi (lose their solidity) during moderate to intense earthquake shaking. 
The potential for liquefaction to occur is greatest in areas with loose, granular, low-density soils, 
where the water table is within the upper 40 to 50 feet of the ground surface. 

Liquefaction may manifest itself by the development of cracks in the ground surface, 
followed by the emergence of water from the ground in the form of sand boils, sand volcanoes, and 
sand ridges. Ifquicksand conditions develop as the soil liquefies, buildings and other objects on the 
ground surface may tilt or sink, and lightweight buried structures may float to the surface. 
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Extreme settling or subsidence of the ground may result from liquefaction. Ground 
settlement often occurs differentially because sand and water are seldom removed evenly over broad 
areas. If the ground d a c e  slopes even very gently, liquefaction may lead to lateral spreading or low 
angle landsliding of soft san~rated soils. This can result in the rapid or gradual loss of strength in the 
foundation materials so that structures built upon them gradually settle or break up as the foundation 
soils flow out from beneath them. If liquefaction occurs in a layer of soil below the ground surface, 
the liquefied layer can act as a slip-plane, similar to ball bearings, and cause large, destructive 
landslides. This can occur on slopes as gentle as 2.5 percent (U.S. Geological Survey, 1974). 

In the Ridgecrest area, the area underlain by ground water at depths of up to about 
50 feet should be considered as susceptible to liquefaction. The effects of liquefaction depend 'on the 
volume, depth, and extent of the liquefied deposit. Thus, a very deep sand lens that liquified would 
have less effect than a shallow, thick, liquified layer. Liquefaction may result in ground rupture, 
differential settlement, and lateral spreading. 

The potential liquefaction zone is illustrated in Figure 14-1 for the planning area. 

d. Landslides/Mudslides. A landslide is the perceptible downslope movement of 
earth masses. It is part of the continuous, natural process of the downhill movement of soil, rock, 
and rock debris. The term is used loosely to encompass downslope creep of soil and rock material 
to sudden mass movement of an entire hillside. Included as common types of landslides are r o c ~ s ,  
slumps, block glides, mudslides and earth flows such as debris flows and mud flows. Landslides or 
slope instability resulting in landslides may be caused by several natural factors including broken or 
weak bedrock, heavy rainfall, erosion, gravity, earthquake activity, fire, and by human alteration of 
topography and water content in the soil. 

Slope instability that results in landslides can cause substantial damage and disruption 
to buildings and infrastructure. Some of these losses can include possible loss of life; displacement 
and destruction of buildings, roadways, and other improvements; blockage of drainage channels; 
disruption oftransportation and communication systems; and the loss and disruption of utilities and 
pipelines. A secondary effect of the landstide hazard that could have significant impacts in the future 
are lawsuits initiated against the developers and owners of properties that gave rise to landslides and 
the governmental review agencies that approved development. 

The hillside areas located at the south end of the City and commonly referred to as the 
"College Heights area" come to mind when discussions of this nature arise. However, the soil 
conditions and the angle of repose of the slopes in this area are not of the nature associated with this 
geologic hazard. 
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e. Subsidence. Subsidence is the sinking of ground surface caused by 
compression or collapse of earth materials. In addition to those forms of the hazard that occur 
naturally, four types of subsidence caused by human activity have been identified in California. These 
are groundwater withdrawal subsidence, oil or gas withdrawai subsidence, peat oxidation subsidence, 
and hydro-consolidation subsidence. Groundwater withdrawal subsidence, which generally occurs 
in valley areas underlain by alluvium, is the most extensive and the impacts most costly (California 
Division of Mines and Geology, 1973). 

Groundwater withdrawal subsidence results from extraction of a large quantity of 
water from an unconsolidated aquifer. As water is removed fiom the aquifer, the total weight of the 
overburden, which the water used to help support, is placed on the alluvial structure and it is 
compressed. If fine-grained silts and clays make up portions of the aquifer, the additional load can 
squeeze the water out of these layers and into the coarser grained portions of the aquifer. All of this 
compaction produces a net loss in volume and hence a subsidence of the land surface. 
Hydroconsolidation subsidence is a peculiar property of some dry unconsolidated porous, semiarid 
and arid deposits to lose their dry strength and to develop spontaneous settling, slumpage or cracking 
after wetting. 

Damage caused by subsidence is generally not of an immediate or violent nature. The 
consolidation of alluvium and senling of the land surface is a process that often occurs slowly over 
many years, except when prompted by seismic shaking or wetting of highly collapsible soils. 

Subsidence that results fiom groundwater withdrawal can be responsible for numerous 
structural effects. Most seriously affected are long surface infiastmcture facilities that are sensitive 
to slight changes in gradient. Such facilities include wells, canals, sewers, and drains. 
Hydroconsolidation is one of the most destructive forms of subsidence. Over a relatively short period 
of time, it can cause severe damage to pipeiines, roads, buiidings, etc. 

In the planning area, no measurable evidence of regional subsidence exists. However 
the regional water decline in the Ridgecrest area between 1921 and 1987 has been about 80 feet. 
Ground subsidence can result fiom soil compaction due to ground water withdrawal and is an 
irreversible process. 

E Emansive Soils. Expansive soils are soils that are generally clayey, swell when 
wetted and shrink when dried. Wetting can occur naturally in a number of ways (i.e., absorption fiom 
the air, rainfall, groundwater fluctuations, lawn watering, broken water or sewer lines, etc.). 

In hillside areas, as expansive soils expand and contract, a gradual downslope 
movement or creep of the soil material may occur. This downward soil movement may eventually 
result in a landslide. Clay soils also retain water and may act as a lubricated slippage plane between 
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other soil-rock strata, resulting in a landslide. These types of landslides are often triggered by 
earthquakes or by unusually moist conditions. Expansive soils are also often prone to excessive 
erosion. 

When structures are placed on expansive soils, foundations may rise each wet season 
and fall with the succeeding dry season. Movements may vary under different parts of a structure 
with the result that foundations, walls, and ceilings crack, various structural portions of the building 
are distorted, and doors and windows are warped so they do not hnction properly. Signs of soil 
creep can be seen in such features as curved trees, and tilted fences and telephone poles. 

There are no known areas of expansive soils in the hillsides of the planning area, 
There may be some very local areas of these soil types. (U.S.D.A., Oral Communication, June 1992) 

I. Earthquake-Induced Flooding. There are no bodies of water within Ridgecrest 
and its planning area. The nearest body of water is the North Haiwee Reservoir (NHR) that is 
maintained by the Los Angeles Department of Water & Power (LADWP). The South Haiwee 
Reservoir (SHR) was drained as a result of a Seismic Stability Evaluation Report. If the NHR or the 
SHR earth dams, constructed by the semi-hydraulic-fill method with a clay core, were to be damaged, 
the flood inundation maps indicate that this would have no effect on the City nor the planning area. 
(personal communication, Duane D. Buchholz, LADWP) 

The Governor's Office of Emergency Services states that if inundation maps do not 
indicate flood waters reaching a community, the community does not need to prepare a Dam Failure 
Evacuation Plan, as required by the California Dam Safety Act. 

A flood may be defined as a temporary rise in stream flow that results in water 
overtopping its banks and inundating areas adjacent to the channel not normally covered with water. 
The flood plain is the relatively flat or lowland area adjoining the stream that is subject to periodic 
inundation by floodwater. 

Floods are usually described in terms of their frequency of occurrence. For example, 
the 100-year flood is the flood magnitude that has a one-percent chance of being equalled or 
exceeded in any given year. This type of designation is based on probability and an element of chance 
is involved. According to statistical averages, a 25-year flood should occur on the average of once 
every 25 years, but two 25-year floods could conceivably occur in any one year. For planning 
purposes, the flood magnitude most often used to delineate flood plain boundaries is the 100-year 
flood. 

Flooding is basically a direct response to the amount, distribution, and intensity of 
precipitation. Most storms are relatively small and do not seriously disrupt people and the land on 
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which they live. Occasionally, however, a storm of great magnitude will occur, causing serious 
damage and disruption to the landscape and its inhabitants. Historically floods in the area have 
resulted fiom local starms. These storms can occur at any time and produce high intensity rainfall 
for peak durations of approximately six hours or less. Floods have occurred in the Indian Wells 
Valley in 1961, 1963, 1 964, 1969, 1983 and 1984. All have resulted f?om high intensity local storms. 

The magnitude and Erequency of flooding events can be influenced by many factors. 
Natural and artificially-induced changes to the characteristics of the drainage basin and flood plain 
of a stream or river can have profound effects on the extent and severity of any particular flood. Such 
changes include the growth of brush, denuding of brush followed by heavy rainfall, impervious 
surfaces constructed in urbanizing areas and piecemeal channelization. 

The primary effect of flooding, where urban encroachment on floodplains has 
occurred, is the threat to life and property. Floods may also create health and safety hazards and 
disruption of vital public services. Economic costs may include a variety of flood relief expenses, as 
well as investment in flood control facilities to protect endangered development. 

The extent of damage caused by any flood depends on many factors including: 
topography of the area flooded, depth, duration, and velocity of the flood-waters, the extent and type 
of development in the flood plain, and the effectiveness of forecasting, warning, and emergency 
operations. 

As a result of the August 15, 1984 flood, numerous flood improvements have been 
made by different agencies. This flood was caused by an intense storm centered over southeast 
Ridgecrest. NAWS's (Naval Air Weapons Station) Engineering Division has estimated that this event 
was a 60- to 70- year flood. Damages to NAWS were estimated to be $30 million dollars. The City 
estimated the cost of damages to its facilities at $2.5 million and were reimbursed for $29,000 
though FEMA and $145,000 fiom the State office of Emergency Services. Private property damages 
in the City limits were reported by residents as $1.7 million. 

CalTrans in 1984 placed flood control improvements beneath Highway 178 as part 
of the road widening program for that highway. They increased the number of 36" culverts fiom 
three to five at El Paso Wash approximately 2 miles west of the intersection of North China Lake 
Blvd and Inyokern Road. Dixie Wash which is 6 miles west of this intersection has three 48-inch 
culverts. These culverts have been designed for roughly 5-year storms. 

As a result of the 1984 floods, the NAWS put into place MILCON P-414 (Military 
Construction Contract), a drainage correction project, that will divert flood waters fiom their main 
facility sites. This includes the diversion of water from the Ridgecrest Wash through a diversion 
channel at their main entrance. Other on-center flood improvements were done to correct damage 
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from the 1984 flood. These drainage improvements and repairs were completed at an estimated cost 
of $33 million in 1986. (Oral Communication, Barry Kenady, NAWS, August 1992) 

The City of Ridgecrest has constructed one major flood control project and is 
constructing one temporary project as  well. The "Downs Storm Drain Project" that was constructed 
in mid-1991, is a buried maximum 60" conduit that carries waters fiom Dolphin Avenue to Bowman 
Road and fiom Langley Street to Bowman Road. This project was designed to carry a 25-year storm. 
Begun in 1990 and continuing to mid 1992, the "Bowman Temporary Retention Basin" project is 
designed upon completion to consist of 14 basins. The basins were to extend between Downs Street 
and China Lake Boulevard in the Bowman Road R 0 . W  with a design storage capacity of 25-30 acre 
feet. An objective of the series of basins was to capture and retain storm drainage to lessen the 
downstream impact during a storm event. As typical of a small desert city, the City relies heavily on 
its system of streets to contain and carry storm and nuisance waters away from residential areas. 

The City adopted the "Master Drainage Plan" prepared by James M. Montgomery, 
Consulting Engineers, Inc in May 1989 (City Council Resolution 89-35), which addresses a 
watershed area of 135 square miles. This document's information is hereby incorporated by reference 
and is available for review at Ridgecrest City Hall, 100 W. Caliifornia Avenue until an EIR is 
completed that addresses its environmental consequences. 

1. L e ~ a l  Setting. The following Federal, State, and local laws and programs 
pertain to specific geologic hazards or hazard zones in the City of Ridgecrest. The purpose and plans 
of each are briefly outlined below. 

Alauist-Priolo Sueciai Studies Zones Act. Ln 1972, the California Legislature enacted 
the Alquist-Priolo Special Studies Zones Act. The purpose of this Act is to ensure that structures for 
human occupancy are not built on active faults. It requires a geological investigation for new 
development meeting specific criteria within designated special studies zones. The Act also requires 
the State Geologist to delineate special studies zones around all potentially and recently active traces 
of major faults in California. 

The regulation of the State Mining and Geology Board, which governs the Alquist- 
Priolo Special Studies Zones, provides that: 

"No structure for human occupancy, identified as a project under Section 2621.6 of 
the Acf shall be permitted to be placed across the trace of an active fault. Furthermore, the 
area within fifty (50) feet of an active f d t  shall be assumed to be underlain by active branches 
of that fault unless and until proven otherwise by an appropriate geologic investigation and 
submission of a report by a geologist registered in the State of California. This 50-foot 
standard is intended to represent minimum criteria only for all structures. it is the opinion of 
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the Board that certain essential or critical structures, such as high-rise buildings, hospitals, and 
schools should be subject to more restrictive criteria at the discretion of cities and counties. 
Moreover, it is recommended that a geologic report by a geologist registered in the State of 
California be required for a single-family dwelling otherwise exempted under Section 2621.6, 
ifthat structure lies on or within 100 feet of the trace of a historicidly active or other known 
active fault as shown on Special Studies Zone Maps or by more precise or detailed 
information known to the approving authority." 

Section 2621.6 of the Act defines a project as: 

"(1) Any subdivision of land which is subject to the Subdivision Map Act, Division 2 
(commencing with Section 66410) of Title 7 of the Government Code, and which 
contemplates the eventual construction of structures for human occupancy. 

(2) Structures for human occupancy, with the exception of 
(A) Single-family wood fiarne dwellings to be built on parcels of land for which 

geologic reports have been approved pursuant to the provisions of paragraph 
(a) of this subdivision. 

(B) A single-family wood fiarne dwelling not exceeding two stories when such 
dwelling is not part of a development of four or more dwellings. 
@) For the purposes of this chapter, a mobile home, whose body width 

exceeds eight feet shall be considered to be a single-family wood 
h e  dwelling not exceeding two stories." 

(Title 14, California Administrative Code Section 3602 (a)). 

A speciai study zone has been designated in the City. This zone is located on a 
northwest trend entering the City at the north in the vicinity of the 600 block of East Inyokern Road 
and follows a southeast trend to the intersection of Dolphin Avenue and Sunland Street where all 
traces are lost in the desert alluvium. The zone varies in width from approximately 900 to 2000 feet. 
The boundary of the special study zone is depicted in Figure 14-1; however, this figure is for 
reference purposes only. The official study zone maps published by the California Division of Mines 
and Geology depict the precise location of the zone. Development permits are withheld in this zone 
until a geologic investigation demonstrates that a site is not threatened by surface displacement from 
Wure fault movement. 

Flood Plain Management 

o Federal Flood Insurance Program. The standards and criteria of the National Flood 
Insurance Program (NFIP) are directed toward the protection of structures and 
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facilities fiom flood hazard and the protection of existing development fiom the 
effects of new development. Participation in the NFIP requires implementation of the 
following minimum flood plain management standards. Under the NFIP, residential 
structures (including basements) are required to be elevated to or above the base 
flood level (the 100-year flood level). Non-residential structures may be elevated 
above or floodproofed watertight to or above the base flood level. 

For the protection of existing development, the NFIP standard and criteria rely on a 
regulatory floodway (floodway is the channel of a river or stream plus any adjacent 
flood plain areas that must be kept fiee of encroachment in order that the 100 year 
flood can be conveyed without substantial increases in flood height). Under the 
NFIP, no actions are allowed that would have the cumulative effect of increasing the 
water surface elevation of the base flood more than 1 foot at any point within the 
community (Federal Register, 1978). 

The Federal Emergency Management Agency has designated the flood plain areas on 
Flood Insurance Rate Maps (FIRM) and Floodway Maps that may be periodically 
amended by the Federal Flood Insurance Administration. The City of Ridgecrest 
currently qualifies for and participates in the NFIP. 

California Building Standards. Building safety and construction in the City of 
Ridgecrest is regulated by the requirements set forth by the California Buildings Standards 
Commission. These building code requirements are periodically updated by the California Buiidigs 
Standards Commission and are subsequently amended and adopted by the City as required by 5 17958 
and $18941.5 of the Health & Safety Code. California Building Standards represent the minimum 
requirements for building safety and construction of earthquake-resistant structures. The City 
Building inspection Department requires that in conformance with Code requirements, soil reports 
be prepared for most new structures used for human occupancy. These soil reports are needed to 
assess on-site soil conditions for potential geologic hazards. Soil reports for areas where the soils 
are known to be uniform are sometimes waived upon the determination of the Director of Public 
Works. For major development projects, such as the construction of critical facilities or uses that will 
have large occupant loads, geologic investigations are required to assess the potential impacts of 
earthquake-related ground shaking at the site. (City of Ridgecrest, Chief Buiiding Official) 

Disaster Pre~aredness Plans. The City of Ridgecrest has adopted and maintains a 
comprehensive Emergency Preparedness Plan that addresses the City's planned response to 
extraordinary emergency situations associated with natural disasters, hazardous material incidents, 
and nuclear defense operations. It provides operational concepts relating to the various emergency 
situations (i.e., earthquake, airplane crash, flood), identifies components of the Local Emergency 
Management Organizatioq and describes the overall responsibilities of the organization for protecting 
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life and property and assuring the overall well-being of the population. The plan also identifies the 
sources of outside support which might be provided (through mutual aid and specific statutory 
authorities) by other jurisdictions, State and Federal agencies, and the private sector. This plan has 
been reviewed and approved by the California Office of Emergency Services. Regional and State- 
wide coordination of disaster relief operations and resources would be the responsibility of the 
County Office of Emergency Preparedness and the California Office of Emergency Services. 

14.2 MINERAL RESOURCES 

The primary mineral resource in the planning area is aggregate (sand and gravel). Clay 
and expansible shale and other minerals may also be present. However, because they are not 
recognized as being of statewide or countywide significance, they are not specifically addressed in 
this document. 

Aggregate is a significant type of mineral resource extracted within the county. 
Aggregate includes sand, gravel and rock material and comprises the basic ingredients for a large 
variety of rock products including fill, construction-grade concrete and riprap. There are no 
extraction sites in the planning area. 

The Surface Mining and Reclamation Act (SMARA) of 1975 has two basic objectives. 
One is to safeguard access to mineral resources of regional and statewide significance in the face of 
competing land uses and uhan expansion, and the other is to ensure the proper reclamation of surface 
mining operations. The SMARA references mineral resources in general; however, the only resources 
that the State has surveyed are aggregate resources. The survey process involved two phases. The 
first phase consisted of the "Classiiication" of areas containing significant mineral deposits which are 
threatened by land uses incompatible with or which would preclude mining. The second phase of the 
survey process if referred to as "designation" and is the formal recognition by the State Mining and 
Geology Board of areas containing mineral deposits of regional or statewide significance which 
should be protected from land uses incompatible with mineral extraction. To ensure proper 
reclamation of mining sites, the SMARA requires all jurisdictions in which mining occurs to adopt 
a reclamation ordinance and have it certified by the State Mining and Geology Board (Sec. 2774.3(a) 
SMARA). 

SMARA also mandates that: 

"Within 12 months of the designation of an area of statewide or regional significance within 
its jurisdiction, every lead agency shall, in accordance with state policy, establish mineral 
resource management policies to be incorporated in its general plan which will: 
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a. Recognize mineral information classified by the State Geologist and transmitted to the 
Board. 

b. Assist in the management of land use which affects areas of statewide and regional 
significance. 

c. Emphasize the conservation and development of identified minerai deposits." 
(Section 2762(a) SMARA) 

14.3 IMPACT ANALYSIS 

14.3.1 Significance Thresholds for Geologic Hazards 

a. First Tier Imuact Analvsis. A geologic hazard is determined to have a 
significant impact when an unacceptable number of people and facilities are exposed to the hazard 
in an identified hazard zone. In other words, when the level of risk to people and structures is 
perceived to be too high, the threshold is exceeded. Local, state and federal government hazard 
policies and regulations for development in hazard zones provide the general definitions of what 
acceptable levels of risk are presently perceived to be. 

Specific thresholds cannot be identified in this analysis because the data upon which 
this study is based are highly generalized. It is not possible to detennine whether acceptable levels 
of risk are exceeded because the specific type of development and population density that could occur 
in each hazard zone cannot be identified from the data and maps available from the City for each 
alternative. Also, the hazard potential maps and descriptions are extremely generalized. Therefore, 
in this analysis, areas of proposed development that are within the generalized high hazards zones will 
be identified as areas where potentially significant impacts may occur. Activities associated with the 
proposed development that could have potentially significant impacts on geologic hazards (i.e., 
subsidence, fault displacement) will also be identified. 

b. Second Tier Im~act Analysis. Significance thresholds are most appropriately 
identified during detailed studies and during the site specific project planning and review stages of the 
development process. More detailed and accurate hazard information should be gathered at that time. 
It could then be determined if an acceptable level of risk is exceeded by development of a specific 
project in a particular hazard area. The threshold would be exceeded if the project did not meet the 
development criteria or standards defined for that type of hazard zone by local, state or federal hazard 
policies or regulations. 
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14.3.2 Geologic Hazards 

a. Construction-Related Soil Erosion (Short-Term Imuact). During the 
construction phase of development for all of the alternatives, vegetation removal and disruption of 
soil cover by vehicle movements and excavations is expected to cause an increase in temporary soil 
erosion and siltation of drainage areas and retention basins. Local weather, topographic and soil 
conditions will all affect the extent to which erosion occurs. 

Hillsides are particularly prone to erosion during construction due mainly to steep 
slope conditions. Under Alternatives 1, 2, and 3, erosion in the hillside areas may occur during 
development resulting in loss of soil, siltation of channels and basins and property damage. 

Construction-related soil erosion is a short-term impact. As development continues 
to cover over the soil the rate of erosion is expected to decrease to approximately the same order as 
prior to development. 

Fault Dis~lacement 

Common Tmuacts. The Alquist-Priolo Special Studies Zone encompasses the Little 
Lake fault zone, which exhibited minor ground cracking with a M5.2 earthquake occuning in 1982 
and has an average indicated slip rate of 0.6 mrn per year. Much of the northern portions of this zone 
have been previously overbuilt. However, Alternatives 1, 2 and 3 would result in new residential 
development within the Alquist-Priolo Fault Rupture Special Studies Zone. All new development in 
this zone is subject to the constraints of the Alquist-Priolo Special Studies Zones Act. 

Development under each alternative is also proposed in areas atop fault traces of 
active or potentially active faults. (Refer to 14-1 in the Safety Element for approximate location of 
fault traces.) A h l t  displacement hazard exists in these general areas. It is impossible to accurately 
idente zones of risk at this time because the location and activity of the potentially active faults are 
primarily conjectural in alluvium. 

Permanent effects of fault displacement include abrupt elevation changes (up or down) 
of the ground surface along the fa& alteration of surface drainage patterns, changes in groundwater 
levels in wells, dislocations of street alignments and property lines, and a permanent change in grade 
of sewer and water utilities. Secondary effects of ground displacement could include the disruption 
of traffic and emergency vehicles due to road and bridge destruction, flooding due to the disruption 
of surface drainage, and the disruption of vital utilities and community services. 

Alternative 1 and 2. Development of low density residential lands is proposed in the 
Little Lake Alquist-Priolo Special Studies Zone in the vicinity of Sunland Street and Upjohn Avenue. 
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The geologic report submitted for the southeast comer of this intersection has stated that no trace 
of the Little Lake Fault could be found. The majority of this zone has been developed. 

Alternative 3. This alternative would see all lands within the present City limits and 
its sphere of influence completely developed. Lands to be developed within the Little Lake Alquist- 
Priolo Special Studies Zone will be subject to geologic studies prior to development. 

No Proiect. This no-project alternative would see limited additional growth and 
development proposed within the Little Lake Alquist-Priolo Special Studies Zone. 

c. Earthauakes and Groundshaking;. Groundshaking resulting from a strong 
earthquake is a substantial regional hazard ~otentially affecting the entire planning area. It is one of 
the most dicul t  seismic hazards to predict and quantifjr. Groundshaking is also considered to pose 
a greater threat to the City than fault displacement. 

The primary effect of groundshaking is damage or destruction to buildings and 
infrastructure and thus the potential for loss of life. Secondary effects are damages caused by 
earthquake triggered hazards such as landslides, dam failure, and fires. 

The actual impact groundshaking would have on the proposed development is 
dependent on several factors including: number of people exposed, the density distribution of the 
population, local intensity and ground vibration conditions, and buildmg/infiastructure design and 
structural integrity. The increase in population proposed under each alternative increases the hazard 
potential because more people are potentially exposed to the hazard. 

Avaiiable geologic information indicates that the potential for strong ground shaking 
in the planning area is high. The potential for severe ground shaking to occur as a result of movement 
along one of the major California faults (e.g., the San Andreas and the Garlock) could result in 
significant ground shaking related damage throughout the City. 

Table 14-1 lists the major faults within 100 krn of Ridgecrest which either have been 
historically active or show evidence of Quaternary ( within last 2 million years ) movements and are 
considered to pose a groundshaking hazard to Ridgecrest. 

The Ridgecrest Planning area has feIt ground shaking fiom earthquakes in Yucca 
Valley, Big Bear, and Whittier to name a few over the past five years. The Indian Wells Valley 
experienced earthquakes to a magnitude of 4.7 as a result of the events of JundJuly 1992. There has 
been no evidence of surface expression of these latest quakes and no reports of structural damage. 
Table 14-2 gives a listing of Earthquakes felt in the Ridgecrest Planning Area, their magnitude and 
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their locations. (Data supplied by NAWS from the CAL-TECWUSGS Broadcasting System for 
Earthquakes [CUBE] .) 

Altemativea 1 and 2. Development of low density residential lands is proposed in the 
Little Lake Alquist-Prioio Special Studies Zone in the vicinity of Sunland Street and Upjohn Avenue. 
The geologic report submitted for the southeast comer of this intersection has stated that no trace 
of the Little Lake Fault could be found. The majority of this zone has been developed. 

Alternative 3. This alternative would see all lands within the present City limits and 
its sphere of influence completely developed. Lands to be developed within the Little Lake Alquist- 
Priolo Special Studies Zone will be subject to geologic studies prior to development. 

Alternative 4. This no-project alternative would see limited additional growth and 
development proposed within the Little Lake Alquist-Priolo Special Studies Zone. 

d. Liauefaction. Under each of the alternatives little development is proposed 
within the generalized boundaries of the liquefaction zone. The liquefaction hazard zone approximate 
location is shown in Figure 14-1 This area is generally underlain by groundwater at a depth of up to 
50 feet. The affects of Iiquefkction depend on the volume, depth, and extent of the liquified deposit. 
The alluvial and lake deposits of this area contain sand and silt layers, which if relatively clean and 
loose could liquefjl when subjected to strong ground shaking. 

The primary impact of liquefaction is destruction of property. Buildings and other 
objects on the ground surface sink, tilt, and collapse as the foundations beneath them liquefjr, and 
lightweight buried stnictures may float to the surface. In general, the taller the structure the more 
susceptible it is to damage. 

The proposed development in the liquefaction for each alternative is described below. 
The type and density of proposed development is also mentioned where possible, 

Alternatives 1. 2 and 3. Proposed development in the liquefaction zone consists of  
commercial developmenq lowdensity residential and medium density residential in the area north of 
Drumrnond Avenue and east of China Lake Boulevard which is within the City planning boundaries. 
The majority of the identified liquefaction zone is located within the boundaries of the Naval Air 
Weapons Station, China Lake over which the City has no planning jurisdiction. 

Alternative 4. The no project alternative would likely see no development within the 
liquefaction zone. 
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Faults in Indian 
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EARTHSHAKING EXPERIENCED IN THE INDIAN WELLS VALLEY 
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Common Imoacts. Landslidedslope failures are probably the single most important 
hazard affecting potential development in hillside areas. Soil, geologic and engineering studies of the 
College Heights development indicate that conditions do not exist for landslides or mudslides. 

The impacts of landslides and other forms of slope failure may include substantial 
damage and disruption to buildings and infrastructure. If the movement of earth and debris is rapid, 
unexpected loss of life could result. 

Alternative 1.2 and 3. Over 640 acres of land in the College Heights Area would be 
developed as residential within the planning area for the community. 

Alternative 4. This alternative would result in little or no development in the College 
Heights area. 

h. Soil Subsidence 

Common Imuacts. There are currently no visible signs of subsidence within the 
planning area. Continued extraction of fluids from this general area may increase the likelihood of 
subsidence. The Indian Wells Valley Water District has not pumped the "Ridgecrest Field" since the 
early 1980's. This area is located in the vicinity of Ridgecrest Boulevard and Norma Street. 

Damage caused by subsidence occurs over a long period of time except when 
prompted by seismic shaking or wetting of highly collapsible soils. Loss of life would probably occur 
only as a secondary effect of subsidence, possibly the result of flooding. Drainage courses, wells, and 
utility lines are potentially the most vulnerable to damage. 

Alternative 1.2 and 3. The Ridgecrest Field is currently overcovered with residential 
development. No hrther development would occur in this area. 

Alternative 4. This alternative would see little or no development within the planning 
area. 

I. Ex~ansive Soils. Expansive soils may contribute to downslope creep, 
landslides and erosion. the seasonal expansion and contraction of soil may cause foundations, walls, 
and ceilings to crack and various structural portions of buildings to warp and distort. 

Soil and geologic studies of the planning area indicate that there are no expansive soils 
in the area. 
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j. Flooding. Primary effects of flooding include injury and loss of life, damage 
to structures caused by swift currents, debris, and sediment, disruption of communication and 
transportation M t i e s ,  severe erosion, loss of vegetation and crops from sediment deposition, health 
hazards fiom ruptured sewage lines and damaged septic tanks, and the disruption of utilities and vital 
public services. 

Secondary effects of flooding place a burden on local and national taxpayers and 
resources. Evacuation relief and flood-fighting services, clean-up operations, and the repair of public 
facilities are paid for by the public. The construction and maintenance of flood prevention and control 
facilities are also paid for by taxpayers. 

The extent of damage caused by any flood depends on the topography of the area 
flooded, depth and duration of flooding, velocity of flow, rate of water rise, the extent of 
development and land use on the flood plain, the sediment load deposited by the flood, and the 
effectiveness of forecasting, warnings, and emergency operations. 

The 100-year flood hazard in the planning area is located within areas that have been 
identified in all planning efforts as not to contain structures for human domicile or work activity. 

The 100-year to 500-year flood inundation area covers the majority of the planning 
area. Development is usually not restricted in this zone because the level of risk is considered 
extremely low. 

No property located within the 100-year flood plain is proposed for residential or 
commercial development under any of the alternatives. Any proposed development within the Ciws 
100-year flood plain has been designated for fbture park and recreation use. These uses significantly 
reduce the damage potential of floods. 

1. Dam Inundation. There is only one dam that upon failure, could bring flood 
waters within the vicinity of the planning area. As has been noted earlier this dam (South Haiwee 
Reservoir) has not been utilized by LADWP for several years. 

The dam inundation maps prepared by the dam operators are intended as a worst-case 
scenario for use by local agencies for emergency preparedness in the event of an unlikely disaster 
causing dam failure. Although such a catastrophic event is in the realm of possibility, it is not 
considered a probable occurrence. 
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14.3.4 Significance Thresholds for Mineral Resources 

a. First Tier Impact Analvsis. No si@cant impact on primary mineral resources 
will result ifdevelopment occurs within the planning area. There are no mineral resources currently 
being actively developed or extracted. As such any impact by proposed development under each 
alternative has no effect upon mineral resources. 

b. Second Tier Imuact Analvsis. No potentially significant impacts to mining 
activities on the surrounding environment, existing land use and future land use will occur in the 
resource areas proposed for urban development. No known active mineral resources occur on the 
area, therefore impacts to potential mining operations are not likely to occur. If mineral resources 
were to be discovered in the future the specific impacts would need to be determined on a case-by- 
case basis at the time specdic permit applications, for mining activities and other projects that would 
be reviewed by the City and/or county, are submitted. 

14.3.5 Mineral Resources 

No known vital and valuable mineral resources exist within the planning area. There 
are no foreseen potential impacts associated with mineral resources. Deveiopment activities would 
not obstruct or hamper access to the resources. No environmental impacts would result fiom mineral 
extraction and processing. 

Pursuant to the objectives of SMAL4, the City would be required to adopt policies 
that would prohibit additional development of incompatible uses adjacent to or within mineral 
resource, except in those areas already committed to other uses. The objectives of SMARA are to 
safeguard access in the face of competing land uses and ensure proper reclamation of mineral land. 
Because there is already incompatible existing development from mining operations would be 
addressed on a project specific basis. Implementation of the SMARA objectives would prevent 
incompatible land uses from being developed in the mineral resource area. Therefore, direct 
obstruction of access to aggregate resources is not a potentially significant impact. 

Any mineral extraction activities that may occur or be proposed outside the planning 
area should be addressed on a project specific basis. Mineral resource extraction and processing may 
cause adverse environmental impacts during and after extraction operations on the environment and 
nearby land uses. Appropriate regulation through environmental safety and reclamation laws or 
policies should mitigate or prevent many of the impacts of extraction activities. Specific impacts 
associated with individual mining projects should be identified and mitigated, in accordance with 
CEQA, during the environmental review and permitting process. 
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MITIGATION MEASURES 

Geologic Hazards 

a. Construction-Related Soil Erosion. As a condition of approval of a 
development pennit, the City Building and Public Works Division andlor Planning Division should 
require the developer to implement the pertinent erosion control measures below or other erosion 
control measures where appropriate for development projects (Alternatives 1,2 and 3) and any other 
project sites where an erosion problem is identified. 

o Use of approved dust palliatives on areas not to be constructed immediately after 
grading; 

o Seeding and mulching of bare surfaces; 

o Building pennits must be drawn within 30 days of issuance of a grading permit; and 

o Soil must be wet prior to grading; 

o Grading must cease during wind conditions that exceed 30 mph. 

Residual Im~act. The potential impacts of construction-related soil erosion would be reduced 
to an acceptable level for all the development alternatives by implementation of the above mitigation 
measures. 

b. Fault Dis~lacement 

Alauist-Priolo Suecia1 Studies Zone. The fault rupture hazard within the Alquist- 
Priolo Special Studies Zone for Alternatives 1,2 and 3 is mitigated by the following measures: 

o Continued enforcement of the requirements set forth in the Alquist-Priolo Special 
Studies Zone Act of 1972. The City requires the developer of any structure (except 
where narrow exemption standards are met) proposed within the Alquist-Priolo 
Special Studies Zone to have a geologic investigation as part of the development 
review process. The structure(s) proposed must be shown to be at least 50 feet fiom 
any trace of the f d t  and development within 50 feet of the fault trace must be limited 
to outdoor uses and to structures not intended for human occupation. 

o The City should require the developer to pay for a review of the required geologic 
investigation by a certified expert chosen by the City in order to determine the 
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sufficiency of the evaluation prior to project approval. 

o Continued cooperation by the City with State officials (California Division of Mines 
and Geology) regarding ongoing studies and redefinition of the AIquist-Priolo Speciai 
Studies Zone(s) located in the City. For example, have site specific geologic 
investigations on file and available to researchers. 

o City promotion and encouragement of additional pertinent geologic and seismic 
investigations in the City by Federal, State, and local agencies. 

Residual Imuact. Implementation of the above mitigation measures would reduce the 
risk of fault rupture under any of the development alternatives to an acceptable level. 

Active Faults and Potentiallv Active Faults Without Alauist-Priolo Designations. The 
fault rupture hazard to proposed development in the vicinity of inferred potentially active faults is 
currently considered to be acceptable. However, the following additional mitigation measures are 
recommended. 

o City should require the developer of critical service structures (hospitals, fire stations, 
police stations, etc.) to have geologic investigation conducted by geotechnical or 
engineering geologist to show structures are 50 feet from active (not currently 
designated as Alquist Priolo Special Studies Zones) and potentially active fault traces. 

o City should cooperate with and encourage federal, state and local seismic and 
geoIopicai studies in the City to better define level of risk and location of faults in the 
City. This could possibly include having the City geologist coordinate information 
and act as liaison between researchers and the City. 

o City should require all development within areas of active or potentially active fault 
zones to complete a geologic investigation conducted by geotechnical or engineering 
geologist to determine extent and remedies required of geoiogic hazards. 

Residual Irn~act. The hazard level associated with potentially active faults is currently 
acceptable, and would continue to be acceptable under the development alternatives. 

c. Earthauakes and Groundshaking. The following mitigation measures would 
reduce the potential impacts of groundshaking. 

o The City should review and update its Emergency Preparedness Plan and undertake 
periodic disaster preparedness exercises in cooperation with appropriate state and 
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federal agencies. 

o The City should identa  all hazardous buildings in the community. 

o The City should develop a hazardous building abatement ordinance, and retrofit older 
structures to improve seismic safety or demolish the structures if retrofitting is not 
feasible. This should be imposed gradually, encouraging or requiring those structures 
that are the most dangerous and have the highest occupancies to undergo retrofitting 
tirst. 

o The City should require, as part of the permit review and approval process, that 
critical service structures be able to withstand groundshaking from the maximum 
credible earthquake and still be operational. 

o The City should adopt building and grading ordinances that are as stringent or more 
stringent than those contained in the most up-to-date Uniform Building Code for 
groundshaking and other related hazards. 

o Initiate a program where City and Kern County provide mutual aid building inspector 
services after an earthquake or other major disaster. This program establishes a 
means to provide rapid and efficient evaluations of structures after a disaster to 
determine if buildings are safe for occupancy. 

Residual Imuact. The above mitigation measures would reduce the potential impact 
of groundshaking under the development alternatives to an acceptable level for this seismically active 
region. The hazardous building abatement ordinance to retrofit or demolish seismically unsafe 
structures could have potential adverse impacts on the historical integrity of historic structures, such 
as the tufa stone structures or " Old Kern County Fire House". 

d. Liquefaction. The following mitigation measures would reduce the hazard 
potential associated with liquefaction. 

o The City should continue to require that adequate geologic and geotechnical 
engineering evaluation reports are prepared where deemed appropriate during 
planning and environmental review or by the Building Official. AU reports should be 
prepared by registered geotechnical engineers or engineering geologists and reviewed 
by an expert selected by the City prior to project approval. The reports should 
demonstrate that hazardous conditions such as liquefaction do not exist or can be 
overcome by site preparation work or engineering design. 
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Residual Im~ac t .  The above measures would reduce the risk of this hazard under the 
development alternatives to an acceptable level. 

e. Landslides/Mudslides. No lands within the planning area have been discovered to be 
subject to this hazard. If'lands subject to this hazard are discovered the following mitigation measures 
should be applied. 

o Adopt policies and standards for drainage, grading, site design and landscaping 
requirements as a set of development guidelines andlor incorporate them in the City 
zoning ordinances "Hillside Management Program", where appropriate. Economic 
feasibility and aesthetic acceptability of guidelines and measures must be evaluated 
prior to adoption. 

o Building and grading ordinances as or more stringent than those contained in the 
Uniform Building Code should be adopted by the City for identified slope failure 
hazard areas. The ordinances should be periodically reviewed to ensure application 
of current state-of-the-art policies. 

o Geologic and geotechnical engineering reports for hillside construction should be 
prepared as required by a "Hillside Management Program" and submitted to the 
Building Official. They should demonstrate that all identified hazards can and will be 
mitigated. The mitigation measures should also be shown to be economically feasible. 
Reports should be reviewed by the City at the applicant's expense for technical 
adequacy and any aesthetic impiications the project or mitigation measures may have 
on the area. 

o Whenever a landslide moves significantly or damages a foundation or structure, the 
City should prepare, or cause to be -prepared, a detailed study of the geologic 
materials, foundations, or structures involved. This information should be made 
available to the general public for kture use. 

o M e r  a major earthquake, inspections of hillside areas should be conducted by a 
registered geologist to identitjl any potential landslides that could be triggered by 
aftershocks. 

o The City should implement a Geologic Hazard Abatement District in the hillsides in 
which the cost of studies and corrective work is shared by all affected property 
owners and prospective developers. 
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Residual Irnuact. Implementation of the above mitigation measures should reduce the 
hazard potential under the development alternatives to an acceptable level. 

f Soil Subsidence. The following mitigation measures should be implemented 
by the City. 

o Establish a program as soon as feaslile to identifjl subsidence rates within the City and 
monitor extraction of fluids. Limit extraction if it is perceived to increase the rate of 
subsidence. 

o The building official should require special provisions be made in foundation design 
and construction for high risk structures (i.e., high density residential development, 
structures of high foundation and lateral pressure such as tall buildings, and critical 
facilities) in areas with hazardous subsidence rates. 

o Routine required site specific geotechnical engineering studies should identifj. the 
presence of collapsible soils and iden* appropriate mitigation measures for potential 
hydrocompaction. 

Residual Imuact. The above mitigation measures would reduce the potential subsidence 
impact under the development alternatives to a level generally considered acceptable. 

g. Exoansive Soils. The following mitigation measures should be implemented by the 
City upon the discovery of expansive soil types. 

o Continue to require that adequate soils, geologic and structural evaluation reports are 
prepared when deemed appropriate by the Building Official. All reports should 
demonstrate that all identified hazards can and will be mitigated. They should be 
prepared by registered soils engineers, engineering geologists and/or structural 
engineers, The report should be reviewed by the City at the applicant's expense. 

o Continued enforcement of relevant ordinances contained in the Uniform Building 
Code. Adopt updated versions as appropriate. 

Residual Irnuact. The above mitigation measures would reduce the potential impact 
of expansive soils under the development alternatives to a level of insignificance. 

j. Flooding. the following mitigation measures should be implemented by the City: 

o Prepare and adopt an E.1.R for the City Master Drainage Plan prepared by 
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Montgomery & Associates so that this technical document can be utilized to its fullest 
capacity. 

o Require implementation of the flood control designs proposed by the City Master 
Drainage Plan in all new development. 

o Enter into a Joint Powers Agreement (JPA) with Kern County to develop a valley 
wide flood control program. 

o Enter into a Joint Powers Agreement (JPA) with Kern County to develop a valley 
storm drainage control program. 

o Continued participation in the Federal Emergency Management Agency's National 
Flood Program to qualifi, for federai insurance and relief programs. 

o Review and update the City Emergency Preparedness Plan annually or semi-annually 
and undertake periodic disaster preparedness exercises in cooperation with 
appropriate state and federal agencies as soon as feasible. 

Residual Im~ac t .  The above mitigation measures would reduce the flooding hazard 
under the development alternatives to an acceptable level. 

k. Dam Inundation. As the only reservoir that could have dam failure is empty 
the following mitigation measure is only for future use. 

o Continue emergency preparedness planning by the City to provide evacuation plans, 
improve response to disaster, and provide disaster recovery measures. 

Residual Im~act. Impacts are reduced to an acceptable level by the mitigation measure 
above. 

14.4.2 Minerai Resources 

a. Obstruction of Access. The potential for obstruction of access to mineral 
resources by buildout under any alternative would be mitigated by implementation of the following 
measures by the City: 

o For aggregate or mineral resources: 

- If the City were to annex a resource area, then the City should adopt a 
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Mineral Resource Management Program and implement the basic objectives 
of SMARA. The intent of SMARA includes allowing only compatible land 
uses in or adjacent to resource areas and providing sufficient access for 
equipment. 

Residual imoact. The above mitigation measure should reduce the potential impacts 
of obstructed access to mineral resources to less than sipficant. However, the level of impact would 
ultimately be determined by the actual mineral resource protection policies and regulations adopted, 
the effectiveness of implementation and enforcement, and City action to prohibit incompatible land 
uses in or adjacent to resource areas. 

b. Resource Extraction. The City should implement the following measures to 
mitigate potential adverse environmental impacts associated with resource extraction: 

o Prior to the annexation and development of any mineral resource areas, the City 
should adopt goals, policies, programs, and ordinances regulating mineral resource 
extraction. 

o A major objective of SMARA is to achieve proper reclamation of mining sites. If 
mineral resource areas are annexed to the City, the City should implement goals, 
policies and programs that satisfjr this objective. 

o All new mining development projects should be reviewed for their specific 
environmental impacts in accordance with CEQA. 

o The City should require an applicant for a specific project to locate any on-site or 
nearby abandoned well sites as a condition of approval of a development permit. 

o Any project or structure to be located over or in the proximity of an abandoned well 
must be approved by the State Division of Oil and Gas. Reabandonment may be 
required. If construction over an abandoned well is unavoidable, an approved gas 
venting system over the well is recommended by the State Division of Oil and Gas. 

Residual Itnoact. Implementation of the above mitigation measures is anticipated to 
reduce impacts associated with mineral extraction to less than significant. 

SECTION It-14-29 



A m -  ? - "  

=I.; Bl Eli U G 3  
3 s' 2.s 2 
D C I ,  0 



I LIBRARY COPY 1 



OUR MISSION 

To manage, develop, and protect water 
and related resources in an 

environmentally and economically 
sound manner in the interest 

of the American public. 

I 
Indian Wells Valley 
Water District 
P.O. Box 399 
Ridgecrest, CA 83556 
4-61 9-375-5086 



Publication of the study results presented herein 
should not be construed as representing 

either the approval or disapproval of 
the commissioner of the Bureau of 

Reclamation or the Secretary 
of the Interior. 

The purpose of this document i s  to provide 
the Indian Wells Valley community with 

information concerning groundwater 
resources and to provide optional 

implementation plans for 
future development. 



INDIAPI WELLS VALLEY 
GI1OUI\ID~i'V!IER PR03E 

A cooperative effort among 
the Bureau of Reclamation, 
the Indian Wells Valley Water District, 
the North American Chemical Company, 
and the Naval Air Weapons Station 

SUMMARY REPOKt 

Prepared By 
Bureau of Reclamation 
Lower Colorado Region 

December 1993 



Documentation of the Indian Wells Valley Groundwater Project i s  
contained in two report volumes. Volume I, the Summary Report, is  
intended for a general audience. It contains an explanation of the 
administrative, institutional, and financial aspects of the Project; a 
description of Project activities; and a non-technical presentation of 
Project activity results, conclusions, and recommendations. 

Volume II, the Technical Report, is  intended for a technical audience. 
It provides all of the technical details concerning the test wells, data 
collected, data analysis, groundwater modeling, and recommendations 
for future investigations. Technical discussion on groundwater recharge 
quantities, recharge distribution, pneumatic slug testing, and a 
hypothesis for the anomalously low transmissivites found in many of 
the shallow piezometers are appended to this volume. Also included 
in  this volume, are all of the data collected as part of this Project. 

Mr. John A. Johnson, civil engineer in  the Bureau of Reclamation's 
Lower Colorado Regional office in Boulder City, Nevada, was the 
primary author of Volume I, while Mr. Dennis E. Watt, hydrologist 
for the Bureau of Reclamation in Boulder City, was the principal 
contributor to Section A of Volume II. Section B of Volume II was 
done by personnel in the Bureau of Reclamation's Denver office 
in Denver, Colorado. Mr. Leslie Pehrson, an engineering intern 
in the Bureau of Reclamation's Boulder City office, performed the 
calculations in  Section C of Volume II. Mr. Gail F. Moulton, chief 
geologist for the North American Chemical Company of Trona, 
California; Mr. Michael D. Stoner, geologist with the Naval Air 
Weapons Station at China Lake, California; and Dr. Don Decker, a 
physicist with the Naval Air Weapons Station, reviewed drafts of both 
volumes and provided significant technical and editorial suggestions. 
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EXECUTIVE SUMMARY 

PROJECT OBJECTIVE 

The primary objective of the Indian Wells Valley Groundwater Project 
(Project) was to refine estimates of the life of the natural groundwater resource 
in the Indian Wells Valley (Valley) and to identify management concepts to 
conserve and extend the useful life of this resource. 

APPROACH 

In the Memorandum of Understanding which established the Project, the 
participants agreed on the goals to be achieved: 

J Refine groundwater resource quantity and quality 

J Refine recharge quantities and locations to the extent possible 

J Model aquifer performance under pumping scenarios that meet future 
demands 

J Develop future water resource management options, including 
conservation 

To accomplish these goals, the following approach was taken: 

J Summarize existing data and findings 

J Obtain additional information by drilling test wells and collecting data 
from those wells 

J Evaluate existing recharge and aquifer performance studies 

J Analyze all data and integrate all information into potential water 
resource utilization plans for the future 

PROJECT DESCRIPTION 

Ten monitoring wells were drilled during the Project-seven were funded 
under the Project and three were funded separately by individual Project 
participants. All wells, irrespective of funding source, were designed and 
constructed in a similar manner. These wells were located to provide critical 
water quality and recharge data in areas of the Valley where such information 
was sparse. Areas of greatest need were in the Southwest, West, and 
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Northwest Areas. All wells were completed with multiple piezometers or 
sampling tubes within a given bore hole to obtain water samples and water 
table elevations at selected zones down as deep as 2,000 feet. Data collected 
and analyzed during the Project included drilling logs; electric, gamma ray, 
and down-hole temperature logs; stratigraphic interpretations of drill cuttings; 
static water table levels; water quality at selected depths; and measurements of 
aquifer transmission characteristics. It was specifically intended that these 
wells be located and constructed to allow convenient monitoring in the future. 

MAJOR FINDINGS 

The Valley fill consists predominantly of sands and fine gravels in the 
heavily pumped area west of Ridgecrest, in the southwest, and along 
the extreme western boundary of the Valley. 

Chemical analyses indicate a predominate sodium bicarbonate water in 
most areas of the Valley. 

Water quality patterns imply that the Sierra Nevada watershed 
contributes a major portion of the groundwater recharge into the 
Valley. 

Poor water quality was found in the northwest and north central 
portions of the Valley associated with a thick organic-bearing clay 
layer. 

Good quality water was found down to the 2,000-foot drilling depth in 
the Intermediate and Southwest Areas. 

The west-to-east groundwater surface gradient in the Leliter area (about 
4 miles north of Inyokern) indicates minimal recharge into this area 
from the west. 

A very steep apparent groundwater surface gradient exists in the 
extreme south and southwest portion of the Valley. This is probably a 
result of either faults or structural features which restrict groundwater 
flow. 

A fairly steep groundwater surface gradient exists in the northwest 
corner of the Valley (Louisiana Pacific Sawmill site), which implies 
groundwater recharge from the Sierran watershed to the northwest or 
north (Rose Valley). 

xii 
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In most cases, aquifer transmission properties, which were computed 
from measurements made in each piezometer, are consistent with drill 
log data. 

Temperature profiles indicate the presence of geothermal sources 
underlying the Valley at depth. 

CONCLUSIONS AND RECOMMENDATIONS 

Three very important major discoveries were made during the course of this 
Project: 

A greater quantity of high quality water is in storage at depth in the 
Intermediate and Southwest Areas than previously known. 

Data concerning recharge into the Southwest Area is contradictory and 
will require additional exploration to reconcile data obtained during this 
Project with earlier results from the southwest. Some earlier work 
implies a very low recharge rate. 

Much of the west and northwest parts of the Valley have relatively poor 
water at depth associated with a very thick and extensive clay layer. 

There are three major avenues for extending the life of the groundwater 
resources in the Indian Wells Valley: 

Blend good quality water with poorer quality water 

Expand pumping to "new" areas, such as the southwest 

Treat poorer quality water 

Either blending or treatment would be governed by the appropriate water 
quality standards for the application (potable, industrial, or agricultural). 

From a technical perspective the near-term recommended approach to extend 
the life of the groundwater resource is to immediately begin to blend water 
from the northwest part of the Valley with water from the Intermediate Area. 
In the long-term, the Southwest Area should be further studied to better define 
availability of groundwater in that area. Water quality treatment technology 
and costs should also be studied further. 
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While this Project made significant contributions to the water resource data 
base in the Valley, there are still many areas of uncertainty. In order to 
accommodate this uncertainty in data, a probable data range from a worst or 
conservative case to an optimistic case was established. An intermediate case 
within those limits was then determined. Table 1 presents the assumptions 
used to develop the intermediate case. More detailed information on these 
values and how they were selected can be obtained in Volume 11, Technical 
Report, Section C. 

Using the assumptions in table 1, the following calculated projections can be 
made to guide future water production management: 

Table 1. Data used to determine intermediate case water resource life projections 

Implementation of blending Intermediate Area and Northwest Area 
water could extend the life to the Intermediate Area resource by 
13 years, to a total of 42 years. 

Demand Projections 

Specific Yield 

Saturated Thickness That Can 
be Dewatered 

Natural Recharge 

Migration of Surrounding 
Water Into Pumped Areas 

Water Quality 

Expanding pumping into the Southwest Area and continued pumping 
from the Intermediate Area could provide acceptable quality water for 
68 years. 

NAWS, NACC, and agricultural users continue to pump 
current levels; pumping from Water District, Inyokern 
CSD, and private residential wells increases by 50% by 
the year 2010 

20% or 0.20 

200 feet 

3,000 acre-ftfyr into the Southwest Area, 
3,000 acre-ft/yr into the Northwest Area, 
0 acre-ft/yr into the Intermediate Area 

Constant 5 % of pumped volume 

250 mg/L in the Southwest and Intermediate Areas and 
surrounding the Southwest Area; 1,000 mg/L in the 
Northwest Area and area surrounding the Northwest and 
Intermediate Areas 
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Blending Northwest Area water with water from both the Intermediate 
Area and Southwest Area could provide acceptable quality water for 
92 years. 

Because the Northwest Area appears to contain zones of water with 
high concentrations of specific ions, treatment of Northwest Area water 
may be necessary in order to do any blending. 

Additional resource life would be obtained by not only practicing conservation 
through pumpinglblending management of the aquifer, but also through 
continued and effective conservation at consumption. 

Willingness to dewater a thickness greater than 200 feet would also 
substantially increase the life of the water resources in the Intermediate and 
Southwest Areas. For each 100 feet of additional dewatering in those areas, 
the resource life would be extended about 30 years. 
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I. INTRODUCTION 

DESCRIPTION OF AREA 

Indian Wells Valley (Valley) is located just east of the southern Sierra Nevada 
about 150 miles north of Los Angeles. Prior to World War I1 human activity 
in the Valley was largely confined to Indians, miners, pioneers, and 
adventurers. Significant military presence began during and immediately after 
the war when the Navy established the Naval Ordnance Test Station at China 
Lake. This facility later became the Naval Weapons Center and now is called 
the Naval Air Weapons Station. Establishment of a military base in the Valley 
resulted in rapid development of an active on-base community. The town of 
Ridgecrest-the outside-the-gate community-was little more than a crossroads 
and general store in 1943 but began to grow rapidly in the 1950's as the influx 
of military personnel demanded goods and services beyond what the Navy 
offered on base.' Today Ridgecrest has a population of about 30,000 with a 
"trade area" of about 65,000.2 

U.S. 395 is the main route between population centers of southern California 
and recreational opportunities in the eastern Sierra Nevada range and the high 
desert. Located just a few miles east of U.S. 395, Ridgecrest offers food and 
lodging opportunity for travelers. In addition to the Navy and tourism, 
employment by the North American Chemical Company, a mining facility 
located 25 miles to the east in Searles Valley, also makes a significant 
contribution to the economic activity in the Valley. 

At an elevation of about 2,300 feet, Ridgecrest has a climate typical of the 
high desert area. Summers are hot and normally very dry. Winters are cool, 
but not unpleasant. Average annual precipitation ranges between 4 and 
6 inches, with most of that coming as rainfall between October and March. 
Occasional short duration thundershowers occur during ~urnmers.~ 

Grant Bowman, a pioneering farmer in the Valley, recorded in his diary 
pumping 500 miner inches (approximately 12.5 cubic feet a second) to irrigate 
260 acres of alfalfa between the years 1910 and 1925. He pumped from two 
24-inch diameter wells. Static water levels were 90 feet below ground 
~urface.~ The first farming activity was along Bowman Road in the 
southeastern part of the Valley, but in the early 1950's farming expanded to 

' Ridgecrest & Inyokern, California STREET MAP, 1990, Marcoa Publishing 
Incorporated. 

Ibid. 
Draft Indian Wells Valley Water District Domestic Water System 1990 Water General 

Plan, Krieger & Stewart, August 1990, p. 11-2, 11-3. 
' Personal communication with Mr. Jim Bosanko, Grant Bowman's grandson, 

November 5, 1993. 
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the northwest. Groundwater pumping for agricultural purposes has been 
estimated at an annual average of 1,000 acre-feet from 1920 to 1951, 
increasing to about 1,400 acre-feet a year from 195 1 to 1968. Farming in the 
Bowman Road area ceased in 1969, but pumping of 300 to 800 acre-feet a 
year to support farming along Brown Road in the Northwest Area (see 
figure 12 for the location of specific areas) continued until 1976 when the 
major expansion of agricultural pursuits oc~urred.~ Early pumping for 
domestic needs was from the Ridgecrest Area. Between 1930 and 1985 
pumping gradually increased to about 3,500 acre-feet a year. Then, as water 
quality worsened to unacceptable levels, wells were abandoned and pumping 
volumes declined in that Area.6 Extraction of water from the Valley for 
industrial purposes also began in the early 1920's when West End Chemical 
Company (later Stauffer Chemical Company) began pumping up to 1,000 
gallons a minute for transfer to their facilities in Searles Valley. American 
Potash and Chemical Company, the predecessor to North American Chemical 
Company, began pumping about 750 gallons a minute from the Valley in the 
early 1940's. 

PROJECT PURPOSE 

Groundwater aquifers are the sole source of water for the Valley, and pumping 
has concentrated in areas where aquifer characteristics, water quality, and 
water elevations are known. For domestic and industrial use, this has been in 
an area immediately west of the city of Ridgecrest. Agricultural pumping has 
been concentrated in the northwest portion of the Valley. 

Data show a gradual, continuing rate of decline in water elevations in these 
areas of most heavy pumping. This decline not only results in increasing 
pumping heads and requires adjusting pumps to lower elevations, but it also 
may signal a depletion of the groundwater resource. 

For many years local water experts have been debating the natural recharge 
quantity and safe yield from the groundwater aquifers underlying the Valley. 
Average published recharge numbers range from 10,0007 to 15,800' acre- 

s "The Ground-Water Flow System in Indian Wells Valley, Kern, Inyo, and 
San Bernardiio Counties, Califomia," Charles Berenbrock and Peter Martin, 
U.S. Geological Survey Water-Resources Investigations Report 89-4191, 1991, pp. 15-17. 

Bid., figure 6 
' Water Supply of Indian Wells Valley, California, Piem St.-Amand, NWC TP 6404, 

April 1986. 
Hydrogeologic Conditions in Indian Wells Valley and Vicinity, Robert T. Bean, February 

1989. 
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feet a year. Suggestions of recharge up to 30,000 acre-feet have been made.9 
With current withdrawals from the groundwater of about 30,000 acre-feet a 
year (see chapter m), it appears from the published reports that the Valley is 
in a state &-overdraft and pumping groundwater to meet expected future 
demands will result in continued depletion of the resource. 

Resolution of the disparity in recharge estimates would be very difficult under 
any data collection program and, even with unlimited funding, answers may 
never be obtained to everyone's satisfaction. In the meantime, water 
purveyors must make plans for serving their customers' needs in the future. 
Therefore, the Indian Wells Valley Groundwater Project (Project) was 
designed to obtain as much practical additional information on the groundwater 
resource as possible within funding and temporal constraints. This additional 
information would then be used, along with existing data, to: 

Help define the groundwater resource extent in terms of both 
volume and quality 

Help define recharge quantities and locations to the extent 
possible 

Help define groundwater performance under pumping scenarios 
that match future demands 

Develop future water development plans, including conservation of 
existing resources 

PROJECT FORMULATION 

Groundwater is the sole source of supply for meeting the increasing water 
needs of the Valley. Groups responsible for nearly all utilization of the 
groundwater resources include: 

Indian Wells Valley Water District (Water District), major water 
purveyor to residents of the city of Ridgecrest, California 

North American Chemical Company (NACC), which extracts water for 
use in its facilities and to serve domestic needs in Searles Valley 

Naval Air Weapons Station (NAWS), which provides water for military 
use and residents on the base 

The Daily Independent, July 22, 1988. 



Introduction Chapter I 

Inyokern Community Services District (CSD), which serves the town of 
Inyokern, California 

Agricultural interests and individual well owners 

The importance of the groundwater resource led many of these entities to 
actively seek additional information on the extent and quality of the resource. 
Through individual data collection efforts and financial participation with the 
U.S. Geological Survey (USGS), Soil Conservation Service, and Kern County 
Water Agency, local entities have attempted to increase knowledge of the 
resource so they could make better future water management decisions. 
However, many of these efforts were limited by funding constraints or 
institutional considerations, such as access to well sites and jurisdictional 
responsibilities. 

The absence of hard data in many areas of the Valley and at depth has 
contributed to differences of opinion over the expected life of the groundwater 
resource. This debate and the necessity to make long-term plans for continued 
provision of future water delivery service resulted in the Water District and the 
Bureau of Reclamation (Reclamation) initiating discussions in 1988 on a joint 
groundwater investigation. Those discussions were then expanded to include 
all local entities with an interest in water issues and eventually led to the 
development of a work plan for a $1-million data collection and analysis 
effort. 

Although a l l  local entities with an interest in water issues had input into the 
work plan, three entities elected to provide financial contributions to the 
investigation-Indian Wells Valley Water District, North American Chemical 
Company (formerly Ken-McGee Chemical Corporation), and the Naval Air 
Weapons Station (formerly Naval Weapons Center). These three entities 
agreed to provide half of the funding for the effort on an equal basis, with the 
other half coming from Reclamation. 

With the investigation having been defined to the satisfaction of participating 
entities and the funding commitments having been made, the work plan was 
initiated in March 1990. 
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PROJECT PARTICIPANTS 

The Project was a cooperative effort among Reclamation and local entities. As 
pointed out above, while a number of local entities expressed interest in and 
provided input to the Project, three entities participated financially. The Kern 
County Water Agency could not provide funding for ihe Project, but that 
agency did contribute the expertise of a staff geologist to help formulate 
Project activities and assist in data collection and interpretation. 

The original Project budget was $1,050,000 over a 3-year period. 
Commitments for Project financing were: 

Bureau of Reclamation $ 525,000 

Indian Wells Valley Water District 175,000 

North American Chemical Company 175,000 

Naval Air Weapons Station 175,000 
e 

TOTAL $1,050,000 

Under the original agreement among the participating parties, Reclamation 
would conduct the investigation, and the local entities would transfer their 
funding commitment to Reclamation for use in Project activities. However, 
early in the Project it became apparent that more efficient use would be made 
of Project funds by contracting for test well drilling locally. Consequently, 
local entities used their funds for contract drilling, while Reclamation funds 
were used for data collection and analysis activities, as well as for drilling. 

Because information obtained from the early drilling activity were so valuable 
in helping defrne the groundwater resource, the Water District and NAWS 
determined that funding additional wells would be of benefit to their respective 
agencies and to the Project. In order to ensure compatibility of data from all 
wells, the design, drilling, installation, and data collection procedures were 
made consistent among all the wells, irrespective of funding source. 
Contributions to the drilling program by each of the participating entities is 
shown below. 

Bureau of Reclamation Drilled Test Well BR-4 with in- 
house drilling crews 
Partially funded Test Well BR- 10. 



Introduction Chapter I 

Indian Wells Valley Water District Fully funded Test Wells BR-1, 
BR-3, NR-1, NR-2, and MW-32. 

North American Chemical Company Fully funded Test Well BR-2 
Partially funded BR-10. 

Naval Air Weapons Station 2 Fully funded Test Wells BR-5 and 
BR-6 and partially funded BR-10. 

The final identifiable contributions to the Project are given below: 

Bureau of Reclamation $525,000.00 

Indian Wells Valley Water District 635,247.56 

North American Chemical Company 175,000.00 

Naval Air Weapons Station 298,000.00 

TOTAL $1,633,247.56 

In addition to the increased funding for drilling shown above, each of the local 
participants provided professional services and equipment that have not been 
recorded separately as services to the h j e c t .  Local participants contributed 
personnel and equipment necessary for contract administration, compilation of 
information required to develop an estimate of future water demands for the 
Valley, surveying services, environmental field inspection and evaluation in 
support of access permit applications, drilling administration and logging the 
drill holes, installation of security devices on the wells, and obtaining 
temperature profiles at each of the wells. In addition, many hundreds of hours 
of volunteer labor were offered. The total value of these activities is no doubt 
in the range of tens of thousands of dollars. 

COMMUNICATION WITH THE PUBLIC 

During the course of the Project, aggressive efforts were made to maintain 
contact with the general public in order to provide information on Project 
progress and solicit input on Project direction. Presentations were made at 
public meetings in Ridgecrest and at briefings to the Water District board of 
directors. Communication was established early in the Project with local 
residents having multiple views on water issues in the Valley in order to obtain 
a wide perspective of how the Project might be formulated. Frequent technical 
briefings were made to local groups with interest in the progress of the 
Project. Local newspapers covered Project activities and published press 
releases concerning the Project. 
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PROJECT MANAGEMENT 

In order to ensure appropriate direction and progress of the Project, an 
administrative structure was implemented that established clear responsibilities 
and accountability. Figure 1 illustrates the structure that was employed. Each 
of the participating entities named a manager from its organization as a 
representative to a Steering Committee. This committee acted as the executive 
group that provided overall direction and guidance to the Project effort. The 
committee met on an approximate monthly basis to review Project progress, 
approve technical activities, approve budgets, and make any other executive 
decisions necessary. Reclamation's representative to the Steering Committee 
chaired the meetings. 

Day-to-day 
management of the 
Project was the 
responsibility of a 
program manager, 
employed by 
Reclamation, who 
tracked technical 
activities, 
expenditures, and 

I 
schedules. 
Deviations from 
the program were 
taken to the 
Steering 
Committee for 
action or 
adjustments. Photo by J. Johnson 

Technical Subcommittee in session. From left to right: 
Dennis Watt, Gail Moulton, Don Decker, Ken Turner, 
Mike Stoner, Frank Monastero and Mike Lovejoy. 

A Technical Subcommittee was established to develop technical requirements, 
determine appropriate data collection techniques, provide quality assurance 
during drilling and sampling, evaluate data as it became available, and provide 
technical advice to the Steering Committee. Technical experts from each of 
the participating entities and the Kern County Water Agency made up this 
subcommittee. The Technical Subcommittee often solicited input from 
technical specialists within other interested organizations. 
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STEERING COMMITTEE 

I RECLAMATION 
Gary Bryant 

NORTH AMERICAN 
Bob Garrod I 

WATER DISTRICT NAVY 
Roy Tucker Tom McGill 

I 

PROGRAM MANAGER 
John A. Johnson, Reclamation 

TECHNICAL 
SUBCOMMrnE 

Gail Moulton, North Amer Chem Co 
Mike Stoner, Naval Air Weapons Sta 
Dennis Watt, Reclamation 
Ken Turner, Kern Co Water Agency 
Don Decker, Water District 

PUBLIC INVOLVEMENT 
SUBCOMMITTEE 

Judith Decker, Water District 
Jim Smith, North Arner Chem Co 
Tom McGill, Naval Air Weapons Sta 

Figure 1 : Project Administrative 
Structure 
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A Public Involvement Subcommittee was established to provide a link between 
the Project and interested publics and news media. This subcommittee was 
responsible for hosting public forums and producing news releases that kept 
the public informed of Project progress and solicited public comment and 
input. 

AUTHORITY 

This Project was undertaken by Reclamation under the authority of the Act of 
June 17, 1902 (32 Stat. 388) and its amendments and the Contributed Funds 
Acts of 1921 (41 Stat. 1404, 43 U.S.C. 395). First year Federal funding was 
provided by Public Law 100-371, the Energy and Water Development 
Appropriations Act of 1989. Remaining Federal funding was provided by 
subsequent appropriations acts. 
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Office late in the Project, he immediately saw a cooperative opportunity and 
followed up on that opportunity by providing his staff, particularly 
Mr. Michael A. Hasting, for technical consultation and contract 
administration. He also provided funding from his budget for mutually 
beneficial activities, as well as invaluable technical advice. 
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support for the Project went beyond normal expectations. They consistently 
supported the Project by providing funding beyond contractual requirements. 
Several hundreds of thousands of dollars worth of test well construction and 
other Project features would not have been possible without the funding 
approval of the Water District board. Mrs. Judith A. Decker, one of the 
board members, took a special interest in the Project, and her staunch 
advocacy position was of frequent help. Dr. Don Decker represented the 
Water District as technical expert. His depth of howledge in many relevant 
technical areas, his willingness to listen to and consider different points of 
view, and his ability to present Project accomplishments with aplomb were 
irreplaceable benefits to the Project. The Project was actively supported by 
former General Manager, Mr. Joe B. Mont-Eton; present General Manager, 
Mr. Warren McGowen; and Mr. LeRoy 0. Tucker, Assistant General 
Manager, who also represented the Water District in providing management 
direction to the Project. Mr. Tucker contributed further to the Project by 
successfully arguing the merits of designing and completing the Water District 
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The North American Chemical Com~anv: NACC was also generous in 
providing top quality personnel and equipment to support the Project. 
Mr. Gail F. Moulton, chief geologist, was actively involved in providing input 
to all technical aspects of the Project and was instrumental in obtaining 
company equipment for collecting water samples, measuring water levels, and 
measuring down-hole temperatures. Mr. Moulton also served as chairman of 
the Technical Subcommittee.' Technical expertise, including much of the 
logging of the drill cuttings, was provided by Mrs. Dipti Barari, staff 
geologist. Mr. Robert R. Garrod provided the management link between the 
Project and NACC. His committed support was responsible for the active 
financial and technical involvement by the company. The Project was also the 
beneficiary of the creative and thoughtful mind of Mr. Thomas S. Bunn 111, 
legal counsel for NACC . 

Kern Countv Water A~encv: This agency, represented by Mr. Darrell D. 
Sorenson, graciously extended the services of Mr. Ken Turner, staff 
hydrogeologist. Mr. Turner helped develop the work plan, logged some of the 
drill cuttings, and provided technical expertise throughout the investigation. 
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Other: Many people and organizations contributed to the Project by providing 
background information, a forum for discussing Project activities and new 
ideas, or previously published data. These include Mr. Leroy Marquardt of 
the East Kern County Resource Conservation District, the San Diego office of 
the USGS, and Ms. Peggy Breeden, past president of the local Well Owners' 
Association. 
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Data used to develop the water demand projections of figure 2 were based on 
information available through the late 1980's. High population growth rates in 
the Valley during the 1980's have more recently moderated or even declined, 
and agricultural use has not expanded as anticipated. These conditions led to 
consideration of revising the future water demand projections. This was not 
done, however, because the altered conditions are so recent that a trend cannot 
be established and it is possibly only a temporary phenomenon. 

Except for pumping by large agricultural users, which is confined to the 
northwest portion of the Valley, most of the pumping occurs in an area known 
as the intermediate pumping zone, Intermediate Area, or intermediate 
wellfield. This is an area immediately west of Ridgecrest with good quality 
groundwater at fairly shallow depths. Figure 12 (following page 94) shows 
the boundaries of the Intermediate Area, as well as other areas referred to 
later. These are not precise boundaries determined by well defined 
hydrogeologic parameters, but rather by generally accepted practices or 
assumptions. 

Since 1921, groundwater elevations have been declining. The water table has 
declined about 80 feet in the Intermediate Area, 70 feet in the Ridgecrest 
Area, 30 feet in Inyokern, and 15 feet or more in the agricultural area. 
Declining water table elevations in the Intermediate Area has introduced a 
reverse gradient potential for poor quality water to backflow into the 
Intermediate Area from the surrounding brackish and salty water areas, 
although no noticeable degradation has occurred at this time.13 Poor quality 
water surrounding the Intermediate and Southwest Areas could, therefore, pose 
a threat to existing and additional wells in those areas. 

Because of the projected increases in pumping requirements and concerns over 
the ability of the Intermediate Area to tolerate this increased pumping without 
potential adverse impacts, water purveyors needed additional information on 
the quality and availability of groundwater in other areas of the Valley so that 
expansion could occur in the most appropriate way. 

This need for additional infomation on groundwater resources in the Valley 
led to discussion among local water purveyors and Reclamation on ways of 
addressing the future water supply problem. Those discussions, in turn, led to 
the development of the mject. 

l 3  Dr@ Environmental Impact Report, Proposed Southwest Well Field and Transmission 
System Program, SCH iY87082401, Krieger 8s Stewart, Incorporated, February 1988, sec. 1.3. 
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Prior to establishment of a military base in 1943, population in the Valley was 
sparse. As much as 10 years later, in 1953, the population of Ridgecrest was 
only about 2,000, and Inyokern had a population of about 800, while the base 
itself had a population of about 10,000. lo Through the 1950's and early 
1960's, the population of Ridgecrest grew slowly-about 3 percent a year." 
During the late 1960's more and more employees at the Naval facility chose to 
reside outside the base. Increasing population caused construction of tract and 
custom houses and shopping centers with chain "anchor" stores. Policy 
established by the NAWS in the 1970's encouraged employees to live off base, 
resulting in accelerated growth in Ridgecrest. Irrigation of larger parcels of 
agriculture, primarily alfalfa, also began in the 1970's. Population growth of 
Ridgecrest continued to accelerate until annual growth rates reached 8 to 10 
percent in the late 1980'~. '~ Data from the 1980 and 1990 census show a 
population in Ridgecrest of 15,929 and 27,725, respectively. Population in the 
Valley outside the city boundaries grew in parallel with Ridgecrest. 

Increasing population has resulted in increasing demands on the groundwater 
as a source of domestic, industrial, and agricultural use. Major users of water 
from the groundwater aquifer underlying Indian Wells Valley include the 
agricultural sector, consisting primarily of the Brown Road Land and Farming 
Company; the Indian Wells Valley Water District, serving the city of 
Ridgecrest and surrounding county areas; the North American Chemical 
Company, serving domestic water to the town of Trona, as well as industrial 
needs of the company; the Inyokern CSD, serving the town of Inyokern; the 
NAWS, serving the needs of base residents and providing water for military 
purposes; and private wells, serving individual houses or small groups of 
houses. 

Estimates of water produced by each of these segments in 1990 and estimated 
pumping requirements through the year 2010 are shown in figure 2. It is 
obvious from this graph that the future water needs of the Valley are being 
driven by the Indian Wells Valley Water District. Future water production by 
other entities are expected to remain fairly constant, relative to the total 
Valley-wide pumping quantity. An exception is the Community Services 
District where future water demand is projected to increase significantly. 
However, the CSD's total water projection is small enough that it does not 
substantially impact the total future demand curve. More detail on future 
water use projections is contained in section B of volume I . .  

'O Geology and Ground Water in Indian Wells Valley, California, Fred Kunkel and G.H. 
Chase, U.S. Geological Survey, January 23, 1%9, p. 13. 

" Marcoa Publishing Inc., op. cit. 
l2 Krieger & Stewart, op. cit. 
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Figure 2: Projected Future Water Demands 
Indian Wells Valley, California 

60 

WATER DISTRICT 

- 

AGRICULTURE 

- 

NORTH AMERICAN NAVY 

PRIVATE RESIDENTIAL WELLS A 

0 a INYOKERN CSD 
I I 

1990 I 1994 
1992 1996 2000 2004 2008 

Year 

I 

1998 
I 

2002 
I 

2006 
I 

201 0 



CHAPTER 111 

PROJECT DESCRIPTION 



Ill. PROJECT DESCRIPTION 

The Project was originally designed to be completed in three phases- 
compilation of existing data, collection of additional data, and development of 
implementation plans for future development of the groundwater resource. 
However, there was an understanding that the plan was open to adjustment as 
additional information became available. 

Compilation, evaluation, and display of existing data was essentially completed 
during the first 6 months of the Project. During that time, a field data 
collection program was defmed. 

The nucleus of the field data collection program was a drilling strategy 
involving up to 10 multi-piezometer test wells. Location of those wells, along 
with their priorities, are shown on figure 3. Figure 4 shows a generic design 
of the test wells. The number of well pipes, called piezometers, and the 
location of the screened sections were determined by technical experts after 
review of the drilling and geophysical logs. Actual completion information for 
each well is given in a following chapter. 

Ten wells were installed 
under this Project. BR-4 
was drilled first with 
Reclamation drill crews; 
all other wells were 
drilled by contract. 
Table 2 shows the order 
of drilling, the funding 
source, and the 
contracting entity for each 
well installed under the 
Project. In addition to 
the wells shown on 
table 2, the NAWS's 
Geothermal Project Office 
drilled a very deep well 
(7,400 feet) between the 
proposed location of BR-7 
and BR-8 to test for 
geothermal potential in 
the middle of the Valley. 

Photo by Mike Stoner 

Indian Wells Valley Groundwater Project well 
drilling in progress at BR-6. 





Figure 4: Sketch of Monitoring Well 

-in pipes secured together 

20' section of screen 
at bottom of each each monitor zone 

no scale total depth &2,000' 



Project Description Chapter 111 

Designated SNORT-1, this well offered groundwater data unavailable from 
other sources. Adjustments in the location of BR-5 and BR-6 and the 
installation of SNORT-1 reduced the priority of BR-7 and BR-8. After 
installation of the casing in SNORT-1, perforations at appropriate levels were 
made under Project funding contributed by the NAWS. After review of all 
data obtained prior to drilling the last well, the decision was made to increase 
the priority of BR-10 and drill at that site rather than at BR-7, BR-8, or BR-9. 

Construction costs for Project wells contracted by both the NAWS and the 
Water District exceeded those participants' cost share under the Project 
agreement. Those additional costs were contributed by the respective entity. 

Table 2. Test wells drilled under Project 

Water level measurements, temperature gradients, and aquifer characteristics 
were obtained from each piezometer at each well. Those data and information 
on how those data were obtained are given in later chapters. 

The USGS has done considerable work on modeling the groundwater aquifer 
in Indian Wells Valley. The USGS provided Reclamation with the 

CONTRACTING ENTITY 

Reclamation Force Account 

NACC 

Water District 

Water District 

Water District 

Water District 

Water District 

NAWS 

NAWS 

NAWS 

NAWS 

TEST 
WELL 

BR-4 

BR-2 

NR- 1 

NR-2 

BR- 1 

BR-3 

MW-32 

BR-5 

BR-6 

BR- 10 

SNORT- 1 l4 

" The hole designated as SNORT-1 was drilled by NAWS under a geothermal program. 
Perforations in the casing at higher elevations in the hole were funded under the Project. 

FUNDING SOURCE 

Project 

Project 

Water District 

Water District 

Project 

Project 

Water District 

Project 

Project 

Project 

NAWSIProject 
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MODFLOW model they developed so it could be used under the Project in 
generating and evaluating various groundwater resource management options. 
However, concerns with respect to recharge distribution and the method used 
to estimate total recharge (see Volume 11, Section A, "Aquifer Modeling" for a 
description of these concerns) led to a decision to postpone revision and 
application of the model to a future time. 
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IV. PREVIOUS GROUNDWATER DATA 

The USGS has been the most comprehensive collector and compiler of 
groundwater and water well related data in the Valley. Their data base for 
131 wells includes physical attributes of the wells, water levels, hydrographs, 
and, for many wells, at least one water quality analysis. These data are 
occasionally published in open-file reports. The latest open-file report was 
published by Berenbrock" and presents data collected between 1977 and 
1984. 

Groundwater quality data has also been recently compiled and published by 
Whelan and others16 under contract to the East Kern County Resource 
Conservation District (EKCRCD). Under this contract, nearly 1,200 analyses 
were compiled from over 370 sites and 23 new sites were analyzed. Since 
these analyses included sample sites in Rose Valley, the Coso Range, the 
Argus Range, and Salt Wells Valley, many of the more than 370 sites are 
outside the Indian Wells Valley. Of the 23 new sites, 8 are wells in the 
Valley. Other sites are springs, seeps, and wells in the consolidated rock 
surrounding the Valley. 

Cornerstone Engineering of Bakersfield, California, also under contract to the 
EKCRCD, has compiled water well related data for the Valley. Their 
database consists of data for about 785 wells. However, only location, type, 
and depth is given for most of the wells. Even though there is only minimal 
data for most of the wells, this database is valuable in that it is a fairly 
complete list of all wells in the Valley that were drilled prior to 1986 and that 
were drilled under county permit. 

In addition to the published information from the sources described above, a 
list of wells in the Valley was provided by Ms. Peggy Breeden, a local 
resident active in groundwater issues. 

Figure 5 provides a visual depiction of the distribution of wells in the Valley 
that existed prior to Project initiation. Red dots represent wells drilled to a 
depth shallower than about 1,000 feet, while green dots represent wells deeper 
than about 1,000 feet. 

" Ground-Water Data for Indian Wells Valley, Kern, Inyo, and Sun Bemrdino Counties, 
California, 1977-84, Charles Berenbrock, U.S. Geological Survey Open File Report 86-315, 
1987. 

l6 A Water Chemistry Study of Indian Wells Valley, Inyo and Kern Counties, California, 
J.A. Whelan, R. Baskin, and A.M. Katzenstein, Naval Weapons Center, China Lake CA, 
Publication NWC TP 7019 (2 volumes), 1989. 
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From figure 5, it can be seen that to a large extent wells have been constructed 
in clusters. Concentration of these clusters reflect either areas of better quality 
water, areas of higher groundwater elevations, or areas of higher water use 
densities. Figure 5 also provides graphic evidence that most of the wells 
existing prior to the Project were less than 1,000 feet deep. 

Figures 6 and 7 provide locations of wells that have water surface elevation 
and water quality analysis data, respectively, published by the USGS. Each 
dot represents one well. It is immediately apparent that while there are many 
wells in the Valley, water elevations are available on only a portion of them, 
and consistent water quality data are published on fewer yet. Detailed 
information on well locations and data available from each well are contained 
in Volume 11, Section A, "Test Wells". 

In order to assure that wells were neither double counted nor left out, a 
comparison was made between each of the data sources. Since the only 
common information recorded in all the sources was location and depth, these 
were the parameters compared. Although there were some discrepancies, they 
were not siflicant, and it was concluded that there were no significant 
duplications or exclusions. Data presented in figures 5, 6, and 7, then, can be 
confidently presented as an accurate depiction of well information available for 
the Valley. 

Knowledge of existing well information provided the basis for establishing a 
drilling program under the Project. Well locations and design were heavily 
influenced by the availability of groundwater data from existing wells. 
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WELL DESIGN 

Members of the Project Technical Subcommittee collaborated on the design of 
the test wells and solicited input from other technical experts in the Valley. 
Design parameters included depth, hrilling method, number and diameter of 
piezometers at each well, screen length, screen location, and standard 
considerations such as gravel pack, development procedures, plug installation, 
and concrete seal at the surface. 

After considering existing well information in the Valley, costs, drill rig 
availability and mobility, and the desire to maximize both depth and number of 
wells, a drilling depth of 2,000 feet was selected. This depth allowed use of a 
mobile drill rig, providing groundwater data from depths not previously 
available, and kept costs at a level that allowed construction of up to seven 
wells under the Project budget. 

Two general casing 
designs were 
considered--one large 
diameter casing and 
multiple small diameter 
casings. The single 
casing design consisted of 
a dinch-diameter casing 
screened at selected depth 
intervals. The multi- 
casing design consisted of 
installation of more than 
one small diameter pipe 
(piezometer) in a common 
drill hole. Each 
piezometer would be 
screened at a different 
depth. In each case, 
appropriate size filter 
pack would be used to fd 
the annular space. 
Bentonite (or other non- 
permeable material) seals 
would be set between the 
screens to prevent vertical 
flow in the annulus during pumping. 

Photo by Don Decker 

Nighttime photo of Bureau of Reclamation drill 
rig at well site #4. 
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After considering the advantages and disadvantages of each design, the multi- 
casing completion was selected as the design that would be used on Project 
wells. Two inches was selected as the diameter for each of the piezometers in 
the nested completion. This diameter allows use of a submersible pump 
capable of lifting water from a depth of 300 to 400 feet. A screen length of 
20 feet was used. Figure 4 presents an illustllition of the well design. 

All of the holes for the test wells were drilled by conventional circulation mud 
rotary. The hole diameter of the first pass to total depth was at the drillers 
discretion. Most chose to drill the hole to completion diameter on one pass as 
opposed to reaming a smaller diameter pilot hole. 

Drillers were required to maintain a complete log. Cuttings, retained in clear 
zip-lock bags for later description by a geologist, were sieved from the mud 
return every 10 feet during the drilling process. Electric and geophysical logs 
were run immediately after the hole was drilled. 

The number of piezometers to be placed in each hole and the depth of the 
screen were determined by a consensus among Technical Subcommittee 
members at the drill site when the electric logging was completed. The 
screens were set opposite sandy intervals, and the annular seals were set 
opposite significant clay layers, if available. 

Each well was developed by air lifting for about 12 hours at an estimated flow 
rate of 5-10 gallons per minute. 

WELL LOCATIONS 

Locations of the test wells were established by a process that required each 
Technical Subcommittee member to independently develop a prioritized list of 
10 locations. The rationale of the individual lists was then considered 
collectively by the entire Technical Subcommittee. After these deliberations 
and consultation with other local experts, the Technical Subcommittee settled 
upon the locations and priorities (one being the highest priority, ten the lowest) 
shown on figure 3. Although locations and priorities were established before 
the drilling p r o p  began, there was an agreement among the technical 
experts and managers that the program would be reviewed after each hole was 
drilled. Changes in both locations and priorities could be made, depending 
upon data previously obtained during the drilling activity. 
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A description of each site location and the reason for that location is given 
below (some of the locations were adjusted to accommodate access or 
environmental considerations): 

Site 1 T27SIR38E Section 23 Well BR-1 

Surface geology and geophysical studies indicate the potential for a 
groundwater divide and/or a structural high in the Southwest Area 
of the Valley. Hydraulic conductivity in this unit could be much 
lower than in the valley fill. In addition, the apparent location of 
this feature could impact the estimate of recharge to the Valley from 
the southwest watersheds. 

Site 2 T27S/R38E Section 11 Well BR-2 

The relationship of water levels, water quality, and the geologic log 
of this well as compared to those same attributes in BR-1 may lend 
insight into this area that has been modeled as the largest recharge 
source to the Valley. There may be distinct water quality and water 
level differences between sites 1 and 2 which may be based on the 
subsurface configuration or the potential structural high. [This well 
was actually located in section 2.1 

Site 3 T27SK39E Section 10 Well BR-3 

This site was selected to explore the southern "boundary" area of 
the Intermediate Area wellfield. Water quality at depth could bear 
on long-term operation of the Intermediate Area wellfield. 
Subsurface geology may contribute to a notable difference in 
hydraulic conductivity at this location as compared to the wells on 
the west side of the Valley. fThis well was actually located in 
section 11 .] 

Site 4 T26S/R39E Section 26 Well BR-4 

This site is in the middle of the Intermediate Area wellfield. Water 
quality and stratigraphy below the current pumping level of the 
wellfield is of particular interest because of the potential to affect 
wellfield water quality. This site could also be used to test the 
suggestion of an upwelling of deep water in this area. 
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Site 5 T25SIR38E Section 34 Well BR-5 

Previous geotechnical work in this area indicates unique subsurface 
geologic features that could have a bearing on the grdundwater 
resource. A well would verify the groundwater conditions and 
geology. Water quality data are lacking in this area. Water table 
elevations at this site could provide an indication of recharge 
gradients. 

Site 6 T25SIR38E Section 10 Well BR-6 

The Sierra Nevada watersheds west of this site have been modeled 
as one of the larger recharge sources for the Valley. A well here 
could provide data that would help evaluate recharge quantities. 
Comparison of water table elevations with other wells will indicate 
recharge gradient. A well at this site would also extend knowledge 
of water quality. 

Site 7 T25S/R39E Section 8 Well BR-7 

This site would provide information on the extent of fine-grained 
subsurface deposits, if any. Used with data from site 6, this well 
could help answer questions on water quality variation with depth 
and steepness of the groundwater gradient. 

Site 8 T25SIR39E Section 34 Well BR-8 

Selection of this site was also based on previous geophysical 
surveys. Those surveys suggest deposits that typically yield low 
quantities of poor quality water-a condition that has significant 
impact on the long-term pumping potential of the area. A well here 
would help define the existence and extent of those deposits. 

Site 9 T25SIR39E Section 30 Well BR-9 

A deep well in the China Lake Playa area would give insight into 
the depositional history of the Valley and the existence of 
subsurface fine-grained material in this area. It would provide an 
indication of potential for groundwater production at depth below 
the playa. 
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Site 10 T24SIR38E Section 22 Well BR-10 

Nine-mile Canyon in the Sierra Nevada west of this site is estimated 
to be a relatively large contributor of recharge in the Valley. Water 
quality differences with depth may yield insight as to the depth of 
section through which the recharge flows. This well also had the 
potential for providing data on migration of fine-grained deposition 
during recent geologic time. [This well was actually completed in 
section 2 1 .] 

Although 10 drilling sites were selected, it was understood from the beginning 
of the Project that budget constraints would not allow installation of wells at 
each of the 10 sites unless drilling costs were very favorable. As the drilling 
program progressed, it became apparent that drilling costs would not allow 
construction of 10 wells, and some of the sites would have to be eliminated. 
A determination was made to eliminate sites 7, 8, and 9. These sites were 
selected for elimination for two reasons. First, the NAWS completed a deep 
geothermal exploration well (SNORT-1) in the center of the Valley. After the 
NAWS made the upper section of this well available to the Project for 
completion and data collection, it was determined that this well 'would 
generally substitute for sites 7 and 8. Second, the discovery of thick sections 
of clay in NR-1, NR-2, and BR-6 made site 10 more important than site 9 
because site 10 would provide additional information on the extent of the thick 
subsurface clay. 

WELL COMPLETION 

Except for BR-4, each of the wells were installed by private drilling companies 
through contract with one of the local participants. While the holes were 
drilled in a similar manner, each well was different with respect to the number 
of 2-inch piezometers installed and the depth of screen. This section briefly 
describes how each well was completed. Additional information on the well 
completions are available in Volume 11, Section A, "Test Wells". 

Well BR-1 

Drilling by Southern California Drilling of Lancaster, California, began 
on February 15 and was completed on March 5, 1991. A 12 ?4 -inch 
hole was drilled to 1,910 feet. The drilling rate was a fairly consistent 
30 feet per hour to about 1,700 feet. From 1,700 to 1,830 feet the 
drilling rate was about 15 feet per hour. The drilling rate decreased 
until the last 30 feet took 6 hours, a rate of 5 feet per hour. Four 
2-inch piezometers were set in the hole, with the bottom of the 20-foot 
screens at 1,700; 1,520; 1,060; and 635 feet. 
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Well BR-2 

Drilling by Southern California Drilling of Lancaster, California, began 
on October 1 and was completed on October 24, 1990. A 12%-inch 
hole was drilled to 2,020 feet. The penetration rate was relatively 
consistent for the entire hole depth. Three 2-inch piezometers were set 
in the hole, with the bottom of the 20-foot screens at 1,960; 1,480; and 
640 feet. 

Well BR-3 

Drilling by Southern California Drilling of Lancaster, California, began 
on March 6 and was completed on March 19, 1991. A 12 %-inch hole 
was drilled to 2,024 feet. The penetration rate was relatively consistent 
for the entire hole depth. Three 2-inch piezometers were set in the 
hole, with the bottom of the 20-foot screens at 1,870; 1,340; and 
670 feet. 

Well BR-4 

Drilling by Reclamation crews from Sacramento, California, and 
Phoenix, Arizona, began on August 28 and was completed about 
September 27, 1990. The hole was drilled to 2,020 feet and electric 
logged. Difficulty in placing the 2-inch pipe resulted in setting only 
one piezometer in the hole, with the bottom of the 10-foot screen at 
1,200 feet. 

Well BR-5 

Drilling by Welch and Howell Drilling of El Centro, California, began 
on December 19, 199 1, and was completed on January 3, 1992. The 
hole was drilled to 1,014 feet with a 14%-inch bit; a 12%-inch bit was 
used to drill the remainder of the hole to 2,013 feet. The drilling rate, 
through coarse alluvial fill, was consistent for the entire hole depth. 
Three 2-inch piezometers were set in the hole, with the bottom of the 
20-foot screens at 1,980; 1,610; and 870 feet. 

Well BR-6 

Drilling by Welch and Howell Drilling of El Centro, California, began 
on January 6 and was completed on January 17, 1992. The hole was 
drilled to 1,008 feet with a 14%-inch bit; a 12%-inch bit was used to 
drill the remainder of the hole to 2,012 feet. Most of the material 
encountered from a depth of 510 feet to about 1,480 feet was clay. 
Three 2-inch piezometers were set in the hole, with the bottom of the 
20-foot screens at 1,660; 1,210; and 350 feet. 
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Well BR- 1 0 

Drilling by Welch and Howell Drilling of El Centro, California, began 
on August 24 and was completed on September 2, 1992. The hole was 
drilled to 591 feet with a 17%-inch bit; a 14%-inch bit was used to 
drill the hole from 591 to 1,002 feet; the remainder of the hole to 
2,005 feet was drilled with a 12%-inch bit. Four 2-inch piezometers 
were set in the hole, with the bottom of the 20-foot screens at 1,950; 
1,580; 1,200; and 660 feet. 

Well NR-1 

This well was drilled on Water District property in the Northwest Area 
of the Valley to provide information on a potential future production 
site. Drilling by Southern California Drilling of Lancaster, California, 
began on January 7 and was completed on February 6, 1991. The hole 
was drilled to 2,012 feet with a 12%-inch bit. A continuous clay and 
black organic mud section was encountered between 340 feet and 
1,810 feet. Three 2-inch piezometers were set in the hole, with the 
bottom of the 20-foot screens at 1,980; 1,190; and 270 feet. 

Well NR-2 

Because of the unexpected thickness of the clay encountered at 
Well NR-1, the Water District drilled this well on the opposite comer 
of their northwest property to determine the extent of the clay layer. 
Drilling by Southern California Drilling of Lancaster, California, began 
on February 4 and was completed on Febrbary 15, 1991. The hole was 
drilled to 1,994 feet with a 12%-inch bit. A continuous clay layer was 
encountered between 445 feet and 1,490 feet. Three 2-inch 
piezometers were set in the hole, with the bottom of the 20-foot screens 
at 1,930; 1,560; and 350 feet. 

Well MW-32 

This well was drilled west of the Intermediate Area on property the 
Water District was contemplating purchasing. Drilling by Rottman 
Drilling Company of Lancaster, California, began on September 23 and 
was completed on October 8, 1991. The hole was drilled to 1,968 feet 
with a 12 %-inch bit. The entire hole was through a sandy alluvial fa 
with very little silt or clay. Four 2-inch piezometers were set in the 
hole, with the bottom of the 20-foot screens at 1,920; 1,260; 900, and 
360 feet. 
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This hole was drilled to obtain data on the nature of the entire 
sedimentary column in the Valley and the nature of the basement rocks. 
Drilling by Welch and Howell Drilling Company of El Centro, 
California, began on September 8 and reached a total depth of 
7,394 feet on September 30, 1991. A 7-inch casing was installed. 
Two intervals in the upper part of the hole were completed under the 
Project by perforating the casing between 840 and 880 feet and between 
1,430 and 1,470 feet. Additional data are available from deeper 
perforations completed as part of the NAWS geothermal program. 

Photo by Don Decker 

This available light photo was taken at BR-4 shortly after "bottoming out" at 
2,020 feet in the early morning hours of September 13, 1990. Bureau of 
Reclamation driller Kevin Hemnan is shown with a happy "thumbs up" smile. 
At daybreak, Gail Moulton, Don Decker, and other Technical Committee 
Members supervised electric logging of the well and immediately analyzed the 
results to provide instruction as to the number and location of the individual 
sampling tubes (piezometers) to be installed in the well. 
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During actual drilling of each well and after installation of each piezometer, 
data on the genlogic formation, aquifer characteristics, groundwater elevations, 
and groundwater quality were obtained. 

During the drilling operation, a log of the rate at which drilling progressed 
was maintained by the driller, and samples of the drill cuttings were collected. 
Electric logs were run after the hole reached total depth. These data provided 
information about the formation penetrated by the drill hole. 

After each well was completed, data on the groundwater were collected. 
Depth to groundwater was measured immediately after each well was 
completed and about every 2 months thereafter. Water samples were collected 
after each well completion and sent to a laboratory for chemical analysis. 
Transmissivities were estimated by performing rising head slug tests. These 
tests involved depressing the water level within the 2-inch piezometers with air 
pressure, then measuring the rate of recovery after the pressure was released. 

Detailed presentations of all data collected are included in Volume 11, 
Section A, "Data Collected". This chapter summarizes the methodology for 
obtaining the data. 

DRILL HOLE CUTTINGS 

As part of the hole drilling process, a thick drilling mud was circulated 
through the drill stem, bit, and up the open hole. During every 10 feet of dri!! 
bit penetration, a sample of the cuttings was collected by straining the mud 
returning from the hole. These cuttings were placed in a zip-lock plastic bag 
marked with the drill hole depth. Cutting samples from each hole were 
packed into wood boxes for storage and later description by an experienced 
geologist. 

ELECTRIC LOGS 

Subcontracts were awarded to Welenco of Bakersfield, California, on BR-4; 
Schlumberger, also of Bakersfield, on BR-10; and Barbour Well Surveying of 
Carnarillo, California, on all other wells to complete electric logs. 
Immediately after the hole was drilled to total depth and before the 2-inch 
piezometers were installed, an electric probe was lowered down the hole. The 
electric potential between the down-hole probe and a probe on the surface was 
measured continuously as the down-hole probe was gradually lowered. 
Varying potential, recorded on a strip chart, provided an indication of the 
geologic formation the down-hole probe passed through. 
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WATER QUALITY 

In order to remove any drilling mud from the wall of the drill hole and further 
develop the well so the screens and formation are not artificially constrained, 
each 2-inch piezometer was pumped immediately after installation. An air-lift 
method was used to develop each piezometer. Pumping was continued for 
12 hours or until clear water was obtained. 

Water samples were collected from each piezometer near the end of the air-lift 
development pumping. For all wells except BR-10, these samples were 
analyzed by Clinical Laboratories of San Bernardino, California; 
BC Laboratories of Bakersfield, California, analyzed water samples from 
BR-10; for many wells, North American Chemical Company laboratories also 
completed a separate analysis. The analysis by Clinical and BC Laboratories 
included constituents identified in Title 22 of the California Health Code of 
Regulations. 

WATER ELEVATIONS 

Depth to water in each piezometer was generally measured whenever 
Reclamation's technical expert was in the Valley. This occurred about every 
2 months. All measurements were made with a 1,000-foot electric water level 
sounder. A cable similar to 300-ohm, twin-lead, TV antenna wire with 
measurement marks at 0.05-foot intervals was lowered down each piezometer. 
When the end of the cable reached the water, a meter at the surface indicated 
completion of an electric circuit through the twin leads in the cable. Depth to 
water was then determined by the mark on the cable at the top of the 
piezometer . 

Actual elevations of the top of the well casings were established by a third 
order survey completed by a Reclamation survey crew from Yuma, Arizona. 
The survey began and ended at a bench mark established by the Coast and 
Geodetic Survey. Allowable closure error for third order accuracy was a 
function of the survey distance. Actual survey data are included in Volume 11, 
Section A, "Data Collected". 

An oil coating on the inside of the medium-depth piezometer at BR-3 and the 
shallow piezometer at MW-32 hampered accurate water elevation 
measurements by the electric sounder. Application of bleach to the shallow 
piezometer at BR-3 and various mechanical attempts to remove the coating 
were unsuccessful. The water elevation in the shallow piezometer at BR-3 was 
finally obtained by a North American Chemical Company temperature probe. 
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This probe was relatively heavy and had no problem overcoming the friction 
of the coating. Analysis of a sample of the coating material taken off the 
temperature probe indicated that it consisted of lubricating oil and magnetic 
particles. The oil apparently originated from the air compressor used during 
the airlifting procedure. 

TRANSMlSSlVlTY ESTIMATES 

A pneumatic slug test was conducted on each piezometer installed in Project 
wells, and the recorded recovery rate was used to estimate the transmissivity 
of the formation opposite the screened interval. This pneumatic technique-a 
recent advancement in slug testing-involves either injecting air into a sealed 
well to lower the water level1' or applying a partial vacuum to a sealed well 
to raise the water level.'* The injection method used in this Project required 
developing the specifically 
adapted pipe assembly shown Figure 8: Pneumatic Slug Test Assembly 

in figure 8. A commonly I I-- preuure t r ~ -  ~abl 

available electric data logging d r  vahe 

device used in conjunction 
with down-hole pressure 
transducers was adapted to the 
pipe assembly. The assembly 
also provided a connection for 
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I8 

a compressed air source that I 4 8 1 
1 

allowed pressurizing air in the 
piezometer to about 10 pounds 
per wuare inch and a valve 
that allowed releasing the 
pressure very quickly. 
SCUBA tanks worked well as 
a compressed air source. Ten 

"A Sample Pneumatic Device and Technique for Performing Rising Water Level Slug 
" Darrell I. Leap, Ground Water Monitoring Review, Fall 1984, pp. 141-146. 
"Vacuum and Pressure Test Methods for Estimating Hydraulic Conductivity," Jeffrey P. 

Orient, Andnej Nazar, and Richard C. Rice, Ground Water Monitoring Review, Winter 1987, 
pp. 49, 50. 
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level recovered, eventually to the original level. The data logger recorded the 
recovery rate over time. 

Both the Cooper method19 and AQTESOLV (AQuifer TEst SOLVer) 
computer software from Geraghty and Miller Modeling Group in Reston, 
Virginia, were used to estimate transmissivity of the screened aquifer. 

HYDRAULIC CONNECTION 

Some of the slug test equipment was also used to test for hydraulic 
conductivity between the screens of nested piezometers. To conduct the test 
the electric sounder probe was lowered to about 0.02 feet above the water 
level in the next to the deepest piezometer. The pneumatic slug pipe head 
assembly was secured to the deep piezometer, and the piezometer was 
pressurized to about 15 pounds per square inch, displacing about 34 feet of 
water. Any upward movement detected by the sounder would have indicated a 
hydraulic connection between the two piezometers. No indications of an open 
hydraulic connection between piezometers were observed. 

TEMPERATURE PROFILES 

Temperature profiles were obtained in each drill hole by using a 
ComProbIGearhart Owens International temperature tool on a North American 
Chemical Company wire line rig. Each hole was logged by lowering the 
temperature tool down the hole at a rate of 5 feet a minute. Data were 
recorded by computer on a floppy disk and later printed out in tabular or 
graphic form. Data are accurate to within .5 degrees Fahrenheit. 
Temperature profiles are included in Volume I1 (Appendix XII). The 
temperature gradients reported in the following chapters are mostly from 
logging by the NAWS Geothermal Projects Office. 

l9 "Response of a Finite-Diameter Well to an Instantaneous Charge of Water," H.H. 
Cooper, J.D. Bredehoeft, and I.S. Papadopulos, Water Resources Research, v.  3,  No. 1 ,  
p.#263-269, 1967. 
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DATA COLLECTED 

Data collected during the Project included stratigraphy developed from drill 
cuttings and electric logs, water surface elevations, water quality analyses, 
temperature profiles, and aquifer transmissivities. Figure 9 presents in graphic 
form most of the data obtained during the Project. Each vertical line below 
the well designation represents one piezometer. The length of the line is 
scaled to the piezometer depth (1 inch = 1,000 feet). Horizontal bars 
represent depths to groundwater relative to each other but not at the 
piezometer depth vertical scale. Table 3 shows much of the same information 
in a different format. More detailed information is available in Volume 11, 
Section A, "Data and Data Analysis". 
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WELL 

BR-1 
Shallow 
Medium- 
shallow 

Medium- 
deep 

Deep 

BR-2 
Shallow 
Medium 
Deep 

BR-3 
Shallow 
Medium 
Deep 

BR4 

Table 3. 

WATER 
ELEVATION 
feet (9/10/92) 

2666.72 

2669.03 

2664.42 
2656.77 

2382.50 
2386.06 
2376.94 

2183.40 
2200.71 
2201.48 

21 12.69 

Data collected 

WATER 
QUALITY 

mg/L 

212 

243 

353 
285 

NA 
240 
354 

360 
955 

6,634 

183 

from Project test 

TRANS- 
MISSIWI'Y 

ft2/min 

0.21 

0.24 

0.01 
0.004 

0.01 
0.19 
0.016 

0.06 
NA 

0.006 

0.28 

wells 

NOTES 

Mostly sand with some 
clay. Water from each 
piezometer is sodium 
bicarbonate. Temperature 
gradient is 2.0 O F  per 
100 feet. 

Mostly sand. Iron and 
manganese above 
recommended regulatory 
maximum contaminate level 
(MCL) in medium and 
deep piezometers. Temp. 
gradient is 2.3 O F  per 
100 feet. 

Mostly sand and fine 
gravel; clay between 1,380 
and 1,740 feet. Chloride 
levels higher than 
bicarbonate in 2 lower 
aquifers. Temp. gradient 
is 2 O F  per 100 feet. 

Fine to coarse sand. Water 
is sodium bicarbonate; iron 
exceeds MCL. Temp. 
gradient is 2.1 O F  per 
100 feet. 
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? L 

BR-5 
Shallow 
Medium 
Deep 

BR-6 
Shallow 
Medium 
Deep 

BR-10 
Shallow 
Medium- 
shallow 

Medium- 
d-p 

Deep 

NR- 1 
Shallow 
. Medium 
Deep 

wells 

Medium to coarse sand. 
All water is sodium 
bicarbonate; iron and 
manganese are higher than 
MCL; higher sulfate and 
chloride compared to BR-1, 
BR-2, and BR4. Temp. 
gradient information is not 
available. 

Medium to coarse sand to 
370 ft; clay from 370 to 
1,700 feet; clayey to silty, 
medium sand 1,700 feet to 
bottom. All water is 
sodium bicarbonate with 
sulfate and chloride higher 
than BR-1, BR-2, and 
BR4; arsenic, iron, 
manganese, and aluminum 
exceed MCL. 
Temp. gradient is 2.22 OF 
per 100 feet. 

Medium to coarse sand to 
680 feet; light graylgreen 
clay with interbedded sand 
from 680 to 1,440 feet; 
medium to coarse sand 
From 1,440 to bottom. 
Water is predominately 
sodium bicarbonate; iron 
and manganese exceeded 
secondary MCL in lower 
aquifers. Temp. gradient 
is 1.7 O F  per 100 feet. 

Medium to coarse sand to 
340 feet; clay from 340 to 
1,820 feet; medium sand 
from 1,820 to bottom; 
fossils and methane gas 
were encountered in the 
hole. Water in shallow 
aquifer is sodium sulfate 
with high concentrations of 
calcium and magnesium; 
water in lower aquifers are 
sodium bicarbonate; Nitrate 
exceeded MCL in the 
shallow piezometer. 
Temp. gradient is 2.75 O F  

per 100 feet. 

Table 3. 

2186.02 
2178.86 
2177.04 

2189.90 
2188.55 
2203.75 

2253.51 

2239.38 

2198.50 
2196.09 

2176.49 
2208.78 
2165.87 

Data collected 

534 
837 
89 1 

596 
48 1 
540 

1 , m  

580 

1,220 
1,330 

2,406 
3,660 
3,251 

from Project test 

0.23 
0.15 
0.18 

0.02 
0.25 
0.20 

0.19 

0.02 

0.14 
0.09 

0.004 
NA 
0.05 
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1,440 to 1,620 feet; 
interbedded sand and clay 
from 1,620 to bottom. 
Shallow and deep waters 
are sodium bicarbonate 
with high sulfate in shallow 
aquifer; middle aquifer is 
sodium sulfate with high 
bicarbonate, chloride, and 

sodium bicarbonate. No 
constituents exceed MCL. 
Temp. data was not 

DATA ANALYSIS 

Considerable data have been obtained during the Project. The primary reason 
for collecting data, of course, is to learn something about the groundwater 
resource in Indian Wells Valley that will help in its *re development. This 
requires interpretation of the data, a somewhat courageous venture when 
dealing in the geohydrologic realm. This section provides some interpretive 
inferences that can be made from data collected during the Project. These data 
and their analysis provided a simcant expansion of knowledge in the 
groundwater resource of the Valley. It must be recognized, however, that 
knowledge is progressive and future work will build upon the results of this 
Project. Isotopic analyses, future water surface elevation data, seismic 
surveys, and additional well constmction will add to the general knowledge of 
the groundwater resource and may provide a basis for re-evaluation of the 
inferences drawn here. 
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Sodium and bicarbonate are the predominant cation and anion, respectively, 
found in nearly all water samples taken from Project wells. The primary 
source of sodium in natural water is from the release of soluble products from 
igneous rock and its weathering products.20 This suggests that the source of 
recharge is runoff from the surrounding mountains, which are of igneous 
composition. In most cases carbonate and bicarbonate ions in groundwater are 
derived from carbon dioxide in the atmosphere and soil and from the solution 
of carbonate rocks;21 although in the southern Sierra Nevada and Coso areas, 
the carbonate ions could also have a geothermal source." However, water 
surface measurements obtained during the Project generally indicate downward 
water movement, providing further evidence of recharge from surrounding 
mountains. 

Stratigraphic analyses revealed a thick layer of clay in the northwest portion of 
the Valley. While the full expanse and origin of this clay is not known, it 
appears to extend over much of the north half of the Valley. Clay encountered 
in a NACC well 2 miles north of Inyokern and the lack of clay in a 
Community Service's District well in the middle of Inyokern indicates that the 
clay pinches out somewhere north of Inyokern Road. Figure 12 (following 
page 94) shows the approximate location of the clay layer. While existing data 
provide a reasonable definition of the west boundary of the clay, the location 
of the east boundary is much less conclusive. The clay seems extensive 
enough to impact the estimates of good quality water available for municipal 
and industrial use. Except for the clay, sand is the predominate material in the 
Valley fill. 

Earlier estimates of good quality retrievable water in storage varied between 
587,000 and 3,200,000 acre-feet." The presence of poor quality water 
associated with the extensive clay stratum discovered in the northwest part of 
the Valley decreases the estimate of good quality groundwater in storage in 
that area. However, good quality water found at depth in the Intermediate and 
Southwest Areas increases the estimate of water in storage in those areas. 
Using information on the extent of the clay in the Northwest Area and the 
depth of the good quality water in the Intermediate and Southwest Areas, good 
quality water in storage is re-estimated as 5,600,000 acre-feet. Table 4 gives 
the factors used in calculating this new estimate. 

Groundwater Hydrology, H. Bouwer, McGraw-Hill, New York, 1978. 
2' Hydrogeology, S.N. Davis and R.J.M. Dewiest, John Wiley and Sons, New York, 

1966. 
Personal communication with Dr. Frank Monastero, January 27, 1993. 
Water Supply of Indian Wells Valley, California, Pierre St.-Amand, Naval Weapons 

Center, April 1986, pp. 41, 42. 
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The main difference between this estimate and the estimate given by 
St.-Amand is the area and depth of good quality water. Project data indicate a 
much greater depth of good quality water than that used by St.-Amand. It 
should be recognized, however, that physical and economic factors may limit 
the retrievable depth of water. It is hard to imagine pumping to a depth of 
2,000 feet under today's conditions. In the next chapter where calculations of 
water resource life are made, additional dewatering thicknesses of 100, 200, 
and 300 feet are used. 

Table 4. Estimated good water in storage in the Indian Wells Valley 

Water in the northwest part of the Valley is not included as useable water in 
table 4 because it is consistently of poor quality. Except for the medium zone 
in BR-6, all water samples were higher than 500 mg/L in total dissolved 
solids. While the water may be adequate for agricultural use, it does not meet 
Environmental Protection Agency suggested minimum water quality 
parameters. Analytical results from water samples taken from SNORT-1 
substantiate that this poor quality water exists in much of the north half of the 
Valley. In order for this water to be used for potable purposes, it would 
probably have to be treated or blended with better quality water. 

UNIT 

Intermediate 
Area 

Southwest Area 

TOTAL 

Well NR-1 is in an area of historic agricultural use. Analysis of a water 
sample from the upper zone indicates total dissolved solids of 2,406 mg/L. 
This is too high for normal agricultural practices and crops. Analysis of water 
from other shallow wells in the area show better quality water. An 
abnormally low transmissivity measurement in the shallow piezometer at 
NR-1 may indicate ineffective well cleaning after installation of the 
piezometer, creating suspicion of the accuracy of the water quality reading 
from this piezometer. Future work should be done to validate water quality in 
this piezometer. 

Effective specific yield is defined here as the percentage of water that can come out of a 
soil formation by gravity drainage. 

AREA 
acres 

15,360 

17,920 

DEPTH 
feet 

1,700 

1,700 

SATURATED 
VOLUME 
acre-feet 

26,112,000 

30,464,000 

EFFECTIVE 
SPECIFIC 
YIELD" 
Percent 

10 

10 

WATER IN 
STORAGE 
acre-feet 

2,600,000 

3,000,000 

5,600,000 
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Water surface elevation readings indicate a flat gradient eastward from BR-5. 
This may indicate limited recharge from the Sierra Nevada in this region. 

In contrast to the flat gradient east from BR-5, the gradient east, northeast, 
and north from BR-1 appears quite steep. Some researchers suggestZS a fault 
or boundary of some type running in a northwest direction somewhat east of 
BR-1. The Water District's southwest Monitoring Well No. 3, as well as 
BR-2, may be influenced by this boundary. 

Water surface elevations in all the piezometers have remained relatively 
constant during the Project with the exception of the piezomeTers at BR-1. As 
shown in figure 10, water elevations dropped siMcantly over a year and a 
half. No compelling reason has been offered for this change, but future 
measurements in BR-1 and Water District wells in the Southwest Area may 
help provide a clearer picture of water surface changes in this area. 

Looking at the data as a whole, the opportunity for obtaining a significant 
amount of water for municipal use from the north half of the Valley is not 
very encouraging. Although the thick clay layer may contain large quantities 
of water, the quality is poor, and this may limit the long-term availability of 
sufficient quantities for large scale agriculture' or municipal and industrial uses. 
There is also the potential for significant subsidence in this area. 

Good quality water in the Intermediate and Southwest Areas is apparently 
available not only near the surface but also to depths not previously explored. 
These areas, then, present opportunities for further utilization of the 
groundwater resource. 

SUMMARY OF DATA ANALYSIS BY AREA 

Southwest Area 

The discovery of good quality water to a depth of at least 2,000 feet is 
probably the most significant Project finding in the Southwest Area. Total 
dissolved solids (TDS) in the groundwater samples collected from the Project 
piezometers ranged from about 200 mg/L in the upper part of the aquifer to 
about 350 mg/L in the deeper part. A substantial volume of groundwater is in 
storage in this area. 

zs "A Geophysical Investigation of Indian Wells Valley, California: U.S. Naval Ordnance 
Test Station, China Lake, California", R.T. Zbur, NOTS Technical Publication 2795, 1963. 
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The estimated transmissivity in the upper part of the aquifer is nearly as high 
as those estimated in the Intermediate Area Project piezometers. Estimated 
transmissivity at depth is much lower. 

The groundwater gradient between well 8M (see figure 9) and the Intermediate 
Area is about the same as that between the deeper Northwest Area Project 
piezometers (BR-10 and BR-6). This suggests that the recharge from the 
southwest and northwest is about the same. 

The groundwater gradient between the Intermediate Area and both well 8M 
and the shallow BR-3 piezometer could suggest equal recharge to the Valley 
from the south (El Paso Mountains) and the southwest. However, recharge 
must be much less from the El Paso Mountains because the lack of a pinyon- 
juniper woodlands on the El Paso Mountains indicates much less annual 
precipitation. 

Northwest Area 

The massively thick clay section discovered under much of the Northwest Area 
is probably the most significant finding of the Project regardless of area. The 
thickness of this clay in the Project drill holes ranged from about 800 to 
1,300 feet. Depth to the top of the clay in the Project drill holes ranged from 
about 350 feet to about 700 feet. 

In general, the Northwest Area is characterized by poor quality water at depth. 
Shallower water, while acceptable for agricultural use, would have to be 
treated or blended with better quality water in order to make it acceptable for 
domestic use. High concentrations of certain water constituents could further 
limit blending in the absence of treatment. 

Estimated transmissivities in the aquifer above the clay are about the same as 
those estimated for the upper aquifer in the Intermediate Area. The relatively 
thin "aquifers" interbedded in the massive clay and the aquifer below the clay 
are generally less transmissive. 

The groundwater gradient between the deep BR-10 and BR-6 piezometers is 
about the same as the gradient in the lower elevations of the Southwest Area. 
This suggests that recharge from each area is about the same, if the aquifer 
transmissivity and cross-sectional area are equal. 

Low groundwater surface gradients in the central part of the Northwest Area 
indicate little recharge; while steeper gradients in the north reflect recharge 
from the northerly watersheds. 



Figure 10: Yater Elevations for BR-1 
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Intermediate Area 

Discovery of relatively good quality water (526 mg/L) at 1,900 feet in the 
deep piezometer of Project well MW-32 is probably the most significant 
Project fmding in the Intermediate Area. Even at a depth of 1,250 feet, the 
total dissolved solids is only 176 mg/L. This suggests that the Intermediate 
Area resource can be utilized to a greater extent than originally thought. The 
relative water levels in the MW-32 piezometers indicate an upward potential 
which is probably induced by the moderate depth pumping in the Intermediate 
Area. 

The threat of water quality degradation from surrounding poor quality water 
remains the greater concern for more extensive utilization in the Intermediate 
Area. Project data indicate that water quality at depth deteriorates to the 
south. 

Estimated transmissivity at depth is fairly high for a depth of nearly 
2,000 feet. The estimated deep transmissivity is about one-half of that in the 
shallower aquifer. 
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VIII. RECOMMENDATIONS FOR FUTURE STUDIES 

INTRODUCTION 

Data collected under the Project contributed to significant gains in knowledge 
of the groundwater resource in the Valley. However, as is typical with most 
data collection programs with finite funding and temporal constraints, areas 
were discovered where additional investigations would be extremely useful. 
This chapter documents these investigations so that they can be pursued in the 
hture should capability become available. 

Regardless of whether or not any of the recommendations contained in this 
chapter are implemented, it may be quite useful to convene the Technical 
Subcommittee members on a periodic basis. The Technical Subcommittee 
could evaluate any additional data that becomes available in the future, review 
current groundwater trends, and recommend groundwater programs local 
entities may consider for the future. 

BLENDING STUDIES 

As presented in the next chapter, blending of northwest water with 
intermediate andlor southwest water would increase the usable groundwater 
volume available for use in the Valley. The interplay between water treatment 
method and cost, specific pumping locations, and ion concentrations influences 
the optimum future development strategy. In order to evaluate the impact of 
those elements on future decisions, the following additional studies should be 
considered. 

Water Treatment 

Because of the wide range in possible treatment costs, it would be necessary to 
refine those costs prior to making decisions that would commit to treatment 
activities. Studies to refine these costs should commence at an early date, not 
only to provide better data upon which to base future decisions, but also to 
provide optional methods of handling any individual constituent that may limit 
the blending possibilities. 

A study of treatment possibilities and costs should include definition of water 
to be treated, a literature search of possible treatment methods, laboratory 
analyses of viable treatment methods, field tests to verify laboratory results, 
and documentation of all activities. Costs for such a study would depend upon 
the specific work plan developed, but could be done for between $150,000 and 
$200,000 over a period of 15 to 18 months. 
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Location of Pumping 

Specific sites for future production in the Northwest Area should be carefully 
considered since there is some variation in water quality, clay extent, and 
existing improvements. The general potential for subsidence and, if necessary, 
implications of pumping at specific locations on subsidence should be studied. 

Because of the real potential for substantial surface subsidence resulting from 
pumping water from or beneath the clay layer, only pumping from above the 
clay layer was considered. Even with pumping from the aquifer above the 
clay, subsidence is a possibility that needs further exploration. 

Individual Ion Concentrations in Northwest Area Water 

The effects of specific ionic concentrations on potential blending strategies 
warrant further investigation. Only TDS was considered in developing 
strategies for blending northwest water with better quality water from the 
Intermediate and Southwest Areas. No consideration was given to the 
concentration of individual ions. However, some ions may approach or exceed 
established maximum concentrations for municipal and industrial use. This 
could limit or prohibit blending possibilities. 

GENERAL STUDIES 

There are opportunities to further the understanding of the general water 
resource in the Valley by continued monitoring and completing additional 
studies. This section contains suggestions on future studies that would provide 
data helpful for making long-term water management decisions. 

Periodic Water Level Measurements 

Water levels in Project piezometers have been measured every 1 to 2 months 
during the course of the Project. These measurements should continue on a 
regular basis. Several District monitoring wells in the Southwest Area of the 
Valley were added to the water level measuring itinerary because of the 
significant drop in BR-1 water levels. Water levels in these wells should 
continue to be measured on the same schedule as the Project piezometers. 

Some consideration should be given to consistency in personnel and equipment 
used in the measuring effort. This will eliminate measurement errors 
introduced by individual differences in measuring techniques and equipment 
idiosyncracies. 
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Frequent water level measurements in the four MW-32 piezometers should be 
taken during the first year of pumping from District production wells 30 and 
31. These measurements could yield insight into short- and long-term aquifer 
dynamics. Initial and long-term water level responses in these piezometers 
would probably make an excellent model calibration set. Installation of an 
electric logger may be the best method for collecting the initial water level 
changes and should be considered. 

The water level in all of the Neal Ranch piezometers should be monitored if 
one of the Neal Ranch production wells is pumped for a 30-day test, as has 
been suggested. An electric data logger would probably be the most efficient 
method for recording water levels. 

Water Sampling for Isotope Analysis 

Analyzing water for isotopes can provide information on the age and origin of 
water. Groundwater age could provide additional evidence with respect to the 
previously accepted estimate of about 10,000 acre-feet of recharge a year. 

Serious consideration should be given to analyzing all Project wells for 
isotopes. Because of the recharge delineation potential, wells of most interest 
for isotope analysis sampling would be those closest to the mountain front 
recharge watersheds. These would include wells BR-1, BR-2, BR-3, BR-5, 
BR-6, and BR-10. Other wells should be sampled and analyzed as funding 
permits. 

Playa Investigations 

One of the most difficult, yet most consequential, groundwater issues in the 
Valley concerns the amount of natural recharge to the Valley. Current 
estimates of recharge rely on calculations made in the 1950's by 
USGS researchers Kunkel and Chase.26 One of these calculations involved 
an empirical estimate of evapotranspiration from the China Lake playa. 

Recent work on playa evaporation rates using more direct measurement 
techniques on bafe soil suggest that the earlier Kunkel and Chase estimates 
may be too high. ullmann notes that the empirical technique used by many 
investigators may greatly overestimate the true value of evaporative loss from 

" Geology and Ground Waer in Indian Wells Valley, California, F. Kunkel and G.H. 
Chase, U.S. Geological Survey Open-File Report, 1969. 

"Evaporation Rate From a Salt Pan: Estimates From Chemical Profiles in Near-Surface 
Groundwaters," W.J. Ullman, J. Hydrol., 79: 365-373, 1985. 
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the water table in arid and semi-arid environments. Refinement of the annual 
recharge to the Valley may be possible by using more direct measurements of 
evapotranspiration for the playa. 

The "Australian tube" method or weighing lysimeters could be used to make 
these measurements. Both offer relatively inexpensive ways to obtain field 
measurements of evaporation from a playa. In order to provide a comparison 
with Kunkel and Chase numbers, however, the weighing lysimeter method 
would require placement of lysimeters only in areas of the playa with the same 
water level as at the time of the Kunkel and Chase estimate. The Australian 
authors suggest that water levels are not critical for their soil tube method." 

Watershed Investigations 

Installation of relatively permanent, yet inexpensive, surface flow gauges in 
the lower drainage of several watersheds in the Sierra Nevada would help 
refine recharge distribution estimates and total recharge to the Valley. 
Previous watershed recharge estimates could be compared to actual average 
annual long-term base flow (most of which becomes recharge) from the gauged 
watersheds. In addition, the relatively long-term annual base flow from 
several watersheds may correlate with some watershed attribute, such as area 
covered with juniperlpine vegetation, and allow a better estimate of recharge 
from the non-gauged watersheds. 

Canyon constrictions formed by bedrock just upstream of the alluvial fan apex 
are ideal locations for stream gauging. The bedrock constriction forces most 
of the water draining from the watershed to the surface and most of this water 
becomes aquifer recharge when it reaches the alluvial fan apex. Perennial 
flow in Sand Canyon at the lower wilderness study area boundary indicates a 
bedrock constriction which probably allows little underflow. This location 
appears to be ideal for a gauging station. An inspection of other canyons on 
the west side of the Valley may reveal other potential locations for a gauging 
station. The Haiwee Spring area may offer a gauging opportunity for Coso 
Mountain runoff. Gauge sites should be selected by consensus of Technical 
Subcommittee members. 

The USGS is a good source for ideas on the type of gauge best suited to the 
requirements and on construction techniques. In addition, they could estimate 
annual monitoring costs and provide help in developing monitoring procedures. 

" "Estimate of Evaporation From the Normally 'Dry' Lake Frome in South Australia," 
G.B. Allison and C.J. Barnes, J.Hydrol., 78:229-242, 1985. 
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Aquifer Modeling 

The USGS had developed a model of the Indian Wells Valley groundwater 
aquifer based on the MODFLOW computer program.29 One objective 
originally contemplated for the Project was a revision of the USGS model to 
accommodate new data obtained during the Project. The model would have 
been used to predict impacts of various future groundwater pumping 
possibilities. Time and fiscal constraints and questions regarding recharge 
quantity, recharge distribution, and distribution of aquifer transmissivity 
prohibited realization of this objective. 

Recalibration of the USGS model is recommended subsequent to refinement of 
recharge to the Valley as covered under the "Playa Investigations" and 
"Watershed Investigations" sections of this chapter. Transient calibration is 
recommended should recharge quantity and recharge distribution remain 
uncertain. 

Water Quality Analyses 

Additional water samples should be taken from all Project piezometers and 
analyzed for constituent concentrations. These samples should be collected 
from a relatively steady discharge, displacement pump after electrical 
conductivity, pH, and temperature have stabilized (as required by standard 
EPA and USGS procedures). This will assure that the sample is reasonably 
representative of the aquifer water and reduce the uncertainty about any 
anomalous constituent concentrations. Consistency in electrical conductivity, 
pH, and temperature after several pumping episodes would instill even more 
confidence in subsequent water samples being representative. 

This activity should receive high priority because some constituent 
concentrations in some of the air-lifted samples collected at the end of 
piezometer development suggest less than total development. Poor 
development in some piezometers is also suggested by less than expected 
transmissivity values in some of the aquifers. 

SOUTHWEST AREA STUDIES 

While Project data provided evidence of a significant resource in the southwest 
that could be utilized in the future, there are still areas of uncertainty. These 
areas should be explored further, as outlined below. 

29 lk Ground-Water Flow System In Indian Wells Vdley, Kern, Inyo, and San Bemrdino 
Com'es, California, Berenbrock, Charles and Peter Martin, U.S. Geological Survey Water- 
Resources Investigations Report 89-4 19 1, 199 1. 
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Additional Water Elevation Data 

The number of wells in the Southwest Area measured for water surface 
elevation should be expanded. Unexpected values of water surface elevation in 
Project piezometers and implications of these values create the need to expand 
the measurement of water levels to all available wells in the area. Acquisition 
and analysis of additional water surface elevation information may provide a 
more complete picture of the distribution of water level changes and recharge 
into the area. 

Aquifer Testing 

The Water District test well in the Southwest Area should be pumped for an 
extended period of time, preferably in excess of 7 days. This test will provide 
verification of aquifer characteristics, such as transmissivity and, especially, 
water storage. 

Water Elevation Fluctuations 

Short-term continuous water surface elevation measurement in BR-1 should be 
considered. During the Project, water surface elevations were measured at 
approximate 2-month intervals. Water level changes in the four BR-1 
piezometers have been especially interesting because declining water surface 
elevations (see figure 10) may represent the ebb of a recharge pulse from the 
southwest watersheds. Short-term continuous water level monitoring with a 
data logger may reveal an informative short-term pattern of water level 
variation. 
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IX. FUTURE DEVELOPMENT ALTERNATIVES 

INTRODUCTION 

This chapter presents a description of future groundwater development 
possibilities identified during the Project. The alternatives are essentially 
combinations of different ways to use the three areas of existing groundwater 
resources in the Valley-the Intermediate Area, the Southwest Area, and the 
Northwest Area. Six combinations emerge: 

Continue pumping from the Intermediate Area only 

Continue pumping from the Intermediate Area and expand into the 
Southwest Area 

Continue pumping from the Intermediate Area and blend water from 
the Northwest Area 

Continue pumping from the Intermediate Area, expand into the 
Southwest Area, and blend water from the Northwest Area 

Continue pumping from the Intermediate Area and blend treated water 
from the Northwest Area 

Continue pumping from the Intermediate Area, expand into the 
Southwest Area, and blend treated water from the Northwest Area 

There are two prime considerations in determining a strategy for future water 
development-volume of water available and water quality. Because 
groundwater is available in finite quantities, decisions on future water 
development must include an estimate of available water volume and 
implications of heavy pumping in one area as opposed to spreading the 
pumping over a larger area. - 

Selection of a future groundwater development strategy will also depend upon 
the approach to water quality. Continued pumping from the good quality 
sources will result in an accelerated decline of water quality. Once the water 
quality of those sources has declined to the point where TDS content reaches 
500 mg/L, no further opportunity is available for use of poorer quality water 
by blending. A level of 500 mg/L was used because it is the Environmental 
Protection Agency's recommended maximum TDS level for domestic use.30 

Water supplies delivered to many people in southern California, Nevada, Arizona, and 
other parts of the country contain TDS in excess of 500 mgIL. 

85 
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Early pumping from both good and poorer quality water sources and blending 
those two water streams will result in a rapid (but scarcely perceptible) decline 
in water quality, but the total water volume available to the Valley at or less 
than 500 mg/L will be expanded. Another way of looking at the water quality 
impacts of blending is illustrated in figure 11. Blending early will result in a 
more rapid increase to 500 mg/L, but that level will be sustained for a 
longer period of time before TDS levels go above 500 mg/L. 

While the conceptual 
water quality concern 
expressed above is valid, 
the condition in which 
resource life is limited by 
water quality (as 
represented by TDS) was 
never reached in the 
analyses used here. As 
described later in this 
chapter under "Other 
Assumptions and 
Considerations", the 
reasons are that 
1) retrievable water 
volumes are much smaller 
than the total volume of 
good quality water in 
storage and 2) migration 
of poor quality 
surrounding water into the Intermediate Area is 
assumed to be a small percentage of the pumped quantity. This means that 
although water in the Intermediate Area will degrade over time, the 
degradation rate is small enough that the TDS never reaches 500 mg/L. 

Each alternative presented here provides a different way of meeting future 
water demands from existing groundwater resources. The alternatives are 
described in somewhat general terms because knowledge of groundwater 
parameters is not sophisticated enough to allow more specific depictions. 

Figure 11. Water Q u a l i t y  Impacts 
o f  Blending 

Along with alternative descriptions, some subjective observations of 
advantages and disadvantages are provided. 
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samples, and refinement .of groundwater computer models will provide 
additional information useful for adjusting these options or developing new 
ones. In the meantime, however, information presented herein provides the 
basis for current decisions and the foundation for future data collection 
programs. 

DEVELOPMENT ALTERNATIVE SUMMARY 

Table 5 presents a summary of each future development alternative. More 
detailed information is provided in the following sections. 

Table 5. Summary 
ALTERNATIVE 

ALTERNATIVE 1 
Continue pumping from 
the Intermediate Area 

ALTERNATIVE 2 
Codnue pumping from 
the Intermediate Area 
and expand into the 
Southwest Area 

ALTERNATIVE 3 
Continue pumping from 
the Intermediate Area 
and blend water from the 
Nollhwest Area 

ALTERNATIVE 4 
Continue pumping from 
the Intermediate Area, 
expand into the 
Southwest Area, and 
blend water from the 
Northwest Area 

ALTERNATIVE 5 
Continue pumping from 
the Intermediate Area 
and blend treated water 
from the Northwest Area 

ALTERNATIVE 6 
Continue pumping from 
the Intcnnediate Area, 
expand into the 
Southwest Area, and 
blend treated water from 
the Northwest Area 

of future water 
LIFE OF RESOURCE 

Resource life ranges 
between 14 and 52 yem,  
with a best estimate of 
29 years. 

Resource life ranges 
between 26 and 
134 years, with a best 
estimate of 68 years. 

Resource life ranges 
between 19 and 77 years, 
with a best estimate of 
42 years. 

Resource life ranges 
between 33 and 
169 years, with a best 
estimate of 92 yean. 

Same as Altenutive 3, 
since resoulre is not 
limited by water quality. 

Same as Altemtive 4, 
since resource is not 
limited by water quality. 

resource development 
WATER QUALITY 

Start at present 250 mglL 
TDS, gradually decline to 
264 mglL under the 
intermediate case. 

Stan at present 250 mglL 
TDS, negligible decline. 

Immediately decline to 
500 mg/L. 

Immediately decline to 
500 mg1L. 

Water quality could be 
adjusted to meet specific 
needs. 

Water quality could be 
adjusted to meet specific 
needs. 

alternatives 
INCREMENTAL COST 

Base condition, SO cost. 

$7,250,000 capital 
incremental cost. 

$4,700,000 capital 
incremental cost. 

$12,000,000 capital 
incremental cost. 

$23,700,000 capital 
incremental cost; 
$6,800,000 annual cost 
for treatment. 

$31,000,000 capital 
incremental cost, 
$6,800,000 annual cost 
for treatment. 



Future Development Alternatives Chapter IX 

ALTERNATIVE 1 
Continue Pumping from the Intermediate Area Only 

Under this option the current pumping patterns would continue in the future. 
Additional water demands would be met by construction of more wells in the 
Intermediate Area. Advantages of this alternative include dealing with a 
known, good quality water source. This source meets current user's needs 
satisfactorily. The source is relatively close to the user and an existing 
distribution system is in place. This source of good quality water is, however, 
finite. Over time, the good quality water will be pumped out and as the 
pumping depression expands, poorer quality water in surrounding areas will 
gradually migrate into the Intermediate Area. 

Under the assumptions made in the analysis presented in this chapter, water 
quality in the Intermediate Area never reaches the 500 mg/L level before the 
resource is depleted. However, actual conditions may differ. In any case, 
inflow from surrounding areas presents a natural water quality blending 
process that is, to a large extent, uncontrollable. The amount, timing, and 
constituent makeup of neither the poor quality water coming from surrounding 
areas nor the blended water produced in the well field can be controlled. This 
leaves water purveyors at risk for water quality declines much faster than 
expected, variations in water quality, and certain ions exceeding standards. 

Heavy drawdown in the Intermediate Area will also increase pumping head 
and costs associated with pumping water from deeper levels. In addition to 
large production wells constructed by major purveyors, the Intermediate Area 
is the location of a number of wells serving individual houses or groups of 
houses. As the drawdown curve drops and expands, these private wells may 
have to be deepened and/or the pumps will have to be reset to a lower 
elevation. Pumping costs will also increase for these wells, and these wells 
will pump poorer quality water over time. 

This alternative will constitute the base direct cost level against which other 
alternatives are compared. Other alternatives, then, may incur incremental 
costs over and above expansion costs incurred under this alternative. New 
wells would be drilled, existing wells deepened, distribution systems enlarged 
as demands dictate. These costs, however, will be incurred irrespective of 
which alternative is pursued. 
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ALTERNATIVE 2 
Continue Pumping from the Intermediate Area and Expand into the 
Southwest Area 

This option anticipates the continued use of the Intermediate Area wellfield in 
combination with pumping from the Southwest Area. Data collected under the 
Project revealed a good quality water source in that Area. Pumping heads 
would be reasonable, and aquifer transmissivities are favorable. Conveyance 
and power facilities would have to be extended into the Area. 

This option would prolong the period of excellent quality water being 
available. High transmissivities in the Southwest Area would result in low 
drawdown at expected pumping rates. There are few private wells in the area 
that would be impacted by drawing down the water surface. 

There may be some negative impacts to developing a well field in the 
southwest. The remoteness of the area would require capital expenditures for 
collection and power facilities. If most recharge to the Intermediate Area 
comes from the southwest as some of the data indicate, then pumping in the 
southwest could intercept a portion of this recharge, resulting in a faster 
decline in the groundwater surface in the Intermediate Area. It should be 
recognized however, that the estimates of aquifer "life" given in this analysis 
already assume no recharge in the Intermediate Area. Although data from the 
Project and other sources provide an indication of a satisfactory resource in the 
Southwest Area, there is no production history in this area to confirm the data. 
Recharge into this area has yet to be estimated satisfactorily. 

In addition to the base costs associated with Alternative 1, costs would be 
incurred for extending the water conveyance system to the Southwest Area and 
providing power to the area. Installation of a 30-inch pipe from Ridgecrest to 
the Southwest Area, a distance of about 10 miles, is estimated to cost 
$7,000,000 (see Volume 11, Appendix XV for more detail on the cost 
estimates). A 30-inch pipe would be capable of carrying over 25,000 acre-feet 
a year. A wood-pole, 34.5-kV transmission line built over the 5 miles 
between Inyokern and the Southwest Area would cost about $250,000. 

ALTERNATIVE 3 
Continue Pumping from the Intermediate Area and Blend Water from the 
Northwest Area 

Under this option, water would be pumped from the aquifer in the northwest 
part of the Valley and blended with water pumped from the Intermediate Area. 
Blending is necessary because the water quality in the northwest is poorer than 
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the maximum recommended TDS level of 500 mg/L. For purposes of analysis 
of this alternative, a representative water TDS of 1,000 mg/L was used for the 
northwest water, and a TDS of 250 mg/L was used as the current quality of 
water in the Intermediate Area. Blending would occur at a rate that resulted in 
a final water quality of 500 mg/L. 

This option has the advantage of prolonging the availability of good quality 
water in the Intermediate Area by spreading out the pumping over a larger 
area of the Valley. As some current pumping in the Intermediate Area is 
shifted to the northwest, pumping heads in the Intermediate Area would 
temporarily stabilize or decline. 

A disadvantage of this alternative is that water quality delivered to the 
consumer will decline more rapidly than if blending didn't occur. It should be 
noted, however, that there is a risk with implementing any option that 
exclusively uses sources of good quality water. The risk is that although 
good--even excellent--quality water will be available for a period of time; 
once those resources are depleted the only other sources available are of 
much poorer quality, and blending opportunities would no longer be 
available. The result is that water quality delivered to the consumer may 
degrade to a level greater than 500 mg/L within a shorter time than if blending 
were implemented (see figure 11). This assumes that good quality recharge 
into the Valley is much smaller in volume than total pumping and other 
withdrawals, a situation that seems quite reasonable considering all available 
data. 

In order to make this option work, additional capital expenditures would be 
necessary. A pipeline would have to be constructed to the Northwest Area to 
collect water pumped from that area. Mixing facilities would be necessary to 
assure that water collected from the northwest was not unequally distributed. 
A 20-inch pipeline would be required to transport 12,333 acre-feet a year, an 
amount that would allow a blend of 1,000 mg/L northwest water and 
250 mg/L intermediate water to result in a 37,000 acre-feet a year 500 mg/L 
composite. If this pipeline discharged to mixing facilities in Ridgecrest, the 
cost for the 14-mile feature is estimated at $5,400,000; if the pipe is tied into 
an existing 30-inch pipeline on Inyokern Road, its length would be about 7 
miles and it would cost about $2,700,000.31 Existing power facilities are 
available to serve the new wells. Mixing facilities are estimated to cost 
$2,000,000.~~ 

3' See Volume 11, Appendix XV for calculations. 
32 Personal communication with Mr. Roy Tucker, Assistant Manager, Indian Wells Valley 

Water District, J B J ~ ~ I ~  12, 1993. 
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ALTERNATIVE 4 
Continue Pumping from the Intermediate Area, Expand into the 
Southwest Area, and Blend Water from the Northwest Area 

Under this option, better quality water from both the Intermediate and 
Southwest Areas would be blended with water pumped from the Northwest 
Area. Since water quality in the Intermediate and Southwest Areas are similar, 
the quantities pumped from each of these areas would be determined by factors 
other than water quality. Just enough water would be pumped from the 
Northwest Area to provide a 500 mg/L blend. 

As with Alternative 3, use of the blending process would stretch the available 
usable water resource of the Valley by making use of the poor quality water in 
the northwest while still providing adequate quality of water delivered to the 
consumer. This option would also provide the ability to control the delivered 
water quality and would avoid possible dramatic declines in water quality in 
the future as discussed earlier. There would be an immediate decline in the 
quality of water delivered to customers served by the District and to perhaps 
other Valley water pumpers. Since the blending is controlled, however, this 
decline could be phased in gradually so it would not be perceptible; and it 
could be adjusted to accommodate varying conditions. Since additional 
pumping would occur in the northwest, existing wells in that area may see 
some declines in pumping levels. 

Additional capital expenditures required for this alternative would also include 
a pipeline to the Northwest Area and mixing facilities. In addition, a pipeline 
and power transmission facilities to the Southwest Area would have to be 
constructed. Using costs from Alternatives 2 and 3, total incremental costs are 
about $12,000,000, assuming the 20-inch pipeline tied into the existing 30-inch 
pipeline at Inyokern Road and mixing facility costs would remain about the 
same. 

ALTERNATIVE 5 
Continue Pumping from the Intermediate Area and Blend Treated Water 
from the Northwest Area 

This option is similar to Alternative 3 except under this option water pumped 
from the northwest would be treated prior to blending with intermediate water. 
Blending with untreated water from the northwest may be limited by the 
presence of high concentrations of specific toxic ions-for example, arsenic in 
BR-6. Treatment would avoid that limitation, allowing full use of the blending 
possibilities. Treatment could also be used to lower the total dissolved solids 
concentrations to further manage blended water quality or quantity of water 
that could be used from the Northwest Area. Using either approach, life of 
the total water resource in the Valley could be significantly extended in time. 
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Treatment could allow full use of all water sources in the Valley, depending 
upon the level of treatment used. For purposes of estimating costs, it was 
assumed that the quantity pumped from the northwest will never exceed 
12,333 acre-feet a year. This quantity is consistent with the approximate 
amount now being pumped from that area for agricultural purposes and with 
the assumed size of the pipeline installed to that area. 

Treatment costs could be high. Depending upon the method of treatment and 
amount of water treated, construction and operating costs could significantly 
increase the cost of water to the user. Without a detailed study of water 
chemistry, laboratory tests, knowledge of power and chemical costs, brine 
disposal requirements, etc., treatment costs can only be roughly approximated. 
Based on water treatment and desalting applications at other locations, costs 
could range between $200 and $900 an acre-foot. For purposes of this 
analysis, a cost of $550 an acre-foot was used. This includes amortization 
of the $21 million capital investment (to treat 12,333 acre-feet a year) at 
8 percent over 20 years and operation, maintenance, and power costs of $1.39 
a 1,000 gallons.33 

Assuming a 20-inch pipeline extending to the northwest from the 30-inch 
pipeline at Inyokern Road, incremental costs for this alternative are 
$2,700,000 for the pipeline and $6,800,000 a year for treatment costs. 

ALTERNATIVE 6 
Continue Pumping from the Intermediate Area, Expand into the 
Southwest Area, and Blend Treated Water from the Northwest Area 

This option is similar to Alternative 4 except under this option water pumped 
from the northwest would be treated prior to blending with intermediate and 
southwest water. 

Again, this alternative could allow use of all water resources in the Valley 
irrespective of quality, limited only by technology and economics. 

In addition to pipeline and transmission line requirements, incremental costs 
would include treatment of the poorer quality water. Assuming a 20-inch pipe 
extending to the Northwest Area from the existing 30-inch pipe at Inyokern 
Road, a 30-inch pipe extending to the Southwest Area from Ridgecrest, a 
34.5-kV transmission line extending to the Southwest Area from Inyokern, 
incremental costs for these facilities are nearly $10,000,000. Treatment of 
12,333 acre-feet a year would add $6,800,000 to the annual cost. 

Figures adapted from "West Basin Desalter Demonstration Project, Draft Progress 
Report", U.S. Bureau of Reclamation, January 1993. 
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OTHER OPTIONS 

Each of the options discussed above could be adjusted as local conditions 
change and more data become available. There are also opportunities to 
combine some of the features of several options, particularly treatment. In any 
case, the options discussed here should not be viewed as definitive or final, but 
rather as the options considered most viable at the completion of the Project. 

ASSUMPTIONS USED IN RESOURCE LIFE CALCULATIONS 

In estimating the life of the water resource in Indian Wells Valley, major 
assumptions have to be made for three parameters-projected future 
withdrawals from the groundwater, extractable groundwater volume, and 
recharge volume and distribution. The assumptions made for those three 
parameters are summarized here; additional information on and rationale for 
these assumptions are presented in Volume 11, Section C. 

Recognizing that adequate information is not available to be precise in 
calculating expected water resource life, ranges were established for each 
parameter. Reasonable extremes were developed in an effort to bracket the 
parameters. Three scenarios were evaluated. A "worst case" condition was 
developed by using conservative values for all evaluation parameters. More 
optimistic values were used to develop a scenario at the other extreme of the 
range. Intermediate values based on interpretation of available data and 
professional judgement were then established to define a scenario that is 
considered to be a realistic representation of future conditions. 

Future Groundwater Withdrawals 

Future demands for groundwater withdrawals were estimated in 1990 by 
consolidating projections made by each of the major pumpers in the Valley. 
Those projections were made at the end of a period of high population growth 
in the Valley and commensurate increasing demands on the groundwater 
resource. Since it would be quite unusual for those growth rates to be 
sustained over the long term, those projections were taken as the worst or 
conservative case. 

Soon after the 1990 projection effort was completed, growth rates flattened or 
even declined. The low side of the future withdrawal range, then, was 
assumed to be a constant withdrawal rate equal to the pumping rate in 1990. 

A future pumping rate that may be more realistic than either of the range 
extremes was derived by assuming that pumping for the Naval Air Weapons 
Station, North American Chemical Company, and agriculture will remain at 
current levels in the future and that the other entities will increase pumping 
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quantities in a straight line so that by the year 2010 the pumping volume by 
these other entities will increase 50 percent. After 2010, pumping is assumed 
the remain constant. 

Retrievable Water Volumes 

Three specific areas that could be used to provide future water resources for 
the Valley were identified from Project data--the Intermediate Area, the 
Southwest Area, and the Northwest Area (see figure 12). In order to 
determine the extractable water from each of these areas assumptions were 
made on specific yield and amount of saturated thickness that would 
reasonably be expected to be dewatered during pumping. 

Specific yield is defined as the amount of water that can be removed from a 
soil formation by gravity drainage. This accounts for soil pore volume and 
molecular attraction between water and the soil particles. For this analysis, a 
specific yield of 20 percent, or 0.20, was used. 

While data obtained during the Project indicate good quality water in the 
Intermediate Area and Southwest Area to a depth of at least 2,000 feet, 
dewatering the aquifer to that depth is not considered reasonable for both 
physical and economic reasons. However, given the high economic value of 
municipal and industrial water as compared to agricultural water, pumping 
from depths of 500 to 600 feet is not unreasonable for those purposes. 

Current groundwater table depths in the Intermediate Area are near 250 feet 
below ground surface. While the groundwater table in other areas of the 
Valley is shallower, the assumption will be made here that for all areas under 
consideration in this analysis the depth to groundwater is 250 feet. In order to 
bracket reasonable dewatering thicknesses, dewatering values of 100, 200, 
300 feet are used. A dewatering thicknesses of 100 feet will be considered the 
low side of the range since this would apparently not be hard to achieve with 
known transmissivities and stratigraphy. A 300-foot dewatering thickness will 
be used as the high end of the range. At this thickness, the 550-foot total 
static pumping head may be reaching the current edge of the economic 
pumping range. For this analysis, 200 feet will be considered the intermediate 
value of dewatering thickness. A 200-foot dewatering thickness will always be 
the maximum limit for the Northwest Area because of the thick clay layer in 
that area. 
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With the assumptions given above, the retrievable water volumes in millions of 
acre feet are about: 

100-foot 200-foot 300-foot 
dewatering dewatering 

thickness thickness thickness 

Northwest 

Recharge Quantity and Distribution 

Recharge quantity and distribution has long been the subject of speculation and 
discussion among local water experts. Resolution of the various viewpoints 
continues to be elusive. However, calculation of a resource life demands 
making recharge assumptions. 

Recent research suggests that the previous quantitative estimate of Valley 
recharge may be too high (see Volume 11, Appendix 11). Based on that 
possibility, the low estimate for recharge quantity used here was 3,000 acre- 
feet a year from the east slope of the Sierra Nevada. Based on the assumption 
that recharge distribution is proportional to watershed vegetation distribution, 
(see Volume 11, Section A, "Aquifer Modeling" for a discussion of this 
distribution methodology) 1,000 acre-feet would be applied to the Southwest 
Area and 2,000 acre-feet would be applied to the Northwest Area. 

Previous  researcher^^^ have estimated a recharge from the Sierra Nevada of 
about 6,000 acre-feet a year, with half coming into the Northwest Area and 
half into the Southwest Area, and none into the Intermediate Area. That 
estimate was used here for the intermediate recharge case. 

The high end of the recharge range was obtained by adding 3,000 acre-feet a 
year into the Northwest Area to the intermediate case, making a total of 
9,000 acre-feet a year. 

- - - pp 

Berenbrock and Martin, op. cit. 
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The major assumptions used to calculate resource life are summarized in 
table 6. 

Other Assumptions and Considerations 

Table 6. Major assumptions used to calculate resource life 

There are other considerations that must be made when analyzing various 
resource development alternatives. Declining water tables in the Intermediate 
Area will induce poorer quality water in surrounding areas to migrate into that 
area. Based on the historic total water production from the Intermediate Area, 
and a simple analysis of the resulting water level depression, it is apparent that 
recharge into this area is small compared to the rate of extraction. It is 
estimated that inflow from surrounding areas is about 5 percent of the 
extracted volume. While that percentage will undoubtedly increase as the 
water table drops further, no attempt was made to estimate that change over 
time. 

Evaluation 
parameter 

Future 
withdrawals 

Extractable water 
volume 

Total recharge 

In calculating water quality changes in the Intermediate Area, surrounding 
water was assumed to have a representative TDS of 1,000 mgIL. Water 
quality in neither the Southwest nor Northwest Areas will change in response 
to surrounding water migrating into those areas because the surrounding water 
quality is assumed to be the same as water within those areas. 

One of the considerations that is not addressed in this analysis is the existence 
of or potential for ground surface subsidence. This concern is especially 
applicable to the Northwest Area where pumping from either above or beneath 
the extensive clay layer could result in subsidence. This issue should be the 
subject of study prior to implementation of water withdrawals from the 
Northwest Area. 

Conservative 
case 

1990 projections 

100-foot 
dewatering depth 

3,000 acre-ft/yr 

Intermediate 
case 

50% increase in 
18 years for some 
pumpers 

200-foot dewatering 
depth 

6,000 acre-Wyr 

Optimistic 
case 

No change from 
current pumping 
volumes 

300-foot dewatering 
depth 

9,000 acre-ft/ yr 
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Another area that needs additional attention is specific water quality 
parameters. In the analyses presented herein, it was assumed that blending 
alternatives are not limited by specific ions; i.e., blending proportions are 
determined by TDS only. In some cases these proportions may be limited by 
high concentrations of specific ions. This possibility and its consequences will 
have to be considered under more detailed analyses. 

For the assumptions of future increases in groundwater withdrawal, the 
District is the only major water purveyor in the Valley expected to experience 
significant increases (see figure 2) and would thus likely bear the impacts of 
decreasing water quality resulting from the blending alternatives. However, 
there may be opportunities--through water transfers or exchanges--to spread 
the impacts to other entities who are major groundwater pumpers. 

Pumping for agricultural purposes was assumed to be concentrated in the 
Northwest Area. Annual pumping volumes of either 12,000 (for the low and 
realistic future pumping cases) or 13,000 acre-feet (for the high case) were 
assumed to continue until the resource was depleted. At that time municipal 
and industrial pumping in the Northwest Area would cease, and agricultural 
pumping would continue at a rate equal to recharge. 

GROUNDWATER RESOURCE LIFE 

The model used to estimate the life of the groundwater resource in the Valley 
is neither sophisticated nor complex. A simple approach was used because 
uncertainty in available data would not have allowed additional accuracy even 
with a more rigorous mathematical approach. This approach will also allow 
easy and quick adjustments to the resource life estimates as additional 
information becomes available in the future. In order to compensate for 
uncertainties in assumptions and simplicity in the modeling effort, the 
extremes described above were developed to provide a reasonable range of the 
resource life estimates. 

A detailed description of the model used to calculate resource life and an 
example of the calculation are given in Volume II, Section C. 

Since there are three major evaluation parameters (recharge, dewatering 
thickness, and future pumping volumes), each with three possible values (low 
or conservative, intermediate, and high), there are 27 possible combinations of 
resource life for each potential development alternative. Instead of calculating 
a resource life for each combination, calculations were made only using low, 
high, and intermediate values for each of the evaluation parameters. 
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Resource life estimates for each resource development alternative are given in 
.table 7. 

For alternatives that included pumping from both Intermediate and Southwest 
Areas, the pumping distribution between those areas was adjusted to maximize 
resource life.. This distribution ranged from 55 percent being pumped from 
the Southwest Area and 45 percent from the Intermediate Area to 61 percent 
being pumped from the Southwest Area and 39 percent from the Intermediate 
Area. 

In this analysis, water quality never became a limiting factor. Water volume 
in the Intermediate or Southwest Area became depleted before the water 
quality reached the Environmental Protection Agency recommended 
TDS concentration of 500 mg/L. That is why the resource life for 
Alternatives 5 and 6 are the same as for Alternatives 3 and 4, respectively. 
This also means that, if assumptions of water quality decline in the 
Intermediate Area are reasonable, treatment of the Northwest Area water for 
blending purposes is unnecessary when TDS is the only consideration. 
Elevated concentrations of individual ions, however, may make treatment 
necessary in order to implement any of the blending alternatives. 



RECOMMENDED AL'IERNAflVE 



X. RECOMMENDED ALTERNATIVE 

Based on the data obtained and analyses performed during this Project, the 
recommended alternative for meeting the objective of conserving and extending 
the usable life of the resource is: 

1) Blend water from the Northwest Area with water from the Intermediate 
Area. This would immediately relieve drawdown pressures on the 
Intermediate Area well field and extend its life. 

2) Undertake a study to better define the quantity, quality, and availability 
of groundwater from the Southwest Area. 

Adoption of this strategy would immediately extend the useable life of the 
groundwater in the Valley by approximately 13 years (the difference between 
Alternative No. 1 and Alternative No. 3 for the intermediate case in table 7), 
with the potential of ultimately doubling the life of the groundwater resource. 

This recommendation is made from a technical perspective only and it must be 
viewed in conjunction with socio-political and financial considerations. Such 
evaluation must be done by the appropriate water producers in the Valley. 



Document Separator 





To manage, develop, and protect water 
and related resources in an 

environmentally and economically 
sound manner in the interest 

of the American public. 

Indian VJ-Trs, 5,'- " * t l  
J 

Water L, 
-. P.O. eo : , . 



DISCLAIMER 

Publication of the study results presented herein 
should not be construed as representing 

either the approval or disapproval of 
the commissioner of the Bureau of 

Reclamation or the Secretary 
of the Interior. 

The purpose of this document is  to provide 
the Indian Wells Valley community with 

information concerning groundwater 
resources and to provide optional 

implementation plans for 
future development. 



A cooperative effort among 
the Bureau of Reclamation, 
the Indian Wells Valley Water District, 
the North American Chemical Company, 
and the Naval Air Weapons Station 

Prepared By 
Bureau of Reclamation 
Lower Colorado Region 

December 1993 



Documentation of the Indian Wells Valley Groundwater Project i s  
contained in  two report volumes. Volume I, the Summary Report, i s  
intended for a general audience. It contains an explanation of the 
administrative, institutional, and financial aspects of the Project; a 
description of Project activities; and a non-technical presentation of 
Project activity results, conclusions, and recommendations. 

Volume II, the Technical Report, is  intended for a technical audience. 
It provides all of the technical details concerning the test wells, data 
collected, data analysis, groundwater modeling, and recommendations 
for future investigations. Technical discussion on groundwater recharge 
quantities, recharge distribution, pneumatic slug testing, and a 
hypothesis for the anomalously low transmissivites found in many of 
the shallow piezometers are appended to this volume. Also included 
in this volume, are all of the data collected as part of this Project. 

Mr. john A. Johnson, civil engineer in  the Bureau of Reclamation's 
Lower Colorado Regional office in Boulder City, Nevada, was the 
primary author of Volume I, while Mr. Dennis E. Watt, hydrologist 
for the Bureau of Reclamation in Boulder City, was the principal 
contributor to Section A of Volume 11. Section B of Volume I 1  was 
done by personnel in the Bureau of Reclamation's Denver office 
in  Denver, Colorado. Mr. Leslie Pehrson, an engineering intern 
in the Bureau of Reclamation's Boulder City office, performed the 
calculations in  Section C of Volume II. Mr. Gail F. Moulton, chief 
geologist for the North American Chemical Company of Trona, 
California; Mr. Michael D. Stoner, geologist with the Naval Air 
Weapons Station at China Lake, California; and Dr. Don Decker, a 
physicist with the Naval Air Weapons Station, reviewed drafts of both 
volumes and provided significant technical and editorial suggestions. 
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EXECUTIVE SUMMARY 

PROJECT OBJECTIVE 

The primary objective of the Indian Wells Valley Groundwater Project 
(Project) was to refine estimates of the life of the natural groundwater resource 
in the Indian Wells Valley (Valley) and to identify management concepts to 
conserve and extend the useful life of this resource. 

APPROACH 

In the Memorandum of Understanding which established the Project, the 
participants agreed on the goals to be achieved: 

J Refine groundwater resource quantity and quality 

J Refine recharge quantities and locations to the extent possible 

J Model aquifer performance under pumping scenarios that meet future 
demands 

J Develop future water resource management options, including 
conservation 

To accomplish these goals, the following approach was taken: 

J Summarize existing data and findings 

J Obtain additional information by drilling test wells and collecting data 
from those wells 

J Evaluate existing recharge and aquifer performance studies 

J Analyze all data and integrate all information into potential water 
resource utilization plans for the future 

PROJECT DESCRIPTION 

Ten monitoring wells were drilled during the Project-seven were funded 
under the Project and three were funded separately by individual Project 
participants. All wells, irrespective of funding source, were designed and 
constructed in a similar manner. These wells were located to provide critical 
water quality and recharge data in areas of the Valley where such information 
was sparse. Areas of greatest need were in the Southwest, West, and 
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Northwest Areas. All wells were completed with multiple piezometers or 
sampling tubes within a given bore hole to obtain water samples and water 
table elevations at selected zones down as deep as 2,000 feet. Data collected 
and analyzed during the Project included drilling logs; electric, gamma ray, 
and down-hole temperature logs; stratigraphic interpretations of drill cuttings; 
static water table levels; water quality at selected depths; and measurements of 
aquifer transmission characteristics. It was specifically intended that these 
wells be located and constructed to allow convenient monitoring in the future. 

MAJOR FINDINGS 

The Valley fill consists predominantly of sands and fine gravels in the 
heavily pumped area west of Ridgecrest, in the southwest, and along 
the extreme western boundary of the Valley. 

Chemical analyses indicate a predominate sodium bicarbonate water in 
most areas of the Valley. 

Water quality patterns imply that the Sierra Nevada watershed 
contributes a major portion of the groundwater recharge into the 
Valley. 

Poor water quality was found in the northwest and north central 
portions of the Valley associated with a thick organic-bearing clay 
layer. 

Good quality water was found down to the 2,000-foot drilling depth in 
the Intermediate and Southwest Areas. 

The west-to-east groundwater surface gradient in the Leliter area (about 
4 miles north of Inyokern) indicates minimal recharge into this area 
from the west. 

A very steep apparent groundwater surface gradient exists in the 
extreme south and southwest portion of the Valley. This is probably a 
result of either faults or structural features which restrict groundwater 
flow. 

A fairly steep groundwater surface gradient exists in the northwest 
comer of the Valley (Louisiana Pacific Sawmill site), which implies 
groundwater recharge from the Sierran watershed to the northwest or 
north (Rose Valley). 
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In most cases, aquifer transmission properties, which were computed 
from measurements made in each piezometer, are consistent with drill 
log data. 

Temperature profiles indicate the presence of geothermal sources 
underlying the Valley at depth. 

CONCLUSIONS AND RECOMMENDATIONS 

Three very important major discoveries were made during the course of this 
Project: 

A greater quantity of high quality water is in storage at depth in the 
Intermediate and Southwest Areas than previously known. 

Data concerning recharge into the Southwest Area is contradictory and 
will require additional exploration to reconcile data obtained during this 
Project with earlier results from the southwest. Some earlier work 
implies a very low recharge rate. 

Much of the west and northwest parts of the Valley have relatively poor 
water at depth associated with a very thick and extensive clay layer. 

There are three major avenues for extending the life of the groundwater 
resources in the Indian Wells Valley: 

Blend good quality water with quality water 

Expand pumping to "new" areas, such as the southwest 

Treat poorer quality water 

Either blending or treatment would be governed by the appropriate water 
quality standards for the application @table, industrial, or agricultural). 

From a technical perspective the near-term recommended approach to extend 
the life of the groundwater resource is to immediately begin to blend water 
from the northwest part of the Valley with water from the Intermediate Area. 
In the long-term, the Southwest Area should be further studied to better define 
availability of groundwater in that area. Water quality treatment technology 
and costs should also be studied further. 
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While this Project made significant contributions to the water resource data 
base in the Valley, there are still many areas of uncertainty. In order to 
accommodate this uncertainty in data, a probable data range from a worst or 
conservative case to an optimistic case was established. An intermediate case 
within those limits was then determined. Table 1 presents the assumptions 
used to develop the intermediate case. More detailed information on these 
values and how they were selected can be obtained in Volume 11, Technical 
Report, Section C. 

Using the assumptions in table 1, the following calculated projections can be 
made to guide future water production management: 

Table 1. Data used to determine intermediate case water resource life projections 

Implementation of blending Intermediate Area and Northwest Area 
water could extend the life to the Intermediate Area resource by 
13 years, to a total of 42 years. 

Demand Projections 

Specific Yield 

Saturated Thickness That Can 
be Dewatered 

Natural Recharge 

Migration of Surrounding 
Water Into Pumped Areas 

Water Quality 

Expanding pumping into the Southwest Area and continued pumping 
from the Intermediate Area could provide acceptable quality water for 
68 years. 

NAWS, NACC, and agricultural users continue to pump 
current levels; pumping from Water District, Inyokern 
CSD, and private residential wells increases by 50% by 
the year 2010 

20% or 0.20 

200 feet 

3,000 acre-ft/yr into the Southwest Area, 
3,000 acre-ft/yr into the Northwest Area, 
0 acre-ft/yr into the Intermediate Area 

Constant 5 % of pumped volume 

250 mg/L in the Southwest and Intermediate Areas and 
surrounding the Southwest Area; 1,000 mg/L in the 
Northwest Area and area surrounding the Northwest and 
Intermediate Areas 

xiv 



Executive Summan, 

Blending Northwest Area water with water from both the Intermediate 
Area and Southwest Area could provide acceptable quality water for 
92 years. 

Because the Northwest Area appears to contain zones of water with 
high concentrations of specific ions, treatment of Northwest Area water 
may be necessary in order to do any blending. 

Additional resource life would be obtained by not only practicing conservation 
through pumpinglblending management of the aquifer, but also through 
continued and effective conservation at consumption. 

Willingness to dewater a thickness greater than 200 feet would also 
substantially increase the life of the water resources in the Intermediate and 
Southwest Areas. For each 100 feet of additional dewatering in those areas, 
the resource life would be extended about 30 years. 
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I. INTRODUCTION 

DESCRIPTION OF AREA 

Indian Wells Valley (Valley) is located just east of the southern Sierra Nevada 
about 150 miles north of Los Angeles. Prior to World War I1 human activity 
in the Valley was largely confined to Indians, miners, pioneers, and 
adventurers. Significant military presence began during and immediately after 
the war when the Navy established the Naval Ordnance Test Station at China 
Lake. This facility later became the Naval Weapons Center and now is called 
the Naval Air Weapons Station. Establishment of a military base in the Valley 
resulted in rapid development of an active on-base community. The town of 
Ridgecrest-the outside-the-gate community-was little more than a crossroads 
and general store in 1943 but began to grow rapidly in the 1950's as the influx 
of military personnel demanded goods and services beyond what the Navy 
offered on base (Marcoa, 1990). Today Ridgecrest has a population of about 
30,000 with a "trade area" of about 65,000 (Marcoa 1990). 

U.S. 395 is the main route between population centers of southern California 
and recreational opportunities in the eastern Sierra Nevada range and the high 
desert. Located just a few miles east of U.S. 395, Ridgecrest offers food and 
lodging opportunity for travelers. In addition to the Navy and tourism, 
employment by the North American Chemical Company, a mining facility 
located 25 miles to the east in Searles Valley, also makes a significant 
contribution to the economic activity in the Valley. 

At an elevation of about 2,300 feet, Ridgecrest has a climate typical of the 
high desert area. Summers are hot and normally very dry. Winters are cool, 
but not unpleasarit. Average annual precipitation ranges between 4 and 
6 inches, with most of that coming as rainfall between October and March. 
Occasional short duration thundershowers occur during summers (Krieger and 
Stewart, 1990). 

Grant Bowman, a pioneering farmer in the Valley, recorded in his diary 
pumping 500 miner inches (approximately 12.5 cubic feet a second) to imgate 
260 acres of alfalfa between the years 1910 and 1925. He pumped from two 
24-inch diameter wells. Static water levels were 90 feet below ground 
surface.' The first farming activity was along Bowman Road in the 
southeastern part of the Valley, but in the early 1950's farming expanded to 
the northwest. Groundwater pumping for agricultural purposes has been 
estimated at an annual average of 1,000 acre-feet from 1920 to 1951, 
increasing to about 1,400 acre-feet a year from 195 1 to 1968. Farming in the 
Bowman Road area ceased in 1969, but pumping of 300 to 800 acre-feet a 
year to support farming along Brown Road in the Northwest Area 

' Personal communication with Mr. Jim Bosanko, Grant Bowman's grandson, 
November 5, 1993. 
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(see figure 2 of Section C, page C6 for the location of specific areas) 
continued until 1976 when the major expansion of agricultural pursuits 
occurred (Berenbrock and Martin, 1991). Early pumping for domestic needs 
was from the Ridgecrest Area. Between 1930 and 1985 pumping gradually 
increased to about 3,500 acre-feet a year. Then, as water quality worsened to 
unacceptable levels, wells were abandoned and pumping volumes declined in 
that Area (Berenbrock and Martin, 1991). Extraction of water from the Valley 
for industrial purposes also began in the early 1920's when West End 
Chemical Company (later Stauffer Chemical Company) began pumping up to 
1,000 gallons a minute for transfer to their facilities in Searles Valley. 
American Potash and Chemical Company, the predecessor to North American 
Chemical Company, began pumping about 750 gallons a minute from the 
Valley in the early 1940's. 

PROJECT PURPOSE 

Groundwater aquifers are the sole source of water for the Valley, and pumping 
has concentrated in areas where aquifer characteristics, water quality, and 
water elevations are known. For domestic and industrial use, this has been in 
an area immediately west of the city of Ridgecrest. Agricultural pumping has 
been concentrated in the northwest portion of the Valley. 

Data show a gradual, continuing rate of decline in water elevations in these 
areas of most, heavy pumping. This decline not only results in increasing 
pumping heads and requires adjusting pumps to lower elevations, but it also 
may signal a depletion of the groundwater resource. 

For many years local water experts have been debating the natural recharge 
quantity and safe yield from the groundwater aquifers underlying the Valley. 
Average published recharge numbers range from 10,000 (St. -Amand, 1986) to 
15,800 (Bean, 1989) acre-feet a year. Suggestions of recharge up to 
30,000 acre-feet have been made.2 With current withdrawals from the 
groundwater of about 30,000 acre-feet a year (see chapter III, Summary 
Report), it appears from the published reports that the Valley is in a state of 
overdraft and pumping groundwater to meet expected future demands will 
result in continued depletion of the resource. 

Resolution of the disparity in recharge estimates would be very difficult under 
any data collection program and, even with unlimited funding, answers may 
never be obtained to everyone's satisfaction. In the meantime, water 
purveyors must make plans for serving their customers' needs in the future. 

7he Daily Independent, July 22, 1988. 
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designed to obtain as much practical additional information on the groundwater 
resource as possible within funding and temporal constraints. This additional 
information would then be used, along with existing data, to: 

Help define the groundwater resource extent in terms of both 
volume and quality 

Help define recharge quantities and locations to the extent 
possible 

Help define groundwater performance under pumping scenarios 
that match future demands 

Develop future water development plans, including conservation of 
existing resources 

PROJECT FORMULATION 

Groundwater is the sole source of supply for meeting the increasing water 
needs of the Valley. Groups responsible for nearly all utilization of the 
groundwater resources include: 

W Indian Wells Valley Water District (Water District), major water 
purveyor to residents of the city of Ridgecrest, California 

North American Chemical Company (NACC), which extracts water for 
use in its facilities and to serve domestic needs in Searles Valley 

Naval Air Weapons Station (NAWS), which provides water for military 
use and residents on the base 

Inyokern Community Services District (CSD), which serves the town of 
Inyokern, California 

Agricultural interests and individual well owners 

The importance of the groundwater resource led many of these entities to 
actively seek additional information on the extent and quality of the resource. 
Through individual data collection efforts and financial participation with the 
U.S. Geological Survey (USGS), Soil Conservation Service, and Kern County 
Water Agency, local entities have attempted to increase knowledge of the 
resource so they could make better future water management decisions. 
However, many of these efforts were limited by funding constmints or 
institutional considerations, such as access to well sites and jurisdictional 
responsibilities. 
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The absence of hard data in many areas of the Valley and at depth has 
contributed to differences of opinion over the expected life of the groundwater 
resource. This debate and the necessity to make long-term plans for continued 
provision of future water delivery service resulted in the Water District and the 
Bureau of Reclamation (Reclamation) initiating discussions in 1988 on a joint 
groundwater investigation. Those discussions were then expanded to include 
all local entities with an interest in water issues and eventually led to the 
development of a work plan for a $1-million data collection and analysis 
effort. 

Although all local entities with an interest in water issues had input into the 
work plan, three entities elected to provide financial contributions to the 
investigation-Indian Wells Valley Water District, North American Chemical 
Company (formerly Kerr-McGee Chemical Corporation), and the Naval Air 
Weapons Station (formerly Naval Weapons Center). These three entities 
agreed to provide half of the funding for the effort on an equal basis, with the 
other half coming from Reclamation. 

With the investigation having been defined to the satisfaction of participating 
entities and the funding commitments having been made, the work plan was 
initiated in March 1990. 

PROJECT PARTICIPANTS 

The Project was a cooperative effort among Reclamation and local entities. As 
pointed out above, while a number of local entities expressed interest in and 
provided input to the Project, three entities participated financially. The Kern 
County Water Agency could not provide funding for the Project, but that 
agency did contribute the expertise of a staff geologist to help formulate 
Project activities and assist in data collection and interpretation. 

The original Project budget was $1,050,000 over a 3-year period. 
Commitments for Project financing were: 

Bureau of Reclamation $ 525,000 
Indian Wells Valley Water District 175,000 
North American Chemical Company 175,000 
Naval Air Weapons Station 175,000 

TOTAL $1 ,050,000 

Under the original agreement among the participating parties, Reclamation 
would conduct the investigation, and the local entities would transfer their 
funding commitment to Reclamation for use in Project activities. However, 
early in the Project it became apparent that more efficient use would be made 
of Project funds by contracting for test well drilling locally. Consequently, 
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local entities used their funds for contract drilling, while Reclamation funds 
were used for data collection and analysis activities, as well as for drilling. 

Because information obtained from the early drilling activity were so valuable 
in helping define the groundwater resource, the Water District and NAWS 
determined that funding additional wells would be of benefit to their respective 
agencies and to the Project. In order to ensure compatibility of data from all 
wells, the design, drilling, installation, and data collection procedures were 
made consistent among all the wells, irrespective of funding source. 
Contributions to the drilling program by each of the participating entities is 
shown below. 

Bureau of Reclamation Drilled Test Well BR-4 with in- 
house drilling crews 
Partially funded Test Well BR-10. 

Indian Wells Valley Water District Fully funded Test Wells BR-1, 
BR-3, NR-1, NR-2, and MW-32. 

North American Chemical Company Fully funded Test Well BR-2 
Partially funded BR- 10. 

Naval Air Weapons Station Fully funded Test Wells BR-5 and 
BR-6 and partially funded BR-10. 

The final identifiable contributions to the Project are given below: 

Bureau of Reclamation $525,000.00 

Indian Wells Valley Water District 635,247.56 

North American Chemical Company 175,000.00 

Naval Air Weapons Station 298,000.00 

TOTAL $1,633,247.56 

In addition to the increased funding for drilling shown above, each of the local 
participants provided professional services and equipment that have not been 
recorded separately as services to the Project. Local participants contributed 
personnel and equipment necessary for contract administration, compilation of 
information required to develop an estimate of future water demands for the 
Valley, surveying services, environmental field inspection and evaluation in 
support of access permit applications, drilling administration and logging the 
drill holes, installation of security devices on the wells, and obtaining 
temperature profiles at each of the wells. In addition, many hundreds of hours 
of volunteer labor were offered. The total value of these activities is no doubt 
in the range of tens of thousands of dollars. 
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COMMUNICATION WITH THE PUBLIC 

During the course of the Project, aggressive efforts were made to maintain 
contact with the general public in order to provide information on Project 
progress and solicit input on Project direction. Presentations were made at 
public meetings in Ridgecrest and at briefings to the Water District board of 
directors. Communication was established early in the Project with local 
residents having multiple views on water issues in the Valley in order to obtain 
a wide perspective of how the Project might be formulated. Frequent technical 
briefings were made to local groups with interest in the progress of the 
Project. Local newspapers covered Project activities and published press 
releases concerning the Project. 

PROJECT MANAGEMENT 

In order to ensure 
appropriate 
direction and 
progress of the 
Project, an 
administrative 
structure was 
implemented that 
established clear 
responsibilities and 
accountability. 
Figure 1 illustrates 
the structure that was 
employed. Each of the 

Photo by J. Johnson 

participating entities Technical Subcommittee in session. h m  left to right: 
named a manager from Dennis Watt, Gail Moulton, Don Decker, Ken Turner, 
its organization as a Mike Stoner, Frank Monastm and Mike Lovejoy. 
representative to a 
Steering Committee. This committee acted as the executive group that 
provided overall direction and guidance to the Project effort. The committee 
met on an approximate monthly basis to review Project progress, approve 
technical activities, approve budgets, and make any other executive decisions 
necessary. Reclamation's representative to the Steering Committee chaired the 
meetings. 

Day-to-day management of the Project was the responsibility of a program 
manager, employed by Reclamation, who tracked technical activities, 
expenditures, and schedules. Deviations from the program were taken to the 
Steering Committee for action or adjustments. 
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A Technical Subcommittee was established to develop technical requirements, 
determine appropriate data collection techniques, provide quality assurance 
during drilling and sampling, evaluate data as it became available, and provide 
technical advice to the Steering Committee. Technical experts from each of 
the participating entities and the Kern County Water Agency made up this 
subcommittee. The Technical Subcommittee often solicited input from 
technical specialists within other interested organizations. 

A Public Involvement Subcommittee was established to provide a link between 
the Project and interested publics and news media. This subcommittee was 
responsible for hosting public forums and producing news releases that kept 
the public informed of Project progress and solicited public comment and 
input. 

AUTHORITY 

This Project was undertaken by Reclamation under the authority of the Act of 
June 17, 1902 (32 Stat. 388) and its amendments and the Contributed Funds 
Acts of 1921 (41 Stat. 1404, 43 U.S.C. 395). First year Federal funding was 
provided by Public Law 100-371, the Energy and Water Development 
Appropriations Act of 1989. Remaining Federal funding was provided by . 

subsequent appropriations acts. 
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obtaining environmental clearance for drilling, surveying, and many other 
tasks that were necessary for smooth accomplishment of the Project. When 
Dr. Francis C. Monastero became head of the NAWS Geothermal Project 
Office late in the Project, he immediately saw a cooperative opportunity and 
followed up on that opportunity by providing his staff, particularly 
Mr. Michael A. Hasting, for technical consultation and contract 
administration. He also provided funding from his budget for mutually 
beneficial activities, as well as invaluable technical advice. 

Dr. Thomas J. McGill, head of the Environmental Project Office, provided 
management support from the NAWS. 

n Wells Vallev Water District: The Water District Board of Directors' 
support for the Project went beyond normal expectations. They consistently 
supported the Project by providing funding beyond contractual requirements. 
Several hundreds of thousands of dollars worth of test well construction and 
other Project features would not have been possible without the funding 
approval of the Water District board. Mrs. Judith A. Decker, one of the 
board members, took a special interest in the Project, and her staunch 
advocacy position was of frequent help. Dr. Don Decker represented the 
Water District as technical expert. His depth of knowledge in many relevant 
technical areas, his willingness to listen to and consider different points of 
view, and his ability to present Project accomplishments with aplomb were 
irreplaceable benefits to the Project. The Project was actively supported by 
former General Manager, Mr. Joe B. Mont-Eton; present General Manager, 
Mr. Warren McGowen; and Mr. LeRoy 0. Tucker, Assistant General 
Manager, who also represented the Water District in providing management 
direction to the Project. Mr. Tucker contributed further to the Project by 
successfully arguing the merits of designing and completing the Water District 
monitoring wells using Project well specifications. 

e North American Chemical Com~any: NACC was also generous in 
providing top quality personnel and equipment to support the Project. 
Mr. Gail F. Moulton, chief geologist, was actively involved in providing input 
to all technical aspects of the Project and was instrumental in obtaining 
company equipment for collecting water samples, measuring water levels, and 
measuring down-hole temperatures. Mr. Moulton also served as chairman of 
the Technical Subcommittee. Technical expertise, including much of the 
logging of the drill cuttings, was provided by Mrs. Dipti Barari, staff 
geologist. Mr. Robert R. Garrod provided the management link between the 
Project and NACC. His committed support was responsible for the active 
financial and technical involvement by the company. The Project was also the 
beneficiary of the creative and thoughtful mind of Mr. Thomas S. BUM III, 
legal counsel for NACC. 
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Kern County Water Aeency: This agency, represented by Mr. Darrell D. 
Sorenson, graciously extended the services of Mr. Ken Turner, staff 
hydrogeologist. Mr. Turner helped develop the work plan, logged some of the 
drill cuttings, and provided technical expertise throughout the investigation. 

Other: Many people and organizations contributed to the Project by providing 
background information, a forum for discussing Project activities and new 
ideas, or previously published data. These include Mr. Leroy Marquardt of 
the East Kern County Resource Conservation District, the San Diego office of 
the USGS, and Ms. Peggy Breeden, past president of the local Well Owners' 
Association. 

PROBLEM DEFINITION 

Prior to establishment of a military base in 1943, population in the Indian 
Wells Valley was sparse. In 1953, the population of Ridgecrest was only 
about 2,000 and Inyokern had a population of about 800, while the base itself 
had a population of about 10,000 (Kunkel and Chase, 1969). Through the 
1950's and early 1960's the population of Ridgecrest grew slowly--about three 
percent a year (Marcoa, 1990). During the late 1960's more and more 
employees at the Naval facility chose to reside outside the base. Growth in 
Ridgecrest accele~ilted in the 1970's due to a NAWS policy which encouraged 
employees to live off base. Irrigation of larger parcels of agriculture, 
primarily alfalfa, also began in the 1970's. Population growth of Ridgecrest 
continued to accelerate until annual growth rates reached 8 to 10 percent in the 
late 1980's (Krieger and Stewart, 1990); since then, however, rates have 
declined somewhat. Data from the 1980 and 1990 census show a population in 
Ridgecrest of 15,929 and 27,725, respectively. Population in the Valley 
outside the city boundaries grew in parallel with Ridgecrest. 

Increasing population has resulted in increasing demands on the groundwater 
as a source of domestic, industrial, and agricultural use. Major users of water 
from the groundwater aquifer underlying Indian Wells Valley include the 
agricultural sector, consisting primarily of the Brown Road Land and Farming 
Company; the Indian Wells Valley Water District, serving the city of 
Ridgecrest and surrounding county areas; the NACC, serving domestic water 
to the town of Trona as well as industrial needs of the company; the Inyokern 
Community Services District, serving the town of Inyokern; the Naval Air 
Weapons Station, serving base residents and providing water for military 
purposes; and private wells, serving individual houses or small groups of 
houses. 
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Estimates of water produced by each of these segments in 1990 and estimated 
pumping requirements through the year 2010 are shown in figure 2. It is 
obvious from this graph that the future water needs of the Valley are being 
driven by the Indian Wells Valley Water District. Future water production by 
other entities are expected to remain fairly constant, relative to the total 
Valley-wide pumping quantity. An exception is the Community Services 
District where future demand is projected to increase si@icantly. More 
detail on future water use projections are contained in Section B of this 
volume. 

Data used to develop the water demand projections on figure 2 were based on 
information available through the late 1980's. High population growth rates in 
the Valley during the 1980's have 'more recently moderated or even declined 
and agricultural use has not expanded as anticipated. These conditions led to 
consideration of revising the future demand projections. This was not done, 
however, because the altered conditions are so recent that a trend cannot be 
established and it is possibly only a temporary phenomenon. 

Except for pumping by large agricultural users, which is confined to the 
northwest portion of the Valley, most of the pumping occurs in an area known 
as the intermediate pumping zone, Intermediate Area, or Intermediate 
Wellfield. This is an area immediately west of Ridgecrest with good quality 
groundwater at fairly shallow depths. Since 1921 groundwater elevations have 
been declining. The water table has declined about 80 feet in the Intermediate 
Area, 70 feet in the Ridgecrest area, 30 feet in Inyokern, and 15 feet or more 
in the agricultural area. Declining water table elevations in the Intermediate 
Area has introduced a reverse gradient potential for poor quality water to 
backflow into the Intermediate Area from the brackish and salty water areas, 
although no noticeable degradation has occurred at this time (Krieger and 
Stewart, 1988). Poor quality water surrounding the Intermediate and 
Southwest Areas could, therefore, pose a threat to existing and additional wells 
in those areas. 

Because of the projected increases in pumping requirements and concerns over 
the ability of the Intermediate Area to tolerate this increased pumping without 
potential adverse impacts, water purveyors needed additional information on 
the quality and availability of groundwater in other areas of the Valley so that 
expansion could occur in the most appropriate way. 

This need for additional information on groundwater resources in the Valley 
led to discussion among local water purveyors and Reclamation on ways of 
addressing the future water supply problem. Those discussions, in turn, led to 
the development of the Indian Wells Valley Groundwater Project. 





Figure 2: Projected Future Water Demands 
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PROJECT DESCRIPTION 

The Project was originally 
designed to be completed in three 
phases--compilation of existing 
data, collection of additional 
data, and development of 
implementation plans for future 
development of the groundwater 
resour&. However, there was 
an understanding that the plan 
was open to adjustment as 
additional information became 
available. 

Compilation, evaluation, and 
display of existing data was 
essentially completed during the 
first six months of the Project. 
During that time a field data 
collection program was defmed. 

The nucleus of the field data 
collection program was the 
installation of up to ten multi- 
piezometer test wells. 

Photo by Mike Stoner 

Indian Wells Valley Groundwater well 
drilling in progress. 

Ten wells were eventually installed under this project, but not necessarily in 
the original priority order or original location. Details concerning the design 
of the test wells can be found in the Test Wells chapter of Section A in this 
volume. 

BR-4 (number is the priority, 1 being the highest priority) was drilled fust 
with Reclamation drill crews; all other wells were drilled by contract. Table 1 
shows the order of drilling, the funding source, and the contracting entity for 
each well installed under this Project. In addition to the wells shown on table 
1, the Navy's Geothermal Project Office drilled a very deep well (7,400 feet) 
between the proposed location of BR-7 and BR-8 to test for geothermal 
potential in the middle of the Valley. 

Designated SNORT-1, this well offered groundwater data unavailable from 
other sources. Adjustments in the location of BR-5 and BR-6 and the 
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installation of SNORT-1 eliminated the need to drill BR-7 and BR-8. After 
installation of the casing in SNORT-1, perforations at appropriate levels were 
made under Project funding contributed by the Navy. After review of a l l  data 
obtained prior to drilling the last well, the decision was made to construct BR- 
10 rather than complete a well at one of the BR-7, BR-8, or BR-9 sites. 
Construction costs for Project wells contracted by both the NAWS and the 
Water District exceeded those participant's cost share under the Project 
agreement. Those additional costs were contributed by the respective entity. 
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Berenbrock and Martin (1991) note that the geohydrology of the Valley is 
discussed in detail in reports by Von Huene (1960), Zbur (1963), Kunkel and 
Chase (1969), and Dutcher and Moyle (1973). The reader is referred to these 
reports for a more complete description of the geology and hydrology of the 
Valley. Only a brief summary of the geohydrology from Berenbrock and 
Martin (1991) is given below. 

DESCRIPTION OF AQUIFER SYSTEM 

All of the following summary description of the valley geohydrology is from 
Berenbrock and Martin (1991); however, it is not their complete description. 
See figure 2 for the surface distribution of most of the features described 
below. 

"Indian Wells Valley is a structural and topographic depression in the 
southwestern part of the Basin and Range province. The lithologic units 
mapped by Von Huene (1960), Zbur (1963), and Kunkel and Chase (1969) 
can be grouped into two categories: (1) consolidated rocks, which 
commonly have low porosity and permeability and do not readily transmit 
water, except where highly fractured, and (2) unconsolidated deposits, 
which generally transmit water readily. " 

CONSOLIDATED ROCKS 

"The consolidated rocks include the basement complex, continental 
deposits, and volcanic rocks. The basement complex consists of pre- 
Tertiary igneous and metamorphic rocks and underlies the younger rocks 
and deposits of the Valley and composes the surrounding mountains and 
hills. The continental deposits of Tertiary age overlie the basement 
complex. Kunkel and Chase (1969) reported that the continental deposits 
are indurated and poorly sorted and they considered the deposits to be 
virtually non-water bearing. The volcanic rocks include the Miocene 
Black Mountain Basalt near the El Paso Mountains (Diggles and others, 
1985) and the Quaternary unnamed volcanic rocks described by Kunkel 
and Chase (1969). The volcanic rocks are nearly impermeable except 
where weathered or fractured and are not considered an important source 
of groundwater. " 

UNCONSOLIDATED BASIN FILL 

"The unconsolidated basin fill deposits include alluvium, and lacustrine, 
playa, and sand-dune deposits. The alluvium of Pleistocene and Holocene 
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age includes older alluvium, younger alluvium, alluvial fans, and elevated 
pediment veneers and stream-terrace deposits. These deposits consist of 
unconsolidated moderately to well-sorted gravel, sand, silt, and clay and 
generally are highly permeable. The percentage of silt and clay increases 
toward the central part of the Valley and China Lake. The lacustrine 
deposits consist predominantly of silt and silty clay of Pleistocene age 
(Kunkel and Chase, 1969). The lacustrine deposits are interbedded with 
and overlie the alluvial deposits in the central part of the Valley. The 
playa deposits, of Holocene age, also genedy  are of low permeability, 
consisting of silt and clay with occasional sand lenses. The sand-dune 
deposits, of Holocene age, consist of a thin veneer of windblown sand 
(100 feet or less in thickness) covering the underlying deposits (Warner, 
1975). These sand deposits are not considered a source of ground water 
because they generally are above the water table." 

"On the basis of lithologic logs from wells, previous investigators have 
divided the unconsolidated deposits in the Valley into two main aquifers: 
(1) the shallow aquifer (shallow water body of Kunkel and Chase, 1969) 
and (2) the deep aquifer (main water body of Kunkel and Chase, 1969). " 

SHALLOW AQUIFER 

"The shallow aquifer includes (from land surface to the top of the deep 
aquifer) sand-dune deposits, playa deposits, younger lacustrine deposits, 
shallow alluvium where underlain by lacustrine deposits, and probably 
some older lacustrine deposits. The shallow aquifer as defined by Kunkel 
and Chase (1969) extends from China Lake westward to the center of the 
Valley and from the area south of Airport Lake southward to the 
community of China Lake. The base of the shallow aquifer is poorly 
defined. For the purpose of this study, however, the base was assumed to 
slope from an altitude of 1,950 feet above sea level on the west to an 
altitude of 1,850 feet on the east beneath China Lake. This assumption 
was based in part on the geologic and electric logs of several wells that 
were drilled through the shallow aquifer near the community of China 
Lake. " 

"The water-bearing deposits in the shallow aquifer consists primarily of 
fine sand, silt, and clay of low permeability. These deposits confine or 
partly confine the underlying deep aquifer in the eastern part of the Valley. 
The shallow aquifer does not yield water freely to wells and contains water 
of poor quality (dissolved-solids concentration greater that 1,000 
milligrams per liter (mgIL)) (Warner, 1975; Berenbrock, 1987)." 
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DEEP AQUIFER 

"The deep aquifer includes the total saturated thickness of the alluvium and 
lacustrine deposits where the shallow aquifer is not present and the 
alluvium and lacustrine deposits that underlie the shallow aquifer in the 
eastern part of the Valley. The base of the deep aquifer is the base of the 
alluvium. Beneath most of the central part of the Valley, the saturated 
thickness of the deep aquifer is estimated to be at least 1,000 feet (Xunkel 
and Chase, 1969). " 

At Project well MW-32, completed in the center of the Valley as part of this 
project, the saturated thickness was found to be at least 1,700 feet. 

"The deep aquifer in most places is unconfined; however, in the eastern 
part of the Valley the deep aquifer is confined by silt and clay lenses of 
the lacustrine and playa deposits. This aquifer consists of medium-to- 
coarse sand and gravel of high permeability and is the main source of 
water to wells in the Valley. The deep aquifer commonly yields more 
than 1,000 gallmin to wells, and some wells in the Intermediate and 
Inyokern areas yield more than 2,000 gumin. The dissolved-solids- 
concentration in samples from wells perforated in the deep aquifer 
generally is less than 1,000 mg/L (Warner, 1975). Wells perforated in the 
deep aquifer near Inyokern; in the Intermediate Area; and in the southwest 
part of the Valley near the Little Dixie Wash have dissolved-solids 
concentration less than 400 mg/L (Berenbrock, 1987)." 

NATURAL RECHARGE AND DISCHARGE 

"Natural recharge to the groundwater system in the Valley consists almost 
entirely of runoff from the surrounding mountains. Because of 
the runoff occurs near the mountain front where the runoff first crosses the 
unconsolidated deposits of the Valley, the natural recharge is termed 
mountain-front recharge. Little, if any, direct of precipitation 
recharges the Valley groundwater system. Precipitation averages only 4 to 
6 inlyr on the Valley floor, and most is lost to evaporation, which 
averages about 80 inlyr from ponded water (Farnsworth and others, 
1982)." 

"Prior to extensive pumping in the Valley, recharge to the groundwater 
system was balanced by natural discharge. Except for a small amount of 
groundwater outflow to Salt Wells Valley, natural discharge occurred 
almost entirely by evapotranspiration from the shallow aquifer in the 
vicinity of China Lake in the eastern part of the Valley. By mapping areas 
of phreatophytes and moist lands present in 1912 in and around China 
Lake and multiplying the areas by assigned evapotranspiration rates, Lee 
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(1912) estimated evapotranspiration in the Valley to be 31,600 acre-feet 
per year. " 

"Kunkel and Chase (1969) considered Lee's estimate to be inaccurate 
because when the estimate was made in 1912, maps of the area were poor, 
aerial photographs were not available, and little work had been done on 
the evapotranspiration rates for the various phreatophytes. Using modem 
maps, Kunkel and Chase (1969) classified 33,000 acres of moist lands in 
and around China Lake as areas of evapotranspiration. They then assigned 
evapotranspiration rates to the area on the basis of a nonlinear relation 
between a maximum evapotranspiration rate when the water table is at land 
surface and zero evapotranspiration when the depth to water approaches 10 
feet below land surface. The nonlinear relation was based on research in 
other desert basins since Lee's work in 1912 (Smith and Skarn, 1927; 
Young and Blaney, 1942; Blaney, 1952)." 

"Using the revised values for area and evapotranspiration rates, Kunkel 
and Chase (1969) estimated the total groundwater discharge by 
evapotranspiration for 1912 to be 11,000 acre-feet per year, about 20,600 
acre-feet less than Lee's (1912) estimate. The main reason for the 
difference in the estimates is that Kunkel and Chase used a nonlinear 
relation between evapotranspiration and depth to water. The maximum 
evapotranspiration rates used by both Lee and Kunkel and Chase are about 
the same; however, the nonlinear relation between evapotranspiration and 
depth to water (used by Kunkel and Chase) predicts much lower 
evapotranspiration rates than the linear relation (used by Lee) as the depth 
to water increases. " 

"In addition to revising Lee's estimate of evapotranspiration for 1912, 
Kunkel and Chase (1969) estimated the total evapotranspiration for 1953. 
The total area of evapotranspiration for 1953 was assumed to be the same 
as in 1912; however, different evapotranspiration rates were assigned to 
areas according to the measured depth to water in 1953. Total 
groundwater discharge by evapotranspiration in 1953 was estimated by 
Kunkel and Chase to be 8,000 acre-feet per year, about 3,000 acre-feet 
less than their revised estimate of evapotranspiration for 1912. Kunkel and 
Chase attributed the decrease in evapotranspiration to an increase since 
1912 in groundwater pumpage from the deep aquifer. They suggested that 
the increased pumpage caused a net decline in water levels in the shallow 
aquifer near China Lake, thereby reducing evapotranspiration. " 

"Bloyd and Robson (1971) used the 1912 and 1953 estimates of average 
annual evapotranspiration by Kunkel and Chase as initial estimates of 
natural recharge and discharge for the model that they developed. In 
calibrating the model, Bloyd and Robson determined the natural recharge 
and discharge to be 9,850 acre-feet per year. " 
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PREVIOUS GROUNDWATER DATA 

INTRODUCTION 

Compilation and display of water well data from pre-Project databases were 
the fmt technical tasks of the Project. This information was used to assist in 
the selection of sites for the proposed Project deep aquifer exploration wells. 

The U.S. Geological Survey (USGS) has by far been the most comprehensive 
collector and compiler of groundwater and water well related data for the 
Valley. Their data base for 131 wells includes physical attributes of the wells, 
water levels, hydrographs, and for many at least one water quality analysis. 
This data is occasionally published in open-file reports. The latest open-frle 
report is by Berenbrock (1987) and presents data collected between 1977 and 
1984. 

Groundwater quality data has also been recently compiled and published by 
Whelan and others (1989) under contract to the East Kern County Resource 
Conservation District @KCRCD). Of the nearly 1200 analyses reported for 
over 370 sites, all but 23 were previously available. Of the 23 sites, 8 are 
wells in the Valley. Many of the other sites are springs, seeps and wells in . 
the consolidated rock bounding the Valley. 

Cornerstone EnghIee~g of Bakersfield, also under contract to the EKCRCD, 
has compiled water well related data for the Valley. Their database consists of 
data for about 785 wells. However, only location, type, and depth is given for 
most of them. Even though there is only minimal data for most of the wells, 
this database is valuable in that it is probably a fairly complete list of all the 
wells in the Valley. 

U.S. GEOLOGICAL SURVEY DATA 

The various USGS open-file reports for the Valley list much data for their 
observation wells and is by far the most complete database for the wells 
included. The USGS did not include all wells in the Valley; however, that 
was not their intent. 

The latest open-file report (Berenbrock) gives data for 131 wells and includes 
records of water levels at selected wells along with long-term hydrographs for 
four wells. A well description is included in the water level record which 
includes, but is not limited to, location (legal and descriptive), use, diameter, 
depth, date drilled, altitude of land surface, highest water level and date, and 
lowest water level with the date. 
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Water quality analyses for 85 wells are also reported in the latest USGS 
report. These should be representative of the water in the aquifer because the 
samples were usually collected after the well had been pumped. Berenbrock 
(1987) reports: 

"Where possible, samples were collected from pumped wells. Where 
pumped wells were not available, wells were pumped with a portable 
submersible pump. Specific conductance of discharge water was 
monitored, and sampling was delayed until after specific conductance had 
stabilized and a least 1.5 times the casing volume had been pumped. 
Water samples were not collected after pressure tanks or treatment 
apparatus had been used. If untreated water could not be obtained from a 
well, that well was not sampled". 

All water quality analyses reported by Berenbrock were performed at the 
USGS's Water-Quality Laboratory in Denver, Colorado. The water quality 
section also lists the number of wells that equaled or exceeded primary and 
secondary maximum contaminant levels for selected chemical constituents as 
set by the U. S. Environmental Protection Agency. 

EAST KERN COUNTY RESOURCE CONSERVATION DISTRICT 
DATA 
(Whelan) 

Whelan and others (1989) used nearly 1200 water quality analyses from 
previous studies (representing over 370 sites) and analyses from their 23 new 
sites to make various kinds of water chemistry plots and diagrams. The 
previously available analyses appear to be from the USGS based on the format 
of a computer print-out. Since the analyses include sample sites in Rose 
Valley, the Coso Range, the Argus Range, and Salt Wells, many of the more 
than 370 sites do not represent the Valley. Of the 23 newly sampled sites, 
only 8 are wells in the Valley. Many are springs and wells from the 
consolidated rock surrounding the Valley. 

Water quality analyses reported by Whelan should be representative of the 
local groundwater since the samples appear to have been collected from 
sources (wells and springs) actively producing groundwater. Flow estimates 
are reported for most of the sites. It is assumed that the wells were pumping 
at the time of sample collection because the reported collection point for the 
samples is the wellhead. On-site measurements at the sampled source included 
temperature, pH, and electrical conductivity. It appears that the water quality 
samples were collected following USGS procedures. 
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EAST KERN COUNTY RESOURCE CONSERVATION DISTRICT 
DATA (Cornerstone Engineering) 

Cornerstone Engineering of Bakersfield (Conerstone), under contract to 
EKCRCD, has also compiled water well related data for the Valley. Their 
data base consists of data for about 785 wells in the Valley. Location, type, 
and depth is given for most of the wells. Some of the wells have a value for 
temperature listed. The rest of the data for some of the wells such as ground 
elevation, test (pumping?) date, and water quality analysis availability appear 
to be from the USGS. 

This data set is valuable in that it is an attempt to document al l  the wells in the 
Valley. However, it is Mtcult to determine the method Cornerstone used in 
compiling the data base because the text is not yet available. Since almost all 
the wells listed have a location, owner, type (domestic, agricultural, public), 
depth, and permit number, it is surmised that they used various county records 
for information sources. It appears that they field checked some of the 
locations based on the "yes" or "no" tabulated under the column headed 
"Located." Only location and depth is given for many of the wells. 

MAPS SHOWING PRE-PROJECT WATER WELL DATA 

Maps (figures) were prepared to visually display the water well related data 
from existing databases. All the figures described below are in Appendix V of 
this volume. Except for Details A, B, and C, they are all one half the size of 
the originals. 

The fitst set of figures--1 and la--display the data from the Cornerstone 
Engineering Data Base for the northwest area of the Valley. The numbered 
figure is the Cornerstone map showing the location of the wells and the 
"underlying" figure (with the figure number followed by an "a") shows the 
"stick" representation of the wells. The horizontal scale on the stick map is 
the same as the overlying location map and the point at the top of each "stick" 
underlies the well location on the map. The length of the stick is proportional 
the total depth of the well per the vertical scale shown. 

Each of the other figure sets--2 and 2a through 8 and 8a--are constructed as 
described above. The first figure set (1 and la) covers the northwest part of 
the Valley. The following figure sets am sequenced from west to east and 
tiered from north to south. The last figure set (8 and 8a) covers the extreme 
southwest part of the Valley. 
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Figure sets 9 and 9a through 1 1 and 1 la cover Details A, B, and C as shown 
on figures 3 and 4. The detail maps were constructed by Cornerstone to 
clearly show well locations in high density areas. 

Figure sets 12 through 12d are constructed as described above using USGS 
data from Open-File Report 86-315 (Berenbrock, 1987). Figure 12 is the 
location map from Open-File Report 86-315. The "a" figure shows all the 
USGS observation wells with a reported total depth. The figures lettered "b," 
"c," and "d" show the wells from the preceding figure that have a measured 
water elevation, known screen interval(s), and a water quality analysis, 
respectively. The "e" figure shows a the water quality analyses without 
regard for missing well data, i.e. water elevation, screen interval(s), and total 
depth. 

Water quality analyses are shown as bar-type Stiff diagrams with each bar 
representing the constituent shown in the legend. Any constituent over 1000 
parts per million @pm) is represented by a one-half inch bar with the actual 
concentration listed. If there is more than one water quality analysis for the 
well, the most recent is shown. 

The "f" figure shows a colored ball (will not show on black and white copies) 
at the top of each well from figure "en. The colors are coded as shown in the 
legend. The colors were selected so as to intuitively convey the relative water 
quality to the viewer. 

Figures 13 through 13f represent the detail area shown on figure 12 and are 
constructed the same as the figure 12 set described above. 

CONCLUSIONS 

The intent of the well attribute displays (the appended figures) is not to portray 
known well data, although most is, but to visually portray most of the 

known data in simulated three dimensions. Data deficient zones (location and 
depth) are readily apparent from inspection of the figures. As can be seen, 
there are relatively few wells in the Valley with a known depth, screen 
interval(s), water elevation, and water quality. Many of the wells with many 
known attributes are in the Intermediate Area. Many of the wells with a water 
quality analysis are missing one or more of the other attributes. Although 
there are many wells (mostly domestic) surrounding the Naval Air Weapons 
Station, most are relatively shallow. 
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TEST WELLS 

INTRODUCTION 

The overall Project goal was to determine aquifer and groundwater related 
parameters in areas where little data had been previously collected and to 
depths not usually explored for groundwater production. Maximizing future 
usability and the number of parameters that could be determined while 
minimizing the short and long-term costs was the general design criteria for 
the test wells. The following narrative section explains the process used to 
develop the test well design. Data collected from the wells is discussed in the 
following chapter. 

TEST WELL DESIGN 

The first design consideration was depth. Two thousand feet was selected as a 
compromise between the desire for collecting groundwater related data to as 
deep as possible but at the same time from as many locations as possible. 
Furthermore, the drill rig needed to drill a 2,000 foot hole of the required 
diameter is relatively mobile compared to the rig needed to drill the required 
diameter to much beyond 2,000 feet. For holes much deeper than 2,000 feet, 
rig mobility generally decreases and the need for additional equipment 
increases such that the marginal cost increases at a higher rate. 

Two general well design types were considered for completion of Project test 
wells. One proposed completion consists of a single casing "string" from the 
ground surface to depth with a variable number of like diameter screens at 
selected depth intervals. The annular space would be filled with the 
appropriate size filter pack. Bentonite (or some &her non-permeable material) 
seals would be set at appropriate intervals between the screens to prevent 
vertical flow in the annulus during pumping. Six inches was selected as the 
casing diameter so as to easily accommodate widely available submersible 
electric pumps. The advantages of this type of well are: any number of 
screens can be set at zones of interest; the relatively large diameter will 
accommodate off-the-shelf submersible electric pumps; flow during pumping 
with submersible electric pumps is constant and easily measured; head can be 
measured below, in, and above the packer isolated screen during pumping; and 
specific capacity can be determined for each screened interval. 

The disadvantages of the single string, large diameter completion are: a packer 
above and below the pump is required to isolate pumping to one screen and 
likewise the head at each screen can only be determined by packer isolation of 
the screen. Packer installation requires some type of rig. This means that any 
time a water quality sample or a head measurement is desired, a rig and crew 
would be needed to set the packer equipment for the measurements. 
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Measurements after the departure of the drilling and well completion drill rig 
would clearly be very time consuming and expensive. 

The other well completion design considered for the Project drill holes is 
commonly called a "nested well" completion. A nested well refers to a drill 
hole completed with more than one small diameter well with screens at 
different intervals.' Because of the small diameter of the individual wells, the 
drill hole diameter for this type of completion would be about the same as for 
the larger diameter single string well completion. As in the single string well 
completion, the annular space would be fded with filter pack and bentonite 
seals would be set between the screens at appropriate intervals to prevent inter- 
screen flow during pumping. 

The ability to make water level measurements and collect water samples 
without packer isolation equipment is the advantage of a nested completion. 
The only equipment needed to measure head at any time is a well sounder. 
The disadvantages of the nested completion are: specific capacity can not be 
determined during pumping because measurements of depth to water are not 
possible during air-lift pumping from a small diameter well, and a maximum 
of about 4 wells (4 screened intervals) can be installed in the same diameter 
hole as would be needed for the "large" diameter single string completion. 

After much discussion of the advantages and disadvantages of each completion, 
the subcommittee reached a consensus that the nested completion was more 
advantageous, especially in the long-term. Of particular advantage would be 
the ability to sample water and measure depth to water in the nested 
completion without a rig (to install screen isolation packers). The cost of a 
packer setting rig would be a major hindrance to any potential future research 
use of the wells. In addition, the nested completion allows easy installation of 
pressure transducers for depth to water measurements by a data logger. 

Two inches was selected as the diameter for each of the piezometers in the 
nested completion because the minimum diameter of semi-off-the-shelf 
submersible pumps capable of lifting water from 300 to 400 feet is about 1-718 
inches. This allows water samples to be pumped instead of air-lifted. Pumped 
samples (non-aerated) may be requkd for some future investigation. 
Obviously more piezometers (more screened intervals) can be installed in a 
given diameter drill hole as the diameter of the individual piezometers is 
decreased, however the smaller the diameter the higher the probability of 
Limiting some future research. 

'According to Nielsen (1991), nested wells can also mean closely spaced wells, installed in separate drill 
holes, with screens at different depths. As used herein, "well" refers to the full drill hole completion and 
"piezometer" refers to one of the three or four individual small diameter wells in the nested completion. 
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All of the screens were 20 foot long except in well BR-4. Twenty feet was a 
trade-off between the desire for a long s c k n ,  so that aquifer parameters 
determined from slug test would represent more of an aquifer "average," and a 
short screen so that the head would be an average of a large aquifer 
thickness. 

DRILLING AND COMPLETION SEQUENCE 

All of the holes for the test wells were drilled by conventional circulation mud 
rotary. The diameter of the fmt pass to total depth was at the drillers 
discretion. Most chose to drill the hole to completion diameter on one pass to 
total depth as opposed to reaming a smaller diameter pilot hole. 

The drillers were required to maintain a complete drillers log which included 
"joint" number, drilling start time, drilling stop time, circulation time, joint 
length, total drill string length, and formation and construction notes. 
Cuttings, retained in clear zip-lock bags for later description by one of the 
subcommittee members, were sieved from the mud return every 10 feet during 
the drilling. 

Electric and natural gamma logs were run immediately after the hole was 
drilled. The electric logs included spontaneous potential, 16-inch normal, 
64-inch normal, and the 6-foot lateral. A long spaced sonic log (acoustic 
velocity) was run in the BR-10 drill hole. Temperature logs were run in the 
deep piezometer one to two months after completion by personnel from the 
Navy's Geothermal Programs Office. The temperature logs in Appendix XII 
were run by NACC. 

The intervals to be screened were selected by a consensus among the 
subcommittee members at the drill site when the electric logging was 
completed. In many cases, if not most, this impromptu subcommittee meeting 
was in the pre-dawn hours. The screens were set opposite sandy intervals and 
the annular seals were set opposite significant clay layers if available. A 
typical completion is shown in figure 3. 

The piezometers were developed by air-lift pumping. Most of the piezometers 
were air-lifted for about 12 hours (from dxillers report) and the estimated flow 
rate on most was 5-10 gallonslminute. Poor development, however, is 
suspected in some of the piezometers. Slug test water level recovery in a 
number of the shallow piezometers was unexpectedly slow. Poor 
development, as opposed to the aquifer, is believed to be the cause of the slow 



2-in pipes secured together 

20' section of screen 
at bottom of each 

ach monitor zone 

total depth Q,000' no scale 

Figure 3. Schematic of typical drill hole completion with four 
piezometers. Some drill holes were completed with three 
piezometers. 
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recovery rate. Although the wells were designed to provide recommended 
submergence, the poor development was probably caused by too little air line 
submergence. See Appendix IV for a detailed explanation of the diagnosis. 
Less than complete development is suspected as the cause of the lower 
concentrations of some constituents in the filtered sample water quality 
analyses from the MW-32 piezometers as compared to the unfiltered samples. 

A sample for water analysis was collected just before the air-lifting was 
stopped. The water quality samples were sent to Clinical Laboratory of San 
Bernardino or BC Laboratories of Bakersfield for a Title 22 Chemical 
Analysis. The Title 22 analysis covers all of the constituents and attribute 
standards for water in California. All of fhe analyses are included in 
Appendix Vm. 

TEST WELL LOCATION SELECTION PROCESS 

Each member of the subcommittee submitted a prioritized list of 10 potential 
test well loeations with a short rationale for each location. The 10 sites were 
selected from a preliminary list of 16 well sites which were selected by the 
subcommittee members based on existing gemhydrologic conditions, 
interpretations of geophysical surveys (seismic, gravity, and magnetic), likely 
depth to water, potential recharge zones, and the density of existing well 
related data in the area. Each member developed his priority list based on the 
criteria the member believed to be important and without consultation with the 
other members. 

The final FVoject prioritized list of general locations (township, range, and 
section) for the test holes evolved from the individual priority lists after 
lengthy discussions of the location rationales. The exact location was guided 
by ease of equipment access, environmental concerns, safety, and land 
ownership. AU wells were located on public land so as to eliminate potential 
future access problems due to change of ownership. 

The locations and priorities developed by each member were remarkably 
similar, especially the high and low priority locations. The highest priority 
locations selected by most members were in the Southwest Area (SW) along 
with one well in the middle of the Intermediate Area (Inter). Detexmjnation of 
the water quality at depth was the rationale for the Intermediate Area location. 
The Southwest Area of the Valley was, and is, of interest because of the 
paucity of existing wells and the indication from geophysical surveys that there 
may be a subsurface structural high, In addition, the watersheds in the Sierra 
Nevada upslope of the Southwest Area have been modeled as the area of 
greatest recharge to the Valley. There was general agreement that the east and 
northeast area was a lower priority. There was some disagreement on the 
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specific intermediate priority locations; however, in general they were in the 
center of the Valley north of the Intermediate Area. 

SELECTED PRIORITY LOCATIONS 

The following is a list of the selected test well locations in decreasing order of 
priority. The number of the BR (Bureau of Reclamation) test well designation 
is the same as the priority. Ten sites were selected with the understanding that 
the sum of the actual well completion costs would probably not allow 
completion of all ten sites. The subcommittee agreed that the order of priority 
could change based on the findings as the wells were completed. The actual 
location of some of the wells may be as much as one section from the 
proposed location due to access considerations and the location of previously 
cleared areas. See figure 4 in the Data and Data Analysis chapter for actual 
well locations. 

Site 1 T27SIR38E Section 23(BR-1) 
(SW) Exposures of Pleistocene sediments coupled with Bouger 

gravity and refraction studies (Cal Tech and NWC) indicate the 
potential for a groundwater divide and or a structural high in 
the Southwest Area of the Valley. Hydraulic conductivity in 
this unit could be much lower than in the Valley fill. In 
addition, the apparent location of this feature could impact the 
estimate of recharge to the Valley from the southwest 
watersheds. 

Site 2 
(S W) 

T27SlR38E Section 1 l(BR-2) 
The relationship of water levels, water quality, and the geologic 
log of this well as compared to those same attributes in BR-1 
may lend insight into the area that has been modeled as the 
largest recharge source to the Valley. There may be distinct 
water quality and water level differences between sites 1 and 2 
which may be based on the subsurface configuration of the 
potential structural high. To reduce disturbance of desert 
vegetation and increase the distance from BR-1, this well was 
completed in section 2 (the adjacent section to the north of 11) 
on an area already clear of vegetation. 

Site 3 'I27SIR39E Section 10(BR-3) 
(South) This site was selected to explore the southern "boundary" of the 

Intermediate Area. Water quality at depth could bear on long- 
term operation of the Intermediate Area well field. As the 
Valley fill may consist of interfingered Sierra Nevada derived 
sediments and sediments from the El Paso Mountains, there 
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may be a notable differena: in hydraulic conductivity as 
compared to the wells on the west side of the Valley. To 
reduce disturbance of desert vegetation, this well was 
completed in the northwest comer of section 11 (the adjacent 
section to the east of 10) on an area already clear of vegetation. 

Site 4 
(Inter) 

Site 5 
West) 

Site 6 
(we&) 

'I26SIR39E Section 26(BR-4) 
This site is in the middle of the Intermediate Area. Water 
quality and stratigraphy below the pumping horizon of the 
wellfield is of particular interest because of the potential to 
affect wellfield water quality. A refraction survey (Charlie 
profile) shows a distinct velocity increase at a depth of 
approximately 1300 feet. 'I'his is thought to be the top of the 
Ricardo Formation. Some have suggested an upwelling of deep 
water in this area. 

125SlR38R Section 34(BR-5) 
Bouger gravity, magnetic and refraction surveys (NWC, 
EXCRCD, and Cal Tech) hidicate a potential depositional basin 
(fine-grained deposits) to the east and northeast of this site. 
The geologic and geophysical logs from this site and the Neal 
Ranch sites (NR-1 and NR-2) should indicate the depositional 
history of the area and the extent of the apparent fine-grained 
deposits. The water quality data may have an impact on future 
pumping distribution. The water table elevation at this site 
compared to the Neal Ranch sites will indicate recharge 
gradient. 

T25SIR38E Section 10(BR-6) 
The Sierra Nevada watersheds west of this site have been 
modeled as one of the larger recharge sources for the Valley. 
As mentioned under Site 5 the Bouger gravity, magnetic and 
refraction surveys (NWC, EKCRCD, and Cal Tech) indicate a 
potential depositional basin in this area. The geologic and 
geophysical logs from this site and Site 7 should indicate the 
depositional history of the area and the extent of the fme- 
grajned deposits, if any. The water quality data should indicate 
the potential for future pumping distribution. The water table 
elevation at this site compared to Site 7 will indicate recharge 
gradient. This well was actually completed in section 12 after 
it became apparent that this would be the last Project well (BR- 
10 was completed with financial assistance from the NAWS 
Geothermal Office). 
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Site 7 T25SIR39E Section 8 (BR-7)mot Completed] 
(Cent) This site is a "companion" to Site 6. Data from each site (sites 

6 and 7) would have much more meaning when compared to 
the other. Questions raised from the data collected at Site 6 
could be partly answered by the data from Site 7. These 
questions may include: how extensive are the fine grained 
deposits (if found), how representative is the water quality 
variation with depth, and how steep is the water table gradient. 

Site 8 
(Cent) 

Site 9 
(East) 

T25SlR39E Section 34(BR-8)mot Completed] 
Selection of this site was also based on the previously 
mentioned geophysical surveys by Cal Tech, NWC and 
EKCRCD. Here the southward extension of an indicated 
Pleistocene deposition basin (fine grained deposits) is of 
interest. The vertical and horizontal extent of these deposits 
can have an impact on the long-term pumping potential of an 
area because the groundwater yield from these deposits is low 
and in many cases the water quality is poor. 

125SlR39E Section 30(BR-9)mot Completed] 
A deep well in the China Lake Playa area would give insight 
into the depositional history of the Valley. The indication that 
there may have been a (pleistocene) depositional basin in the 
northwestern section of the Valley suggests that the center of 
fine giained deposition was not always on the east side of the 
Valley. Is there potential for groundwater production at depth 
below the playa? The horizontal and vertical extent of these 
deposits in the aquifer horizon can have a significant impact on 
future pumping distribution decisions because the groundwater 
yield from these deposits is low and in many cases the water 
quality is poor. 

Site 10 T24SlR38E Section 22(BR-10) 
(Nw) By all estimates the Nine-Mile Canyon in the Sierra Nevada 

west of this site is a relatively large contributor of recharge to 
the Valley. Water quality differences with depth may yield 
insight as to the depth of section through which this recharge 
flows. In part, this site was also selected because of the 
potential depositional center migration during recent geologic 
time as mention above. This well was completed in section 21. 
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SITES DRILLED AND COMPLETED 

Priority sites 1 through 6 and site 10 were drilled and completed with 
piemmeters. Two wells, completed to Project specifications, were installed by 
the Water District on their Neal Ranch property. These wells are designated 
NR-1 and NR-2. The Water District also completed well MW-32 as a Project 
well. Here the Water District only needed a pilot hole for a soon to be 
constructed large diameter supply well. A normal pilot hole would have been 
drilled to about 1200 feet at most and would have been completed with a 
single observation well. 

As the drilling and completion of the wells progressed, well drilling costs 
increased to the point that some sites could not be completed. Sites 7, 8, and 
9 were skipped for two reasons. The fmt was that the upper section of the 
Navy's SNORT well was made available to the Project for completion. The 
subcommittee decided that the central Valley location of the SNORT well 
would in general substitute for central Valley sites 7 and 8. The second 
reason was the discovery of the thick sections of clay in NR-1, NR-2, and BR- 
6, which made the BR-10 location ever more important because the location 
offered the most potential for exploring the extent of the thick subsurface clay. 

DRILL HOLE COMPLETION HISTORY 

A short narrative of the drilling and completion is given below in the order of 
well location priority. Refer to figure 4 in the following chapter for the 
location of the Project test wells. 

*Well BR-1 
This well is about 200 feet west of the Red Rock Inyokern Road at a point 
about 5.2 miles south of Inyokern. Drilling by Southern California Drilling of 
Lancaster, California, began on February 15, 1991, and was completed on 
March 5. The 12 'k -inch hole was drilled to 1,910 feet. Drilling rate was 
relatively consistent in this hole to about 1,700 feet. Drilling time per 30-foot 
joint down to 1,700 feet was about one hour. From about 1,700 to 1,830 feet 
the time per joint was about two hours. Drilling of the last full 30-foot joint 
took 6 hours. Although the change in penetration rate per joint is 
characteristic of bit failure, the bit was reported by several subcommittee 
members to be in relatively good shape. Four piemmeters were set with the 
bottom of the 20 foot screens at 1,770, 1,520, 1,060, and 635 feet. 

*Well BR-2 
This well is about 1 ?A miles south of Highway 178 at the south end of Siena 
Vista Road (27S, 38E, 2C). Drilling by Southern California Drilling of 
Lancaster, Califomia, began on October 1, 1990, and was completed on 
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October 24. The 12%-inch hole was drilled to 2,020 feet and the penetration 
rate was relatively consistent in this hole. Three piezometers were set with the 
bottom of the 20 foot screens at 1,960, 1,480, and 640 feet. 

*Well BR-3 
This well is about 100 feet south of Bowman Road and about 1,500 feet east 
of Highway 395 (27S, 39E, 1 ID). Drilling by Southern California Drilling of 
Lancaster, California, began on March 6, 1991, and was completed on 
March 19. The 12 %-inch hole was drilled to 2,024 feet and the penetration 
rate was relatively consistent. Three piezometers were set with the bottom of 
the 20 foot screens at 1,870, 1,340, and 670 feet. 

*Well BR-4 
This well is about 600 feet south of Inyokern Road and about 300 feet west of 
the north-south dirt road on the eastern section line of section 26 (26S, 39E, 
26A). Drilling by U.S. Bureau of Reclamation crews from Sacramento, 
California, and Phoenix, Arizona, began on August 28, 1990, and was 
completed on about September 27. The hole was drilled to 2,020 feet and 
electric logged. M e r  the deep piemmeter was set, the previously set filter 
pack tremie pipe could not be moved, either up or down. After removing the 
deep piezometer from the hole, many days were spent fishing out the tremie. 
Since it was coming out in ever shorter sections and the annulus appeared to 
be increasingly packed with sand, it was decided to install one piemmeter in 
the remaining open hole. Only one piemmeter was set with the bottom of the 
10 foot screen at 1,200 feet. 

*Well BR-5 
This well is about 200 feet west of Highway 395 at a point about one-half mile 
north of the Leliter Road intersection with Highway 395 (25S, 38E, 34G). 
Drilling by Welch and Howell Drilling of El Centro, California, began on 
December 19, 1991, and was completed on January 3, 1992. The hole was 
drilled to 1,014 feet with a 1416-inch bit and a 12%-inch bit was used to drill 
to total depth of 2,013 feet. The drilling rate was relatively consistent in this 
hole. Coarse alluvial fill, mostly sand, was penetrated to total depth. Three 
piezometers were set with the bottom of the 20 foot screens at 1,980, 1,610, 
and 870 feet. 

*Well BR-6 
This well is just inside the Naval Air Weapons Station west boundary, which 
parallels Brown Road, along a dirt eastward extension of the east-west section 
(north end) of Brown Road (25S, 38E, 12F). Drilling by Welch and Howell 
Drilling of El Centro, California, began on January 6, 1992, and was 
completed on January 17. The hole was drilled to 1,008 feet with a 1416 -inch 
bit and a 12%-inch bit was used to drill to total depth of 2,012 feet. Total 
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clay thickness penetrated by this hole was significant. From a depth of about 
510 feet to about 1,480 feet the section is about 75 percent clay. 

Curiously, the electric log of the section from about 1,815 feet to total depth 
(2,012 feet) looks like the indurated section at the bottom of BR-1. The 
description of the cuttings samples from this interval is consistently sand with 
some clay with no indication of cementation. Unfortunately the driller did not 
record drilling time for each joint. Three piezometers were set with the 
bottom of the 20 foot screens at 1,660, 1,210, and 350 feet. 

*Well BR-10 
This well is about one tenth of a mile southeast of the intersection of Highway 
395 and Ninemile Road in the northwest part of the Valley (24S, 38E, 21 J). 
Drilling by Welch and Howell Drilling of El Centro, California, began on 
August 24, 1992, and was completed on September 2. The hole was drilled 
with a 17%-inch bit to 591 feet, a 14%-inch bit to 1,002 feet, and a 
12%-inch bit to 2,005 feet. The cuttings from 680 feet to 1,440 feet are 
mostly described as clay, however, the electric logs indicate significant sand 
interbeds. Four piezometers were set with the bottom of the 20 foot screens at 
660, 1,200, 1,580, and 1,950 feet. 

WATER DISTRICT WELLS 

The following wells were completed by the Indian Wells Valley Water 
District. The Neal Ranch (NR) wells were completed to explore the geology 
and water quality under their Near Ranch property. Monitoring Well 32 
(MW-32) was a pilot hole and observation well for production well #30. All 
three of the holes were drilled and completed as a standard Project test well. 
A normal pilot and exploration hole would probably have been about 1,000 
feet deep and most likely would have been completed with one small diameter 
well. 

*Well NR-1 
This well is located in the northeast corner of the Water District's Neal Ranch 
property (25S, 38E, 29). Drilling by Southern California Drilling of 
Lancaster, California, began on January 7, 1991, and the wells were 
completed on February 6. The 12 %-inch hole was drilled to 2,012 feet. An 
extremely thick and relatively continuous clay and peat section was penetrated 
by this hole. The top of the clay is at a depth of about 340 feet and the 
bottom is at about 1,810 feet. Three piezometers were set with the bottom of 
the 20 foot screens at 1,980, 1,190, and 270 feet. 
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*Well NR-2 
This well is located in the southwest comer of the southwestern block of the 
Water District's Neal Ranch property (25S, 38E, 36F). Drilling by Southern 
California Drilling of Lancaster, California, began on February 4, 1991, and 
was completed on February 15. The 12 %-inch hole was drilled to 1,994 feet. 
The thick clay section penetrated by the drill hole for NR-1 was also 
encountered in this drill hole. Here the top of the clay is at a depth of about 
445 feet and the bottom is at about 1,490 feet. Three piezometers were set 
with the bottom of the 20 foot screens at 1,930, 1,560, and 350 feet. 

*Well MW-32 
This well is about 600 feet west of Victor Street and about 1,200 feet south of 
Inyokern Road (26S, 39E, 27D). Drilling by Rottman Drilling Company of 
Lancaster, California, began on September, 23, 1991, and was completed on 
October 8. The 12%-inch hole was drilled to 1,968 feet. The section 
penetrated was a sandy alluvial fa with very little silt or clay. Four 
piezometers were set with the bottom of the 20 foot screens at 1,920, 1,260, 
900, and 360 feet. 

NAVY GEOTHERMAL TEST WELL 

The Geothermal Program Office of the China Lake Naval Air Weapons Station 
allowed the Project to complete two intervals in the upper part of their 
geothermal explodon well (SNORT-1) located in the center of the Valley. 
Based on the electric logs the subcommittee selected 840-880 feet and 1,430- 
1,470 feet as the intervals for completion. The perforation and completion of 
these intemals was included in the perforation and completion contract for the 
deeper intervals of interest to the Geothermal Programs Office. 

SNORT-1 is located about one mile northwest of the north end of the SNORT 
(Supersonic Naval Ordinance Research Track). Drilling by Welch and Howell 
Drilling Company of El Centro, Califomia, began on September 8, 1991, and 
reached a total depth of 7,394 feet on September 30. 
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DATA COLLECTED 

INTRODUCTION 

Information and data were collected during each phase of well construction and 
after completion. During drilling, a penetration rate log was maintained by the 
driller and samples of the formation cuttings were collected from the drilling 
mud return. Electric logs were run after the hole reached total depth. 

Information collected from each piezometer after completion included: depth to 
groundwater measurements approximately every two months, laboratory 
analysis of water samples collected at the end of development, slug tests for 
transmissivity estimates, and pressure tests to check for hydraulic connection 
between the piezometer screens. Detailed logs and all of the data collected 
from the piezometers can be found in the Appendices. The appendix and data 
found therein are as follows: 

Appendix III - Pneumatic Slug Test Procedure and Data Analysis 
Appendix VI - Diagrammatic Piezometer Completion and Data Summary 
Appendix VII - Drill Hole Completion and Data Logs (with Electric 

Logs) 
Appendix VIII - Laboratory Water Quality Analyses (Title 22) 
Appendix IX - Water Elevation Hydrographs 
Appendix X - Depth to Water Measurements 
Appendix XI - Slug Test Data 
Appendix XU - "Down-Hole" Temperature Logs 
Appendix MII - Project Well Location Map 
Appendix MV - Well Site Elevations 

DRILL HOLE CUTTINGS 

A sample of the formation cuttings was collected every ten feet during drilling 
of the test well hole. The samples were collected from the drilling mud return 
stream with a "kitchen strainer" and placed in a clear zip-lock plastic bag 
marked with the drill hole depth. All of the cuttings samples from each hole 
were packed into wood boxes for storage and later description by one of the 
subcommittee members. These boxes are in storage at Water District 
facilities. 

DRILL HOLE COMPLETION AND DATA LOGS 

The "geologic" logs for this h j e c t  were designed to present essentially all of 
the information collected during drilling and testing of the completed wells. In 
some cases the electric logs as shown are a "trimmed" rendering of the 
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original. In each of these cases the log trace was not altered and as much of it 
is shown as possible within the space limit. 

The descriptive cuttings log in the right column of the Drill Hole Completion 
and Data Log (see Appendix VII) is a summary of the detailed cuttings 
description. An interpretive adjustment to fit the depths to the electric logs 
was not made. The depth to water shown on the log is only one set of the 
measurements made during the course of the Project. They are, however, 
representative of the relative water level differences consistently noted between 
the piezometers. The rest of the information and data is believed to be self- 
explanatory. 

LABORATORY WATER QUALITY ANALYSES 

Water samples were collected from each piezometer near the end of air-lift 
development pumping. Water was air-lifted about 12 hours at 5-10 gallons per 
minute based on the driller's report. Water samples were submitted to a 
California certified laboratory for Title 22 analysis. 

The water samples were believed to be representative of aquifer water; 
however, poor development is suspected in some of the piezometers based on 
slow water level recovery rates during the slug test (see Appendix IV). Some 
constituent concentration differences between filtered and unfiltered water 
samples from MW-32 also suggest less than full development. 

DEPTH TO WATER MEASUREMENTS 

Depth to water in each piezometer was generally measured whenever the 
Reclamation member of the subcommittee was in the Valley. All 
measurements were made with a 1,000 foot electric water level sounder. The 
cable on this sounder is the same as 300 ohm, twin-lead, TV antenna wire 
with measurement marks at a 0.05 foot interval. Some piezometers have 
fewer depth to water measurements than others. The number of depth to 
water measurements is a function of the date the well was completed--the later 
the completion, the fewer the measurements. All depth to water measurements 
can be found in Appendix X and water elevation hydrographs are in 
Appendix IX. 

All depth to water measurements were made from the top of each piezometer. 
The column headed by "TOC to TOP" on the depth to water data sheet is the 
distance (in feet) from the "lop of casing (large diameter outer protective 
surface pipe) to top of piezometer." Water level elevation is the top of casing 
elevation minus the sum of depth to water and TOC to TOP. 
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The top of casing elevation was established at a mark on the casing by a 
Reclamation survey crew from the Yuma Projects Office, Yuma, Arizona (see 
Appendix XN for well site elevations). The elevation survey was "closed" 
and the closure error and length of "run" was noted. A closed survey begins 
and ends at the same known elevation point. The difference between the 
starting elevation and the ending elevation at the know elevation point is an 
indication of the survey quality. 

Two wells--BR-3 medium and MW-32 shallow--have an oil coating on the 
inside of the piezometer pipe above the water level. This coating is especially 
heavy in BR-3 medium. Based on an analysis, this oil probably came from the 
air compressor used for air-lifting. Water level measurements could only be 
made on a few occasions with the electric sounder in BR-3 medium. One of 
the water level measurements in this piezometer was made with the 
temperature probe on the NACC's logging van. The oil sample for analysis 
was retrieved from the logging cable squeegee. Several attempts to reduce or 
remove this coating have not been successful. However, later attempts to get 
an electric sounder probe down to the water level, were less diff~cult than 
early attempts. 

SLUG TESTS AND TRANSMlSSlVlTY ESTIMATES 

A pneumatic slug test was conducted on each of the Project piezometers and 
the recorded recovery rate was used to estimate the transmissivity of the 
formation opposite the screened interval. The pneumatic technique, with an 
electric data logging devices used in conjunction with down hole pressure 
transducers, is a recent advancement in slug testing because it increases the 
range and application of slug tests. This method involves either injecting air 
into a sealed well to lower the water level (Leap, 1984) or applying a partial 
vacuum to a sealed well to raise the water level (Orient and others, 1987). 
This equipment and procedure for conducting slug tests allows testing in deep 
water level, small diameter wells screened in highly conductive aquifers. 

The Cooper (1967) method for analyzing slug test recovery data was used to 
derive the estimated transmissivity of the 20 foot aquifer opposite the screen. 
The mathematical solution by Cooper and others (1967) for the instantaneous 
injection (or removal) of a volume of water (the "slug") assumes that the well 
fully penetrates the aquifer and that the aquifer is perfectly confined. This is 
clearly not the case in the Project test wells. However, Cooper and others 
(1967) conclude their paper with the following: 

"Few wells completely penetrate an aquifer, but it is nevertheless possible 
under some circumstances for a hydrologist to derive useful information 
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from a test on a partially penetrating well. Since the vertical 
permeabilities of most stratified aquifers are only small fractions of the 
horizontal permeabilities, the induced flow within the small radius of the 
cone that develops during the short period of observation is likely to be 
essentially 2-dimensional. Therefore, the determined value of T 
[transmissivity] would represent approximately the transmissibility of that 
part of the aquifer in which the well is screened or open, provided that the 
aquifer is reasonably homogeneous and isotropic in planes parallel to the 
bedding and provided that the effective radius can be estimated closely." 

It is believed that the physical properties around the Project's piezometer 
screens are sufficiently close to the conditions for which the Cooper method 
was derived because the estimated transmissivities when prorated over the full 
aquifer thickness seem reasonable. The raw slug test data is in Appendix XI. 

AQTESOLV (Aquifer Test Solver), software from the Geraghty and Miller 
Modeling Group in Reston, Virginia, was used to estimate the transmissivity 
of the screened aquifer. The traditional Cooper solution for transmissivity 
relies on judgement of the best fit (overlay) between a plot of the recovery 
data and one curve from a family of type curves. Although the solution 
procedure in the software is not known, it is believed to offer a more 
consistent solution than overlay fitting. As a check, the transmissivity 
estimated from visual curve fitting was compared to the software solution for 
BR-4. The software solution for transmissivity was .28 ft2/min and the visual 
solution was .275 ft?/min. 

HYDRAULIC CONNECTION TESTS 

Some of the slug test equipment was also used to test for an "open" hydraulic 
connection between the screens of each Project well. To conduct the test the 
electric sounder probe was lowered to about 0.02 feet above the water level in 
the next-to-the-deepest piezometer. The pneumatic slug test well head 
assembly was then secured to the deep piezometer and air from a SCUBA tank 
was used to bring the pressure in the piezometer up to about 15 pounds per 
square inch (psi). After noting any sounding from the sounder, testing 
continued by moving the electric sounder to the next piezometer up the hole 
and moving the well head assembly to the next piezometer up the hole. 

It is assumed that an open connection between screens through the annulus 
would provide a conduit for pressure transmission. This condition would 
manifest itself by a rise in piezometer water level (which would sound the 
sounder) subsequent to pressurizing the next piezometer down the hole. Water 
level changes in the nearest up-hole piezometer were not observed during any 
of tests. 



Section A - Geohyydrology Data Collected 

TEMPERATURE PROFILES 

Temperature logs were run in each deep piezometer using a 
ComProbIGearhart Owens International temperature tool on a NACC wire line 
logger. Each piezometer was logged by lowering the temperature tool down 
the piezometer at five feet a minute. Data are recorded on a floppy disc for 
later printing. The temperature profiles are included in Appendix XI1 of this 
volume. The temperature gradients reported in the following chapter are 
mostly from logging by the NAWS Geothermal Projects Office. 
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DATA AND DATA ANALYSIS 

INTRODUCTION 

In this chapter the data collected from each Project well is discussed. Relative 
water levels are discussed first followed by water quality, estimated aquifer 
transmissivities derived from slug tests, deposits penetrated during drilling, 
and the results from the temperature log. Some interpretations are also 
offered; however, data collected in the future, especially isotopic analysis, 
could suggest alternative interpretations. 

Another round of water sampling with a submersible pump is recommended 
for isotopic and water quality analysis. Stable isotope ratios, used to estimate 
water age, may be signifcant with respect to recharge. The water quality 
analyses will either con- what appear to be unusual constituent 
concentrations in the aquifer water or suggest potential bias in the first 
sampling round. 

The only groundwater quality attribute common to all waters from the test 
wells, except the BR-3 medium and deep piezometers and the SNORT-1 
"piezometers," is that the predominant cation is sodium and the predominant 
anion is bicarbonate. The primary source of sodium in natural water is from 
the release of soluble products during the weathering of igneous rock 
(plagioclase feldspars) and its weathering products in other material (Davis and 
Dewiest, 1996 and Bouwer, 1978). Most carbonate and bicarbonate ions in 
groundwater are derived from the carbon dioxide in the atmosphere and in the 
soil and solution of carbonate rocks. Below a pH of 8.2 most of the carbonate 
ions take on hydrogen to become bicarbonate ions and the ratio of bicarbonate 
to carbonate ions increases to more than 100 to 1 (Davis and Dewiest, 1966). 

Figure 4 is a depiction of the most pertinent groundwater related data collected 
from the Project wells. Depth of piezometer (1" = 1000'), elevation of 
groundwater (feet), water quality (total dissolved solids, mg/L), and estimated 
transmissivity (ft2/min) are shown. In the depiction, each vertical fine below 
the Project well designation represents one piezometer. The length of the line 
is scaled to the piezometer depth (1" = 1,000'). The horizontal bars represent 
groundwater levels relative to each other but not at the piezometer depth 
vertical scale. Water elevation is shown to the right (except BR-5) of the 
piezometer cluster depiction. 

The column representing geology exaggerates the thickness of thin clay layers 
(BR-1, BR-2, BR-5) however their location on the column is representative. 
Thick clay deposits, however, are to scale (BR-3, BR-6, NR-1, and NR-2). 
The single clay layer shown on BR-4 and MW-32 is somewhat vertically 
exaggemted in each case. 
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holes. Well 19D (Water District southwest monitoring well #3) 
lhown for water elevation. 
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Reference to figure 4 will probably be helpful while reading the following 
discussion. Table 2 shows much of the same information in a different 
format. Detailed information for each well and individual piezometer can be 
found in the Appendices. The appendix and data found therein are as follows: 

Appendix III - Pneumatic Slug Test Procedure and Data Analysis 
Appendix VI - Diagrammatic Piezometer Completion and Data Summary 
Appendix VII - Drill Hole Completion and Data Logs (with Electric 

Logs) 
Appendix VIII - Laboratory Water Quality Analyses (Title 22) 
Appendix IX - Water Elevation Hydrographs 
Appendix X - Depth to Water Measurements 
Appendix XI - Slug Test Data 
Appendix XI1 - "Down-Hole" Temperature Logs 
Appendix XIII - Project Well Location Map 
Appendix XIV - Well Site Elevations 

gradient is 2.0 "F per 

maximum contaminate level 
(MCL) in medium and 

and 1,740 feet. Chloride 
levels higher than 
bicarbonate in 2 lower 
aquifers. Temp. gradient 
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BR-5 
Shallow 
Medium 
Deep 

BR-6 
Shallow 
Medium 
Deep 

BR- 10 
Shallow 
Medium- 
shallow ' Medium- 
deep 

I Deep 

I 

I 

Table 2. Data collec d from Project test wells 

0.28 

0.23 
0.15 
0.18 

0.02 
0.25 
0.20 

0.19 

0.02 

0.14 
0.09 

Fine to coarse sand. Water 
is sodium bicarbonate; iron 
exceeds MCL. Temp. 
gradient is 2.1 "F per 
100 feet. 

Medium to coarse sand. 
All water is sodium 
bicarbonate; iron and 
manganese are higher than 
MCL; higher sulfate and 
chloride compared to BR-1, 
BR-2, and BR4. Temp. 
gradient information is not 
available. 

Medium to coarse sand to 
370 ft; clay from 370 to 
1,700 ft; clayey to silty, 
medium sand 1,700 A to 
bottom. All water is 
sodium bicarbonate with 
sulfate and chloride higher 
than BR-1, BR-2, and 
BR4; arsenic, iron, 
manganese, and aluminum 
exceed MCL. 
Temp. gradient is 2.22 O F  

per 100 feet. 

Medium to coarse sand to 
680 feet; light graylgreen 
clay with interbedded sand 
from 680 to 1,440 feet; 
medium to coarse sand 
from 1,440 to bottom. 
Water is predominately 
sodium bicarbonate; iron 
and manganese exceeded 
secondary MCL in lower 
aquifers. Temp. gradient 
is 1.7 OF oer 100 feet. 



Section A - Geohydrology Data and Data Analysis 

For convenience in the following discussion the term aquifer is used to denote 
only the twenty feet of formation at the screened interval of each piezometer. 
If there are three piezometers in a test well the aquifers are called shallow, 
medium, and deep. If there are four piezometers the two medium aquifers are 
called medium-shallow and medium-deep. 

, 
- 
NR- 1 
Shallow 
Medium 
Deep 

NR-2 
Shallow 
Medium 
Deep 

SNORT- 1 
Shallow 
Deeper 

MW-32 
Shallow 
Medium- 
shallow 

Medium- 
deep 

Deep 

Table 2. 

2176.49 
2208.78 
2165.87 

2184.31 
2176.08 
2177.45 

NIA 
N/A 

2176.76 

2175.50 

2176.58 
2177.85 

Data collected 

2,406 
3,660 
3.25 1 

808 
1,367 
3,305 

9,890 
NIA 

252 

169 

176 
526 

from Project test 

0.004 
N A 
0.05 

0.48 
0.14 
0.12 

N/ A 
N/A 

0.009 

0.3 1 

0.23 
0.11 

wells 

Medium to coarse sand to 
340 feet; clay from 340 to 
1,820 feet; medium sand 
from 1,820 to bottom; 
fossils and methane gas 
were encountered in the 
hole. Water in shallow 
aquifer is sodium sulfate 
with high concentrations of 
calcium and magnesium; 
water in lower aquifers are 
sodium bicarbonate; Nitrate 
exceeded MCL in the 
shallow piezometer. 
Temp. gradient is 2.75 "F 
per 100 feet. 

Fine to coarse sand to 
440 feet; clay from 440 to 
1,480 feet; sand from 
1,440 to 1,620 feet; 
interbedded sand and clay 
from 1,620 to bottom. 
Shallow and deep waters 
are sodium bicarbonate 
with high sulfate in shallow 
aquifer; medium aquifer is 
sodium sulfate with high 
bicarbonate, chloride, and 
nitrate; arsenic is above 
MCL. Temp. gradient is 
2.7 O F  per 100 feet. 

No flow in the deeper 
(1,430- to 1,450-foot) 
interval. 

Mostly fine to medium 
sand. All waters are 
sodium bicarbonate. No 
constituents exceed MCL. 
Temp. data was not 
obtained. 
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BR-1 
The relative water levels in the piezometers, except the medium-shallow, are 
generally lower with increasing aquifer depth. In an area near surface 
recharge from mountain front runoff, water levels would be expected to be 
highest in the highest elevation aquifer and lowest in the lowest elevation 
aquifer. BR-1 is generally downslope of the watersheds which, by most 
estimates, are the largest source of recharge to the Valley. The higher water 
level in the medium-shallow piezometer, as compared to the shallow 
piezometer, is probably caused by clay layers c o n f i g  the water in the 
aquifer screened by the medium-shallow piezometer. Figure 5 shows a 
physical arrangement in vertical section which could cause the relative water 
levels observed. 

Total dissolved solids (TDS) of the water from the aquifers, based on the 
water samples collected at the end of air-lift development, ranged from 
212 mgIL in the shallow aquifer to 353 mg/L in the medium-deep aquifer. All 
of the waters are sodium bicarbonate and none of the constituent 
concentrations exceeds a recommended limit. 

The estimated transmissivity for the twenty foot screened interval in the upper 
two aquifers (0.21 and 0.24 ftlmin) is nearly as high as those estimated for a 
like aquifer thickness in the Intermediate Area project wells (BR-4 and 
MW-32). The estimated transmissivity is an order of magnitude lower in the 
medium-deep aquifer and in the deep aquifer it is another order of magnitude 
lower. 

The hole for these piezometers penetrated mostly alluvial sand with some clay. 
The dark brown clay noted at the bottom of the drill hole could be the 
continental deposits expected by some interpretations of geophysical surveys 
(see discussion under well location selection). The driller reported this clay to 
be hard and cemented. The Drillers Report shows the penetration rate slowing 
to six hours per 30 foot joint in this unit. 

A temperature log was run in the deep well on June 5, 1991, three months 
after the well was pumped for development. The water temperature at the top 
of the water column (about 200 feet depth) was 75.5 degrees Fahrenheit (OF) 
and at a depth of 1,760 feet (bottom of the piezometer is 1,770 feet) the 
temperature was 106.9 OF. The rate of temperature increase is about 2.0 OF 
per 100 feet. 
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Recharge from southwest watersheds 

1 Well BR-1 

Figure 5 .  Hypothetical diagrammatic section between the 
southwestern recharge watersheds and Well BR-1. Confinement is 
probably the cause of the consistently higher water level in the 
shallow middle aquifer as compared to the water level in the 
shallow aquifer at well BR-1. 



Data and Data Analysis Seaion A - Geohydrology 

BR-2 
Relative water levels in the BR-2 piezometers are the same as those in BR-1 in 
that the medium piezometer water level is higher than the shallow piezometer 
water level. In an area near surface recharge from mountain front runoff, 
water levels would be expected to be highest in the highest elevation aquifer 
and lowest in the lowest elevation aquifer. BR-2 is generally downslope of the 
watersheds which, by most estimates, are the largest source or recharge to the 
Valley. The higher water level in the medium piezometer is probably caused 
by confinement of the medium aquifer. 

The TDS of the waters pumped from the BR-2 aquifers, based on the water 
samples collected at the end of air-lift development, ranged from 240 mg/L in 
the medium aquifer to 354 mg/L in the deep aquifer. The shallow aquifer 
escaped analysis due to an oversight. Both of the aquifer waters are sodium 
bicarbonate. 

Although a water sample was not collected from the shallow aquifer, the TDS 
is probably less than 300 mg/L based on BR-1 shallow. The analysis suggests 
that iron is above the secondary maximum contamination level (SMCL) in both 
the medium and deep aquifer and manganese is above the SMCL in the deep 
aquifer but only slightly above in the medium aquifer. However, as mentioned 
in the introduction to this chapter, these concentrations may be a function of 
less-than-adequate development. 

The estimated transmissivity of the medium aquifer is 0.19 ft2/min and 0.016 
ft2/min in the deep aquifer. The medium aquifer transmissivity is nearly as 
high as those estimated in the Intermediate Area Project test wells (BR-4 and 
MW-32). The deep aquifer transmissivity is essentially the same as the 
estimate for the deep-medium aquifer at BR-1. 

The low estimated transmissivity for the shallow aquifer (0.01) is believed to 
be a function of poor development. Insufficient airline submergence during 
air-lift development, although adequate by some texts, is thought to be the 
cause of inadequate development. See Appendix IV for a detailed explanation 
of the submergence hypothesis. Shallow aquifer transmissivity is probably 
about 0.20 based on the medium aquifer transmissivity and the BR-1 shallow 
and shallow-medium aquifer transmissivities. 

The mud return formation samples and the drilling character indicate a non- 
cemented alluvial fill from the land surface to total depth. The alluvial fill is 
mostly subangular to subround, light gray to pale brown sand with scattered 
relatively thin clay layers. 

A temperature log was run in the deep piezometer on November 15, 1990, 
about three weeks after the piezometer was air-lifted for development. The 
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water temperature at the top of the water column (about 280 foot depth) was 
79 OF and at a depth of 1,950 feet (bottom of the well is 1,960 feet) the 
temperature was 117 OF. The rate of temperature increase is about 
2.3 OF per 100 feet. 

BR-3 
Confinement of the medium and deep aquifers at BR-3 is readily apparent 
based on piezometer water elevations. The lower elevation in the shallow 
piezometer, however, may be related to pumping in the Intermediate Area. 

The laboratory reported TDS for the BR-3 aquifer waters are 955 mg/L in the 
shallow, 6,634 mg/L in the medium, and 360 mg/L in the deep. This aquifer 
depth water quality pattern is difficult to believe, especially since the 
360 mg/L water is sodium bicarbonate and the others are sodium chloride 
bicarbonate. "Scrolling" each analysis to the next aquifer down yields a 
believable water quality versus aquifer depth trend. This hypothesis was 
confiied by measuring the electrical conductivity of a water sample thieved 
from each of the piezometer screens by the NACC wire line logger. The 
electrical conductivities were found to increase with depth. This laboratory 
error is corrected in tabulated and graphical data. 

Both of the lower aquifer waters have a greater concentration of chloride than 
bicarbonate. However, without the chloride the waters "look" the same as the 
waters from the rest of the test well piezometers. Primary sources of chloride 
in groundwater are evaporites, salty connate water, and marine water. Igneous 
rock materials contribute little chloride (Bouwer, 1978). The very high 
chloride concentration in the deep aquifer may be indicative of long residence 
time and little through-flow, connate water, or both. 

The estimated transmissivity for the shallow aquifer is 0.06 ft2/min and 
0.006 ft2/min for the deep aquifer. The shallow aquifer transmissivity is lower 
than those in the Intermediate Area and may be a function of poor 
development as mentioned in the chapter introduction. The deep aquifer 
transmissivity is much lower than in the Intermediate Area. Transmissivity 
was not estimated for the medium aquifer because the compressor oil film on 
the inside of the medium (depth) piezometer did not aUow the slug test 
transducer to be set at an appropriate depth. 

The mud return formation samples and the drilling character indicate a non- 
cemented alluvial fill from the land surface to total depth. The alluvial fill is 
mostly sand with scattered fine gravel; however, a significant clay section was 
penetrated in the lower part of the hole. The top of the clay section is about 
1,380 feet deep and the bottom is at 1,740 feet. 
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A temperature log was run in the deep piezometer on December 12, 199 1, 
nine months after the well was pumped for development, The water 
temperature at the top of the water column (about 310 feet depth) was 
77.5 OF and at a depth of 1,170 feet (bottom of the piezometer is 
1,870 feet) the temperature was 95 OF. The rate of temperature increase is 
about 2.0 OF per 100 feet. The temperature log was only run to 1,170 
because of limited cable length. 

BR-4 
This well has only one piezometer due to completion difficulties as discussed 
in the Test Well chapter. The water level in this piezometer rises and falls in 
response to pumping of the nearby NACC well. A water elevation hydrograph 
for this well is in Appendix IX. 

Total dissolved solids of the water pumped from the aquifer (1,200 feet depth), 
based on the water sample collected at the end of air-lift development, was 
183 mg/L. The water is sodium bicarbonate. Iron, at 360 p/l, slightly 
exceeds the 300 p/l SMCL. All of the other analytes are below their 
respective maximum contaminant level (MCL). 

The estimated transmissivity for the screened interval is 0.28 ft2/min. The 
mud return formation samples and the drilling character indicate a non- 
cemented alluvial fill from the land surface to total depth. The alluvial fd is 
mostly light brown to gray brown, fine to coarse sand. 

A temperature log was run in the piezometer on November 15, 1990, three 
months after the piezometer was pumped for development. The water 
temperature at the top of the water column (about 250 feet depth) was 
77.5 OF and a depth of 1,200 feet (bottom of the piezometer is 
1,200 feet) the temperature was 97.8 OF. The rate of temperature increase is 
about 2.1 OF per 100 feet. 

BR-5 
Relative water levels in the BR-5 piezometers fit the expected pattern in an 
area near surface recharge, in this case from mountain front runoff. Head is 
lost as water moves downward from the surface; therefore, the head is highest 
in the higher elevation aquifer and lowest in the lowest aquifer. 

Total dissolved solids of the water pumped from the aquifers, based on the 
water samples collected at the end of air-lift development, ranged from 
530 mg/L in the shallow to 890 mg/L in the deep. Total dissolved solids in 
the medium aquifer is 840 mg/L. The trend of increasing dissolved solids 
with increasing depth matches the expected trend for recharge from relative 
low TDS mountain watershed spring runoff. As the recharge water moves 
downward through the alluvium, the dissolved solids increase with increasing 
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contact time with the alluvial sediments. It is interesting to note that these 
waters are not as low in dissolved solids as the waters in the BR-1 and 
BR-2 aquifers. If more spring runoff recharge is coming from the southwest 
watersheds than any of the other watersheds, then one could expect less 
dissolved solids in the southwest aquifers. 

All of the waters are sodium bicarbonate; however, there are higher 
concentrations of sulfate and chloride as compared to the aquifer waters in 
BR-1, BR-2, and BR-4. The shallow aquifer water has especially notable 
sulfate (150 mg/L) and chloride (85 mg/L) concentrations. Sodium is 
155 mg/L and bicarbonate is 227 mg/L in the shallow aquifer. Groundwater 
from igneous and metamorphic rocks or from sediments derived from them 
generally contain less than 100 ppm sulfate and may contain much less if 
sulfate reducing bacteria are active in the soil through which recharge water 
has percolated (Davis and DeWeist, 1966). However, Bouwer (1978) notes 
that in arid regions leaching of sulfate from the upper soil layers may be 
significant. 

Iron and manganese concentrations are above their respective SMCL in each 
aquifer and arsenic is slightly above the MCL in the medium aquifer. These 
concentrations, however, may be influenced by development which is 
suspected to be less than complete. 

Estimated transmissivity was 0.23 ft2/min for the shallow aquifer, 0.15 ft2/min 
for the medium aquifer, and 0.18 ft2/min for the deep aquifer. The upper 
aquifers are nearly as transmissive as those estimated for the upper aquifers in 
MW-32 (the Intermediate Area) and the lower aquifer is somewhat higher than 
the lower aquifer in MW-32. 

The mud return formation samples and the drilling character indicate a non- 
cemented alluvial fill from the land surface to total depth. The alluvial fill is a 
fairly well sorted, subround, off-white, generally medium to coarse sand. 

BR-6 
The relative water levels in the BR-6 piezometers suggest confinement of the 
deep aquifer whereas the shallow aquifer water level may be influenced by 
nearby agricultural groundwater pumping. The low water level in the medium 
piezometer, as compared to the other piezometers, is probably not related to 
pumping because the medium aquifer is under a thick clay section and local 
pumping is above the clay. 

Total dissolved solids in the aquifer water, based on the water samples 
collected at the end of air-lift development, ranged from 596 mg/L in the 
shallow aquifer to 481 mg/L in the medium aquifer. Total dissolved solids in 
the deep aquifer is 540 mg/L. 
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All of the waters are sodium bicarbonate; however, like the BR-5 aquifer 
waters, there are higher concentrations of sulfate and chloride as compared to 
the aquifer waters in BR-1, BR-2, and BR-4. The shallow aquifer water has 
especially notable sulfate (168 mg/L) and chloride (76 mg/L) concentrations. 
Sodium is 199 mg1L and bicarbonate is 234 mglL in the shallow aquifer. 

Arsenic is above the MCL and iron and manganese are somewhat above the 
SMCL in all of the aquifer waters. Aluminum is above the SMCL in the 
shallow and deep aquifer. As in the other wells, these concentrations may be 
a function of less than total development. 

Estimated transmissivity for the medium and deep aquifers are 0.25 ft21min 
and 0.20 ft2/min respectively. The unexpectedly low transmissivity in the 
shallow aquifer is believed to be an artifact of poor development which was 
probably caused by insufficient air-line submergence during air-lift pumping 
(see Appendix IV). With full development the estimated transmissivity would 
probably be 0.20 to 0.25. These transmissivities are essentially the same as 
those in the Intermediate Area Wject wells. However, the total thickness of 
the BR-6 aquifers is much less than the total thickness in the Intermediate 
Area. 

The mud return formation samples and the drilling character indicate a non- 
cemented alluvial fill from the land surface to total depth. A thick clay 
section, with some sand interbeds, was penetrated from about 370 to 
1,700 feet. Above the clay section the alluvial sediment is mostly a light 
brown, medium to coarse sand. Below the clay section is generally a gray- 
green, clayey to silty, medium sand. 

BR-10 
The relative water levels in the BR-10 piezometers are as would be expected 
near an area receiving recharge from the surface. Head is lost as water moves 
downward from the surface, therefore the head is highest in the higher 
elevation aquifer and lowest in the lowest aquifer. 

Total dissolved solids in the aquifer water, based on the water samples 
collected at the end of air-lift development, ranged from 1,330 mg1L in the 
deep aquifer to 580 mg/L in the medium-shallow aquifer. Total dissolved 
solids in the shallow aquifer is 1,000 mg/L. 

All of the waters are sodium bicarbonate except the medium-shallow aquifer. 
Like the BR-5 aquifer waters, there are higher concentrations of sulfate and 
chloride as compared to the aquifer waters in BR-1, BR-2, and BR-4. The 
shallow aquifer water has especially notable sulfate (225 mg/L) and chloride 
(176 mg/L) concentrations. Iron and manganese exceed SMCL in the lower 
aquifers, however, these concentrations may be a function of less than total 
development. 
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Estimated tmnsmissivity for the four screened aquifers are (from shallow to 
deep) 0.19, 0.02, 0.14, and 0.09 ft2/min respectively. The unexpectedly low 
transmissivity in the medium-shallow aquifer is believed to be an artifact of 
poor development which was probably caused by insufficient air-line 
submergence during air-lift pumping (see Appendix IV). With full 
development the estimated transmissivity would probably be around 0.20. The 
shallow and medium-deep transmissivities are similar to those in the 
Intermediate Area Project wells; however, the total thickness of the 
BR-10 aquifers is much less than the total thickness in the Intermediate Area. 

The mud return formation samples and the drilling character indicate a non- 
cemented alluvial fill from the land surface to total depth. A thick light 
gray/green clay section, with some sand interbeds, was penetrated from about 
680 to 1,440 feet. Above the clay section the alluvial sediment is mostly a 
light brown, medium to coarse sand. Below the clay section is generally a 
medium to coarse sand. 

NR- 1 
The water level in the NR-1 shallow piezometer is higher than the water level 
in the deep piezometer. Both of these piezometers are screened in thick sand 
intervals. The water level in the medium piezometer is much higher than the 
other two piezometers. This interval produced some methane gas during 
development. The medium piezometer is screened in a relatively thin sand 
layer in a very thick organic bearing clay section. The high water level in the 
medium piezometer may be related to gas pressure. 

Total dissolved solids of the water pumped from the aquifers, based on the 
water samples collected at the end of air-lift development, ranged from 
2,406 mg/L TDS in the shallow to 3,660 mg/L in the medium. Total 
dissolved solids in the deep aquifer water is 3,251 mg/L. The deep aquifer 
quality is the same as in the deep aquifer at NR-2; however, the dissolved 
solids in the shallow aquifer is considerably higher than in the shallow aquifer 
at NR-2. 

In irrigated arid areas, there can be a significant concentrating effect because 
plant roots take up only water and thereby concentrate the dissolved 
constituents in the remain soil water. With continued irrigation this "deep 
percolation" eventually reaches the water table. If groundwater is the source 
of the irrigation water, the salt concentration cycle is accelerated. The much 
higher shallow aquifer TDS may be related to "irrigation concentration". Neal 
Ranch was irrigated with groundwater for many years. The high TDS in the 
medium and deep aquifers may be a function of long residence time. 

The estimated transmissivity for the lower aquifer is 0.05 ft2/min. The very 
low estimated transmissivity from the slug test in the shallow aquifer is 
believed to be an artifact of poor development which was probably caused by 
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insufficient airline submergence (see Appendix IV). Transmissivity of the 
shallow aquifer is probably about 0.30 ft2/min or even a little greater based on 
the estimated transmissivity of the NR-2 shallow aquifer. 

A slug test was not conducted on the piezometer screened in the medium 
aquifer because there was not enough room inside the outer casing to remove 
the pressure gauge reducer with readily available tools. During completion, a 
pressure gauge was installed on the medium piezometer. After several months 
the pressure dropped to zero and the gauge and all accessory plumbing except 
the reducer were removed. 

A temperature log was run in the deep piezometer on February 12, 1991, one 
week after the well was pumped for development. The water temperature at 
the top of the water column (about 100 foot depth) was 73.5 OF and a depth of 
1,980 feet (bottom of the piezometer is 1,980 feet), the temperature was 
125.2 OF. The rate of temperature increase is about 2.75 OF per 100 feet. 

NR-2 
The relative water levels in these piezometers is confusing. The head in the 
deep aquifer is slightly higher than in the medium aquifer and the medium 
aquifer head is lower than the shallow. The relative water levels between 
NR-2 and BR-5 suggest very little recharge from the Sierra Nevada watersheds 
west of BR-5. 

Total dissolved solids in the aquifer waters, based on the water samples 
collected at the end of air-lift development, ranged from 808 mg/L in the 
shallow aquifer to 3,305 mg/L in the deep aquifer. Total dissolved solids of 
the water retrieved from the medium aquifer was 1,367 mg/L. The deep 
water quality is the same as the deep water quality in NR-1. The shallow 
aquifer water quality is much better than in NR-1 shallow. 

The shallow and deep waters are sodium bicarbonate, although sulfate is 
relatively high in the shallow aquifer. The medium aquifer is sodium sulfate 
with high bicarbonate, chloride, and nitrate. The high sulfate in the shallow 
aquifer may have been caused by evaporative concentration from long-term 
groundwater irrigation. See the discussion under NR-1. Arsenic is the only 
analyte above a MCL. 

Estimated transmissivity for the shallow aquifer is very high, 0.48 ft2/min. 
The water level rebounded rapidly during the slug test and displayed an 
"undampened" response--the water level oscillated above and below the static 
water level for several cycles. The amplitude of each succeeding cycle 
rapidly decreased. Figure 6 shows the response of the water level (NR-2 
shallow) to the slug test. 
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The estimated tmsmissivity of the medium and deep aquifers are 0.14 ft2/min 
and 0.12 ft2/min respectively. These are nearly as high as those estimated for 
aquifer in the Intermediate Area project wells (BR-4 and MW-32). 

A temperature log was run in the deep piezometer on June 5, 1991, three and 
one half months after the well was pumped for development. The water 
temperature at the top of the water column (about 140-foot depth) was 74.4 O F  

and a depth of 1,920 feet (bottom of the piezometer is 1,930 feet) the 
temperature was 122.5 OF. The rate of temperature increase is about 2.7 O F  

per 100 feet. 

MW-32 
The relative water levels in the MW-32 piezometers, and lower water levels in 
the two medium piezometers, are probably related to Intermediate Area 
pumping. Only the water levels in the medium-shallow and medium-deep 
piezometers responded to a nearby 24-hour pumping test in the newly 
completed District Well #30. The medium-shallow well showed the greatest 
decline. 

The shallow piezometer water level did not respond to the pumping test. Clay 
horizons between the shallow piezometer and the pumped well screened 
interval may have isolated the shallow aquifer for the short duration of the 
test. The water level in the deep well actually rose about one-half foot during 
the test. This temporary phenomena is called the Noordbergan effect and is 
cause by dewatering related load redistribution over a semi-confined aquifer. 

Total dissolved solids of the water pumped from the aquifers, based on the 
water samples collected at the end of air-lift development, ranged from 
169 mg/L in the medium-shallow aquifer to 526 mg/L in the deep aquifer. 
Total dissolved solids in the medium-deep aquifer is 176 mg/L and 252 mg/L 
in the shallow aquifer. These waters are all sodium bicarbonate. 

Estimated tmsmissivity for the two medium aquifers are 0.31 ft2/min and 
0.23 ft2/min respectively. The deep aquifer transmissivity , 0.1 1 ft2/min, is 
fairly high for an aquifer nearly 2,000 feet deep, although it is about the same 
as the deep aquifer transmissivity found in wells BR-5, BR-6, and NR-2. 

The unexpectedly low transmissivity in the shallow aquifer is believed to be an 
artifact of poor development which was probably caused by insufficient airline 
submergence. See Appendix IV for a full explanation of the hypothesis. With 
full development the estimated transmissivity would probably be 0.20 to 0.30 
based on transmissivity estimates for the two medium MW-32 aquifers. 
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Figure 6. Water level response, in NR-2 shallow, to the 
pneumatic slug test. Note that the water level recovered to the 
static water level in about 6 seconds (0.1 minutes). The first 
recorded depth to water after air release is 147.8 feet at about 
0.01 minutes. 
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WATER TABLE GRADIENTS 

The groundwater table gradient is much higher in the higher elevation part of 
the Southwest Area (wells BR-1, BR-2, and 19D on figure 4) than in the lower 
elevation part. The gradient between lower Southwest Area wells, such as the 
Inyo Well and well 8M (one of several Water District test wells in the Inyo 
well area), and well MW-32 is about 2.5 feet per mile. In comparison, the 
gradient in the upper Southwest Area from well BR-1 through the Water 
District's monitoring well 3 [19D] to the Inyo Well area is about 130 to 
140 feet per mile. Thus the water table gradient from the Inyo well area to 
the north and northeast is between one and two orders of magnitude less than 
the gradient to the southwest. In fact, the gradient in the vicinity of the Inyo 
Well and the Water District's nearby monitoring wells is virtually flat. 

The change in gradient appears to occur just to the west of the Inyo Well 
(section 7 west of well 8M). By inspection of the water table elevations on 
figure 4, the break between the steep and relatively flat gradient appears to 
trend north-northwestward from just west of the Inyo Well to around the 
mouth of Indian Wells Canyon. This trend is especially suggested by the 
nearly equal water table elevation between wells 19D and BR-2. Therefore, 
groundwater elevation contours must trend close to the azimuth between 19D 
and BR-2. 

It has been suggested that the dramatic gradient change in the Southwest Area 
is related to a fault. Kunkel and Chase (1969) inferred a northwest trending 
fault about three miles south of Inyokern based on a great increase in 
groundwater gradient or disparity of water levels between a well about one 
mile east of BR-2 and the wells around Inyokern. This inferred fault is 
labeled as a groundwater barrier on their figure 2. If this inferred fault is a 
hydraulic barrier, the water table gradient near the fault would be relatively 
flat. Further drilling to explore static water levels and extended aquifer testing 
in this area will be required to clarify these observations 

Estimates of recharge based on the upper Southwest Area gradient, and 
assuming uniform horizontal flow through an aquifer of uniform hydraulic 
conductivity, will be much higher than a recharge estimate based on the lower 
Southwest Area gradient. However, the groundwater elevation differences in 
the BR-1 piezometers and the much steeper water table gradient in the upper 
Southwest Area suggest that there is a significant vertical flow component and 
that flow is not uniformly horizontal. 

The apparent gradient between the shallow water level at BR-3 and the wells 
to the north is essentially the same as the gradient between the Inyo Well area 
and well MW-32. This could suggest, all other factors being equal, that the 
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recharge from the El Paso Mountains to the south is about the same as the 
recharge from the Sierra Nevada Mountain basins above the Southwest Area. 
However, a relatively poor hydraulic connection between the BR-3 area and 
the pumping center to the north (Intermediate Area) as compared to the 
connection between the Inyo Well area and the Intermediate Area could cause 
the water level in the Inyo Well area to drop much more than the BR-3 area in 
response to the pumping. Furthermore, the recharge from the El Paso 
Mountains must be much less than that from the Sierra Nevada Mountains 
because the annual precipitation is not enough to induce a pinyon-juniper 
woodland on the El Paso Mountains. See the Appendices for a discussion of 
the relationship between pinyon-juniper woodland, precipitation, and recharge. 

The east-west water table gradient through wells BR-5 and the Neal Ranch 
wells (NR-1 and NR-2) is very low. The gradient is about one-half to one 
foot per mile depending on the piezometers being compared. This suggests 
that recharge to the aquifer from the Sierra Nevada Mountain watersheds in 
the area of BR-5 is relatively low. Relatively high TDS in the aquifers 
screened by the BR-5 piezometers also suggests relatively low recharge (long 
residence time); however, the TDS of a May 4, 1993, water sample collected 
from the lower Sand Canyon surface flow was about 500 mg/L. This may 
mean that the higher TDS concentration in the water in wells BR-5 and BR-10 
is partially or mostly caused by relatively high TDS recharge and only 
partially by dissolution of the aquifer matrix from long residence time. 

In the northwest the horizontal groundwater gradient from BR-10 to BR-6 is 
about 2.5 feet per mile based on the water level in the BR-10 deep middle 
piezometer and the BR-6 middle piezometer. The shallow water levels at 
BR-10 are not used to estimate a horizontal water table gradient because of the 
large apparent vertical flow component at BR-10. Thus the lower Southwest 
Area water table gradient and the water table gradient in the northwest is about 
the same. This suggests that the mountain front recharge from each Area is 
about the same if the aquifer transmissivities and cross-sectional areas are 
about the same. 
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AQUIFER MODELING 

INTRODUCTION 

The Project participants agreed that there was a need for aquifer modeling, 
although this task was not in the original Project plan. The desire for a model 
(actually, adjustments to the USGS model) was based on new data from the 
Project wells and the timely USGS publication of the report documenting the 
modeling results from the most recent USGS groundwater model. In addition, 
the effects of future development scenarios could be examined through time. 
(Water-Resources Investigations Report 89-4191 by Berenbrock and Martin, 
199 1) 

The USGS San Diego office provided the Project with a copy of all of the data 
ftles used in their model and the model code. The generic model code 
(MODFLOW) was developed by McDonald and Harbaugh in the early 1980's 
and it has become the standard in groundwater modeling practice. 

To develop familiarity with the model, the Yuma office of the Bureau of 
Reclamation ran the three future development scenarios documented in the 
USGS report and all of the output matched that of the USGS. Since personnel ' 

at the Yuma office have experience with MODFLOW, the Project made 
arrangements with that ofice to re-run the USGS model using the data from 
the Project test wells. 

Recharge quantity and distribution and the distribution of aquifer transmissivity 
are some of the key aquifer related inputs for any groundwater model. 
Because these distributions are interrelated, the procedure used to develop one 
distribution will effect the distribution of the other during calibration. During 
research into the derivation of these model distributions, serious doubt arose 
about the recharge quantity (seems too high) based on recent developments in 
estimating and measuring recharge in arid basins. Recharge quantity and 
distribution is the focus of several recommended post-Project investigations 
(see the recommendations chapter of this Volume). 

Further model development as part of this Project was abandoned because of 
the questions regardjig recharge quantity and distribution. However, 
malibration of the Berenbrock and Martin model is recommended subsequent 
to a period of data collection from the recharge related recommended Project 
follow-on activities. It is believed that the recharge related activities will yield 
a much lower estimate of recharge to the Valley and will probably show that 
almost all of the recharge is from the Siem Nevada watersheds. 
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Each of the model distributions is discussed below. The discussion includes 
the procedure used to develop the distribution, the concern with respect to that 
distribution, and recommendations, if any, for future investigation. Recharge 
quantity is probably the only input parameter bearing on the input distributions 
which is subject to relatively direct measurement. A recently developed 
technique from Australia appears promising. 

PREVIOUS GROUNDWATER MODELS 

A two-dimensional mathematical groundwater flow model was developed in 
1971 by the USGS (Bloyd and Robson, 1971) to make a quantitative 
assessment of the geohydrology of the Valley. The alternating-direction 
implicit method was used to compute the mathematical solution and it was 
assumed that there were two aquifers in the Valley, one being deep and the 
other shallow. The verified model was used to generate 1983 water-level 
conditions in the deep aquifer (Bloyd and Robson, 1971). 

In 1980 the USGS, in coopemtion with the China Lake Naval Weapons Center 
(now Naval Air Weapons Station) and the Indian Wells Valley Water District, 
developed a 10-year plan to study the aquifer system of the Valley (Lipinski 
and Knochenmus, 1981). One of the objectives of the plan was to collect data 
that could be used to gain an understanding of the three-dimensional aspects of 
the deep and shallow aquifers in the Valley. Initial information indicated that 
the Bloyd and Robson groundwater flow (model) did not adequately represent 
the three-dimensional flow system (Berenbrock and Martin, 1991). 

In 1991, the USGS updated and evaluated the hydrologic data base compiled 
for the two-dimensional flow model and developed a three-dimensional, two 
aquifer, groundwater flow model for the Valley (Berenbrock and Martin, 
1991). The modeled shallow aquifer, as defined by Kunkel and Chase (1969), 
extends from China Lake westward to the center of the Valley and from the 
area south of Airport Lake southward to the community of China Lake. The 
base of the shallow aquifer was assumed, based in part on geologic and 
electric logs, to slope from an altitude of 1,950 feet above sea level on the 
west to an altitude of 1,850 feet on the east beneath China Lake (Berenbrock 
and Martin, 1991). The deep aquifer includes the total saturated thickness of 
the alluvium and lake deposits where the shallow aquifer is not present and the 
alluvium and lake deposits that underlie the shallow aquifer (Berenbrock and 
Martin, 1991). 
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RECHARGE QUANTITY 

The recharge quantity used in both models is from Kunkel and Chase (1969). 
Kunkel and Chase estimated the quantity of diffuse groundwater discharge2 
from the China Lake Playa area (discharge equals recharge in a closed basin) 
by using an empirical method developed by Blaney (1951) and Blaney and 
Criddle (1949). The Kunkel and Chase assumptions with regard to saltgrass 
evapotranspiration (ET) and bare soil evaporation @), as compared to 
measured diffuse discharge from recent investigations of other playas, are the 
basis of the concern over the modeled recharge quantity. 

Recent investigators note that little detailed information existed before 1985 on 
diffuse discharge from wet salt desert surfaces. In contrast, many 
investigators have studied diffuse water losses from agricultural land, dense 
phreatophyte stands along apportioned rivers, and free-water surfaces in the 
southwest United States. Ullman (1985) lists various techniques that have 
been used to estimate the rate of evaporation from vegetation and from bare 
soil and sediment surfaces. These include empirical techniques relating 
evaporation to average climatic factors (Thomthwaite, 1948; Blaney and 
Criddle, 1950), energy budget calculations (Penman, 1948; Van Bavel, 1966), 
and extrapolation from free-surface evaporating pans (Gray, 1970).3 Ullman 
notes that in arid and semi-arid environments these techniques may greatly 
overestimate the true rate of evaporative loss. 

Since groundwater discharge is equal to groundwater recharge in a closed 
basin, recharge quantity can be determined by measuring or estimating 
groundwater discharge. Prior to the advent of European settlement in the 
Valley, groundwater discharge from the main water body occurred principally 
by ET and in very small part by underflow to Salt Wells Valley (Kunkel and 
Chase, 1969). Evapotranspiration, the combined processes of evaporation 
from moist soil and transpiration of plants, identified as phreatophytes, whose 
roots draw from groundwater or the capillary fringe, occurs in the eastern part 
of the Valley in the vicinity of China Lake. 

Kunkel and Chase (1969) estimated that the total diffuse groundwater 
discharge from the China Lake playa area was 11,000 acre-feet/year in 1912 
and 8,000 acre-feetiyear in 1953. These rates were derived by applying an 

This is evaporation from free water and nonvegetated surfaces and evapotranspiration (transpiration from 
vegetation and evaporation from surrounding nonvegetated surfaces) from vegetated areas. 

The authors given by Ullman (1985) are not listed in the references at the end of this chapter. 
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evaporation and evapotranspiration rate to various classifications of moist land 
in and around China Lake. The classifications were based on bare soil surface 
texture, surface moisture, alkali presence and expression, and vegetation 
density. 

A curve of estimated evapotranspiration (consumptive use) versus depth to 
groundwater was made for 100 percent saltgrass cover by using the empirical 
equation developed by Blaney and Criddle in 1949 and Blaney in 195 14. The 
consumptive use coefficients for dense (100 percent) saltgrass growth were 
suggested by Blaney. A curve for 25 percent saltgrass (or pickleweed) cover 
and for fine-grained bare soil was estimated based on the curve for 100 
percent saltgrass cover. Figure 7 shows each of these curves. Also shown is 
a line through the data points from Young and Blaney (1942) [as reported by 
Robinson (1958)l showing annual evapotranspiration of water by saltgrass 
grown in tanks in Owens Valley. 

Recently published measured evaporation rates from bare soil on other playas 
walek and others (1990), Allison and Barnes (1985), and Ullman (1985)l are 
much lower for the depth to groundwater than the bare soil evaporation 
estimates of Kunkel and Chase. These measured rates are based on relatively 
direct measurement techniques developed over' the last decade. Appendix 11, 
gives a detailed account of recently developed, relatively direct methods of 
measuring diffuse discharge. A trial of the Ullman (1985) method on China 
Lake Playa is included as one of the recommended Project follow-on 
investigations. 

RECHARGE DISTRIBUTION 

Distribution of recharge is one of the most important inputs in a groundwater 
model. In some groundwater models of desert basins, recharge distribution is 
based on flow data from stream gauges which can be used to calculate 
transmission loss from streams draining the surrounding mountains. 
Transmission loss from streams, usually ephemeral, is the predominant source 
of natural recharge to southwest desert valleys lacking a through-flowing 
stream. In some models recharge distribution may be based on precipitation 

' This is the same technique mentioned above by Ullman (1985) although the publication dates are 
different. Blaney and Criddle published a number of papers on applying essentially the same empirical 
technique to different types of vegetation. Ullman referenced their 1950 paper "Determining water requirements 
in irrigated areas from climatological and irrigation data." Kunkel and Chase (1%9) used their 1949 paper 
"Consumptive use of water in the irrigated areas of Upper Colorado River Basin" and the 1951 paper by Blaney 
"Consumptive use of water. " 
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lndian Wells Valley rate from Kunkel and Chase (1969). 

Annual evapotranspiration of water by saltgrass grown in tanks in Owens Valley (Young and Blaney 
[I9421 as reported by Robinson [1958]). 

25 Percent Saltgrass Cover 
lndian Wells Valley rate from Kunkel and Chase (1969). 

Bare Soil with Salt Crust 
lndian Wells Valley rate from Kunkel and Chase (1969). 

Estimated annual evaporation of subsurface water is 0.75 feet (229 mm) from salt crust on Pilot 
Valley playa (western Utah) using the Bowen ratio method to reduce data from a microclimate 
station. (Malek and others, 1990). 

Estimated mean whole-lake evaporation rate from Lake Frome (northeastern South Australia) 
is 0.56 feetlyear (170 mmlyr) with a water table at about 1 foot (about 300 mm). Estimate based on 
depth profiles of deuterium delta-values to about 3 feet. (Allison and Barnes, 1985). 

Maximum annual evaporation rate (0.1 9 feet) from salt crust on Owens Lake. Derived by multiplying 
the maximum reported daily rate (.0063 incheslday), based on salt flux, by 365. Maximum daily rate 
(.003 incheslday) from the evaporimeter [non-weighing lysimeter] was about 112 the salt flux rate. 
Lake-bed clays at this site are overlain by 12 to 24 inches of hard and largely insoluble salts. 
(Cochran and others, 1988). 

Diffuse discharge measured from salt pans with shallow water tables. Data from: Allison and Barnes 
(1985), Jacobson and Jankowski (1989), Malek and others (1990), and Woods (1990). [Thorburn 
and others, in press]. 
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distribution which is determined from precipitation gauges in the mountain 
front watersheds surrounding the modeled valley. In Indian Wells Valley, 
however, none of the mountain front streams are gauged nor are there any 
precipitation gauges outside the Valley floor. Without any gauge data, some 
other basis must be devised to distribute recharge in a groundwater model of 
the Valley. 

Bloyd and Robson (1971), the first Indian Wells Valley groundwater modelers; 
started with an assumption that natural recharge is directly proportional to 
watershed area above 4,500 feet in the Sierra Nevada and 5,000 feet in the 
Coso and Argus Ranges. This yielded 102 square miles of recharge 
contributing watershed area in the Coso and Argus Ranges and 88 square miles 
in the Sierra Nevada. This recharge apportionment resulted in too much 
recharge emanating from the Coso and Argus Ranges and too little recharge 
from the Sierra Nevada. A simple trial-and-error process was then used to 
make changes in recharge values until the head configuration determined by 
the model was in agreement with the 1920-21 water-level contour map drawn 
from available water-level measurements (Bloyd and Robson, 1971). 

Unfortunately, Bloyd and Robson (1971) are not clear about the transmissivity 
distribution used in the recharge distribution trial-and-error runs. They state, 

"Initial estimates of transmissivity and storage coefficient[s] for the 
aquifers were made by L.C. Dutcher and W.R. Moyle, Jr. (written 
commun., 1970). Refinements of the estimates were made during 
verification of the model." 

Bloyd and Robson probably made the recharge trial-and-error runs after the 
transmissivity refinements, because if they made the recharge trial-and-error 
runs before refmement (with the Dutcher and Moyle transmissivity estimates) 
then transmissivity refmements would not be needed--the recharge (trial-and- 
error) would be adjusted until steady-state model water levels matched 
measured water levels. If this is what they did, then on what recharge 
distribution were the transmissivity refmements based? This is a critical 
question because transmissivity distribution and recharge distribution are 
interrelated; changes in one distribution necessitate changes in the other to 
match measured water levels (calibration). Furthermore, the Berenbrock and 
Martin (1991) transmissivity distribution is dependent on whatever process 
Bloyd and Robson used because they fixed the Bloyd and Robson gross 
recharge distribution (for the Sierra Nevada and for the Coso and Argus 
Ranges) in their model and then adjusted the transmissivity distribution for 
calibration to water levels. 
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The recharge from the Coso and Argus Ranges appears to be overestimated in 
both of the models. St. Arnand (1986) notes the following below his figure 
11, 

"Figure 11 shows the water-level contours that are calculated by the 
mathematical model of Bloyd and Robson (1971) and are compared to the 
depth of water as shown in several wells. Wells 1K1, 6A1, and 22N1 
show water at a considerably greater depth than the model indicates the 
water should be. The hydraulic gradient is only about 9 feet in over 8 
miles. Considering the low transmissivity of the sediments, little or no 
water appears to be flowing from the Coso Basin into China Lake Basin." 

Berenrock and Martin (1991) note the same in their model. 

"Because few data are available in the northern part of the Valley, the 
recharge and transmissivity distribution determined by Bloyd and Robson 
(1971) for this area was used in the model with only slight modifications. 
However, model-simulated hydraulic heads in this part of the model are 
higher than available measured water levels (table 7); thus, these input data 
may be in error. Several steady-state and transient-state simulations were 
run to determine the effect on the model-simulated heads of decreasing the ' 
quantity of recharge originating along the Coso and Argus Ranges. The 
simulations with lower recharge rates more closely match the observed 
water levels (table 7). Lower recharge rates along the Coso and Argus 
Ranges, however, have little impact on the model-simulated hydraulic 
heads in other parts of the model (table 7)." 

The lower Coso and Argus Range recharge (between 1,585 and 792 acre-feet 
per year) confirms the Kunkel and Chase (1969) qualitative description of 
recharge distribution. They stated, 

"The largest increment of recharge for Indian Wells Valley is derived from 
the east slopes of the Sierra Nevada, west and southwest of Inyokern, 
where the heaviest precipitation in the area occurs. Second in importance 
are the steep fans and escarpment of the Sierra Nevada northwest of 
Inyokern, where the catchment area is smaller and the quantity of 
precipitation is less. A third increment, probably small, is derived from 
Rose Valley through a m w  channel at Little Lake. A very small 
quantity of recharge reaches the main water body from the Argus Range, 
but the quantity is small because of the small amount of precipitation in 
that area. Other very minor quantities are derived from Coso Basin and 
the El Paso Mountains. 
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Based on all of the above it seems clear that recharge distribution in future 
groundwater models of the Valley aquifer should be based on some procedure 
which is independent of models. 

POTENTIAL RECHARGE DISTRIBUTION METHODS 

The author investigated several potential methods for distributing recharge or 
mapping "recharge potential" based on the premise that most, if not all, of the 
natural recharge is from winter precipitation runoff. A number of authors 
(Simpson et al., 1970; Gallaher, 1979; and Mifflin, 1968) have suggested that 
mountain-front recharge in the southwest is a function of winter precipitation 
only. 

The methods investigated included average annual "snow-pack" distribution, 
winter precipitation distribution based on long period National Oceanic and 
Atmospheric Administration (NOAA) atmospheric model runs for the proposed 
Yucca Mountain high level nuclear waste repository, isotope distribution in the 
aquifer (isotope sampling is recommended as a Project follow-on activity), and 
pinyon-juniper area in the recharge watersheds. Lack of snow-pack data and 
the extremely coarse grid in the NOAA model eliminated the first two 
potential methods. Isotope distribution may have some potential and is 
described in a University of Arizona M.S. thesis by Gallaher (1979) titled 
"Recharge properties of the Tucson Basin aquifer as reflected by the 
distribution of a stable isotope. " The hypothesis that the percentage of 
pinyon-juniper in a given watershed, as compared to the total pinyon-juniper 
area in all watersheds, may be related to the recharge percentage from that 
watershed may have some merit (see the chapter on recommended post-Project 
activities). The method is summarized below and is fully developed in 
Appendix I. 

WATERSHED VEGETATION DISTRIBUTION 

Recharge distribution using vegetation distribution is based on the premise that 
some plant specie in the recharge watershed is in equilibrium with an average 
long-term5 moisture availability and that the moisture availability is 
proportional to recharge. Pinon and juniper was selected as the indicator plant 
specie based on the authors perception that the distribution of pinon and 
juniper woodlands is similar to the distribution of areas which receive some 
snow almost every year. 

' Changes in specie distribution and density may lag many decades behind long-tenn atmospheric changes. 
However, it is assumed that any change in long-term moisture availability will affect the specie distribution and 
density in all watershed areas equally. 
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The percentage of the total recharge from a given watershed is assumed to be 
the same as the percentage of the total watershed pinon-juniper acreage in that 
watershed. Using this method and assuming the total recharge is 9,850 (used 
in both models), the annual recharge from the Coso and Argus Ranges is 975 
acre-feet, or 10 percent of the total recharge. Berenbrock and Martin (1991) 
note in their table 7 that a Coso and Argus Range recharge between 1,585 and 
792 acre-feet per year makes the best fit with measured water levels. This 
also agrees with the Kunkel and Chase (1969) qualitative description of 
recharge distribution noted at the end of the "Recharge Distribution" section 
above. The general agreement with these recharge distributions and the 
potential relationship between watershed soil moisture distribution 
(predominant factor in pinyon-juniper distribution) and recharge distribution 
would seem to lend some credence to this method. 

Berenbrock and Martin used all of the available water level record (1920-1985) 
for their transient-state calibration. By using all of the record for calibration, 
none is left to test the predictive accuracy of the model. The predictive ability 
of a model can be tested by dividing the available water level record into two 
parts--the first part is used for transient-state calibration and the later part is 
for comparison to predictive model runs over the later time period. Predictive 
tests were not run in the Bloyd and Robson model. Transient state calibration 
eliminates the need to reduce Valley margin transmissivities far below known 
values as is require for steady state calibmtion to historic water elevations. 
This is necessary because mountain front recharge flow is probably 
accommodated by much less than the full aquifer thickness. 

RECOMMENDATIONS FOR FUTURE MODELING 

Transient state "recalibration" of the Berenbrock and Martin model is 
recommended subsequent to a period of data collection from the recharge 
related recommended Project follow-on activities (see the recommendations 
section). These recharge related activities are intended to ref~ne recharge 
distribution and total recharge. There is some evidence that the empirical 
method used by Kunkel and Chase may have overestimated playa area 
evapotranspiration (this discharge is assumed to equal recharge). In addition, 
the response of the MW-32 piezometers to the pumping of District Wells 30 
and 31 may suggest some reconfiguration of the model. 

The Berenbrock and Martin model can be used without recalibration to predict 
drawdowns in areas where the model transmissivity compares well with 
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measured transmissivity, if data from the recommended recharge related 
activities indicate that total recharge and distribution is similar to that used in 
the model. Apportioning the measured transmissivities from the screened 
intervals of the Project wells over the full saturated thickness indicates a much 
higher transmissivity than that modeled along the western margin of the 
Valley. 
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RECOMMENDATIONS FOR FUTURE 
ACTIVITIES AND STUDIES 

INTRODUCTION 

The following recommendations are offered for consideration as follow-on 
activities to the Indian Wells Groundwater Project after Reclamation ends its 
formal involvement. Regardless of the actual follow-on activities with respect 
to those recommended, it is believed that periodic meetings of the 
subcommittee would be mutually beneficial to the respective participating 
entities because "formal" contact might induce greater interaction than might 
otherwise occur. 

WATER QUALITY ANALYSES 

Additional water samples should be taken from most, if not all, of the Project 
piezometers for another Title 22 analysis. Some constituent concentrations in 
some of the air-lifted samples collected at the end of development suggest less 
than full development. The constituent concentrations exceeding regulatory 
limits may fall below those limits with further pumping. The new samples 
should be collected from a relatively steady discharge, positive displacement 
pump after electrical conductivity, pH, and temperature have stabilized. This 
will assure that the sample is reasonably representative of the aquifer water 
and reduce the uncertainty about any anomalous constituent concentrations. 
Consistency in constituent concentrations over several sampling episodes would 
instill even more confidence that the samples are representative. 

WATER LEVEL MEASUREMENTS 

Water levels in the Project piezometers have been measured every 1-2 months 
during the course of the Project. It is recommended that this measuring 
frequency continue for the next one to two years. Long-term water elevation 
plots (hydrographs) for Project wells near the Sierra Nevada may yield insight 
into what appears to be relatively narrow recharge flow paths. 

Water level declines in the four BR-1 piezometers have been especially 
intriguing and may represent the ebb of a recharge pulse from the southwest 
watersheds. From April 9, 1991, to May 18, 1992, the water level has 
dropped almost four feet in the shallow piezometer and over 16 feet in the 
shallow medium piezometer. The decline has been nearly 15 feet in the 
medium deep piezometer and a little over 13 feet in the deep piezometer. 
Over the same time period the water levels in BR-2 have dropped only 0.1 feet 
in the shallow piezometer and 0.5 feet in the deep piezometer. Several of the 
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water district's southwest monitoring wells have been added to the water level 
measuring itinerary in order to better define the areal pattern of water level 
changes. 

Frequency of measurement is problematic and could be adjusted based on 
recorded water level changes. More frequent measurements may be desirable 
some time after (unknown lag time) a period of sigfl~cant winter Wall, 
such as 1986, or after a heavy snow winter and wet spring. Any change in 
BR-1 measuring frequency should be accompanied by the same frequency at 
the southwest monitoring wells. The BR-10 piezometers may also warrant 
extra attention if water level changes appear significant. Some consideration 
could be given to maintaining the same personal and equipment for the follow- 
on water level measurements. 

WATER LEVEL MONITORING 

Frequent water-level measurements in the four MW-32 piezometers during the 
first year of pumping from District Wells 30 and 31 could yield insight into 
short term aquifer dynamics. Response of the shallow and deep piezometer 
would be especially interesting. During a recent 24-hour pump test of Well 
30, the water level in the shallow piezometer did not seem to respond (the 
transducer may have been set too deep) and the water level in the deep 
piezometer rose during the test (Noordbergen Effect). Long-term response of 
the deep aquifer is of interest because the total dissolved solids in the water is 
more than twice that of the intervals screened by the upper three piezometers. 
The initial and long-term water level responses in these piezometers would 
probably make an excellent model calibration set. 

The water level in all of the Neal Ranch piezometers should be monitored if 
one of the Neal Ranch wells is pumped for a 30-day test as has been 
suggested. A data logger is probably the most efficient method for recording 
water levels. The Denver Office (Reclamation) data logger could be used; 
however, scheduling might be a problem for a 30-day test. 

WATER SAMPLING FOR ISOTOPE ANALYSIS (Age Dating) 

Groundwater can be age dated from a complete isotopic analysis of the water. 
Isotope analyses may indicate that recharge is confined to relatively narrow 
flow paths as the relative water level changes in BR-1 and BR-2 .seem to 
suggest. If this is the case, then recharge estimates based on uniform flow 
through an aquifer cross-section, such as in the southwestern part of the 
Valley, will overestimate recharge. Because of the recharge delineation 
potential, the wells of most interest for isotope analysis sampling would 
probably be those closest to the mountain front recharge watersheds. This 
would include wells BR-1,2,3,5,6, and 10. 
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The Naval Air Weapons Station Geothermal Office plans to collect water 
samples from some of the Project wells for isotope analysis sometime in 1993. 
If the Navy's sampling plan does not include wells of interest to the other 
Project participants, consideration should be given to a financial contribution 
from the other participants to allow more sampling. The marginal cost of 
increasing the sampling scope should be relatively small. 

Carbon 14 and tritium are the common isotopes used for dating groundwater. 
The carbon 14 content of plants, animals, water and anything else that reacts 
directly or indirectly with atmospheric carbon 14 will be essentially constant so 
long as the material is active and in equilibrium with the atmospheric CO,. 
When the material is cut off from the atmospheric CO, pool, as by percolation 
to aquifers for water, the material is no longer in equilibrium with atmospheric 
CO,. After that, its carbon 14 content will gradually decrease because of 
radioactive decay of carbon 14 and lack of replenishment with atmospheric 
carbon 14. The amount of carbon 14 remaining in the material in relation to 
the original concentration of carbon 14 when it was cut off from the 
atmosphere is an indicator of the time elapsed since the cutoff. Carbon 14 can 
be used to date groundwater to about 30,000 years (Bouwer, 1978). 

Tritium is sometimes used to date young groundwater because it has a half-life ' 

of 12.4 years. It occurs as a natural isotope in the atmosphere. However, the ' 

amount of atmospheric tritium was greatly increased by atmospheric testing of 
nuclear weapons, starting about 1954. If groundwater is free of tritium, its 
last exposure to the atmosphere was before 1954. Significant tritium indicates 
fairly young groundwater (Fetter, 1980). 

RECHARGE INVESTIGATIONS 

Several recent developments in estimating and measuring desert basin recharge 
suggest that the estimated recharge to the Valley (around 10,000 acre-feet per 
year) may be too high by a factor of two or more. The initial suspicion 
regarding recharge was prompted by periodic observation of spring runoff 
during 1992 in several Sierra Nevada watersheds. A suite of reasonable 
fabricated runoff hydrographs fitting the few visual flow estimates for each 
watershed all suggest an annual base flow, assuming all base flow recharges 
the aquifer, far less than the recharge estimated for the watershed (based on its 
percentage of the total watershed area recharging the Valley and assuming a 
total annual recharge of 9,850 acre-feet). The following recommended 
recharge investigation techniques begin with an empirical estimating method 
and progress toward increasingly direct measurement. Preliminary indications 
related to each of the recharge investigation techniques suggest that the 
recharge estimate of about 10,000 acre-feet per year is too high. 
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Maxey-Eakin Method for Estimating Recharge 

Application of the Maxey-Eakin method to the Valley is recommended as the 
first step in re-evaluating the Kunkel and Chase (1969) based recharge 
estimate. The Maxey-Eakin method for estimating recharge to a groundwater 
basin was developed by G. B. Maxey and T. E. Eakin between 1947 and 195 1 
and has been applied to over 200 basins in Nevada and other western states 
(Avon and Durbin, 1992). The Maxey-Eakin method is based on a direct 
relationship between precipitation and recharge. Avon and Durbin (1992) 
describe the application of the Maxey-Eakin method as follows: (1) estimating 
the mean annual volumes of precipitation within several precipitation zones for 
the drainage basin, (2) scaling these volumes by a factor waxey-Eakin 
coefficients] representing losses from evapotmspktion and surface-water 
runoff that does not become groundwater recharge, and (3) summing the 
resulting recharge volumes to obtain an estimate of total recharge to the 
groundwater basin. 

The Maxey-Eakin method fell from favor in the mid-1970's as a recharge 
estimating method in the Great Basin based on the work of Watson and others 
(1976). However, the most recent investigation by Avon and Durbin (1992) 
concluded that the Maxey-Eakin method is a fairly reliable predictor. 

Watson and others (1976) performed multiple-linear regressions to determine 
the individual Maxey-Eakin coefficients based on water-budget discharges for 
63 basins as the dependent variable (Avon and Durbin, 1992). The method 
was then judged to be suspect based on the 95 percent confidence interval 
associated with each individual Maxey-Eakin coefficient computed by 
regression. 

Avon and Durbin (1992) suggest that the overall predictive reliability of the 
Maxey-Eakin method is a more important indicator of the methods usefulness 
than the individual confidence intervals for each coefficient. To evaluate the 
method, Avon and Durbin (1992) compared Maxey-Eakin recharge estimates 
with water budget recharge estimates from 40 basins and with model based 
recharge estimates from 27 basins. For the group of 40 water-budget 
estimates the coefficient of variation of the Maxey-Eakin estimate is no greater 
than 44 percent. For the group of 27 model estimates the coefficient of 
variation is no greater than 25 percent (Avon and Durbin, 1992). 

Bredenkamp (1990) also concluded that an empirical relationship between 
precipitation and recharge provides reasonably good estimates of recharge. 
Bredenkamp compared recharge estimates for 14 basins in South Africa, 
primarily from water balances, groundwater models, and chemical mass 
balances, to estimates based on an empirical relationship. 
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The Maxey-Eakin method will probably estimate 2-3,000 acre-feet per year as 
the recharge to the Valley. 

Watershed Investigations for Estimating Recharge 

Base flow gauging in the lower mountain valley section of several watersheds 
is'recommended to help refine the estimate of recharge to the Valley and its 
distribution. Previous recharge estimates can be compared to actual average 
annual base flow, most of which probably becomes recharge, from the gauged 
watersheds. In addition, the average annual base flow may correlate with 
some watershed attribute and allow a better estimate of recharge from the non- 
gauged watersheds. As previously noted, the base flow from several Sierra 
Nevada watersheds during the spring of 1992 appeared to be much lower than 
that needed to match the recharge estimate for the watershed used in the 
groundwater models of the Valley. 

Canyon constrictions formed by bedrock just upstream of the alluvial fan apex 
are ideal locations for base flow gauging. The bedrock constriction forces 
most of the water draining from the watershed to the surface for measurement 
and most of the base flow probably recharges the aquifer when it reaches the 
alluvial fan apex. Perennial flow in Sand Canyon at the lower wilderness 
study area boundary indicates a bedrock constriction which probably allows 
little underflow. This location appears to be ideal for gauging. 

Gauging on Canebrake Creek (Kern River watershed, west side of the southern 
Sierra Nevada drainage divide) could be considered if there is a lack of 
relatively good gauging locations in the Siem Nevada wikersheds recharging 
the Valley. Canebrake Creek would offer the same potential for correlating 
average annual base flow with some watershed attribute, but it obviously 
would not help in refining recharge to the Valley. The southern gauged 
streams captured by the Los Angeles Aqueduct may offer further opportunities 
for correlation of base flow to some watershed attribute. The Haiwee Spring 
area may offer a gauging opportunity for Coso Mountain runoff if it is a 
barrier type spring. 

The USGS is probably a good source for ideas on the type of gauge best suited 
to the requirements. In addition, they could estimate annual monitoring costs 
based on their experience. They may also have ideas for monitoring if the 
Valley interests want to monitor the stations. Weekly staff gauge readings 
might be sufficient for base flow hydrographs. 
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Playa Investigations for Estimating Recharge 

Relatively direct measurement of current and historic bare ground China Lake 
playa evaporation, using the Allison and Barnes (1985) method, is recommend 
for comparison to the Kunkel and Chase (1969) empirical estimates. The 
estimate of average annual recharge to the Valley '(about 10,000 acre-feet) used 
for the last two decades is based on the Kunkel and Chase empirical estimate 
of average annual China Lake playa area evapotranspiration. An estimate of 
playa area evapotranspiration is an estimate of recharge in a closed basin 
because discharge (playa area) equals recharge under equilibrium conditions. 
One of the Kunkel and Chase evapotranspiration estimates is based on depth to 
water under the playa before groundwater development in the Valley, when 
recharge and discharge were assumed to be in equilibrium. 

Recent measured evaporation rates from bare soil on other playas seem low for 
the depth to groundwater when compared to the China Lake Playa estimates of 
Kunkel and Chase (1969). Ullman (1985) notes that the empirical technique 
used by many investigators may greatly overestimate the true value of 
evaporative loss from the water table in arid and semi-arid environments. 

The playa soil core method, developed in Australia, seems to offer a relatively 
quick and easy method of determining historic playa evaporation. Allison and 
Barnes (1985) estimated diffuse groundwater discharge (evapotranspiration) 
from Lake Frome (playa) in northeastern South Australia based on depth 
profiles of deuterium delta-values to about 3 feet depth. The average depth to 
water was about one foot and the soil at several of the measurement sites was 
covered with a 0.20 inch (5 mm) salt crust. The estimates of diffuse 
groundwater discharge from the five sites ranged from 0.29 to 0.75 ftlyr. 
They noted that the estimated rate consistently decreased with increasing depth 
to water. 

Weighing lysimeters, the only direct method of determining bare ground 
evaporation, may offer an alternative to the soil core method. However, for 
comparison to the Kunkel and Chase estimate, the lysimeters could only be 
installed in areas of the playa with the same depth to water as the 1953 water 
level used by Kunkel and Chase. The Desert Research Institute has recently 
developed a relatively simple weighing lysimeter (TyleP, pers. commun.). 

Further investigation of diffuse discharge may be deemed desirable based on 
the results of the initial testing and playa groundwater depths. Microclimate 

Qcott Tyler is an Assistant Research Soil Scientist with the Water Resources Center of the Desert 
Research Institute in Reno, Nevada. 
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stations would probably be best suited to long-term monitoring of bare soil 
evaporation and evapotranspiration from playa fringe phreatophytes. 

RECOMMENDATIONS FOR FUTURE MODELING 

Transient state recalibration of the Berenbrock and Martin model is 
recommended subsequent to a period of data collection from the recharge 
related recommended Project follow-on activities noted above. It is believed 
that the recharge related activities will yield a much lower estimate of recharge 
to the Valley and will probably show that almost all of the recharge is from 
the Sierra Nevada watersheds. In addition, the response of the MW-32 
piezometers to the pumping of District Wells 30 and 31 may suggest some 
reconfiguration of the model. 

The Berenbrock and Martin model can be used without recalibration to predict 
drawdowns in areas where the model transmissivity compares well with 
measured transmissivity. Apportioning the measured transmissivities from the 
screened intervals of the Project wells over the full saturated thickness 
indicates a much higher transmissivity than that modeled along the western 
margin of the Valley. 

REVIEW OF SUBSIDENCE POTENTIAL 

The extensive layer of clay in the northwest part of the Valley raises the 
potential for surface subsidence resulting from groundwater withdrawal in 
excess of recharge. Additional consideration should be given to this potential 
and its possible magnitude. 

The thick clay section discovered by the Project in the northwest is cause for 
concern because groundwater pumping in other areas has induced compaction 
of clayey deposits. Subsidence is due to the compaction of the water-yielding 
deposits as the intergranular effective stresses increase (Lofgren and Klausing, 
1969). The magnitude and rate of subsidence are directly related to the 
change in effective stress within the various compacting beds that results from 
water-level changes and the thickness and compressibility of the compacting 
deposits. 

Based on the effective stress diagrams in Lofgren and Klausing (1969) and the 
general lack of compressible clayey units in the water table aquifer above the 
thick clay section, and assuming perfect confinement of the lower aquifer 
below the thick clay section, it appears that little or no subsidence would be 
induced if the water table above the thick clay in the northwest is significantly 
lowered. 
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However, if the piezometric head in the confined aquifer declines with the 
drop in the water table aquifer, due to less than perfect confinement, the 
effective stress throughout the section will increase. The magnitude of 
subsequent subsidence would depend on the decline in water table, drop in 
piezometric head, and the thickness and compressibility of the compacting 
deposits. The subsidence could be several feet or more. 

These interpretations should be reviewed as a part of the analysis of the impact 
of pumping water from the northwest. 
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PREFACE 

Material in this Section was originally prepared in September 1990. Data on 
estimated future water demands provided by local entities were based on information 
available through the late 1980's. At the time the Indian Wells Valley Groundwater 
Project was completed in December 1993, the high population growth rates of the 
1980's had moderated and groundwater pumping for agricultural use had not 
expanded as anticipated several years earlier. 

Those conditions led to consideration of revising the future water demand projections 
presented in this section. The decision was made to leave the projections as originally 
estimated. There were two dominant reasons for this decision: 

The current turndown in population growth is only a recent condition with 
minimal information on either the potential size or duration of the downturn 
and, therefore, whether or not the lower growth rate will constitute a future 
trend. 

Since it is uncertain at this time whether or not the current growth rate 
reduction is only a temporary phenomenon or the start of a long term 
situation, maintaining the original future water demand estimates constitutes 
either a reasonable or conservative projection. 

As the future agricultural pumping and population growth develops, water use 
projections should be adjusted and their impacts on future water development should 
be re-evaluated . 

It should also be noted that since completion of this Section in September 1990 names 
for two of the local entities have changed. Kerr-McGee Chemical Corporation sold 
its Trona operation to North American Chemical Company and as part of a major 
reorganization, the Naval Weapons Center became the Naval Air Weapons Station. 









Water Requirements 

The following is based on available information. Local water users have furnished 
historical and future water use data. In several cases this information is limited or 
incomplete. The purpose of this section is to assemble the information so that it is 
easily understandable and can be used in the formulation of Project alternatives and 
designs. 

Historical Water Use 

Available data were analyzed in an attempt to gain insight about area water needs. 
The primary water users were Naval Weapons Center; Kerr-McGee Chemical 
Corporation; Indian Wells Valley Water District; Antelope Valley Water Company . 

(Inyokern); Wilbur Stark Water Company; Louisiana Pacific Lumber Company; 
Ridgecrest Heights Water Company; several irrigated farms including Brown Road 
Farming Company (formerly Circle M), Spike Leroys Ranch and Neal Ranch and 
several hundred operators of individual wells. In many cases, little or no data are 
available about historical water use. Attempts have been made to estimate past annual 
use in the Indian Wells Valley by St.-Amand, 1986, and others. These overall 
estimates of water pumped range from 21,000 acre-feet to over 30,000 acre-feet 
annually. No attempt will be made in this section to estimate the overall historical 
pumping in the Valley because of the missing data and conflicting information. The 
available historical water use data, however, can provide valuable insights to expected 
water use. 

The following presents and discusses the available historical data: 

Naval Weapons Center 

The following historical data were furnished by Michael Stoner, Naval Weapons 
Center, China Lake, California. It can be seen that water use has decreased and is 
now relatively constant at about 4,400 acre-feet per year. The decrease was probably 
due to the resident population shift to the city of Ridgecrest. 
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Kerr-McGee Chemical Corporation 

Kerr-McGee pumps water from the Indian Wells Valley to supply not only their 
industrial process in the nearby Searles Valley, but the town of Trona as well. This 
water use has been listed under the name Searles Valley Water Users in other reports: 
e.g., St. -Amand, 1986. The following historical information was supplied by 
Michael Stoner, Naval Weapons Center, China Lake, California, and from the Kerr- 
McGee Chemical Corporation: 

Indian Wells Valley Water District 

The Indian Wells Valley Water District was originally formed as the Ridgecrest 
County Water District in 1955. It was to provide water to the city of Ridgecrest and 
the surrounding area (Krieger and Stewart, 1990). Ridgecrest Heights Water District 
(previously known as the Wilbur Stark Water Company) is now a part of the Indian 
Wells Valley Water District. Historic water production and consumption is shown in 
tables 1 and 2 (Krieger and Stewart, 1990). Note that Ridgecrest Heights Water 
District water use is excluded from some of the quantities in these tables. The Wilbur 
Stark Water Company (later the Ridgecrest Heights Water Company) used 993 and 
1,700 acre-feet in 1980 and 1984, respectively (St. -Amand 1986). Ridgecrest Heights 
Water Company was acquired by the Indian Wells Valley Water District in 1987 or 
1988. 



TABLE 1 
INDIAN WELLS VALLEY WATER DISTRICT 

DOMESTIC WATER SYSTEM 
HISTORIC WATER PRODUCTION AND CONSUMPTION 

' 1985 GENERAL PLAN AMENDMENT 

' ESTIMATED BASED ON 3.6 PERSONS PER AVERAGE SERVICE CONNECTION 

YEAR 

1965 

1970 

1975 

1980 

1981 

1982 

1983 

1984 

1985 

1986 

1987 

1988 

AVERAGE 
SERVICE 

CONNECTIONS 
(EA) 

1,7302 

2,2202 

3,480' 

4,8602 

5,0802 

5,2102 

5,4302 

5,7302 

6,010 

6,840 

8,540 

9,210 

POPULATION 
SERVED' 

(PERSONS) 

6,200 

8,000 

12,500 

17,500 

18,300 

18,800 

19,500 

20,600 

21,600 

24,600 

30,700 

33,200 

PRODUCTION 
(AF) 

1,300 

1,900 

2,800 

3,820 

4,220 

3,960 

4,320 

4,940 

4,980 

5,900 

7,390 

7,900 

CONSUMPTION 
(Am 

1,100 

1,600 

2,500 

3,820 

3,900 

3,860 

4,090 

4,310 

4,440 

5,750 

6,440 

6,290 

PRODUCTION 
CONSUMPTION 

RATIO 

1.182 

1.188 

1.120 

1 .OOO 

1.082 

1.026 

1.056 

1.146 

1.122 

1.026 

1.148 

1.256 

PRODUCTION 

UNIT 

AFICONN 

0.75 

0.86 

0.80 

0.79 

0.83 

0.76 

0.80 

0.86 

0.83 

0.86 

0.87 

0.86 

PER CAPITA 

AF 

0.21 

0.24 

0.22 

0.22 

0.23 

0.21 

0.22 

0.24 

0.23 

0.24 

0.24 

0.24 

GPD 

190 

210 

200 

190 

210 

190 

200 

210 

210 

210 

210 

210 



TABLE 2 
INDIAN WELLS VALLEY WATER DISTRICT 

DOMESTIC WATER SYSTEM 
HISTORIC MONTHLY PRODUCTION 

1985 THROUGH 1988 

Excludes Ridgecrest Heights 

MONTH 

JANUARY 

FEBRUARY 

MARCH 

APRIL 

MAY 

JUNE 

JULY 
- 

AUGUST 

SEPTEMBER 

OCTOBER 

NOVEMBER 

DECEMBER 

TOTAL 

1985 

AF 

213 

222 

256 

447 

553 

58 1 

656 
- - 

613 

484 

424 

27 1 

259 

4979 

5% 

4.28 

4.46 

5.14 

8.98 

11.11 

11.67 

13.18 
- 

12.31 

9.72 

8.52 

5.44 

5.20 

100 

1986' 

AF 

256 

233 

369 

485 

668 

756 

752 
- 

696 

636 

434 

349 

260 

5894 

5% 

4.34 

3.95 

6.26 

8.23 

11.33 

12.83 

12.76 

11.81 

10.79 

7.36 

5.92 

4.41 

100 

1987' 

AF 

235 

279 

39 1 

546 

567 

815 

872 

895 

67 8 

539 

344 

282 

6443 

5% 

3.65 

4.33 

6.07 

8.47 

8.80 

12.65 

13.53 

13.89 

10.52 

8.37 

5.34 

4.38 

100 

1988 

AF 

288 

394 

468 

563 

735 

95 1 

1042 

1080 

800 

723 

502 

437 

7983 

% OF 
AVERAGE 
MONTHLY 
PRODUCTION 

47.05 

53.50 

70.39 

96.81 

119.67 

147.18 

157.57 

155.77 

123.23 

100.56 

69.54 

58.72 

1985 - 1988 

% 

3.61 

4.94 

5.86 

7.05 

9.21 

11.91 

13.05 

13.53 

10.02 

9.06 

6.29 

5.47 

100 

AF 

992 

1128 

1484 

204 1 

2523 

3103 

3322 

3284 

2598 

2120 

1466 

1238 

25299 

% 

3.92 

4.46 

5.87 

8.07 

9.97 

12.27 

13.13 

12.98 

10.27 

8.38 

5.79 

4.89 

100 
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Inyokern (Inyokern Services District) 

This small community is presently pumping 259 acre-feet per year according to 
Pam Emst, general manager. The community supplier was previously called the 
Antelope Valley Water Company. Reference may be to this entity in earlier reports. 

Louisiana-Pacific Corporation 

This sawmill is no longer in operation. The last water use was in 1986. The 
estimated past annual water use was about 3,000 acre-feet (St.-Amand, 1986). 

Irrigation 

In the past, three ranches have used most, if not all, of the water pumped for imgated 
agriculture. They are: Brown Road Farming Company, (formerly Circle M Ranch), 
Neal Ranch, and Spike Leroys Ranch. The Neal Ranch was purchased by the Indian 
Wells Valley Water District in 1988. Complete historical data are not available. 
Imgation water use has decreased in recent years, however. Alfalfa is the primary 
crop grown. It was reported that the Brown Road Farming Company has seven 
center-pivot irrigation systems in operation pumping about 12,000 acre-feet annually. 
[Assuming six acre-feet per acre consumptive use (California Department of Water 
Resources, 1975, 1986, and Erie et al., 1982), 75 percent application efficiency and 
130 acres per system, the estimated pumping would only be 7,300 acre feet per year.] 
The Spike Leroys Ranch is estimated to have pumped about 1,600 acre-feet per year 
(estimate by Michael Stoner). This ranch is not presently imgating but is expected to 
resume soon. 

Some small orchards (almonds, pistachios and apricots) exist, but it is assumed the 
imgation water is from individual domestic wells (See next section). 

Private Wells 

It has been reported that over 3,000 wells exist in the Indian Wells Valley. The 
majority of these have been abandoned. It is estimated that about 550 wells are 
currently in production that supply private water users. Little or no information 
exists about historical use of these wells. 

The following derives a rough estimate of present annual use. Assuming two-thirds 
of the wells are serving individual users on 2.5 acre plots (one connection per well 
using 1.5 acre-feet per connection), these would pump about 550 acre-feet per year. 
Most (75 percent) of the remaining one-third of the wells serve about four households 
per well. These are estimated to pump 824 acre-feet per year. The remaining wells 
service larger plots up to 10 acres, having as many as 15 households per well. 
Assuming 1.1 acre-feet per connection per year, the remaining wells are estimated to 
pump 756 acre-feet per year. Total private ground water withdrawals would be about 
2100 acre-feet per year (550 + 824 + 756), which may be conservatively high. 
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Future Water Use 

Certain water user entities have analyzed their future water needs in great detail while 
others have not. The following summarizes available data: When data are lacking, 
estimates are made instead. 

Naval Weapons Center 

The historical and projected use was furnished by Michael Stoner, Naval Weapons 
Center, China Lake, California. This is shown in figure 1. The use is expected to be 
relatively constant at 4,400 acre-feet per year. 

Kerr-McGee Chemical Corporation 

The following projections of water use were furnished by Bob Garrod of Ken-McGee 
Chemical Corporation: 

Indian Wells Valley Water District 

Year 

1989 

1990 

1991 

1992 and future 

The following information is from the Indian Wells Valley Water District's " 1990 
Water General Plan" (Krieger and Stewart, 1990). The projected water requirements 
are based on 0.86 acre-feet per year per connection: 

Acre-Feet 

2320 

2500 

2800 

- 2800-3000 

Year 
1980 

1990 

1995 

2000 

2005 

2010 
? 

Projected Water 
Requirements 

(Acre-feet) 

3,820 

8,600 

12,250 

16,500 

20,500 

25,000 

Projected 
Population 

15,800 

36,000 

51,300 

69,050 

85,800 

104,650 

Projected 
Service 

Connections 

4,350 

10,000 

14,200 

19,200 

23,800 

29,100 
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Inyokern (Inyokern Community Services District) 

The following information was provided by Pam Emst, general manager. The annual 
water use is expected to reach 340-360 acre-feet by 1992. After 1992 they expect 
about 5 percent growth per year. This would put water use at about 400 and 735 
acre-feet per year for 1995 and 2010 population levels, respectively. 

Louisiana - Pacific Corporation 

The sawmill is no longer in production and is not expected to operate in the future. 

Irrigation 

It is assumed that the Spike Leroys Ranch will resume imgation (1,600 acre-feet per 
year). Therefore, imgation water use would reach 13,600 acre-feet per year 
(12,000 + 1,600). Future water use is assumed to be constant at 13,600 acre-feet per 
Year. 

Private Wells 

It is assumed that there will be a 2 percent growth rate over a 20-year period. This 
would result in 2,400 and 3,100 acre-feet annually for 1995 and 2010 levels, 
respectively. 

Total Projected Future Water Use 

The following tabulation summarizes the projected water use for the Indian Wells 
Valley. The values are also portrayed in figure 2. 

Water Use 

Naval Weapons Center 

Kerr-McGee Chemical 

I.W.V. District 

Inyokern CSD 

Irrigation 

Private Wells 

Total Valley 

Future Demand (Acre-Feet) 

1995 

4,400 

3,000 
12,500 

400 

13,600 

2,400 

36,300 

2010 

4,400 

3,000 
25,000 

735 

13,600 

3,100 

49,835 

49,800 (rounded) 



Figure 2 
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INTRODUCTION 

This Section describes the methods used to estimate the life of six future 
groundwater development possibilities identified during the Project. The six 
possible future water development alternatives were: 

1. Continue pumping from the Intermediate Area only 

2. Continue pumping from the Intermediate Area and expand into the 
Southwest Area 

3. Continue pumping from the Intermediate Area and blend water from 
the Northwest Area 

4. Continue pumping from the Intermediate Area, expand into the 
Southwest Area, and blend water from the Northwest Area 

5 .  Continue pumping from the Intermediate Area and blend treated water 
from the Northwest Area 

6. Continue pumping from the Intermediate Area, expand into the 
Southwest Area, and blend treated water from the Northwest Area 

In estimating the life of the water resource in Indian Wells Valley, major 
assumptions have to be made in three areas--future groundwater withdrawals, 
extractable groundwater volume, and recharge volume and distribution. 
Determination and usage of values in each of these areas in estimating 
resource life is the subject of this Section. 

Models used here for developing the parameters that determine resource life 
are neither sophisticated nor complex. An elementary approach was used 
because uncertainty in available data would not have allowed additional 
accuracy even with a more rigorous mathematical approach. In order to 
compensate for uncertainties in assumptions and simplicity in the modelling 
effort, reasonable extremes were developed in an effort to bracket the 
parameters. Three scenarios were evaluated. A "worst case" condition was 
developed by using conservative values for all evaluation parameters. More 
optimistic values were used to develop a scenario at the other extreme of the 
range. Intermediate values based on interpretation of available data and 
professional judgement were then used to define a scenario that is considered 
to be a realistic representation of future conditions. 
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FUTURE WITHDRAWALS 

Section B of this volume provides documentation of Valley water extraction 
projections made in 1990. Those projections were essentially a straight-line 
extrapolation resulting in annual withdrawal increases starting at about eight 
percent a year and decreasing to about four percent a year by the year 2010. 
For the purposes of this analysis, after the year 2010 the demand was assumed 
to remain constant at the 2010 level. That projection is now considered to be 
on the high side of the range of future withdrawal estimates and will represent 
the "worst case" condition. 

As pointed out in the Preface to Section B, Valley growth moderated in the 
early 1990's. Current population growth in the Valley is flat, as is the 
increase in water withdrawals. This condition will be used to represent the 
low side of the range of future withdrawal estimates. Current annual 
groundwater withdrawals as presented in Section B are: 

Naval Air Weapons Station 4,400 acre-feet 
North American Chemical Company 3,000 
Indian Wells Valley Water District 9,000 
Inyokern Community Services District 300 
Agriculture 12,000 
Private residential wells 2 .OOO 

Total 30,700 acre-feet 

While it is conceivable that groundwater pumpage will remain at or near 
current levels, it is highly unlikely that the Valley will experience growth 
represented by the projections given in Section B. Perhaps a more likely 
groundwater withdrawal estimate would be derived by assuming that pumping 
for the Naval Air Weapons Station, North American Chemical Company, and 
agriculture will remain at current levels in the future and that the other entities 
will increase pumpage in a straight line so that by the year 2010 it will 
increase 50 percent. After 2010, pumpage is assumed constant. With these 
assumptions, the current and midrange or intermediate values for future annual 
water withdrawals in acre-feet are as shown below and in Figure 1: 

Naval Air Weapons Station 4,400 4,400 
North American Chemical Company 3,000 3,000 
Indian Wells Valley Water District 9,000 13,500 
Inyokern Community Services District 300 450 
Agriculture 12,000 12,000 
Private residential wells 2,000 3.000 

Total 30,700 36,350 



Figure 1 : Revised Projected Total 
Future Water Demands 

Year 
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EXTRACTABLE GROUNDWATER VOLUMES 

The Project identified three areas that could be used to provide future 
groundwater resources for the Valley. These are the Intermediate Area, the 
Northwest Area, and the Southwest Area (see Figure 2 for location). The 
Intermediate Area 
is the traditional groundwater 
extraction area for the Indian 
Wells Valley and the area for 
volume calculation is 
assumed to be 4 miles by 
6 miles. The Northwest Area 
is 9 miles by 4.5 miles and 
the Southwest Area is 4 miles 
by 7 miles. 

To determine the extractable 
groundwater volume, 

Nor t hu~ es t 

40.5 mi? 

Intermediate 

Southulest 24 mi2 

28mi2 - 
assumptions were made on 
specific yield and the 
saturated thickness that would 

While data obtained during the Project indicate good quality water in the 
Intermediate Area and Southwest Area to a depth of at least 2,000 feet, 
dewatering the aquifer to that depth is not considered reasonable for both 
physical and economic reasons. However, given the high economic value of 

reasonably be expected to be 
dewatered. Specific yield 
was assumed to be 20 percent 
or 0.20, since most 

- - 
municipal and industrial water as compared to  agricultural water, dewatering 
to depths of 500 to 600 feet is not unreasonable. Therefore, based on current 
depth to groundwater, as much as 300 feet of aquifer could be dewatered in 

Ridgecrest 

the ~ntermediate and Southwest Area. 

references suggest a range of 
0.10 to 0.30 for sand Figure 2 

aquifers. St.-Amand (1986) 
used a range from 0.10 to 0.20, depending upon Valley location. 

In order to bracket reasonable dewatering depths, dewatered thicknesses of 
100, 200, and 300 feet are used. A dewatering depth of 100 feet is considered 
the low side of the range and 300 feet is assumed to be the high end of the 
range. With a 300-foot dewatered thickness the total static pumping head may 
be reaching the current edge of the economic pumping range. For this 
analysis, 200 feet of dewatering will be considered the realistic value of 
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dewatering depth. In the Northwest Area the depth to groundwater and depth 
to the top of the extensive clay layer limits dewatering to about 200 feet. 

As pointed out in a later discussion on water quality, depression of the 
groundwater surface caused by pumping will result in a head difference 
between water in the pumped areas and water in surrounding areas. This will 
cause surrounding water to migrate into the pumped areas. This additional 
volume will be accounted for during the water quality calculations. 

The extractable groundwater volumes in millions of acre feet based on the 
assumptions above are about: 

100-Foot 200-Foot 300-Foot 
Area Dewatering Dewatering Dewatering 

Depth Depth Depth 

Intermediate 0.31 0.61 0.92 
Southwest 0.36 0.72 1.06 
Northwest 0.52 1.04 1.04 

RECHARGE VOLUME AND DISTRIBUTION 

Recharge quantity and distribution has been the subject of speculation and 
discussion among local water experts. Resolution of the various viewpoints 
continues to be elusive, even with the additional data obtained under this 
Project. However, calculation of a resource life demands making recharge 
assumptions, so an attempt was made here to use all existing information, 
including data from other researchers, to develop reasonable resource life 
estimates. 

Recent research suggests that the previous quantitative estimate of Valley 
recharge may be too high (see the AQUIFER MODELING chapter of Section 
A). Based on that possibility, the low estimate for recharge quantity used here 
was 3,000 acre-feet a year from the east slope of the Sierra Nevada. 
Distribution of this quantity was 1,000 acre-feet into the Southwest Area and 
2,000 acre-feet into the Northwest Area. This distribution was based on the 
assumption that recharge distribution is proportional to watershed vegetation 
distribution as reported in Appendix I (see table 1 of that appendix). 

For the intermediate recharge case, values and distribution presented in 
Berenbrock and Martin (1991) were used. Recharge developed by those 
researchers was about 6,000 acre-feet a year from the eastern Sierra Nevada, 
with about half coming into the Northwest Area and half into the Southwest 
Area. 
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The high end of the range for recharge from the eastern Sierra Nevada used in 
this analysis was 9,000 acre-feet a year. This was derived by assuming 
3,000 acre-feet enters the Northwest Area from the Little Lake area in addition 
to the Berenbrock and Martin estimate. This assumption, then, gives 
3,000 acre-feet a year recharge into the Southwest Area and 6,000 acre-feet a 
year recharge into the Northwest Area. 

For all cases, it was assumed that there is no natural recharge into the 
Intermediate Area. This assumption is probably quite conservative for 
Alternative 1 where all the pumping occurs in the Intermediate Area, but may 
be more realistic under other alternative water development possibilities. As 
discussed on the next page, however, there is a five percent estimated annual 
contribution to pumping quantities from groundwater storage outside the 
pumped areas. 

A summary of all the evaluation parameters discussed in the sections above are 
shown in the following table. 

DESCRIPTION OF RESOURCE LIFE MODEL 

Evaluation 
Parameter 

Future 
Withdrawals 

There are two prime considerations in determining a strategy for future water 
development and estimating the life of water resources in the Valley--volume 
of water available and water quality. Selection of a future groundwater 
development strategy will also depend upon the approach to water quality. As 
water quality declines from the good quality source areas there is less 
opportunity for use of poorer quality water by blending. Early blending of 
poorer quality water with good quality water will result in a rapid (but scarcely 
perceptible) decline in delivered water quality, but the total water volume 
available to the Valley will be expanded. 

Optimistic 
Condition 

No change from 
current pumping 
quantities 

Conservative 
Condition 

1990 projections 

Extractable 
Water Volume 

Total 
Recharge 

Intermediate 
Condition 

50% increase in 
18 years for 
some pumpers 

dewatering depth dewatering depth 

3,000 a-flyr 6,000 a-flyr 9,000 a-flyr 



Secrion C Estimate o f  Water Resource Life 

The model used to estimate resource life has three components--withdrawals 
from the groundwater, inflow into the groundwater from both natural recharge 
and migration of surrounding water, and changes in water quality. 
Withdrawals are described under FUTURE WITHDRAWALS and natural 
recharge is described under RECHARGE VOLUME AND DISTRIBUTION. 
The method for determining surrounding water inflow and water quality is 
described below. 

Historical data were used to estimate the amount of surrounding water that 
would migrate into the pumped areas. Between 1965 and 1985 groundwater 
elevations in the Intermediate Area dropped about 40 feet (Berenbrock, 1991, 
p. 4 9 ,  a rate of decline of about 2 feet a year. If the pumped area is assumed 
to be round with a diameter of six miles and a specific yield of 20 percent, a 
2-foot annual decline over the entire area would amount to an annual 
withdrawal of about 7,250 acre-feet. During the 1965 - 1985 time period, 
actual annual pumping from the Intermediate Area was about 7,500 acre-feet a 
year (Kneger and Stewart, 1988). It appears from this calculation that if the 
pumping cone of depression is inducing any inflow from the surrounding area, 
that amount of inflow is quite small in comparison with the pumped quantity. 
However, for the purposes of the resource life model developed here, it was 
assumed that inflow from the surrounding area is a constant five percent of the 
pumped quantity. 

Inflow from the surrounding area will have an impact on the quality of water 
in the Intermediate Area because the surrounding water is of poorer quality. 
For purposes of this model, water surrounding the Intermediate Area was 
assumed to have a quality of 1,000 mg/l. Then, as surrounding water 
migrates into the Intermediate Area, water in the Intermediate Area will 
gradually become more saline. This change in dissolved solids concentration 
was calculated by combining the migrating 1,000 mg/l surrounding water with 
the 250 mgll Intermediate Area water. The following equation was used: 

Where, QOi = Original Intermediate Area water quality 
Voi = Original Intermediate Area water volume 
Qi = New Intermediate Area water quality 
Vni = New Intermediate Area water volume 
Q, = Surrounding water quality 
I, = Annual surrounding water inflow 
Qp = Pumped water quality 
V, = Annual pumped water volume 
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Since water surrounding the Southwest Area appears to have a dissolved solids 
concentration approximately equal to water in the Southwest Area, no water 
quality change would result from pumping that area. Similarly, water quality 
in the Northwest Area would not change from migration of surrounding water. 

Natural recharge quality is assumed to be 250 mgll in the Southwest Area. 
However, in the Northwest Area there is evidence that recharge is of poorer 
quality. In order to provide conservative results and to allow simple 
calculations, natural recharge to the Northwest Area was assumed to have a 
dissolved solids concentration of 1,000 mg/l. 

A sample calculation is shown below. This example shows computations for 
first year pumping from the Intermediate Area (Alternative 1). The most 
conservative withdrawal parameter was used for this example-- 18,700 acre-feet 
of water pumped the first year. Recharge is assumed to be zero and so is not 
a consideration in this equation; however, recharge must enter into the 
calculation for other alternatives. Dewatered depth is also not a consideration 
in the calculation because volume is used here only in the determination of 
water quality, not in determining resource life. 

Voi = 2,150,000 acre-feet. This assumes an area of 24 square miles . 

and a water depth affected by incoming surrounding water of 
700 feet. The 700-foot number was derived by assuming a well 
screen depth of 1,000 feet and a current groundwater surface 
elevation of 300 feet below ground level. 

pi = 250 mgll 

Vni = Voi - Vp + I, = 2,132,235 acre-feet 

Q, = 1,000 mgll 

I, = 5% of 18,700 = 935 acre-feet 

Qp = 250 mgll for the first year. Qp is actually always the same as Qi 
for the previous year. 

Vp = 18,700 acre-feet 

Then, Qi = {(2,150,000 x 250) + (1,000 x 935) - (250 x 18,700)}/2,132,235 
= 250.33 mgll 

For the second year calculation, Qi becomes Qi and Vni becomes Voi. The 
calculation is repeated until either the available water is depleted or Qi reaches 
500 mgll. 



Section C Estimate of Water Resource Lqe 

CALCULATED RESOURCE LIFE VALUES 

Using the technique and assumptions described above, resource life values 
were calculated for each of the potential resource development alternatives. 
Since there are three evaluation parameters (recharge, dewatering depth, and 
future pumping), each with three possible values, there are 27 possible 
combinations of resource life for each potential development alternative. 
Instead of calculating a resource life for each combination, calculations were 
made only for the worst or conservative conditions, for optimistic conditions, 
and for what is considered here as more realistic conditions. Results of each 
of these calculations are shown in the table below. 

For alternatives that included pumping from both Intermediate and Southwest 
Areas, the pumping distribution was adjusted to maximize the life of the 
resource. Pumping percentage from the Southwest Area varied between 55 
and 61, with the rest being pumped from the Intermediate Area. 

Resource 
Development 
Alternative 

No. 1--Pump Intermediate Area 
only 

No. 2--Pump Intermediate 
Area, expand into the 
Southwest Area 

No. 3--Pump Intermediate 
Area, blend Northwest Area 
water 

No. 4--Pump Intermediate 
Area, expand into the 
Southwest Area, blend 
Northwest ~ r &  water 

No. 5--Pump Intermediate 
Area, blend treated water from 
the Northwest Area 

No. 6--Pump Intermediate 
Area, expand into the 
Southwest Area, blend =ed 
water from the Northwest Area 

Resource 

Conservative 
Condition 

14 

26 

19 

3 3 

19 

33 

-- 

Life, years 

Inter- 
mediate 

Condition 

29 

68 

42 

92 

42 

92 

- 

Optimistic 
Condition 

52 

134 

77 

169 

77 

169 
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It should also be noted that water quality never became a limiting factor. That 
is, the water volume in the Intermediate or Southwest Area became depleted 
before the water quality reached the Environmental Protection Agency 
recommended total dissolved solids concentration of 500 mgll. This is why 
the resource life for Alternatives 5 and 6 are the same as for Alternatives 3 
and 4, respectively. This also means that treatment of the Northwest Area 
water for blending purposes is unnecessary if total dissolved solids is the only 
consideration. There are, however, individual constituents that may limit the 
blending associated with Alternatives 3 and 4. In that case, treatment is 
required in order to achieve the resource life values shown in the table on the 
previous page. 

In several blending cases, water in the Northwest Area became depleted while 
there was still water available in the Intermediate Area or Southwest Area. In 
that event, agricultural pumping from the Northwest Area would be limited to 
the recharge volume and the quantity of water migrating in from the 
surrounding area, and pumping in the Intermediate or Southwest Areas would 
be increased to meet all municipal and industrial demands. 
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APPENDIX I. 

ESTIMATING RECHARGE DISTRIBUTION 
TO INDIAN WELLS BASED ON VEGETATION DISTRIBUTION 

IN THE RECHARGE WATERSHEDS 
Dennis E, Watt 

INTRODUCTION 

Bloyd and Robson (1971) estimated, by trial-and-error using their groundwater 
model, that about 64 percent (6,250 acre-feetlyear) of the mountain front 
recharge to Indian Wells Valley (Valley) originates from the Sierra Nevada on 
the west side of the Valley, about 32 percent (3,170 acre-feet/year) originates 
in the Coso and Argus Ranges on the north and northeast sides of the Valley, 
and about 4 percent (400 acre-feetlyear) originates in the El Paso Mountains 
on the south side of the Valley (Berenbrock and Martin, 1991). Berenbrock 
and Martin (1991) also used this recharge distribution in their groundwater 
model of the Valley. 

St. Arnand (1986) and Berenbrock and Martin (1991) note that 
3,170 acre-feetlyear from the Coso and Argus Ranges is too much based on 
the simulated groundwater gradient in the northeast part of the Valley in the 
two groundwater models (Bloyd and Robson, 1971 ; Berenbrock and Martin, 
1991). Kunkel and Chase (1969) seem to suggest a recharge distribution 
different from that in the models. They state, 

"The largest increment of recharge for Indian Wells Valley is derived 
from the east slopes of the Sierra Nevada, west and southwest of 
Inyokern, where the heaviest precipitation with the area occurs. 
Second in importance are the steep fans and escarpment of the Sierra 
Nevada northwest of Inyokern, where the catchment area is smaller and 
the quantity of precipitation is less. A third increment, probably small, 
is derived from Rose Valley through a narrow channel at Little Lake. 
A very small quantity of recharge reaches the main water body from 
the Argus Range, but the quantity is small because of the small amount 
of precipitation in that area. Other very minor quantities are derived 
from Coso Basin and the El Paso Mountains." 

The statements above suggest the need for another method of distributing 
recharge. Distributing recharge based on watershed vegetation distribution, as 
described below, may have merit. 
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PREVIOUS RECHARGE DISTRIBUTION METHOD 

Bloyd and Robson (1971), the first Indian Wells Valley groundwater modelers, 
started with an assumption that natural recharge is directly proportional to 
watershed area above 4,500 feet in the Sierra Nevada and 5,000 feet in the 
Coso and Argus Ranges. This yielded 102 square miles of recharge 
contributing watershed area in the Coso and Argus Ranges and 88 square miles 
in the Sierra Nevada. Apportioning this watershed area based recharge in the 
model resulted in too much recharge emanating from the Coso and Argus 
Ranges and too little recharge from the Sierra Nevada. A simple trial-and 
error process was then used to make changes in recharge values until the head 
conf~guration determined by the model was in agreement with the 1920-21 
water-level contour map drawn from available water-level measurements 
(Bloyd and Robson, 1971). Berenbrock and Martin (1991) used the Bloyd and 
Robson gross recharge distribution (for the Sierra Nevada and for the Coso 
and Argus Ranges) in their model. 

OTHER POTENTIAL RECHARGE DISTRIBUTION METHODS 

The author investigated several potential methods for distributing recharge or 
mapping "recharge potential" based on the premise that most if not all 
recharge is from winter precipitation runoff. A number of authors (Simpson et 
al., 1970; Gallagher, 1979; and Mifflin, 1968) have suggested that mountain- 
front recharge in the southwest is a function of winter precipitation only. The 
methods investigated included a distribution based on: (1) average annual 
"snow-pack" distribution, (2) winter precipitation distribution based on long 
period National Oceanic and Atmospheric Administration (NOAA) atmospheric 
model runs for the prbposed Yucca Mountain high level nuclear waste 
repository, and (3) vegetation distribution in the recharge watersheds. 

The apparent lack of data eliminates any method based on measured or 
estimated "snowpack." Watershed snowpack measurements and estimates are 
only available for California watersheds draining to the large reservoirs, 
mostly west of the Sierra Nevada drainage divide. The only winter 
precipitation data available for the east slope is believed to be that collected in 
the Carson-Truckee watershed and the watersheds draining into Los Angeles 
Department of Water and Power (LADWP) eastern Sierra reservoirs and 
aqueducts. 

The NOAA model is of little use because the 60 kilometer grid size is too 
coarse. The coarse grid is a function of the wide spacing of sites in the 
western U.S. for which relatively long tern weather data is available. The 
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node size can be reduced to 10 kilometers (still much too coarse) locally with 
a local data collection effort.' 

RECHARGE DISTRIBUTION BASED ON WATERSHED 
VEGETATION DISTRIBUTION 

Estimating recharge distribution from vegetation distribution is based on the 
premise that the areal distribution of some vegetation community in the 
recharge watershed may be in equilibrium withWsome average long-term2" 
areal moisture availability in the watershed and that moisture availability may 
be proportional to recharge. Therefore, distribution of vegetation with high 
sensitivity to moisture availability and low sensitivity to other climatic and 
substrate conditions may be a potential indicator of watershed recharge 
potential. 

Vegetation distribution may only indicate general moisture conditions in a 
watershed. Because of evapotranspiration, the amount of precipitation draining 
below the root zone (to become recharge) of watershed vegetation may be less 
than that draining below that same depth under less vegetated slopes. Ng and 
Miller (1980) found that drainage averaged 1 cmlyr [0.4 inlyr] on the north- 
facing slope but was almost 3 cm/yr l1.2 in/yr] on the less vegetated south- 
facing slope. Precipitation at the research site, in the mountains east of 
San Diego, for the water years 1972, 1973, and 1974 was 25.9 [10.2], 
66.8 [26.3], and 35.1 [13.8] cm [in], respectively. 

PINYON-JUNIPER 

Pinyon-juniper woodland area was selected as the watershed moisture 
distribution indicating vegetation based on the author's perception that the 
distribution of pinyon and juniper woodlands is similar to the distribution of 
areas which receive snow most every year and because a number of authors 
(Simpson et al., 1970; Gallagher, 1979; and Mifflin, 1968) have suggested that 
mountain-front recharge in the southwest is a function of winter precipitation 
only. Moreover, pinyon-juniper distribution seems to be sensitive to moisture 
availability and insensitive to substrate based on findings summarized below. 

Personal communication with J.C. Lease, U.S. Bureau of Reclamation, Denver, 1992. 

Changes is specie distribution and density may lag many decades behind long-term 
atmospheric changes, however it is assumed that any change in long-term moisture availability 
will affect the v i e  distribution and density in all watershed areas equally. 
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Pinyon and juniper woodlands are found in many parts of California, although 
they are most extensive east of the Sierra Nevada and Cascade Ranges. 
Pinyon-juniper trees generally grow where annual precipitation averages 
between 8 and 12 inches and the frost-free season is about 120 days (Arno and 
Hammerly, 1984; Garrison and others, 1977). Although soil and geology 
differ, the basic tree growth patterns appear to be similar (Young, 1984). 

Daubenmire (1943) suggests that soil moisture availability is the most 
important factor in determining the lower limit of dominant tree and shrub 
species in Rocky Mountain vegetation zones. In the Great Basin, pinyon- 
juniper woodlands form a distinct zone on the mountain ranges, with upper 
and lower limits thought to be due primarily to water availability and extreme 
temperatures (Tueller and others, 1979). 

Whittaker and Niering (1968) made traverses sampling species distribution and 
conducted a "special sample series" on various rock types on the north slope 
of the Santa Catalina Mountains [north of Tucson], Arizona. In comparing the 
vegetation supported by diorite [granitic rock] and limestone they noted that 
several species occurred on both alkaline and acid soils. These included 
Junkerus dea~eana Ijuniper]. Bradbury (1969) found that the distribution of 
five tree forms in the southern Swisshelm Mountains of southeast Arizona 
[including Juniperus de~peana and J. monosperma1 present the possibility of 
factors other than substrata influencing their distribution [in a limestone and 
igneous rock terrain]. Bradbury presumed that moisture factors are active in 
regard to the preferences of these species. 

Wentworth (198 I), on the other hand, found that within the Mule Mountains 
[southeast Arizona], limestone and granite sites existing under similar climatic 
regimes support markedly different plant communities. He attributed this to 
the finer texture of the c a l m u s  soils which would tend to allow only 
shallow penetration of small amounts of precipitation which in turn would be 
more readily lost by evaporation than that penetrating to greater depth in a 
coarser textured granitic soil. However, based on the findings of Whittaker 
and Neiring (1968), Bradbury (1969), and the others noted above, the author 
believes the vegetation pattern found by Wentworth (1981) may be a function 
of slope or soil maturity or some other factor which causes shallow soil 
conductivity to supersede precipitation distribution as the primary factor in 
vegetation distribution. The potential for pinyon-juniper distribution shifts due 
to limestone versus igneous substrate does not exist in the watersheds 
recharging the Valley as there are no significant limestone outcrops. 
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PINYON-JUNIPER MAPS 

The green shading on the 1943-1956 vintage U.S.Geological Survey 15-minute 
topographic maps appears to be the only mapping available which shows 
pinyon-juniper woodland distribution in sufficient detail. Inquiries to various 
state and federal agency botanists for potential sources of vegetation mapping 
did not yield any likely sources. The vegetation map in "Terrestrial 
Vegetation of California" (Vasek, 1988) is not sufficiently detailed and does 
not show the pinyon-juniper woodland in the Coso Range. 

The relatively small pinyon-juniper woodland area in the Coso Range relative 
to the pinyon-juniper woodland area in the Sierra Nevada, at the same 
elevation, may be a function the "moisture shadow" effect of the Sierra 
Nevada. Additionally, many of the watersheds trend north-south which limits 
winter shading of snow. Snow exposed to the sun may be more likely to 
sublimate instead of draining into the substrate as compared to snow shaded 
from direct solar radiation. 

APPLICATION OF METHOD 

Table 1 lists the recharge for each watershed based on the percentage of 
pinyon-juniper woodland area in each recharge watershed as a percentage of 
the total pinyon-juniper area in all the potential recharge watersheds. Based on 
this recharge distribution procedure, the annual recharge from the Coso and 
Argus Ranges is 975 acre-feet per year, assuming the total recharge to the 
Valley is 9,850 acre-feet per year (as used in the groundwater models). This 
agrees with the model based fmdings of Berenbmck and Martin (1991). They 
note that a recharge from the Coso and Argus Ranges of between 1,585 and 
792 acre-feet per year allows the groundwater model to make a good fit with 
measured water levels. This recharge distribution also seems to agree with the 
distribution described by Kunkel and Chase (1969) quoted in the introduction 
of this Appendix. 

Note also that distributing recharge in proportion to watershed vegetation 
distribution indicates zero recharge from the El Paso Mountains, an area 
receiving 5 to 6 inches of average annual precipitation (Rantz, 1969). This 
agrees with the Maxey-Eakin (1949 and 1951) recharge coefficients for areas 
with less than 8 inches of precipitation. The Maxey-Eakin method for 
estimating recharge to a groundwater basin was developed by G. B. Maxey 
and T. E. Eakin between 1947 and 1951 and has been applied to over 200 
basins in Nevada and other western states (Avon and Durbin, 1992). The 
Maxey-Eakin method is an empirical relation between annual precipitation rate 
and recharge efficiency in the Great Basin, see table 2. 
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TABLE 1. 
DISTRIBUTION OF INDIAN WELLS VALLEY GROUNDWATER RECHARGE 

Recharge (a f  /yr) 
Percentage of 

Watershed veg. i n d i c a t i n g  B & M  B & R  
recharge p o t e n t i a l  

Coao 9.9 975 3,170 3,168 

Sierra Nevada 

Fivemile Cyn. 7.4 

Deadfoot Cyn. 2.2 

Ninemile Cyn. 11.3 

Noname Cyn. 1 . 2  

Sand Cyn. 18 .1  1,783 6 5 9  495 

Grapevine Cyn. 10.2 

Short  Cyn . 2.7 

Indian W e l l s  Cyn. 7 . 6  749 569 400 

Freeman Cyn. 31.8 
and Cyns. south  
( L i t t l e  Dixie)  

E l  Paso Mtna. 0 400 400 

Table 1. D i s t r i b u t i o n  of Indian W e l l s  Valley groundwater 
recharge based on t h e  percentage of t h e  green shaded a r e a  (on 15- 
minute U . S . G . S .  topographic maps) i n  each p o t e n t i a l  recharge 
watershed as a percentage of t h e  t o t a l  green shaded a r e a  mapped 
i n  a l l  t h e  p o t e n t i a l  recharge watersheds. Also shown i s  t h e  
recharge d i s t r i b u t i o n s  from t h e  models by Berenbrock and Martin 
(B & M) (1991) and Bloyd and Robson (B & R) (1971).  
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'Some investigators indicate that leis than 8 inches of annual 
precipitation can yield minor recharge (Dettinger, 1989). This agrees 
with observations by the author in the Corn Springs watershed, about 
40 miles west of Blythe, California, where 6 inches of annual 
precipitation (Rantz, 1969) yields spring flow of one percent or less of 
the watershed precipitation above this barrier type spring. 

TABLE 2 
MAXEY-EAKIN RECHARGE COEFFICIENTS 

The vegetation based recharge percentage for each watershed shown in table 1 
can be used to estimate recharge from each individual watershed if total 
recharge to the Valley is re-estimated in the future. Application of the Maxey- 
Eakin recharge estimating method to all of the recharge watersheds would 
probably yield less that one-half of the currently accepted annual recharge to 
the Valley of about 10,000 acre-feet (St. Amand, 1986). 

Precipitation 
Zone 

greater than 20 in. 

15-20 in. 

12-15 in. 

8-12 in. 

less than 8 in. 
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Maxey -Eakin 
Coefficient (%) 

25 

15 
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APPENDIX II. 

RE-EVALUATION OF RECHARGE TO THE INDIAN WELLS 
VALLEY AQUIFER BASED ON EVAPORATION AND 

TRANSPIRATION FROM CHINA LAKE PLAYA 
Dennis E. Watt 

INTRODUCTION 

Recent studies of other playas suggest that the rate of diffuse groundwater 
discharge' from the China Lake playa area as estimated by Kunkel and Chase 
(1969) for 1912 mfore significant groundwater development] and 1953 may 
be too high. Recently measured diffuse discharge rates from bare soil on 
other playas, using several relatively direct measurement techniques developed 
over the last decade, are lower for a given depth to groundwater than those 
estimated for China Lake Playa. Diffuse groundwater discharge from the 
China Lake playa area is important because it is assumed to be the only 
si&icant natural, pre-development discharge from the Valley and is therefore 
equal to natural recharge. 

Relatively direct measurement of historic diffuse discharge from the China 
Lake playa area, if feasible, could have significant aquifer management 
implications and would probably suggest modification of the most recent U. S. 
Geological Survey Indian Wells Valley aquifer model (Berenbrock and Martin, 
1991). 

PREVIOUS STUDIES 

Little detailed information existed before 1985 on diffuse discharge from wet 
salt desert surfaces. In contrast, many investigators have studied diffuse water 

\sses from agricultural land, dense phreatophyte stands along apportioned 
srs, and free-water surfaces in the southwest United States. Ullman (1985) 

various techniques that have been used to estimate the rate of evaporation 
and from bare soil and sediment surfaces. These include 

relating evaporation to average climatic factors 
1948; Blaney and Criddle, 1950), energy budget calculations 
Van Bavel, 1966), and extrapolation from free-surface 

wing pans (Gray, 1970).2 Ullman notes that in arid and semi-arid 
Ients these techniques may greatly over estimate the true rate of 

s loss. 

?water discharge is defined as evaporation from free water and 
, and evapotranspiration (transpiration from vegetation and evaporation 

~nvegetated surfaces) from vegetated areas. 

J given by Ullman (1985) are not listed in the references at the end of this 
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Most of the recent papers on relatively direct measurement of diffuse 
groundwater discharge from shallow groundwater bare soil areas are from 
Australia. Allison and Barnes (1985) used depth profiles of deuterium 
composition to estimate evaporation from the floor of the normally "dry" Lake 
Frome, a salt lake in northeastern South Australia. U h a n  (1985) estimated 
evaporation using one-dimensional transport models for the distribution of Cl- 
and Br- from a salt-covered surface of Lake Eyre, also in South Australia. 

In the United States, Cochran and others (1988) estimated maximum daily 
water table evaporation based on salt flux and non-weighing lysirneters from a 
thick salt crust site on Owens Lake in California. Malek and others (1990) 
estimated annual evaporation from Pilot Valley playa in western Utah using the 
Bowen ratio method to reduce microclimate data collected every 20 minutes. 

CHINA LAKE PLAYA 

Kunkel and Chase (1969) estimated that the total diffuse groundwater 
discharge from the China Lake playa area was 11,000 acre-feet/year in 1912 
and 8,000 acre-fedyear in 1953. These rates were derived by applying an 
evaporation and evapotranspiration rate to various classifications of the types 
of moist land in and around China Lake. The classifications were based on 
bare soil surface texture, surface moisture, alkali presence and expression, and 
vegetation density. 

A curve of estimated evapotranspiration (consumptive use) versus depth to 
groundwater was made for 100 percent saltgrass cover by using the empirical 
equation developed by Blaney and Criddle in 1949 and Blaney in 195 13. The 
consumptive use coefficients for dense (100 percent) saltgrass growth were 
suggested by Blaney. A curve for 25 percent saltgrass (or pickleweed) cover 
and for fine-grained bare soil was estimated based on the curve for 100 
percent saltgrass cover. Figure 1 shows each of these curves. Also showr 
a line through the data points from Young and Blaney (1942) [as reported; 
Robinson (1958)] showing annual evapotranspiration of water by saltgrass 
grown in tanks in Owens Valley. 

This is the same technique mentioned above by Ullman (1985) although the publication 
dates are different. Blaney and Criddle published a number of papers on applying essentially 
the same empirical technique to different types of vegetation. Ullman referenced their 1950 
paper "Determining water requirements in imgatad areas from climatological and imgation 
data." Kunkel and Chase (1969) used their 1949 paper "Consumptive use of water in the 
imgated areas of Upper Colorado River Basin" and the 1951 paper by Blaney "Consumptive 
use of water. " 
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OTHER PLAYAS 

S ~ e r a l  went papers present measured rates of groundwater evaporation from 
playas by use of relatively direct measurement techniques. Malek and others 
(1990) estimated 0.75 feetlyear (229mm/yr) of subsurface water depletion 
from the Pilot Valley playa (western Utah) for a one year period beginning on 
October 1, 1986, see figure 1. They used the Bowen ratio method to reduce 
data collected every 20 minutes from a microclimate station. The water table 
at the site varied from 1 to 2 inches of surface water to about one foot below 
the surface as the season progressed. As soon as the surface water was lost, a 
salt crust began to form and by mid-summer it was about one inch thick. 
They note that the very high osmotic pressure of the soil and salt crust caused 
most of the absorbed radiation to be partitioned to sensible heat. Variation of 
the evaporation rate with changes in depth to water was not discussed, 
however their figure 9 shows that the rate was constant as long as the water 
was below the salt crust. 

AUison and Barnes (1985) estimated 0.56 ft/yr (170 mm/yr) for the mean 
whole-lake diffuse groundwater discharge from Lake Frome (playa) in 
northeastern South Australia based on depth profiles of deuterium delta-values 
to about 3 feet. The average depth to water was about one foot and the soil at 
se<eral of the measurement sites was covered with a 0.20 inch (5 mm) salt 
crust. The estimates of diffuse groundwater discharge from the five sites 
ranged from 0.29 to 0.75 ft/yr. They note that the estimated rate consistently 
decreased with increasing depth to water. 

Cochran and others (1988) report 0.0063 idday as the maximum daily 
evaporation rate of subsurface water at an Owens Lake site. Multiplying this 
rate by 365 days yields 0.19 feetlyear. Depth to water ranged from about 20 
to 40 inches. At the test site lake clays are overlain by 12 to 24 inches of 
hard, but porous and largely insoluble, salts. This in turn is overlain by 2 to 
3 inches of unconsolidated and highly soluble salts which are capped by a H to 
1 inch rind of salt crust. This site is probably not representative of the salt 
crust thickness on China Lake playa. 

Diffuse groundwater discharge rates from other playas may not be directly 
applicable in judging the 1912 and 1953 estimates of total evapotranspiration 
from the China Lake playa area. However, Ullman (1985) notes that the 
empirical technique used may greatly over estimate the true value of 
evaporative loss from the water table in arid and semi-arid environments. 
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Thorburn and others (in press) c o d m  Ullman (1985). They draw a fitted 
curve through points representing diffuse discharge fluxes measured on salt 
pans versus depth to water using data from Allison and Barnes (1985), 
Jacobson and Jankowski (1989), Malek and others (1989), and Woods (1990). 
The fitted curve from Thorburn and others (in press) is shown on figure 1. 
Based on diffuse discharge from other playas, the estimate of bare soil diffuse 
discharge from the China Lake Playa area appears too high. However, the 
actual discharge may not be as low as that indicated by the "Thorburn curve" 
because the China Lake playa may differ from the playas used to develop the 
curve. 

The presence of vegetation complicates the determination of diffuse discharge. 
Plants can take up water from close to the water table, overcoming the 
resistance to upward movement in the soil. However, Thornburn and others 
(in press) note that as plants usually have access to sources of water other than 
the water table, diffuse discharge of groundwater may be over estimated. 
They are currently using stable isotopes from plant tissues to partition 
transpired water sources. 

PROPOSED DIRECT MEASUREMENT OF DIFFUSE DISCHARGE 
FROM THE CHINA LAKE PLAYA 

It is believed that some of the relatively direct methods discussed above (and 
below) for measuring diffuse discharge should be attempted on the China Lake 
playa in a reconnaissance level investigation. As previously mentioned, 
diffuse groundwater discharge from the playa is sigmficant because it is 
assumed to be the only notable natural, pre-development discharge from the 
Valley and is therefore equal to natural recharge. 

The Ullman (1985) method is based on the premise that evaporation. of water 
from saturated saline soils or sediments induces gradients of the solutes in the 
remaining interstitial solution. These gradients lead to a systematic and 
predictable solute distribution in the soil solution which may be used to 
estimate the rate of evaporation. Long-term average annual evaporation 
estimates can be made based on the C1- profrle over long cores (two or more 
feet) whereas the evaporation over the most recent summer season can be 
estimated based on the concentration gradient over the top 2 to 3 inches. The 
Allison and Barnes (1985) method of estimating diffuse discharge is based on 
the same premise but uses depth profiles of deuterium composition expressed 
as delta-values. 

Weighing lysimeters, the only diRct method of determining diffuse discharge, 
would probably of little value for comparison to the estimates of Kunkel and 
Chase (1969) if the water table depth has declined from that mapped by 
Kunkel and Chase. 
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Depth to water, in feet 

100 Percent Saltgrass Cover 

lndian Wells Valley rate from Kunkel and Chase (1969). 

Annual evapotranspiration of water by saltgrass grown in tanks in Owens Valley (Young and Blaney 
[I9421 as reported by Robinson [1958]). 

25 Percent Saltgrass Cover 
lndian Wells Valley rate from Kunkel and Chase (1969). 

Bare Soil with Salt Crust 
lndian Wells Valley rate from Kunkel and Chase (1969). 

Estimated annual evaporation of subsurface water is 0.75 feet (229 mm) from salt crust on Pilot 
Valley playa (western Utah) using the Bowen ratio method to reduce data from a microclimate 
station. (Malek and others, 1990). 

Estimated mean whole-lake evaporation rate from Lake Frome (northeastern South Australia) 
is 0.56 feetlyear (170 mmlyr) with a water table at about 1 foot (about 300 mm). Estimate based on 
depth profiles of deuterium delta-values to about 3 feet. (Allison and Barnes, 1985). 

Maximum annual evaporation rate (0.1 9 feet) from salt crust on Owens Lake. Derived by multiplying 
the maximum reported daily rate (-0063 incheslday), based on salt flux, by 365. Maximum daily rate 
(.003 incheslday) from the evaporimeter [non-weighing lysimeter] was about 112 the salt flux rate. 
Lake-bed clays at this site are overlain by 12 to 24 inches of hard and largely insoluble salts. 
(Cochran and others, 1988). 

Diffuse discharge measured from salt pans with shallow water tables. Data from: Allison and Barnes 
(1985), Jacobson and Jankowski (1989), Malek and others (1990), and Woods (1990). [Thorburn 
and others, in press]. 





Estimating vegetation transpiration will probably be more difficult than 
measuring evaporation from bare soil. The total leaf area measurement 
technique used by Groeneveld (1986) in Owens Valley, for determining areal 
transpiration from porometeF measurements, appears to be rather time 
consuming. A full-scale diffuse discharge measurement program might only 
include the bare soil methods, the results of which may be sufficient to either 
generally confirm the Kunkel and Chase estimates or suggest otherwise. 

A reconnaissance investigation to measure diffuse discharge with relatively 
direct methods could be planned by the technical subcommittee with the 
participation of individuals experienced in the proposed methods. They would 
certainly have suggestions to enhance the soundness of the investigation and 
the validity of the resulting estimates. This type of investigation would 
probably be an excellent topic for a master's thesis. 
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APPENDIX Ill. 

PNEUMATIC SLUG TEST PROCEDURE 
AND DATA ANALYSIS 

Dennis E. Watt 

INTRODUCTION 

A pneumatic slug test was conducted in each piezometer of the Project wells to 
collect the data needed to estimate the transmissivity of the screened aquifer. 
Some form of slug test is the only practical method by which to gather data 
needed to estimate transmissivity in small diameter, deep static water level 
wells (hundreds of feet) like the Project piezometers. 

The pneumatic technique is a recent advancement in slug testing because it 
increases the aquifer hydraulic conductivity and depth to water range where 
slug tests can be applied. The test proceeds as follows: (1) a well head 
assembly is attached to the top of a piezometer and a pressure transducer, 
attached to an electronic data logger, is lowered down the piezometer and set 
below the static water level, (2) the water level is forced down by filling the 
piezometer with air [author used SCUBA tanks], (3) after equilibrium is re- 
established, the data logger is started and the air pressure is immediately 
released, (4) the data logger is stopped after water level recovery and the 
recovery data is inspected to determine if the test was "good." Calculation of 
estimated hydraulic conductivity is made in the office. 

OTHER SLUG TEST METHODS 

Hydraulic conductivity has long been successfully determined in single wells 
by introducing or removing water or solid slugs (Hvorslev; Ferris and 
Knowles, 1954; Cooper and others, 1967; Papadopulos and others, 1973; 
Bouwer and Rice, 1976). These methods, coupled with water level 
measurement devices such as electrical water level indicators or percussion 
sounding instruments [popper tape], can accurately determine hydraulic 
conductivities in the range of 8 x 10'' cmlsec to 1 x lo3 cmlsec (McLane and 
others, 1991). 

McLane and others (1 99 1) continue, 

"The advent of data logging devices used in conjunction with pressure 
transducers allows successful slug testing in aquifers with hydraulic 
conductivities in the range of 1 x lo2 cmlsec. However, these methods 
typically cannot be applied in aquifers with hydraulic conductivities 
greater than 1 x lo2. In these instances, water levels rapidly reach 
equilibrium before the entire slug is added or removed. This initial 
change in water level is neither instantaneous nor of great enough 
magnitude to adequately monitor the recovery period. The use of solid 
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slugs also makes it difficult to measure water levels, since the slug can 
jar and offset the pressure transducer suspended inside the well. This 
problem particularly occurs in small diameter wells. At sites where 
wells are to be sampled for environmental parameters, traditional slug 
test methods have the additional limitation because the addition of 
potentially contaminated solid slugs or clean water can bias subsequent 
sampling results. 

The pneumatic method for conducting slug tests overcomes all of these 
limitations. This method involves either injecting air into a sealed well 
to lower the water level (Leap, 1984) or applying a partial vacuum to a 
sealed well to raise the water level (Orient and others, 1987)." 

PNEUMATIC SLUG TEST DEVELOPMENT 

Krauss (1977) suggests, as an aside, that compressed air can be used in slug 
testing to lower the water level below the initial stage and that a pressure 
transducer can be used to record water levels after the pressure is suddenly 
released. However, based on the literature, Leap (1984) appears to have been 
the first to use an "automaticn water level recording device in conjunction with 
pneumatic slug tests. His pneumatic water level "depressor" consists of three 
major pieces of equipment: 1) a pneumatic system including a hand carried air 
tank for providing compressed air to the well; 2) a well head manifold which 
screws onto the casing top; and 3) an electrical system for recording water 
level recovery rate, see figure 1. Air pressure is released, initiating water 
level recovery, by knocking loose the knock-off plate with a hammer blow. A 
stop watch is started at the same instant to time the recovery of the water 
level. After the rising water level contacts each electrode hung at known 
depths in the well, and its time of arrival is noted by the stopwatch, the 
channel selector is switched to the next electrode above the rising water level. 
The process is repeated until the water level fully recovers and contacts the 
uppermost electrode at the full recovery position. 

Orient and others (1987) appear to be the first to have used a down hole 
pressure transducer ~ 0 ~ e c t e d  to an automatic data logger with a pneumatic 
slug testing device. Their device is shown in figure 2. McLane and others 
(1991) used a quick release pressure valve in place of a knock-off plate, see 
figure 3, and ran both rising and falling head slug tests. They used this 
method at sites with distinctly different geology and well construction which 
ranged from 2-inch wells where the depth to water was only 10 feet to 4-inch 
wells where depth to water was 125 feet. 
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Figure 1. Slug testing apparatus developed by Leap (1984). 
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Figure 2 .  Pnuematic slug testing system designed by Orient and 
others (1987). 
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Figure 3. Pnuematic well head assembly and cap constructed by 
McLane and others (1991) . 
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EQUIPMENT 

The equipment used to conduct pneumatic slug tests in the Project piezometers 
includes a well head assembly, a pressure transducer coupled with a high 
speed electronic data logger, and a source of air. The principal component of 
this system is the well head assembly. The assembly consists of a rubber 
sleeve connector, a quick release pressure valve, and the fitting cap (see 
figure 4). 

The well head assembly was designed by the author for relatively high positive 
pressure (tested to 15 psi) and easy field replacement of the parts subject to 
wear. Only the connector pipe, the threaded coupling for the ball-valve, and 
the fitting cap reducer are permanently glued to the central T-connector. The 
fitting cap is attached to the fitting cap reducer by a 4-inch rubber sleeve with 
four hose clamps. This type of mounting allows field removal of the fitting 
cap and easy replacement of the fittings in the cap. The threaded ball-valve 
coupling allows easy replacement of the quick release ball-valve should it 
begin to leak air. 

A pressure gauge, truck tire air valve, and a cable tension relief fitting are 
mounted in the fitting cap. The most important fitting is the cable tension 
relief fittins, see figure 5, which allows passage of a % inch pressure 
transducer and provides an air tight seal around the ?4 inch transducer cable 
after the transducer is set in the well. 

McLane (1991) notes that 
"the internal diameters of the well head assembly should not be less 
that the well riser diameter to ensure that pressure equalization is not 
inhibited after the valve is opened. This relative sizing is required if 
air pressure inside the piezometer is to return to atmospheric pressure 
instantly. Smaller internal diameters prohibit the [near] instantaneous 
return to atmospheric pressure. This retards the water level recovery 
rate during the time period the internal air pressure is above 
atmospheric. " 

Graphs in McLane (1991) show the initial recovery rate lag caused by an 
apparatus that restricts air flow into or out of the well. However, a small 
diameter well with a static water level several hundred feet below the surface, 
such as in the Project piezometers, will probably not return instantly to 
atmospheric pressure on opening the quick release valve, even with the same 
diameter or larger diameter well head assembly. Total pressure release in the 
deep water level piezometers seemed to take about one second. 

' This fitting is commonly called a "CGB" fitting by personnel at electrical or lighting 
supply houses. The description on the invoice is "314 CGB .125-.250 CORD." 
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PNEUMATIC SLUG TEST PROCEDURE 

The well head assembly bottom is sealed to the well by pushing the 2 inch 
rubber sleeve over the top of the piezometer and tightening the hose clamps. 
The transducer is passed through the cable tension relief fitting (fitting) and 
lowered until it is about 30 feet (dependent on transducer pressure range) 
below the static water level. An adjustable length boom mounted on a pickup 
truck overhead rack and a large diameter opening block (snatch-block) hung on 
the end of the boom allows the transducer to be easily lowered down the 
piezometer. See figure 6 for a typical field set-up. The transducer cable is 
tied to the boom to hold the transducer at the proper depth. To fill the annular 
space between the transducer cable and fitting body, the vertical slit [cut with 
a single edge razor blade] in the rubber stopper is opened ahd the ?4 inch 
transducer cable is pushed through the slit into the ?4 inch stopper hole. The 
stopper is then slid down into the tension relief fitting, the two halves of the 
plastic washer [cut with tin snips] are set on top of the stopper, and the 
threaded fitting cap is lightly cinched with pliers on the tension relief fitting 
body. After the well is sealed, the data logger reading is set to the previously 
measured depth to static water level. 

The water level is lowered in the well by adding air through the tire fitting. 
Air sources for wells needing only small air volumes to lower the water level 
(small diameter well with a shallow static water level) include small 12 volt air 
compressors and small compressed air storage tanks, both usually available at 
auto supply stores. Air sources for wells requiring a large volume of air 
include oil-less air compressors and, the author's choice, SCUBA tanks. 

The water level in the Project piezometers was lowered 20 to 30 feet 
depending on the pressure range of the transducer. After the well is 
pressured, the apparent height of the water column above the transducer can be 
monitored with the data logger. The apparent height will rapidly return to 
static in wells screened opposite highly transmissive aquifers. The return to 
static will be slow in wells screened in poorly transmissive aquifers. 

When the apparent water level has stabilized at the depressed static level for a 
few minutes, recording by the pre-programmed data logger is started and the 
quick release valve is immediately opened to release the pressure in the 
piezometer. The rate of water level recovery is automatically recorded by the 
data logger. Data recording is stopped after the water level has returned to 
static. The test data is printed for easy inspection and possession of a 
permanent record. The test is repeated in cases where the water level was 
lowered beyond the range of the transducer. Transducer "lock-up" is 
evidenced by numerous equal water level readings during the early portion of 
the recovery. Calculation of the estimated transmissivity is made in the office. 
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Figure 4. Pneumatic slug test well head assembly developed by the author. 



Cable Tension Relief Fitting (CGB) 

I- rubber stopper 

i- plastic washer 

Figure 5. Exploded view of the 314-inch cable tension relief fitting (CGB fitting) 
parts. The 114 inch diameter transducer cable is simulated by the 114 inch 
diameter eraser. This long eraser (used in electric erasers) was also used in 
cable tension relief fitting pressure tests and pressure tests of the complete 
well head assembly. 



Figure 6. Pneumatic slug testing on well BR-6 (2-1 1-92). 
Pressuring the well (upper). Logging water level recovery (lower). 
The blue box is  the data logger and the field printer i s  in the 
black, foam padded suitcase. 
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SLUG TEST RECOVERY DATA ANALYSIS 

The Cooper slug test solution was used to estimate transmissivity of the 
aquifer screened in each Project piezometer (see table 1). Cooper and others 
(1967) developed a solution to calculate transmissivity of confined aquifers 
from the rate of rise of the water level in a fully penetrating well after a 
sudden removal of a slug of water. Cooper and others (1967) note, however, 
that few wells completely penetrate an aquifer, but that it is nevertheless 
possible under some circumstances to derive: useful information from a test on 
a partially penetrating well. They further conclude that 

"Since the vertical permeabilities of most stratified aquifers are only 
small fractions of the horizontal permeabilities, the induced flow within 
the small radius of the cone that develops during the short period of 
observation is likely to be essentially 2-dimensional. Therefore, the 
determined value of transmissivity would represent approximately the 
transmissibility of that part of the aquifer in which the well is screened 
or open, provided that the aquifer is reasonably homogenous and 
isotropic in planes parallel to the bedding and provided that the 
effective radius can be estimated closely." 

Cooper and others (1967) also suggest that the judgement of an experienced 
hydrologist is needed to decide the signifkance, if any, of a determination of 
transmissivity from a slug test. Furthermore, Fems and others (1962) caution, 
"the duration of a "slug" test is very short, hence the estimated trdnsmissibility 
determined from the test will be representative only of the water-bearing 
material close to the well [screen]." 

The aquifers screened by the Project piezometer are assumed to sufficiently 
meet the conditions on which the Cooper (1967) method is based, that the 
resulting transmissivities are at least useful for relative comparison. Kunkel 
and Chase (1969) assumed that these conditions were met by the wells in 
which they ran pumping tests for determining transmissibility of the Valley 
alluvium. In support of their contention that "the transmissibility obtained 
probably apply almost wholly to the saturated deposits tapped by the wells," 
they cite 

" . . .the very large differences between vertical and horizontal 
permeability of the deposits, as evidenced by the high barometric 
efficiency of the wells, by the lenticular character of the deposits, by 
the differences in head or water level between shallow and deep wells 
such as 26140-22Pl and 22N1, and by the differences in the pumping- 
test results themselves. " 
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Table 1. Estimated transmissivity from the slug recovery data as 
determined by the Cooper (1967) method for the 20 feet of aquifer 
opposite each piezometer screen. 

Well Piezometer Transmissivity Comments 
(ft2/min) 

BR-1 tall (shal) .21 
next tall (sh/med) .24 
next short (dp/med) .01 
short (deep ) .004 

BR-2 tall (blue) (shal) .01 Confirmed by second slug. 
(yellow) (med) -19 
(red) (deep ) .016 

BR-3 tall (shal) .00005 Too low. 
medium (med) .06 
short (deep) .006 

BR-5 tall (shal )  -23 
medium (medl .15 
short (deep) .18 

BR-6 tall (shal) .02 Suspiciously low. 
medium (medl .25 
short (deep ) .20 

BR-10 tall (shal) .19 
next tall (sh/med) -02 Too low 
next short (dp/med) .14 
short (deep ) .09 

NR-1 (red) (shal) .004 Confirmed by re-slug. Too low. 
(yellow) (med) ? Can't remove reducers (no room) 
(white) (deep) .05 

NR-2 tall (shal) .48 
medium (medl .14 
short (deep ) .12 

MW-32 tall (shal) .009 Toolow. 
next tall (sh/med) .31 
next short (dp/med) .23 
short (deep .ll 

Note the number of shallow piezometers with low transmissivity 
(slow to very slow recovery rates). This is discussed in 
Attachment IV. 
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The estimated transmissivities presented herein (table 1) are meant to at least 
convey the relative difference in transmissivity between the aquifer screened 
by the Project piezometers. The actual degree to which the Project 
piezometers meet the governing assumptions for the Cooper method is not 
known exactly nor is the degree of development known. It is suspected that 
well development may be less than complete because of the relatively long 
screen and relatively small water quantity pumped (reported as 5-15 gallmin) 
during airlift development. The estimated aquifer transmissivities are less than 
the actual~transmissivity if the screens are not fully developed. 

SOLUTION SOFTWARE 

The Cooper slug test solution "package" in AQTESOLV (software from 
Geraghty and Miller, a Groundwater Consulting Company) was used to 
determine the transmissivities shown in table 1. The initial recovery to static 
water level portion of the slug induced water level response curve was used for 
the Cooper solution in the case of an undampened recovery (discussed below). 
The AQTESOLV Cooper slug solution was checked by the original curve- 
fitting procedure, described in the paper by Cooper and others (1967), for 
BR-4. The curve-fitting transmissivity was ..275 ft2/min and the software 
solution was .28 ft2/min. 

UNDAMPENED SLUG RECOVERIES 

Several of the slug test water level recoveries showed the effect of water 
column inertia; the water level recovery was "undampened." However, 
Cooper and others (1967), in the derivation of their slug test solution for 
transmissivity, did not account for water column inertia. 

Bredehoeft and others (1966) discovered that the response of a well [water 
level] to a seismic disturbance [Cooper and others, 19651 was like the 
mechanical spring-mass system with viscous damping; i.e., as a simple 
harmonic oscillator. They demonstrated, by a series of field tests in wells in 
Florida and Georgia during July 1964, that the column of water in some wells 
can oscillate very much like the classic spring-mass system. It was apparent 
from these investigations that many wells will behave as underdamped 
oscillators--the water level will oscillate following a rapid disturbance. 
Van der Kamp (1976) found this especially true for deep wells and/or wells 
screening highly permeable aquifers. This fact places certain restrictions on 
the use of a number of accepted methods of aquifer analysis; perhaps the most 
obvious example of the importance of inertial effects concerns the slug test 
(Bredehoeft and others, 1966). 
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Van der Kamp (1976) classified slug test water level recoveries as follows: 

(1) Overdamped system [well-aquifer]--the water level returns to the 
equilibrium level in an approximately exponential manner. 
(2) Underdamped system - the water level oscillates about the 
equilibrium level (NR-2 shallow). 
(3) Critical damping - The transition between overdamped and 
underdamped (BR-4). 

Several papers offer solutions for the underdamped case (van der Kamp, 1976; 
Krauss, 1977). Krauss (1977) notes that the parameters of the free oscillation, 
damping coefficient, and natural frequency are determined by the parameters 
of the aquifer, particularly the transmissibility, and well geometry. To 
determine transmissivity, Krauss (1977) offers a relation between the natural 
frequency and the height of the water column and he presents a graph relating 
the damping coefficient to a solution coefficient for a range of aquifer storage 
coefficients . 

The Krauss (1977) solution is fairly simple and was applied to BR-4 and NR-2 
shallow. The estimated transmissivity for BR-4 ranged from 0.15 ft2/min for a 
.001 storage coefficient to 0.50 ft2/min for a storage coefficient of lxlO-'. The 
mean transmissivity over the range of storage coefficients is a little higher than 
the transmissivity of 0.28 ft2/min determined by the Cooper method over the 
initial recovery limb of the water level recovery oscillation. The Krauss 
transmissivity for NR-2 shallow ranged from 1.05 ft2/min for a .001 storage 
coefficient to 2.62 ft2/min for a storage coefficient of 1x10-'. The mean of this 
range is considerably higher than the transmissivity of 0.48 ft2/min determined 
by the Cooper method using the initial recovery limb of the slug induced water 
level oscillation. 

A rigorous analysis of the undamped slug test water level responses is beyond 
the needs of this Project. All of the data logger slug test print-outs are 
provided in Appendix XI for those readers interested in further investigation of 
underdamped or critical damped responses. 
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APPENDIX IV. 

ANOMALOUSLY LOW SHALLOW 
AQUIFER TRANSMlSSlVlTlES 

(Probably a Function of Poor Development) 
Dennis E. Watt 

INTRODUCTION 

The water level recovery rate during the slug test was relatively slow in a 
number of the shallow Project piezometers as compared to the recovery rate in 
many of the deeper piezometers. The estimated transmissivity, therefore, was 
also relatively low in comparison. The relatively low shallow piezometer 
transmissivities (BR-2, MW-32, NR-1, BR-6, and the medium-shallow 
piezometer of BR-10) are not believed to be representative of the aquifer, but 
are probably a function of insufficient development. Insufficient air-line 
submergence during air-lift development and/or partial aquifer air lock may be 
the cause. It is assumed that the air-line was down to as near the top of the 
screen as possible, so as to maximize submergence yet minimize aquifer air 
locking potential, when the shallow wells were developed. Drill hole 
cuttings, drilling rate, and geophysical logs generally indicate a decreasing 
hydraulic conductivity trend with increasing depth, as is normal for alluvial 
basin fill aquifers. 

PIEZOMETER DESIGN 

Allowance for a minimum of 50 percent submergence of the air-line during 
air-lift development was the "rule-of-thumb" for the placement of the shallow 
piezometer screen relative to the apparent water level on the electric logs. All 
the completed shallow piezometers, except MW-32, will allow 50 percent or 
greater airline submergence based on the measured water level and the 
completed depth to the top of the piezometer screen. 

Two curves are shown on figure 1. The upper curve is the approximate 
submergence percentage for optimum air-lift efficiency from Ingersoll-Rand 
(1971). The lower curve is the lower submergence percentage of the range 
called the "customary allowable submergence" from table 45T (originally from 
Compressed Air Magazine) in the appendix of Campbell and Lehr (1973). 
This table was the source of the 50 percent submergence design "rule-of- 
thumb" for air-lifting. However, based on the plot of the maximum uossible 
submergence (figure 1) in the completed shallow piezometers and the 
apparently successful development of the shallow piezometers at BR-1, BR-5, 
and BR-10, it appears that optimum air-lift submergence may be the minimum 
needed for development of these mud drilled holes. 
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%s conclusion assumes that the air line was down to n m  the top of the 
screen when the shallow piezometers we= air-13 develoed. If that was the 
as, then & "extra1' submergence is probably needed " " undevelo~ed 
when the 'inifid &-lift pumfig water level is potentially lower than the &lift 
pumphg watn im the weU after if is d e v e l ~ p ~ ~  

Inspection of the electric logs did R V ~  any apparent water tab'e 
responses above the measured water table. This could cause insufficient 
submergence if a shallow piezometer screen depth was selected based on an 
apparent water table which was above the actual water table. Most of the 
logs, however, showed the water table close to the actual, although the 
character on the BR-2 electrics is relatively indistinct. 

AIR LOCKED AQUIFER 

The aquifer may become air locked if the airline is just above or in the screen. 
Driscoll (1986) notes that the aquifer may become air locked when a large 
burst of air is injected into the screened area of a well. He notes that certain 
kinds of formations are more prone to air locking, especially those formations 
that consist of stratified, coarse sand or gravel lenses separated by thin, 
impermeable clay layers. Aquifers with good vertical hydraulic conductivity 
are generally not affected. If some air becomes trapped in the aquifer, it may 
impede the flow of water toward the screen (Driscoll, 1968). 

The degree to which air locking is a factor in the anomalously low shallow 
aquifer transmissivities is not known. However, if all other factors are equal, 
the apparent successful development of BR-10 shallow as compared to the 
apparent poor development of the shallow piezometers at BR-2 and BR-3, all 
on or very near the optimum submergence curve (see figure l), may be an 
indication of some aquifer air locking in BR-2 and BR-3 shallow. 

CONCLUSION 

It is suspected that poor development caused by inadequate submergence 
during air-lift development is the predominant cause of the anomalously low 
shallow piezometer transmissivities. Aquifer air locking may also have 
occurred during development and may play a part. 
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All wells in the East Kern County Resource Conservation 
District (EKCRCD) Database with a Total Depth 

Each well is represented by a "stick". 

This drawing is scaled so that the top of the "stick" 
corresponds to well location when overlain (or 
underlain) on the map(s) showing the location 
of the wells in the EKCRCD database. 

INDIAN WELLS VALLEY GROUNDWATER PROJECT 

Pearsonville, CA 

2000 0 2000 4000 Feat 

Horizontal Scde 

400 0 400 800 Feat 
1 I 
Vertical Scole 

Depiction of well depths from the EKCRCD database i n  the portion 
of the Indian Wells Valley shown on the preceding figure. 
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All wells in the East Kern County Resource Conservation 
District (EKCRCD) Database with a Total Depth 

Each well is represented by a "stick". 

This drawing is scaled so that the top of the "stick" 
corresponds to well location when overlain (or 
underlain) on the rnap(s) showing the location 
of the wells in the EKCRCD database. 

Indian Wells Valley Groundwater Project 

White Hills, Calif. 

4P"u Fact 
Vertical Scok 

Depiction of  well  depths from the EKCRCD database i n  the portion 
of  the Indian Wells Valley shown on the preceding f igure.  



INDIAN WELLS VALLEY GROUNDWATER PROJECT 

All wells in the East Kern County Resource Conservation 
District (EKCRCD) Database with a Total Depth lnyokern, CA 

Each well is represented by a "stick". 2000 f 2000 4000 Feet 

Horizontal Scola 

This drawing is scaled so that the top of the '3tick" 
corresponds to well location when overlain (or 
underlain) on the map(s) showing the location 
of the wells in the EKCRCD database. 

400 0 400 800 Feet 

Vertical %ole 

Depiction of w e l l  depths from the EKCRCD database i n  the portion 
of the  Indian W e l l s  Valley shown on the preceding f igure.  
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All wells in the East Kern County Resource Conservation 
District (EKCRCD) Database with a Total Depth 

INDIAN WELLS VALLEY GROUNDWATER PROJECT 

Ridgecrest North 

Each well is represented by a "stick" 
2qOO 4 2 p O  4470 Feet 

. q 

# 
This drawing is scaled so that the top of the "stick" 

corresponds to well location when overlain (or 
H 
(D underlain) on the map(s) showing the location 

of the wells in the EKCRCD database. : 

Horizonto/ Scole 

'&' 0 400 800 Feet 

Verticol Scole 

Depiction o f  wel l  depths from the EKCRCD database i n  the portion 
o f  the  Indian W e l l s  Valley shown on the preceding f igure.  



Map of a portion of Indian Wells Valley showing the location of 
the wells in the East Kern County Resource Conservation District 
well database. The well designation number preceding the hyphen 
is the section, the letter following the hyphen is the 40-acre 
subdivision, and the last number indicates the sequence in which 
the wells were inventoried. 



All wells in the East Kern County Resource Conservation 
District (EKCRCD) Database with a Total Depth 

Each well is represented by a "stick", 

This drawing is scaled so that the top of the "stick" 
corresponds to well location when overlain (or 
underlain) on the map(s) showing the location 
of the wells in the EKCRCD database. 

Indian Wells Valley Groundwater Project 

Freeman Junction, Ca. 

2000 4 m  Fwt 

HoriIontal Scale 

400 0 400 800 Feet 

Depiction of  w e l l  depths from the EKCRCD database i n  the  portion 
of the Indian Wells Valley shown on the preceding f igure.  
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All wells in the East Kern County Resource Conservation 
District (EKCRCD) Database with a Total Depth 

Each well is represented by a "stick". 

This drawing is scaled so that the top of the "stick" 
corresponds to well location when overlain (or 
underlain) on the map(s) showing the location 
of the wells in the EKCRCD database. 

Indian Wells Valley Groundwater Project 

Inyokern, SE 

2000 2000 4000 Feet 

Horizontol Scole 

Vedic01 Scole 

Depiction of  w e l l  depths from the EKCRCD database i n  the portion 
o f  the Indian W e l l s  Valley shown on the preceding f igure.  
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Each well is represented by a "stick". 

This drawing is scaled so that the top of the '!stick" 
corresponds to well location when overlain (or 
underlain) on the map(s) showing the location 
of the wells in the EKCRCD database. 

All wells in the East Kern County Resource Conservation 
District (EKCRCD) Database with a Total Depth 

INDIAN WELLS VALLEY GROUNDWATER PROJECT 

Ridgecrest South 

2000 0 2000 4opO Feet 

Hori2onlal Scale 

Depiction of  well  depths from the EKCRCD database i n  the  portion 
o f  the  Indian Wells Valley shown on the preceding f igure.  





All wells in the East Kern County Resource Conservation 
District (EKCRCD) Database with a Total Depth 

Each well is represented by a "stick" 

This drawing is scaled so that the top of the "stick" 
corresponds to well location when overlain (or 
underlain) on the map(s) showing the location 
of the wells in the EKCRCD database. 

Indian Wells Valley Groundwater Project 

Saltdale NW 

u 
Horizontal Scole 

400 0 400 800 Feel - 
Vertical Scole 

Depiction of well depths from the EKCRCD database i n  the portion 
of the Indian Wells Valley shown on the preceding figure. 
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Map of a portion of Indian Wells Valley showing the location of 
the wells in the East Kern County Resource Conservation District 
well database. The well designation number preceding the hyphen 
is the section, the letter following the hyphen is the 40-acre 
subdivision, and the last number indicates the sequence in which 
the wells were inventoried. 
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All wells in the East Kern County Resource 
Conservation District (EKCRCD) database 
with a total depth. 

Each well is represented by a "stick". 

This drawing is scaled so that. the top of the :stick" 
corres onds to well location when overla~n for f under ain) on the map($ showing the location 
of the wells in the EKCRCD database, 

INDIAN WELLS VALLEY GROUNDWA TER PROJECT 

Detail A 

Depiction of well depths from the EKCRCD database in the portion 
of the Indian Wells Valley shown on the preceding figure. 
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All wells in the East Kern County Resource 
Conservotion District (EKCRCD) database 
with o total depth. 

Each well is represented by a "stick". 

This drawing is scaled so that. the top of the "tick" 
corres onds to well locatlon when overla~n (or P under am) on the map(s) showing the locallon 
of the wells in the EKCRCD database. 

INDIAN WELLS VALLEY GROUNDWATER PROJECT 

Detail B 

Depiction of well depths from the EKCRCD database in the portion 
of the Indian Wells Valley shown on the preceding figure. 
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All wells in the USGS Open- file Report 86-315 
INDIAN WELLS VALLEY GROUNDWATER PROJECT 

with a total depth. I 0 I 2 Miles 
I I I 1 

Each well is represented by a "stick". Horizontol Scale 

400 0 400 800 Feet 
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Vertical Scole 

Figure 12a 
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All wells in the USGS Open- fi le Report 86-315 
with a total depth. 

Each well is represented by a '!stick" 

INDIAN WELLS VALLEY GROUNDWATER PROJECT 
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Horizontal Scole 

400 0 400 800 Feet 
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Vedic01 Scole 

Figure 13a 
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All wells in the USGS Open-file Report 86-315 
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Each well is represented by a "stick". 
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Figure 13b 
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Figure 13c 
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Figure 13d 
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Figure 13f 
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Indian W r 1 1 s  Va l l ey  Groundwatrr P r o j e c t  (IWVCWP)* 
Diagrammatic Complrtion and Data S - r y  Shee t  

The IWVGWP (1990-1992) was a 
cooperative endeavor by Indian 
Wells Valley Water D i s t r i c t ,  
China Lake Naval Weapons Center, 
North American Chemical Company, 
and t h e  U.S.  Bureau of 
Reclamation t o  i n s t a l l  nes ted 
piezometers, such a s  t h e  one 
shown, i n  holes  d r i l l e d  t o  2000 
+/- f e e t .  

BR- 1 

**  W e l l  BR-1 ** 
4 - 2" P i rzomete r s  

N o t r m  

T = Transmissivity.  See note 
below on s lug  t e s t s .  

mg/L = Total f i l t e r a b l e  res idue 
a t  180 C i n  mill igrams per  
L i t e r .  

DMLL SITE: 
The well i s  located about 200 
f e e t  west of t h e  Red Rock- 
Inyokern Road about 5 .2  miles 
south of Hwy. 178. 

DRILLING WTBOD: . 
Direct  ro ta ry  with bentoni te  mud. 
12 1/4 inch r o l l e r  cone b i t  from 
sur face  t o  t o t a l  depth. 

BOLE COHPLETION : 
I n s t a l l e d  four 2" diameter s t e e l  
p ipes  with a 20' two inch 
diameter screen on t h e  bottom of 
each. 
DIVkLOPXENT: 
Each piezometer was a i r - l i f t e d  
f o r  about 12 hours and discharged 
an estimated 5-10 gal lons  pe r  
minute. Water samples f o r  l a b  
ana lys i s  were co l l ec ted  a t  t h e  
end of development. 

DEPTH TO WATER: 
A l l  depths reported below were 
measured on October 22, 1991 from 
t h e  top  of t h e  p r o t e c t i v e  cas ing.  

SLUG TEST RXSULTS: 
Estimated t r ansmiss iv i ty  ( T )  
(f t2/min) by t h e  Cooper (1967) 

method f o r  t h e  20 f e e t  of aqu i fe r  
a t  each screen.  



The IWGHP (1990-1992) was a 
cooperative endeavor by Indian 
Wells Valley Water District, 
China Lake Naval Weapons Center, 
North American Chemical Company, 
and the U.S. Bureau of 
Reclamation to install nested 
piezometers, such as the one 
shown, in holes drilled to 2000 
+/- feet. 

Indian Wrlls Vrllry Croundwatrr Projrct (IWVCWP)* 
D i r g r m t i c  Complrtion urd Data S w r y  Shrrt 

Note8 

T = Transmissivity. See note 
below on slug tests. 

mg/L = Total filterable residue 
at 180 C in milligrams per 
liter. 

DRILL SITE: 
The well is located about 1 1 1 4  
miles south of Hwy. 178 at the 
end of S i e r r a  V i s t a  Road. 

DRILtING MkTBOD : 
Direct rotary with bentonite mud. 
12 1/4 inch roller cone bit from 
surface to total depth. 

ROLE COMPLETION : 
Installed three 2" diameter steel 
pipes with a 20' two inch 
diameter screen on the bottom of 
each. 

D m u o m :  
Each piezometer was air-lifted 
for about 12 hours and discharged 
an estimated 10 gallons per 
minute. Water samples for lab 
analysis were collected at the 
and of development. 

DrOTR TO HA-: 
All depths reported below were 
measured on October 22, 1991 from 
the top of the outer casing. 

SLUG TEST RESULTS: 
Estimated transmissivity 
(ft2/min) by the Cooper (1967) 
method for the 20 feet of aquifer 
at each screen. 

BR- 2 



Indian Wells Valley Groundwater Project (IWVCWP)* 
Diagr-tic Completion and Data Summary Shnet 

Not.. 

T = Transmissivity. Sea note 
below on slug tests. 

Data Ground Elevation - 2508.6 

Depth to Water 
307.9' 
310' 
327.2' 

T= ? 
360 mg/l 

T=. 06 
955 mg/l 

Tm.006 
6634 mg/L 

Completion 

Depth of 
Screened 
Interval 

Depth of 
Bensealed 
Interval 

440' 
460' 

650' 
670' 

960' 
980' 

1320' 
1340' 

1850' 
1870' 

Depth 
Drilled 
2024' 

mg/L = Total filterable residue 
at 180 C in milligrams per 
liter. 

DRILL SITE:  
The well is located on the south 
side of Bowman Road about 1500 
east of Hwy. 395. 

- 
-- 

/ / / / / / / /  

I * * 
u 

/ / / / / / / /  

* * 

DRILLING MkTXOD: 
Direct rotary with bentonite mud. 
12 1/4 inch roller cone bit from 
surface to total depth. 

BOLE COMPLETION : 
Installed three 2" diameter steel 
pipes with a 20' two inch 
diameter screen on the bottom of 
each. 

a. * 
/ / I / / / / / /  

/ / / / / / / /  

I 
* 

- - 

D - P m :  
Each piezometer was air-lifted 
for about 12-20 hours and 
discharged an estimated 5-10 
gallons per minute. Water 
samples for lab analysis were 
collected at the end of 
development. 

- 

DEPTX TO WATER: 
All depths reported below were 
measured on December 12, 1991 
from the top of the outer casing. 
Shallow was measured with 
temperature logger. 

SLOG TEST RESULTS: 
Estimated transmissivity 
(ft2/min) by the Cooper (1967) 
method for the 20 feet of aquifer 
at each screen. 

The IWVGWP (1990-1992) was a 
cooperative endeavor by Indian 
Wells Valley Water District, 
China Lake Naval Weapons Center, 
North American Chemical Company, 
and the U.S. Bureau of 
Reclamation to install nested 
piezometers, such as the one 
shown, in holes drilled to 2000 
+ / -  feet. 

BR- 3 



Indian Wells Valley Groundwater Project (IWVCWO)* 
Diagr-tic Completion and Data Summary Sheet 

** Well BR-4 ** 
1 - 2" Piezomrtar 

Not*. 

T = Transmissivity. See note 
below on slug tests. 

mg/L = Total filterable residue 
at 180 C in milligrams per 
liter. 

DRILL SITE: 
The well is located about 600 
feet south of Hwy. 170, 1.05 
miles west of Jack Ranch Road. 

DRILLRSG n&TEOD : 
Direct rotary with bentonite mud. 
7 7/8 inch roller cone bit to 
total depth. Reamed to total 
depth with a 10 1/4 inch roller 
cone bit. 

ROLE COmLETION : 
Installed one 2" diameter steel 
pipe with a LO' two inch diameter 
screen on the bottom. 

DEVELOP-: 
The piezometer was air-lifted and 
discharged an estimated 5-10 
gallons per minute. The water 
sample for lab analysis was 
collected at the end of 
development. 

D W T E  TO WATEX: 
Depth was measured on December 
12, 1991 from the top of the 
outer casing. 

SLOG TEST RESULTS: 
Estimated transmissivity 
(fta/min) by the Cooper (1967) 
method for the 10 feet of aquifer 
at the screen. 

The IWVGWP (1990-1992) was a 
cooperative endeavor by Indian 
Wells Valley Water District, 
China Lake Naval Weapons Center, 
North American Chemical Company, 
and the U.S. Bureau of 
Reclamation to install nested 
piezometers, such as the one 
shown, in holes drilled to 2000 
+/- feet. 

BR- 4 



Indian We118 Vallay Groundwater Project (I-) * 
Diagrammatic Complrtion and Data Sunmury Sh-t 

T - Transmissivity. See note 
below on slug tests. 

mg/L = Total filterable residue 
at 180 C in milligrams per 
liter. 

DRILL SITE : 
The well is about 200 feet west 
of H w y .  395 at a point about 1/2 
mile north of the intersection of 
Leliter Road and Hwy. 395. 

DRILLING 13kTHOD: 
Direct rotary with bentonite mud. 
14 3/4 inch roller cone bit from 
56 to 1014 feet. 12 1/4 roller 
cone bit from 1014 to total 
depth. 

HOLE COMPLETION: 
Installed three 2" diameter steel 
pipes with a 20' two inch 
diameter screen on the bottom of 
each. ' 

D E V Z L O P m :  
Each piezometer was air-lifted 3- 
4 hours and discharged an 
estimated 5-10 aaZlons oer 
minute. Water samples for lab 
analysis were collected at the 
end of development. 

DkPm TO WATER: 
All depths reported below were 
measured on January 28 ,  1992 from 
the top of the protective casing. 

SLUG TEST PSSVLTS: 
Estimated transmissivity (T) 
(fta/min) by the Cooper (1967) 
method for the 20 feet of aquifer 
at each screen. 

The IWVGWP (1990-1992) was a 
cooperative endeavor by Indian 
Wells Valley Water District, 
China Lake Naval Weapons Center, 
North American Chemical Company, 
and the U.S. Bureau of 
Reclamation to install nested 
piezometers, such as the one 
shown, in holes drilled to 2000 
+/-  feet. 

BR- 5 



Indian Wall8 Valley Groundwatmr Project (-)* 
Diagr-tic Completion and Data S-ry Shrrt 

** Wall BR-6 ** 
3 - 2" PirzommtmrS 

Not.. 

T - Transmissivity. See note 
below on slug tests. 

mg/L - Total filterable residue 
at 180 C in milligrams per 
liter. 

D R I L L  SITZ: 
The well is just inside (east) 
the Naval Air Warfare Station 
boundary (which is parallel Brown 
Road) along dirt eastward 
extension of the east-west 
section of Brown Road. 

DRILLING -TROD: 
Direct rotary with bentonite mud. 
14 3/4 inch roller cone bit from 
56 to 1010 feet. 12 1/4 roller 
cone bit from 1010 to total 
depth. 

BOLE COMPLETION: 
Installed three 2" diameter steel 
pipes with a 20' two inch 
diameter screen on the bottom of 
each. 

DEVELOP-: 
Each pietometer was air-lifted 
about 2 hours and discharoed an 
estimated 5-10 oallons per 
minute. Water samples for lab 
analysis were collected at the 
end of development. 

DIPTB TO HATER: 
All depths reported below were 
mrarured on January 28, 1992 from 
the top of the protective casing. 

SLUG TEST RtSULTS : 
Estimated transmissivity (T) 
(ft2/min) by the Cooper (1967) 
method for the 20 feet of aquifer 
at each screen. 

The IWVGWP (1990-1992) was a 
cooperative endeavor by Indian 
Wells Valley Water District, 
China Lake Naval Weapons Center, 
North American Chemical Company, 
and the U.S. Bureau of 
Reclamation to install nested 
piezometers, such as the one 
shown, in holes drilled to 2000 
+/-  feet. 

BR- 6 



Indian Well8 Valley Groundwater Project (I*VGIPIr 
Diagrammatic Completion and Data Surrury Sheet 

Not-. 

T = Transmissivity. See note 
below on slug tests. 

mg/L = Total filterable residue 
at 180 C in milligrams per 
liter. 

DRILL BITE: 
The well is about 0.1 mile 
southeast of the intersection of 
H T  395 and Nin-ile Canyon Road 

DItZLLIYG XETXOD: 
Direct rotary with bentonite mud. 
14 3/4 inch roller cone bit from 
56 to 1010 feet. 12 114 roller 
cone bit from 1010 to total 
depth. 

HOLE COIBLETIOY: 
Installed three 2 "  diameter steel 
pipes with a 20' tvo inch 
diameter screen on the bottom of 
each. 

DrnLOPWENT : 
Each piezometer was air-lifted at 
least 4 hours. Water samples for 
lab analysis were collected at 
the end of development. 

D m  TO ICXTm: 
A11 depths reported below were . 
measured on September 30, 1992 
from the top of the outer casing. 

SLUG TEST RESULTS: 
Estimated transmissivity (T) 
(ft2/min) by the Cooper (1967) 
method for the 20 feet of aquifer 
at each screen. 

The IWVGWP (1990-1992) was a 
cooperative endeavor by Indian 
Wells Valley Water District, 
China Lake Naval Weapons Center, 
North American Chemical Company, 
and the O . S .  Bureau of 
Reclamation to install nested 
piezometers, such as the one 
shown, in holes drilled to 2000 
+/-  feet. 

BR- 10  



Indian W r 1 1 8  V a l l r y  Groundwater  P r o j e c t  (IUVGWP)* 
D i r g r - t i c  C o q l e t i o n  and D a t a  S v  S h e e t  

** W e l l  NR-1 ** 
[Watrr D i s t r i c t  W r 1 1 1  

3 - 2" P i r r o m r t m r 8  

T = Transmissivity. See note 
below on slug tests. 

mg/L = Total filterable residue 
at 180 C in milligrams per 
liter. 

DRILL SITE: 
The well is located in the 
extreme northeast corner of the 
Indian Wells Valley Water 
District's Neal Ranch property. 

DRILLING METHOD: . 
Direct rotary with bentonite mud. 
12 1/4 inch roller cone bit from 
surface to total depth. 

HOLE COBDLZTION : 
Installed three 2' diameter sterl 
pipes with a 20' two inch 
diameter screen on the bottom of 
each. 

DXVELOPm:  
Each piezometer was air-lifted 
for about 12 hours and discharged 
an estimated 10 gallons per 
minute. Water samples for lab 
analysis were collected at the 
end of development. 

DEPTB TO WATER: 
All depths reported below were 
measured on October 22, 1991 from 
the top of the outer casing. 

SLUG TIST RILSULTS: 
Estimated transmissivity 
(ftl/min) by the Cooper (1967) 
method for the 20 feet of aquifer 
at each screen. 

* The IWGWP (1990-1992) was a 
cooperative endeavor by Indian 
Wells Valley Water District, 
China Lake Naval Weapons Center, 
North American Chemical Company, 
and the U.S. Bureau of 
Reclamation to install nested 
piezometers, such as the one 
shown, in holes drilled to 2000 
+/-  feet. 

NR- 1 



Indian Walls V~llry Groundwater Pro jrct (m) 
Dirgr-tic Completion .nd Data Summary Short 

** Wall NR-2 ** 
[Watmr Dimtrict Well] 
3 - 2" Pioromaters 

Notom 

T = Transmissivity. See note 
below on slug tests. 

mg/L = Total filterable rssidue 
at 180 C in milligrams per 
liter. 

DRILL S I m :  
The well is located in the 
southwest corner of the 
southwestern block of the Indian 
Wells Valley Water District's 
Neal Ranch property. 

DRILLING HETROD: 
Direct rotary with bentonite mud. 
12 1/4 inch roller cone bit from 
surface to total depth. 

BOLE COMPLETION : 
Installed three 2" diameter steel 
pipes with a 20' two inch 
diameter screen on the bottom of 
each. 
DKVIWPMENT: 
Each piezometer was air-lifted 
for about 12 hours and discharged 
an estimated 10 gallons per 
minute. Water samples for lab 
analysis were collected at the 
end of development. 

D m T H  TO WATER: 
All depths reported below were 
measured on October 22, 1991 from 
the top of the outer casing. 

SLUG TEST RkSULTS: 
Estimated transmissivity 
(ft2/min) by the Cooper (1967) 
method for the 20 feet of aquifer 
at each screen. 

The IWVGWP (1990-1992) was a 
cooperative endeavor by Indian 
Wells Valley Water District, 
China Lake Naval Weapons Center, 
North American Chemical Company, 
and the U.S. Bureau of 
Reclamation to install nested 
piezometers, such as the one 
shown, in holes drilled to 2000 
+/- feet. 



Indian W a l l s  V r l l r y  Groundwrtrr  P r o j r c t  (IWVCWP)* 
D i a 9 . 1 1 1 ~ t i c  C o q l a t i o n  and D a t a  S r r m ~ r y  S h o o t  

** W a l l  MW-32 ** 
[Wrtar D a m t r i c t  Wall] 

4 - 2" P i r z o w t r r s  

Notrs 

T = Transmissivity.  See note 
below on s lug  t e s t s .  

mg/L - Tota l  f i l t e r a b l e  res idue 
a t  180 C i n  mill igrams per  
l i t e r .  

DRILL SITE: 
The well  i s  located jus t  nor th  of 
t h e  e a s t  w e s t  d i r t  road jus t  t o  
t h e  e a s t  of t h e  cen te r  of t h e  
Indian Wells Valley Water 
D i s t r i c t ' s  Victor S t r e e t  
proper ty .  

DRILLING HETBOD: 
Direct  r o t a r y  with ben ton i te  mud. 
12 1/4 inch r o l l e r  cone b i t  from 
sur face  t o  t o t a l  depth. 

HOLE COWLETION: 
I n s t a l l e d  four 2" diameter s t e e l  
p ipes  with a 20' two inch 
diameter screen on t h e  bottom of 
each. 
D-P-: 
Each piezometer was a i r - l i f t e d  
f o r  about 12 hours and discharged 
an es t imated 5-15 ga l lons  pe r  
minute. Water samples f o r  l a b  
ana lys i s  were c o l l e c t e d  a t  t h e  
end of development. 

DEPTa TO WATER: 
All  depths repor ted below were 
measured on December 12, 1991 
from t h e  t o p  of t h e  o u t e r  casing. 

SLUG TEST RESULTS: 
Estimated t r ansmiss iv i ty  
( f tz /min)  by t h e  Cooper (1967) 
method f o r  t h e  20 f e e t  of aqu i fe r  
a t  each screen. 

The IWVGWP (1990-1992) was a 
cooperat ive  endeavor by Indian 
W e l l s  Valley Water D i s t r i c t ,  
China Lake Naval Weapons Center, 
North American Chemical Company, 
and t h e  U.S. Bureau of 
Reclamation t o  i n s t a l l  nes ted 
piezometers, such a s  t h e  one 
shown, i n  holes  d r i l l e d  t o  2000 
+/- f e e t .  
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Drill Hole Completion and Geologic Logs 





USBR Drill Bola Complrtion and Data Log 
Monitoring Well BR-1 

FEATURE Drill llole Completed wit11 Nested Piezometers . DRILLED DEPTH 
PROJECT 111dla11 Wells Valley Gro~ntduatcr Project COMPLElED DEPIH 1790 F t .  
~oc~r10~T.27 S., R.38 E . ,  S ~ C .  23b STAlE CA BEGUN 2- 15-9 
TYPE OF WELL Observa t ~ U I I  FINISHED 3-5-91 
PIJ~POSE -. Litl~ology_Crout~dwater Quality, Piczometric Level, Ilvdraulic C o n d u c t i v i t v  GROUND ELEVATION 2 0 4 8 . 3  
COORD I NATES TOP OF CASING ELEV. 2 8 5 2 . 2  
HOLE LOGGED BY stt.4~~~ficscr_~~!tio~ I,vUl1,r-1-!!nr.,rl-N. AmerLCI~cm.Co..,..Trc~~~~.-C??- DEPIII TO wArcn (MIE) --S.ee-Ko.tes 
GEOPHYSICALL~S S p o ~ ~ t n ~ ~ e o u s  L'ote~~tlal, I6 aid 64 111cl1 Resistivi~y, 6 Foot Lateral. CAB ANALYSIS 3, See Notes 
- T e m ~ e r a ~ u r e  TDS See Notes 
OTHER L ~ S  ~ Z l i l r g  Time -- REVIEWED B Y D ~ ~ ~ I L S ~ ~ ~ B ~ E L ! ! R . -  

NOTSs 

DRILL SITX: 
The well is located about 200 
f w t  west of the Red Rock- 
Inyokern Road about 5.2 miles 
south of Hwy. 178. 

DRILLm ax: 
Southern California Drilling Thm collmctmd samples and drilling character 
Company of Lancaster CA. indicate a non-cemmnted alluvial fill from 

land surface to total depth. 
DRILL- RIG: 
Custom built, small oil-field Depth intervals are feat below land surfacm. 

0-250 SAND 
DRILLING -BOD : Mostly medium to coarae sand with scattered 
Direct rotary with bentonite mud. fine gravel layers. 
12 1/4 inch rollsr cone bit from 
surface to total depth. 250-280 C X A X  

Light brown to light gray clay. 
ROLL C ~ I S T f O N :  
Installed four 2' d i m t a r  steel 280-350 SAND 
pipes with a 20' two inch Fine to coarse sand with clay lenses. 
diametmr screen on the bottom of 
each. Screens are at the 350-380 CL1X 
following depth intervals: 61!'- 
635', 1040'-1060', 1500'-1520 , Brown-white to brown clay. 

1750'-1770'. Twenty feet of 2" 
pipe below each screen. Benseal 

380-400 SIND 

(bentonit*) plugs set at the Medium to coarse sand. 

following depth intervals: 800'- 
820', 1400'-1420'. 1690'-1710'. 400-430 CLIY 

DNILLOPnmT : 
Each piezometer was air-lifted 
for about 12 hours and discharged 430-450 SAND 
an estimated 5-10 gallons per Medium to coarse sand. 

450-470 CLLI 
Brown clay with sand lenses. 

470-510 SAND 
Mostly medium to coarse sand. 

1500'-1520' 
1750'-1770' 

All depth to water measurements 
are available in the 
Ceohydrologic Appendix for this 

SLWG msr Rxsvlzs: 
Estimated transmissivity 
(ft'/nin) by the Cooper (1967) 
method for the 20 feet of aquifer 
at each screen. 

CONDMSLD CUTTINGS D1SCRIPTION 

The interpretation below is reduced from a 
description of sunplea collected every 10 
feet from the drilling mud return. 

C W I ~  

BRRBOUR CORP -- 
UCLL S U I V C V I ~ G  
aOC-*l2-*91S 

ELECTRIC LOG 

4 
C 

!5 

E 
0. W d  

0 

- 

u 
U 

0 

28 
E d  
r 



USSR Drill Rolr Completion and Data Log 
Monitoring Well BR-1 

- -CC INCH NOlnlL- -  
COMDPISZD CUTTINGS D~SCRIPTION 

Uoatly medium to coarse sand. 

1595 North "D" Street 510-520 CLII 
San Bernardino CA 92405 Brown silty clay. 

520-180 SAND 
rine to coarse sand. 

Olpth: Ill-6.31' 560-580 Thin clays. 

580-610 CLU 

" I L  C.lSI.4, IC., 
..IL I.,"..,". ,",I 
W/L SO.&- ,..I 600-610 Sand lenses. 
I I L  .Ol..., ".(.I 

610-760 SAND 
Medium to coarse sand. 

W ' L  ?*<.I .l..l."I~* I,, C.CO,l 
W I L  llVdl0.L.. IQI 
" I L  C...UI. (CDYI 
" I L  .IS."."... ,-I1 

660-730 Scattered clay lenses. 
"IL. lull... lIO.1 

760-800 SAND AND QU 
Fine to coarse a m d  with interbedded with 

800-880 CLU 
Hoatly brown clay. Interbedded sand lenaos. 

880-1370 SAND w x n  11 CLUSIS 
Fine to coarse smnd. 

",/L ~r..,". 1,DI.I CII 
W I L  C-r IN1 
".,L 1.- I,.) 
W I L  u d  rnl 
W / L  R."..M I"") 
W * L  M r N W  1-1 
W I L  l.l."l". {I.) 
ug/L Ill... 1-1 
ug/L Ilnc tall 
W I L  A l u I N  

D.p+h: IOIO-1OIO' 

" I L  U I C I W  1C.l 
W L  IU.-1- 1-1 - " / L  .dIY (..I 
I ) IL mt...iY III 

. P / L  *"..",e. 1-1 
",L c.r-c. IWY, 
" / L  #Lc.r.m.t. l"CO,I 
"IL. ."It.*. 1.0.) 
"IL.  cn1.IIe. lCll 
-,L l1tr.E. 4.. AYI 
W I L  r1-t- 1.1 T-. -. 

-L Y.1I.I ... 
m Y. T"I.I.1." 



FEATURE Drill Hole Completed with Nested Piezometers . 

COORDINAlES 
HOLE LOGGED BY 

CONDPISLD CUTTINGS DESCRIPTION 

1370-1420 CLU 

1420-1190 SAND 

"/L B1S.IbD.l.t. IlCOll 
WIL.  IYI1.t. lS0.l 
W/L. CbL0rIO. ICl I  
W I L  1111.1. 1.. 1011 
WIL ~ ~ U D ~ I U  IT) t-. -. 

W/L CO- I IN I  
-,I. Ira" 11.1 
"PlL U.. ,..I 
"q/L 1."""". la.1 
W I L  "..c..7 lW1 
"./L I.l."l". IS.) 
W/L 5LLr.r 1-1 
v q , ~  Irne I Z ~ I  
WIL h,". lnn 

Dmpth: 1750-1770' 

"/I. ¶.dl". ,**I 
",L rnI...LW IKI 

",L c.rben.*. lmll 
",L Blc.r-.c. I ICOII 
",L. IY11. l .  tl0.l 
..I&. LII..I*. IC I I  

U M I C . . .  S..C,fIC CO"e"Ct.IC. lC.C.1 
~ I L . . .  T o t a l  rtLI.r..l. I..ld". at l@OC 2U5.e 
urn,. h w r a t  color ! u n t $ l t . n )  
rm war r h r - n o l a  .r ro c 
lllY U D  TUr~1dlf)r 

WlL Y.1". I.., 
v l l L  C W m l Y I  ICdI 
".,L al...,". ,*...I e l l  
u91c c-* ley1 
"WL I- lr.1 
W I L  U 1-1 
".,L I.",."... 1m.I 
U I L  Il.Nr* I*.) 
9 , L  S.l."l". lS.1 
9 , L  Ill... (..I 
W I L  I l n c  (En, 
W I L  .L".L"". 



FEATURE D r i l l  H o l e  Completed  w i t h  N e s t e d  P i e z o m e t e r s  . DRILLED DEPTH 

LOCATION T.27 S. .  R .38  E.. Sec.  23b 
TYPE OF WELL O b s e r v a t i o n  

COORDINATES TOP OF CASING ELE 
OEPTH TO WATER (DATE) 

CONDINSZD CUTTINGS DISCRIPTION 

1610-n60 Driller reports volcanic 
conglomerate. 

1760-1830 Volcanic mands reported by 
driller. 

1830 Drilling time doubling with each 
added drill rod. 

1090-1910 CLU 
Cemented dark brown clay with bluish tint. 



U3BR Drill Rolr Complrtion and Data Log 
Monitoring Nrll BR-2 

FEATURE Drill Hole Com~leted with Nested Piezometers DRILLED DEPTH 2020 Ft. 
PROJECT Iudiat~ Wells Vallev Grou~~dwater Proiect COMPLETED DEPTH 1ge4 Ft. 
~ 0 ~ ~ 1 1 0 ~  T.27 S., R 38 E., Sec. 2c STATE BEGUN 10-01-90 

OF WELL Observation F I N I S I I E D  10-24-90 
PURPOSE Litllologv. Crou~~dwater Quolltv. Plezometric Level, llvdraullc Co~~ductivity GROUND ELEVATION 35.9 
COOROINAlEf -- TOP OF CASING ELEV. -2658~88 
HOLE LOGGED BY URS Ve~criDtion bv Ken Turner. Kern Co. Water Aee!,cv DEPIH TO WAlER (DAlE) See Notes- 

CEOPHYSICALLOCS poll~al,eous Potcntlal. 16 ol~d 64 i11c11 Resistivity, 6 Foot Lateral. LAB ANALYSIS Yes, See Notes 
Tem1,erature TDS A ~ n ~ e s  

OIHER LOGS D r i l l  illg Time .- REVIEWED BY Jen~&s5wac~~BRBR 

N O m S  

DRILL S I R :  The interpretation below is reduced from a 
The well is located about 1 1/4 
miles south of Hwy. 178 at the 

description of samples collected every 10 

end of Sierra Viata Road. 
feet from the drilling mud return. 

DRILLID BY: GENERAL 

Southern California Drilling 
Company of Lancaster CA. The collected samples and drillinq character 

indicate a non-cemented alluvial fill from 
DRILLING 11x0: land surface to total depth. 
Custom built small oil-field 

Depth intervals are feet below land surface. 

DRXLLIIIO -ROD: -18 IWM wnm- 0-80 SAND 
Direct rotary vith bentonite mud. Fine to coarse, subangular to subrounded, 
12 1/4 inch roller con* bit from brown to light brown sand. 
rurfacm to total depth. 

0-10 Silty. 
IIOLI COHPLITION: 
Installed three 2" dimeter stme1 30-40 Coarse to very, coarse. 
piper with a 20' two inch 
diameter screen on the bottom ot 
each. Screens arm at thm 

70-80 Some small pebbles. 

80-250 SAND 
Medium to very coarse, mostly subanqular with 
some subrounded, light brownish gray to light 

150-160 Some pebbles. 

DIVTLOP-: 170-180 Some pebbles. 
Each piezommter was air-lifted 
for about 12 hours and discharged 190-220 Some pebbles. 
an estimated 10 gallons per 

DIP- TO WLZIll: 
All depths reported below were 
measurmd on Octobor 22, 1991 from 270-290 n e d i w  to coarse. 
the top of the outer casing. 

310-330 Medium to very coarse. 

330-340 Very fine to medium. 

350-370 Medium to very coarse. 

All depth to water measurements 
are available in an attachment to 380-490 SILTY SAND 
the Ceohydroloqic Appendix for Fin- to coare*, subangular to subrounded, 
this project. light gray, silty sand. 

S W O  TEST RXSVLZS: 
400-490 Wall rounded. 

Estimated tranamissivity 

at each acre-. 

BARBOUR CORP - 
YCLL SUPVCIIIG 
IOs-*aZ-*am. 

ELECTRIC LOG 
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CONDPISED CUTTINGS DISCRlPTION 



COnDPISLD CUTTINCS D19QlIPTIOt4 

ImTm QUALIZI: 
Uator ana lys i s  by: F ine  t o  coarse ,  subangular  t o  w e l l  rounded, 

l i g h t  g ray  sand. 
Cl in ica l  ~ a b s  
1595 North "D" strmot 500-510 Very c o a r s e  sand.  
San Bernardino CA 92405 

550-580 SILTY SAND 
~ d i u m  t o  coarse ,  subround t o  w e l l  rounded, 

Dapth: 620' -640' l i g h t  g ray  s i l t y  sand. 

Water q u a l i t y  a m p l e  not 580-630 SAND 
ava i lab la .  So0 following pages Medium t o  very  coarse ,  subround, p a l e  brown 
f o r  watmr q u a l i t y  analyses from 
madium and doap piasornotars. 

630-760 SANDY CLLI 
Tine  t o  medium, p a l e  brown, sandy c l a y .  

690-710 S i l t y .  

760-1020 SILTX SAND 
Clay r i c h ,  p a l e  brown, s i l t y  sand. 

800-810 Sandy c l a y .  

850-870 Cine t o  c o a r s e  s i l t y  sJnd.  

900-910 Sandy Clay. 

940-950 Sandy c l a y .  

950-990 Fin* t o  coarse ,  s i l t y  sand. 







USBR Drill Holr Complmtion and Data Log 
Monitoring Wall BR-3 

FEATURE b r i l l  t l o l e  Completed wit11 N e s t e d  P i e z o m e t e r s  . ORILLED DEPlli 2 2 -  
PROJECT I l ldtan Wells V a l l e y  G r o u ~ ~ d w a t c r  I ' r o l e c t  - COMPLETED DEPTH zk 
LOCPTION T.27 S.. R.39 E . .  S e c .  I l d  STATE BEGUN 3-06-9 1 
TYPE OF WELL O b ~ c r v a t l o ~ ~  FINISCIED 3-19-91 
PURPOSE L i t l l o l o ~ v .  Crout~dwa t e r  O u a l l t v .  P i e z o m e t r i c  L e v e l .  t l v d r a u l i c  Collduct i v i t v  GROUND ELEVATION 2508e6 
COORDINATES TOP OF CASING ELEV. 25 - 
I I ~ E  LOGGED w C u t t i l l @  D e s c r i r ) t l o ~ ~  bv U i ~ t i  B a r a r i .  N. Amer. Cllcm. C o . .  Trotla L A -  DEPII~ TO WATER (DATE) S e e   note^ 
GEOPH~~IC& LOGS Spol1tJlleouS P o t e l l t i a l .  16 and 64 i u c h  R e s i s t  i v l t y ,  6 Foot L n ~ e r a l ,   ANALYSIS Y e s .  S e e  N o t e s  
--.- .- -. IDS - - S . e e N o  t cs.. - 

CONDLNSP) CUTTINGS DESCRIPTION 

side of Bowman Road about 1500 -16 INCH NOltlAL- 
east of Hwy. 395. 

DlCTLLfD EX: 
Southern California Drilling 
Company of Lancaater a. The collected samples and drilling character 

indicate a non-cemented alluvial fill from 
DXXUING RIG: l m d  surface to total depth. 

Depth intervals are feet below land surface. 

DRILLING muOD: 0-1380 SAND 
Direct rotary with bentonite mud. r i m  to coarse sand with scattered gravel 
I2 1/4 inch roller cone bit from lenses down to 600 feet. 
surface to total depth. 

180-200 Clay lenses. 
BOtL -WTsoN: 
Installed three 2' diameter steel 
pipes with a 20' two inch 

240-480 Thin clay lonses. 

dirmrter screen on the bottom of 
each. Screens are at the 
following depth intervals: 65p'- 
670', 1320'-1340'. 1050'-1870 . 
Twenty f-t of 2- pipe below each 
screen. Benseal (bentonite) 
plugs set at the following depth 
intervals: 440' -46OV, 960' -980'. 
1400'-1420' , 1615' -1625' . 
0-LOP- : 
Each piezometsr was air-lifted 
for about 12-20 hours and 
discharqod an metimated 5-10 
gallons per minute. nster 
samples tor lab analysis were 
collected at the end of 
development. 

D w m  TO * A m :  
All d-pths reported below ware 
measured on Dec.rbrr 12, 1991 
from the top of the outer caring. 
Mdium was measured with 
temperature logger. 

7 wF= 
1320' -1340' 
1150'-1870' 

All depth to water measurements 
are available in the 

SLOG TzsT rasara: 
Catimatod tr~smis8ivity 
( ft2/min) by the Coopmr (1967) 
mthod tor the 20 feet of aquifer 
at each screen. 

*Note - This is believed to ba 
too lor. Poor developwntl 



USER Drill Hole Completion and Data Log 
Uonitoring We11 BR-3 

FEATURE D r i l l  Ho le  Completed wit11 Nested Piezometers . DRILLED DEPTH 2024 F t  . 
PROJECT I n d l a l l  We l l s  V a l l e y  Groundwater P r o j e c t  COMPLETED DEPTH 19g0 Ft. 
LOCATION T.27 S.. R.39 E.. Sec. l l d  STATE &I BEGUN 3-06-9 1 
n p ~  OF WELL Observa t io r~  FINISHED 3-19-9' 
PURPOSE L i t h o l o ~ v .  Groundwater Q u a l i t y ,  P iezomet r i c  Level .  Hvdrau-vitv GROUND ELEVATION 2508.6 

COORDINATES TOP OF CASING ELEV. 251 ' 9  

HOLE L ~ G E D  C u t t i ~ t g s  D e s c r i p t i o n  bv D i p t l  D o r a r i .  N. Amer. Cl~em. Co.. Trona CA DEPTH TO WATER (DATE) See NoL~L 

GEOPHYSICAL Spon ta~~eous  P o t e ~ ~ t l a l ,  16 and 64 i u c h  R e s i s t i v i t y .  6 Foot L a t e r a l .  LABANALYSIS Yes. S e e a s  
Temperature TDS See Notes 

OTHER D r i l l i n g  Time REVIEWED BY Dennis Watt. USBR 

NOms 

mTSR PfllL1II: 
water m a l y s i a  by: 

C l i n i c a l  Labs lansea down t o  600 f e e t .  
1595 North "0" Street  
San Barnardino CA 92405 580-600 Th in  c l a y  lenses.  

750-760 Soar grave l .  

860-1000 Th in  c l a y  lenses.  
D.p+h: 610-670' 
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CONDMSID CUTTINGS DESCRIPTION 

0-1380 SIN0 
F ine  t o  coarsa sand w i t h  s c a t t e r a d  g r a v e l  
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U3BR Drill Hole Completion and Data Log 
Uonitoring Hell BR-3 



FEATURE D r i l l  t l o l e  Completed w i t h  Nested Piezometers  DRILLED DEPTH 2- 
PROJECT l u d l a ~ ~  W e l l s  V a l l e y  G r o u ~ ~ d w a t e r  P r o l e c t  COWLElED DEPTH 1990 Ft. 
LOCATION T.27 S.. R.39 E., Sec. l l d  STAIE - BEGUN 3-06-9 1 
~ P E  OF WELL Observa t ion  FINISHED 3-19-91 
PURPOSE f-v GROUND ELFlATION 2508.6  
COORDINATES TOP OF CASING €LEV 2 5  
HOLE LOGGED BY C u t t i l l ~ s  D e s c r i p t i o ~ ~  b~ D i n t i  B a r a r i .  N. Amer . Cllem. Co.. Trona CA DEPTH TO WATER (MTE) See Not- 

GEOPHYSICAL LOGS 

CONDWSID CUTTms OLSaUPTIOn 

1680-1740 Sand l a y a r s .  

1740-1880 I- mm a r r  ursru 
F i n o  t o  eo8rsa s u r d  w i t h  brown c l a y  l a y e r s .  

1880-1970 SAND 
medium t o  coarsm sand w i t h  a few t h i n  c l a y  

1970-2024 SIN0 UX211 CL1X LAIIIlS 
~ ~ s t l y  medium t o  c o 8 r r e  rand. Twenty t o  
t h i r t y  p a r c e n t  o f  t h e  m t t i n g s  Were c l a y .  



USBR Drill Bolo Completion and Data Log 
Monitoring Wrll BR-4 

FEATURE D r i l l  l l o l e  Comoleted w i t h  S i u c l e  P i ezomete r  ( I o t e o d e d  M u l l t i o l e  C o m ~ l e t i o ~ ~ )  DRILLED DEPTH 2 2 0  F t .  
PROJECT 11ldiall Wells Va l l ey  G r o u ~ ~ d w a t e r  P r o i e c t  - COMPLETED DEPTH 2 0 F t .  
LOCA~IW T.26 S.. R.39 E., Sec .  265 STATE CA BEGUN 8-29-90 
n p ~  OF WELL O b s e r v a t i o n  FIN ISHED 9-14-90 
PURPOSE Lft l lo logy.  Groundwater Q u a l i t y ,  P i e z o m e t r i c  Leve l ,  Hydrau l i c  Co t iduc t iv i tv  GROUND ELEVATION 2375.7 
COORDINATES TOP OF CASING ELEV. 2377.5 
HOLE LOGGED BY C u t t i l l g s  D e s c r i v t i o ~ t  bv Ken Turne r .  Kern Co. Water Arrttcv DEPTH TO WATER (DATE) See  N o e . s ~ .  
GEOPHYSICM LM;$ S ~ o ~ ~ t a t l e o u s  P o t e n t i a l ,  16 a11d 64 i u c h  R e s i s t i v i t y .  6 Foot L a t e r a l .  LAB ANALYSIS Yes. See Note 

Temperature  TDS See  No tes  
OTHER LM;S D r i l l i ~ ~ g  Time - REVIEWED BY Dennis  Wat t .  USBR 

1 
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USBR Drill Hole Completion and Data Log 
Monitoring Nrll BR-4 



U8BR Drill Holr Complrtion and Data Log 
Monitoring Well BR-4 



CONDLNSSD CUTTINGS 01S(3RIPTXON 

1100-1991 SAND 
Light  brown t o  gray ,  f i n e  t o  c o a r s e .  

1560-1570 S i l t y .  

1600-1610 S i l t y .  

1630-1650 S i l t y .  

1680-1720 S i l t y .  

1740-1780 S i l t y .  

1780-1840 Gray, medium t o  c o a r s e .  

1840-1880 S i l t y ,  p a l e  brown. 

1880-1995 P a l e  brown t o  l i g h t  g r a y .  



USBR Drill Bolr Complrtion and Data Log 
Monitoring Wmll BR-5 

FEATURE Drill Hole Completed with Nested Piezometers DRILLED DEPTH a 
PROJECT 111dla11 Wells Valley Groundwater Project COMPLETED DEPTH 

LOCATION T.25 S . .  R . 3 8  E.. Sec. 341 S w f  - BEGUN 12-19-91 
NPE OF WELL Observation fINISHED 1-03-92 
PURPOSE Lithology, Groundwater Quality. Piezometric Level, Hydraulic Conductivity G R O U N ~ E L ~ ~ ~ I O N  2518.6 
COORDINATES TOP OF CASING ELEV. 2512.5.-- 
HOLE LXCED Curt irlW Description by Hike Stoner . Naval Air Warfare S C ~  ti011 DEPTH TO WATER (DATE) See Notes 
GEOPHYSICAL LOGS SI'OII~~IICOUS Potct~cial. 16 aud 64 itlcll Resistivity, 6 Foot Lateral LAB ANALYSIS Yes. See Notes 

Temperature ,ns See Notes 
OTHER L%$ Drilling Time REVIEWEDBY Dennis Watt, USBR 

NO- 

D U L L  SITZ: 
The well is -out 200 feat vaet 
of Hvy. 395 at a point &out 1/2 
mi10 north of the intersection of 
Leliter Road m d  Hvy. 395. 

DULLED 81: 
Welch and Hovel1 Drilling of EL The collacted samples and drilling character 
cmntro u. indicate a non-cementod alluvial fill from 

land surface to total depth. 
DNLLINC N Q :  
Uac doubla (106' total haight) Depth intervals are feet below land surface. 
diract rotary rig. 

0-60 No samples. 
DILlLLINC HSTUOD : 
Direct rotary with bentonit8 mud. 60-800 SAND 
14 3/4 inch roller cone bit from ~ d i u m  to coarse, off-white. fairly to vary 
56 to 1014 feet. 12 1/4 roller 
cone bit from 1014 to total 

wall sorted, subrounded sand. Feldspars and 
quartz dominate. 

no- C m ~ T I O 1 ( :  60-80 well roundad. 

Installed three 2. diameter ateel 
pipes with a 20' tvo inch 100-110 very coarse. 

diameter screen on the bottom of 
each. Screans arm at the 120-130 Coarse to very coarse. 

following dopth intorvala: 85:'- 
8701, 1590'-1610'. 1960'-1980 . 180-190 Very coarse. 

Cement pluge set at the following 
depth intervals: lj65'-1?85', 240-250 Vary coarso. 

1696'-1706'1, 1788 -1800 . 
250-260 Subangular. 

D I V l t O P m :  
Each pierometer vao air-lifted 3- 300-310 Fine to medium and unsorted. 
4 hours 

440-450 Very coarse. 
minut.. Uatar samplaa for lab 
analysis vero collected at the 490-500 Coarse to vary coarse. 
end of development. 

DIPTn To warn: 
All depth. rrportrd brlow wrrr 
measured on January 28, 1992 from 
the top of the protective casing. 

ha were m w u r a d  on& 

1590' -1610' 
1960' -1980' 

A11 depth to water maa8urementa 
made during the project life are 
available in tha Geohydrologic 
Appendix for thia projact. 

SLUG TEST RBSULTI: 
Estimated trmsua8ioity (TI 
Ift2/min) by the Coopor (1967) 
method for tho 20 faet of aquifer 
at each ecceu~. 

BRRBWR CORP 
UCLL .U.VC*Irn 
80s-*82-4888 

ELECTRIC LOG 
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CONDENS= CUTTINGS DISCRIPTION 

The deecription below is reduced from a 
description of samples collected every 10 
fret from the drilling mud raturn. 

GENLRAL 



USBR Drill Bole Completion and Data Log 
Monitoring well BR-5 

FEATURE D r i l l  Hole Comvleted w i t h  Nested Piezomecers  DRILLED DEPTH 2- 
PROJECT I n d i a n  Wells Va l l ey  Groundwater P r o j e c t  COMPLETED DEPTH 1980 F t .  
LOCATION T.25 S.. R.38 E.. Sec. 341 STATE BEGUN 12-19-91 
TIP€ OF WELL Obse rva t ion  FINISHED 1-03-92 

L i t h o l o u ~ ,  Croundwater Q u a l i t y ,  P i e z o m e t r i c  Leve l ,  Hydrau l i c  C o n d u c t i v i t y  CROVNDELEVATION 2518.6 
COORDINATES TOP OF M I N C  ELEV. 2 5 1 2 . 5 -  
HOLELOCCEDBY ~ ~ t t i ~ ~ s D e s c r i v t i o n b ~ H i k e S t o n e r . N a v a l ~ i r W a r f a r e S t a t i o n  DEPTHTOWATER(DATE) See Notes  
CEOP~IYSICACLOCS S l * u ~ ~ t a ~ ~ e o u s  Po tec l t i a l .  16 a11J 64 inch  R e s i s t i v i t y .  6 Foot L a t e r a l  LAB ANNYS I S  & ~ S e e t ! 2 _ 5  

Tempera c u r e  TDS S r e  Notes  
OTHER LOCS Dr i l l  inp. Time REVIEWED gy Der111is Watt .  USER 

-1s INCH roenn~- z 2 
Irl u 
W 

NoTu 5 9" 
00 - - S C  INEII  MO#ML-- 
I 

CONDMSID CIPrrINGS DESCRIPTION 
<oOllcn~ C I- a u 

W A  
- 5  0 + l o  20 30 60 O 

SLUG =ST RZSULTS: 
L s t i n u t a d  t r m s n i s m i v i t y  (T) 60-800 SAND 

( f t a / m i n )  by t h e  C0op.r (1967) Uedium t o  coa r se ,  o f f -whi t e ,  f a i r l y  t o  ve ry  
mathod f o r  t h e  20 f a a t  of  a q u i f a r  w e l l  s o r t e d ,  subrounded sand.  Fe ldspa r s  and 

a t  e a c h  sc raan .  q u a r t z  dominate. 

600-610 Very coa r se .  

620-640 Very coa r se .  

790-800 Pina t o  medium. 
mTSR QUALITY: 
Water a n a l y s i s  by: 800-900 SAND 

Fine ,  o f f -whi t e ,  f a i r l y  t o  very we l l  s o r t e d ,  

C l i n i c a l  L&s 
subrounded sand.  Fe ldspa r  and q u a r t z  

1595 North 'D" S t r a a t  dominated. 
S m  Barnardino CA 92405 820-840 wi th  medium sand. 

840-860 Uadium sand.  

880-900 Very f i n e  sand wi th  s i l t .  

900-930 SILTX SAND 
..,L $-I". ,*.I Very f i n e ,  l i g h t  gray,  very w e l l  s o r t e d .  
WIL P~I...Iu. III aubroundad, s i l t y  sand wi th  some c l a y .  

930-1090 SAND 

.,IL *1.... 1*.,0*1 Pine,  off-whi te ,  ve ry  wa l l  morted, 

..IL c.,-"0.. ICOI I  

..IL *IC..b.".I. I"C0.I 
subroundad, sand. 

W r L .  ,",I.I.,Y)., 
" , I . .  m,..,.. I C I I  
I),L D1lt.l. I.. W I I  

970-980 Very f i n e .  

980-990 Uedium. 

3-zTuPi t~C. .1 . .* ,  
YI.(c... SCCIII* c..*~cI.~. I ~ . C . I  I..I.. 990-1000 I i n a  t o  medium. 

mtL... TetaL rlll..mm1. ...L.W .I I I W  s I I . 1  

I-te n m l c r v  

= z r " 7 f i L =  
WIL .I-*n. (A11 
WIL A..."IC I..) 
s.,L @..I". I8.I 
WIL C.e.1" IC.1 
WIL n r r a r  1r.t.1 OI 
WlL c-r Ic.1 
WIL 1.- I*., 
WIL U.4 (*.I 
WIL ".I)."." ,."I 
Y I l L  W.N." 1-1 
"g,L S.1.11". 11.1 
"OIL Ill".. (.,I 
".It. 11"z (I", 



COHOmSID CUFTRIOS DILSCRTPTIORI 

l i n e ,  off-white ,  ve ry  w e l l  so r t ed .  
subroundad. rand. 

1020-1030 Soma 8 i l t .  

1030-1040 Vary f i n e -  

1050-1060 Very fin.. 

" I L  CSI-HI. ICOII 1070-1080 Soma m m f i c ~ .  
" I L  BIe....H*. I-¶! 
"IL.  l"1l.C. 1-1 
..IL. C.I..lC 1511 1080-1090 Soma madium r m d .  
" I L  #It.... I.. W I I  
~ I L  T l r . L C  111 m-. -. 1090-1340 S m  

-dim, off-whita, vary w a l l  s o r t a d ,  
subrounded sand. Ea ldspar r  and quaC-z 

1220-1130 Soma f t n a  land.  

1156-1170 Soma i i n a  s m d .  

1200-1210 Coarsa wi th  medium sand. 

1210-1239 Fine t o  medium wl=h scam 
".,L ..I'Y IN, 
".It. C U L " .  IUI 

c a u s a  sand. 
",lL -I". fh..l Ul 
W I L  c n r r  1er8 ~250-1210 UeCium wi th  moma Tzna sand. 
",lL Ira" 1r.1 
",IL Y.. 1-1 
",lL I."..r." 1-1 
",lL ..l."r, 1l.l 

1270-1330 r i n a  t o  mad iw sand wi--h some 
v,lL l.l."l". '1.1 
W I L  111-r :-I 
".lL XI". 1S"l 1340-1450 SAND 

tin. and fin. t o  m r d i w ,  off-white ,  fairly to 
1960-19m0' vary wal; so---me, mubroundrd surd.  Fe ldspar8  

and quaex donrmata. 

1400-1410 Madium surd .  

1410-1420 Some m i l t .  
W I L  S U I Y  1-1 
W I L  ..=...AY. 1.1 1450-1500 9- 

uadiua,  off-whit., va ry  w a l l  so-sad. 
subrounded r m d .  r a l d r p a r r  and -at== 
domanata. 

"IL.  IUIl.,. ,-I 
..IL. rnI.Z-l$. 1 C I I  1480-1500 S m a  coarsa  s m d .  
" I L  . L l  r... I.. W I I  

- lo . .  I C L l I *  C L l t a ~ .  1 l .C . I  1878.. 
.1IL... T.t.1 TlIC.r.*l. U . l d U  .C 1a.C 198.6 
Y ~ I U  ~ ~ ~ . r . m t n ~ e r  I~~IIIC.~UI 
rn OI m..-I. .c l a  5 
m L.. mrar*h*r 

-15 ClOllCLY 

",/I, U.II 1-1 
- I&  C Y A I  tC.1 
-11, cb-1- 1-b e l  
V I L  4 1-1 
- I& 1- fT.1 
V I L  u t n l  
V I L  -I 1-1 
V l L  H.y 1-1 
V l L  YI..ll 1a.l 
V I L  111- I*# 
V I L  11- t8.I 



FEATURE D r i l l  Hole Completed with Nested Piezometers . DRILLED DEPTH A 1 %  
P ~ C T  111dia11 Wells Valley Groundwater P r o j e c t  COWETED DEPTH a 
LOCATION T.25 S.. R.38 E.. Srr. 341 STATE . BEGUN 1 2 - 1 9 - 9 L  
WPE WELL Observation FINISHED 1-03-92 
PURPOSE Lit l lolotZ~,  Groundwater Q u a l i t y ,  Piezometric  Level, llydraul i c  Coc~duct i v  l t y  GROUND E L ~ A T  ION S J . 8 _ . . 6  
COORDI WES TOPOFWlNGELEV. 2512.5 - 
HOLE LOGGED I)r 

1580-1610 l i n e  t o  medium rand. 

1610-1630 Hedium sand. 

1640-1650 MOdilull SMd- 

1660-1670 Medium with some coarse sand. 

1700-1710 Some madium sand. 

1720-2000 SAND 
nodim, off-white, rerrly t o  very weL1 
sorted,  rubrounded sand. Feldspars and 
quartz dominata. 

1850-1860 Tine t o  medium rand. 

1860-1870 Soma coarse rand. 

1880-1890 Some coarse rand. 

1910-1920 Some coarse rand. 

1930-1950 Soma f i n e  sand. 

1960-1970 Soma f i n e  nand. 

1970-1980 Some coarse rand. 

1990-2000 Ifn. to madim sand. 



USBR D r i l l  B o l o  Completion and Data Log 
M o n i t o r i n g  WoA1 BR-6 

FEATURE Drill Hole Completed with Nested Piezometers DRILLED DEPTH 2012 Ft 
PROJECT IndianL COMPLETED DEPTH 1660 Ft. 
LOCATION T.25 S., R. 38 E.. Sec. 12m STATE CA BEGUN 1-10-92 

npE OF WELL Observation FINISHED 1-17-92 

PURPOSE Lithologv. G r o u n d w a t e r  GROUND ELEVATION 2352.2 
COORDINATES TOPOFCASINCELEV. 2354.1 ' 

HOLCLOGCEDBY Cuttin~s Description by Mike Stoner. Naval Air Warfare Station DEPTH TO WATER (DATE) a 
CEOPHYSICM LOGS -. 16 and 64 j&=b R P ~ I  q t i y i t v .  h Font Laeeral L*BANAL~SIS Yes. See Notes 

10s See Notes 
REVIEWED& Dennis Watt, USBR 

CONDENSXD CUTTINGS DISCRXPTION 

The interpreta'ion below is reduced from a 
deacription of samplas collacted every 10 
faat from the drilling mud return. 

GJzNERAL 

The collectad aamples and drilling character 
indicata a non-cemantad alluvial fill from 
land surface to total depth. 

Depth intervals are feet balow land murfac*. 

0-60 Missing amplea. 

60-90 SAND 
Light brown medium sand. 

90-210 SAND 
Light brown coarae sand. 

90-100 nodium to coarsa sand. 

120-130 Uedium to coarse smd. 

140-150 Uedium to coarse rand. 

170-180 Trace of volcanics. 

180-190 Very coarse sand and fine 
gravol . 
200-210 Medium to coarse sand. 

210-230 SAND 
Light brown madium sand. 

230-260 SAND 
Light brown, mwdium to coarsr sad. 

260-290 - 
Light brown very coarae sand with fine 
graml. 

290-320 SAND 
Light brown coarma to vary coarse s m d .  

310-320 Coarma. 

320-340 M 
Light brown medium to coarse sand. 

340-370 SUR) 

Light brown medium sand. 

350-360 Silty. 

360-370 Modium to coarsa, silty. 

370-400 CLAY 
Light gray-green clay. 

300-400 Some fin* to medium sand. 

400-110 CWIX 
Sandy gray-groon clay. 

440-450 Silty madim sand. 

460-470 Gray-green clay. 

PAGE 01- I U l i l L L  IlULE BR-6 [Page 1 ] 

Temperature 
OTHER LOGS Drilling Time 

m s  

DRILL SIR: 
Tho we11 is juat inaida (mast) 
the paval W e s o o m  boundary 
(which is pmrallel Brown Road) 
along dirt eastward extansion of 
the east-weat meetion of Brom 
Road. 

DRI- my: 
Welch and Howall Drilling of Ll 
Centro C)L. 

DRILLING RIG:  
h c  double (106' total haight) 
diract rotary rip. 

DRILLING #f1100: 
Direct rotary with bontonita mud. 
14 3/4 inch roller con* bit from 
56 to I010 feet. 12 1/4 roller 
cone bit f r m  1010 to total 
depth. 

ROLL cOIPLll1OW: 
Installed three 2- diurtar mteel 
pipem with a 20' two inch 
dimetar mcreen on the bottom of 
each. Sermwn* are at tha 
following depth intarp-ale: 330'- 
350'. 1190' -1210', 1640'-1660'. 
Cament pluqs set at the following 
dapth intaroalm: 520'-550', 900'- 
925' 7, 1400'-1420'. 

D-PMCMT: 
Each piazomater was air-lifted 
about 2 hours and discharaed 
estimat~d 5-10 aallons Per 
raznue.. Watar sunplaa for lab 
analysis wera collectad at the 
end of davelopmmnt. 

D..Ta To lm-: 
All depths raportad balow warm 
maasured on January 28, 1992 from 
the top of tha protwctive caring. 
mas* depths were memsured o n a  

out 5 mrnutas after tha cao wa* 
Semoved. Actual and r w  

mmv be 
ent m e a s u r e m a  

%?Ye=- %%- 
1190'-1210' 164.6 
1640'-1660' 149.9 

All dapth to water aeaauremanta 
made during tha project Iifa are 
Svailabla in the Gmohydrologic 
Appondix for this project. 

SLVC %ST RCSULTS: 
Ostimated tranemiamivity (2) 
(ft'/min) by tha Coopar (1967) 
nthod for the 20 feet of aquifar 
at each acrrm. 

Piezomote~ 35. Shallow 
t4mdiua .25 
Deap .20 

*Note - This im muspicioualy low. 

BRRBOUR CORP 
YCLL SwVCIIaE 
10s-4s2-4m~s 

ELECTRIC LOG 
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USBR Drill Ilola Complation and Data Log 
Uonitoring Wall BR-6 

FEATURE D r i l l  Hole Completed w i t h  Nested Piezometers . DRILLED DEPTH 201 2 F t .  
PROJECT 111Jian Wel l s  V a l l e y  Crouridwater P r o l e c t  COMPLETED DEPTH '660 Ft - 
LOCATION T.25 S.. R. 38 E.. See. 12m STATE CA BEGUN 1-10-92 
WpE OF MLL Observa t ion  FINISHED 1-17-92 
PURPOSE L i t h o l o n v .  C r o u ~ ~ d w a t e r  Qualltv. P- Level .  H v d r a u l i c t v  GROUND ELEVATION 2352.2 
CWROINAlES TOP OF CASING ELEV. 2354'1 . 

IIOLE LOGGED BY - C u t t i l l a s  U e s c r i p t  i o n  bv Hlke S t o ~ ~ e r .  Naval A i r  Warfare Sta t i011 DEPTH TO WATER (DAVE) -Se-e_N_oe.c. -- 
GEOPHYSICAL LOGS _ S D o o L a l l e o u s P o c e n t t e l .  16 and 64. 6 FC-I- UBANMYSIS Yes. See Notes 

Temperature TO5 See Notes 
OTHER LOGS D r i l l i n g  Time REVIEWED Dennis Watt. USER - 

J 
*LIR Q-IR: 510-600 
water ana lys is  by: Dark gray-groon c lay .  

-i 

C l i n i c a l  Labs 600-1700 CLU 
1595 Nor th  "D" S t ree t  
SM Bornardino CA 92405 

Gray-green c lay .  

610-620 Some medium t o  coarse sand. 

D-: 330-330' 780-800 Some f i n e  t o  medium sand. 

820-850 Soma fin* smd.  

850-890 Uisming aamples. 

-11L .=.,"a I.., 
? i L  .ex... 8". ,., 890-1040 Soma v e r y  f ine  nand. 

-9lL **.I..,.. ,**I 
I.IL <..*I ..., C01, 
i*,L  ate.,:.^.. (-11 
11 IL .  SYII... 110.1 
-1IL. CIII..,*. (el, 
-9fL *1...1.,.. 1011  

3:;. L ~ S C .  PII ~L..~..co.~, 
.-.?=I=.-. S C I I I C  C."*YCI."C. I I .C.1 

-1'L... tot.! *!It .... 1. L...f.. .. I#OC I:::.: 
'."LC. A"...". C.I.. ,L.lr;:.r..l 

-16 Incn nornnL- 

--a+ l*C" *o.nnt.-- 
(OOTTCO> 

-10 0 +LO 10 20 30 

5 
L 
x 
C 
a 
W - l  

U z 
3~ 
00 X d  
C 
u 

CONDINSW CQTTIffiS DESCRIPTION 





USBR Drill Holm Complrtion and Data Log 
Xonitoring Wrll BR-6 

FEAlURE D r i l l  Hole Completed w i t h  Nested P iezomete r s  . DRILLED DEPTH 2012 F t .  
PROJECT 111dian Wells  Va l l ey  Groundwater P r o j e c t  COMPLE~ED DEPTH 1660 F t  . 
LOCATION T.25 S.. R. 38 E.. Sec. 1201 S H E  C* BEGUN 1-10-92 
WpE OF W L L  O b s e r v a t i o n  FINISHED 1-L7-92 
PVRWSE L i t h o l o ~ v .  Crouc~dwater O u a l i t v .  P-c Level .  llvdr- CROUNDELWATION -22%2-- 
COORDI NAlES TOP OF W I N G  ELEV 2354'1 
I I ~ E  LOGGED BI C u t t i t l g s  D e s c r i ~ t  1011 bv Hikc S t o ~ ~ e r .  N a v d  Ai r  Warfare  S t a  t i o n  DEPIH 10 WATER (DAIE) --Sce-Noces- 
CEOPMYSIUL LOCS ~oceneial.16- 64 inch- U~ANMYSIS Yes. See Notes  - Temperature  
OTHER LOGS D r i l l i n g  Time 

-1s ~ u c n  ~ o m s ~ -  c 2 
w U 
W 

m s  --ss lmcr mornm.-- 5 Su 00 
~ o O l l c o ~  

n u 
W - I  

-10 0 +LO 10 20 30 O 

- 

TDS See Notes  
REVIEWED Uennis Watt ,  USER 

CONDPISm CUTTINGS DISCRIPTION 

600-1700 C L I Y  
Gray-grman c l a y .  

1500-1520 Some f a n e  sand .  

1520-1610 Some f r n e  t o  medium sand.  

1620-1640 some f in*  a m d .  

1640-1700 Soma f i n e  t o  madrum sand .  

1700-1850 SANU 
Gray-green, c l a y e y  f i n e  t o  medium ruld. 

1850-1920 SAND 
Gray-g ram modium a u l d  w i t h  some s i l t  uld 
c1.y. 

1870-1890 ~ s 8 i n g  r ~ p l a s .  

1920-1980 SAND 
~0-3ium t o  c o a r a a  a m d  w i t h  some d a r k  g ray -  
p raen  a i l t y  c l a y .  

1980-2000 CLU 
Dark gray-graan c l a y  w i t h  a t r a c e  of fxn* 
a u l d .  

I 

I 

I 

I 

I 
I 

, 
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UBBR Drill Bolo Completion and Data Log 
Monitoring roll BR-10 

DEPTH 1950 F t .  
BEGUN 8-24-92 

CONDMSW CUTTINCS DESCRIPTION 

DIILLW BY: 
Welch and Howell Dr i l l ing  of E l  
Cmntro CA. The c o l l e c t e d  samples and d r i l l i n g  c h a r a c t e r  

i n d i c a t e  a non-cemented a l l u v i a l  f i l l  from 
DRILLXIO I101 land s u r f a c e  t o  t o t a l  depth.  
UaC double (106' t o t a l  he igh t )  
d i r e c t  r o t a r y  r i g .  Depth i n t e r v a l s  a r e  f e e t  below land  s u r f a c e .  

OIILLXIO M m D t  0-40 n i s s i n g  samples. 
Di rec t  ro ta ry  with bentonltm mud. 
14 314 inch r o l l e r  cone b i t  from 40-60 OIUVZL 
56 t o  1010 fee t .  12 114 r o l l e r  Dark s a l t  and pepper c o l o r  wi th  b a s a l t .  

a0-GI0 SAM) 
Tan-gray medium t o  c o a r s e  sand. 

10L. COI(PLrr1olr 
I n s t a l l e d  t h r e e  2" diameter s t a e l  
pipes with a 20' two inch 

80-120 Very c o a r s e  with g r a v e l  t o  1 /4  

diameter screen on t h e  bottom of 
each. Screens a r e  a t  t h e  
following depth in te rva l s :  640'- 

160-180 Coarse sand with grav.1. 

660'. 1180'-1200'. 1560'-1580'. 
and 1930'-1950'. Cement plugs 180-300 Uedium sand with silt. 
wet a t  the  following depth 

300-320 Fine t o  medium sand wi th  some 

320-360 S i l t y .  

360-380 nedium sand with silt. 

t h e  end of development. 380-400 S i l t .  

DKIT. m WATER: 400-420 S i l t y  medium sand. 
A l l  depths repor t ld  below were 
measured on September 30. 1992 420-460 IIedium sand wi th  silt. 
from t h e  top  of t h e  outor  casing. 

460-520 S i l t y .  

1560'-1510' 
1930'-1950' 

A l l  depth t o  water measurements 
made during the  p ro jec t  l i f e  a r e  
a v a i l a b l e  i n  the  Geohydrologic 
Appendix f o r  t h i s  project .  

8LOO TLFT RHOLTSt 
Estimated t r a n n i s s i v i t y  (TI 
(f ta /min)  by t h e  Cooper (1967) 
method f o r  t h e  20 f e e t  of aqu i fe r  
a t  each wcreen. 

I 1 PAGE OF 



CONDPSStD CUTTINGS DESCRIPTION 

WATLI QUALITY; 
Water ana lys i s  by: 

BE Laboratories 
520-540 S i l t  v i t h  medium sand. 

4100 Atlas Ct. 
Bakersiiold CA 93308 540-560 S i l t y  medium sand. 

560-580 S i l t y .  

Depth: 640'-660' 580-620 some m i l t .  

10- a m ~ m r ~  620-640 Fine t o  medium sand v i t h  silt. 

-A 640-680 S i l t y .  
11. .,/L 
LS.0 -1,. 

2 9 s .  -1,. 
6.0-1000 CLAY 

2.. I)/L Liqht  gray-green c l a y  v i t h  some sand. 
16.1 - q / L  . 0 . 1  l l / L  
0 . 1  -/L 

680-740 Tan-gray c lay  v i t h  medium sand. 
1 -/L 
171. q / L  
1 l l / L  

740-780 Some f i n e  t o  medium sand. 
1.7 ~ I L  
1.1 -IL 780-820 Some f i n e  sand'. 
0.11 l l l L  

16.0 -./a, 
s .7  C O ~ C .  820-840 Tan-gray, l o t s  of f i n e  t o  

1170. -1- 
mediw sand. 

1000. -/L 840-860 Tan-gray f i n e  sand with c lay .  
10. C010. mil. 
1. Oh -it. 

11. R onis. 860-1000 Some t i n e  t o  medium sand. 
0.4. -/L 

*..a... .. 1 r l / L  
llk.1l"lll. " -3 Ill. -/L 
11011. U mu . 0 .01  -/L 
IICILI. 1 , 0 1 4  . 0 . 1  .1IL 
0::M.DM.pIb.L. 0.16 - IL  

c m s u u a u L . . Y I L . h l ( L .  



UBBR Drill nolo completion and Data Log 
Monitoring wall BR-10 

FEATURE D r i l l  Hole -v i th  PI--era DRILLED DEPTH 2005 F t .  
PROJECT I ~ l d i a l i  We l l s  V a l l e v  Groundwater P r o k t  COMPLETED DEPTH 1950 F t  . 
LOCATION T.24 S., R.38 E.. Sec. 215 STATE CA BEGUN 8-24-92 
WPE OF ~ L L  Observa t ion  FINISHED 9-02-92 
PURPOSE L i t l i o l o g ~ ,  Groundwater Q u a l i t v .  Ptezometr ic  Level. I l v d r a u i L c ~ ~ v  GROUND ELEVATION 

COORDINAlES TOP OF CASING ELEV. 15hl~~ 
HOLE LOGGED C u t t i l ~ g s  D e s c r i p t i o n  bv Mike Stoner, Naval  A i r  Warfare S t a t i o n  DEPTH TO WATER (ME) See 

UB ANALrSIS 



UBBR Drill Role Completion and Data Log 
Monitoring well BR-10 

DRILLED DEPTH 2005 Ft . 
PROJECT 1lldia11 Wells Valley C r o u ~ ~ d v a t e r  Pro lec t COMPLETED DEPTH 1950 Ft . 
LOCATION T . 2 4  S.. R.38  E., Sec. 213 STATE A BEGUN 8-2'-92 
np(  OF ~ L L  Observat 1011 FINISHED 9-02-92 
PURPOSE L i t l l o l o ~ v .  Crou~lduater  Q u a l i t y .  Piezometric  Level. l lvdraulic  -tv GROUND ELEVATION 
COORDI NATES TOP OF CASING ELEV. ~ L B  
HOLE LOGGED BY 0byp~toller.n arfare~~a_~lon~c~ (DATE) See Notes 
GEOPWSIUL LOGS L)ual Ll~duct lo t~ .  Na- Rav R a v ~ o r c t r o m e t r v . n o r  LAB ANALYSIS - 

Loll% Spaced Sonic Wavef arms. ~ o n n ~ ~ ~  TDS 

CONDLNSID CUTTINGS DESaCIPTION 

IOu mc.et.4 M I L  
1600-1640 CLAY 
Gray-qreen c l a y  v i t h  medium sand. 

1600-1620 With medium t o  coarse  sand. 

.Q mem.. M I L  

1760-1780 S i l t y  c l a y  v i t h  medium sand. 

1800-1840 Medium sand a with t r a c e  of 

1860-1940 Hedium sand v i t h  clay.  

1960-2005 Uedium t o  coarse  sand v i t h  a 

w: 1930'-1950' 
t r a c e  of c lay .  

l O D U Y O m m T l  . 

-BIU 
30. ../L 

111. ../L 
0 q / L  

44. W I L  
I0I.I -a- 6 .  4 / L  

0 . 1  q I L  . 1.6 l l l L  
1110. W I L  

a a l l / L  

0.18 ../L 
6 . 2  m I L  

a . l  D(( m1c. 

14.0. -40  

1110. I I I L  
10 .  C O I W  mi*. 

4 ,  - O U C .  
21 .  rn B I U  

0 . *6  ..lL 
1 6 .  ..IL 

UkAILLICI Y -1 1030. ..IL -.. u .D 0.1) l l / L  
I .C** I .  IIC- . 0 . 1  ../L 
mrne.-r. 0.19 q I L  

m m t m d  r . f ~  



CONDENSED CUTTINGS D S S W P T I O N  

The well is located in the The interpretation below is reduced from 

extreme northeast corner of the - -SS INCH NORnRL-- a description of samples collected every 
Indian Wells Valley water 10 feet from the drilling mud return. 
District's Neal Ranch property. The grain size descriptors used in the 

description of the samples and in the 
DNLLLD BY: log below are from the scale proposed by 
Southern California Drilling Wentworth. 
Company of Laneaster u. 

DRILLXHC RtC: 

The collected samples and drilling 
character indicate a non-cememted, 

DRILLING =TROD: alluvial fill from land surface to total 
Direct rotary with bentonite mud. depth. Fine gravel was the maximum 
12 1/4 inch roller cone bit from grain size recovered. 
surface to total depth. 

Intervals are feet below land surface. 
ROLI C ~ L C T I O N :  
Installed three 2. diameter steel 0-340 SAND 
Pipes with a 20' two inch Mediqn to coarse sand. 
diameter screen on the bottom of 
each. Screens are at the 
folloving depth intervals: 25P'- 10-30 Some gravel. 

270'. 1130'-1150'. 1960'-1980 . 
Twenty feet of 2. pipe below each 50-60 Fine to medium. 
scram. Benaeal (bentonite) 
plugs set at the following depth 60-70 Few gravel. 
intervals: 220'-240'. 290'-300', 

80-90 Some gravel. 

100-100 Few gravel. 
D ~ L O P H m ?  : 
Each piezometer was air-lifted 
for about 12 hours and discharged 

130-170 Few gravel. 

an estimated 10 gallons per 
minute. water samplea for lab 
analysis were collected at the 
end of development. 

180-240 Some gravel. 
D1Pm TO w a r n :  200-210 Fine to medium. 
All depths reported belov were 210-220 Mo9tly gravel. 
measured on Decenrber 12, 1991 230-240 Fine to medium. 
from the top of the outer casing. 

260-270 Some gravel. 

1130'-1150' 280-300 Mostly gravel. 

1960'-1980' 
310-320 Fine to medium. 

All depth to water measurements 
are available in an attachment to 320-340 Mostly gravel. 
the Geohydrologic Appendix for 
this project. 340-610 CL&Y 

Blue-green clay. Occasional silt and 
SLUG ZIST RWIILrs: 
Estimated transmissivity sand noted in the sample descriptions is 

(ft'lmin) by the Cooper (1967) probably from thin Layers of silt and 

method for the 20 feet of aquifer fine sand. 

at each screen. 
370-450 Some fossils. 

450-470 Blue to blue-gray. 

480-510 Gray. 
490-510 Siltstone pieces. 

*The shallow screen waa probably 
damaged during installation by 
downward slumping of the shallow 



USBR Drill Hole Completion and Data Log 
Uonitoring No11 NR-1 

FEAIURI Dr I I L - N e s t e d ~ i e r s  DRILLED DEPTH -2QULt. 
PROJECT Illdial1 Wells Vallev Groundwater Project (W-DisLricc COMPLETED DEPTH 2001 Ft . 
LOCAIION T.25 S.. R.38 E.. Sec. 2 5 j  STAlE BEGUN -k!?%-- 
I Y P ~  OF WELL Observatio~~ FINISI IED 2-06-9l - 
PURPOSE Litllology, Crou~~dwater Quality, Pietometric Level. llydraulic Col~ductivity GROUND ELEVATION z2 5 .  
COORDINATES IOPOFCASINCELEV. 2278.5 

See Notes I I ~ E  LOGGED BY Cilttialgs Descriptio~~-& Dipti Dnrart , pL~~c.Cl_lem. Co., Trolta C A  DEPTH TO WATER (MIE) 
GEOPHYSIW LOGS Spouba~~eous Pote~~tial. 16 and 64 iuch Reslstivity , G Foot Lateral. ~ A N , U , ~ S I S  Yes. See Notes 

Temperature 10s See Notes 
OTHER LOGS Drilling Time REVIEWED er D ~ I I I I ~ S  Watt. USBR 

-1s INCH NORnAL- 2 
$' 5" 

N O n S  - -sc INCH WOP~AL-- - 00 
I 1 2  

CONDZNSID CUTTINGS DESCRIPTION 
~ D O T T C O )  C C 

h u 
W 2  

W A m  QUALITY: 
Water analysis by: 340-610 CLAY 

~lue-green clay. Occasional silt and 
Clinical Labs sand noted in the sample descriptions is 
1595 North "Dm Strmet probably from thin layers of silt and 
San Barnardino CA 92405 fine sand. 

510-580 Blue. 
560-580 Some gravel. 

hpth: 270-290' 590-610 Green-black to gray-black 
with sand, silt, and some fine 

610-800 MUD 
Green, black, and gray mud. 

660-690 Green, black, and gray- 
blue clay. 

.IIL IIc....~.~. ,*COY, 
VIL. S"1l.l. (SO., 

700-730 Tuffaceous? material. 
WIL. asI..ll. l C 1 1  
.,,L .IC .... I.. LO,, 
W L  rrurro. tr, T.... -. 730-740 Clay. 

740-760 Somm aand and silt. 

760-770 Some silt and clay. 

770-780 Blue clay. 

780-800 Some silt. 

800-1250 CLU 
Black and gray-black clay. Occasional 

WIL 1 I . I  1P.I silt and sand noted in the sample 
W/L L..d 1-1 
WIL a.",."." ,m, descriptions is probably from thin 
W/L W M W  (l*l 
WlL S.L."IU. 0.1 

layers of silt and fine sand. 
""L #,I..= l.., 
WlL I l n o  f t" ,  
".,L . I U L N  

820-830 Some silt and siltstone. 

Dmpth: 1130-1150' 830-840 Black-gray mud with some 
coarse rand. 

900-910 Green-black with some 
siltstone. 

"IL s-1- f"., 
.wL ?."...V 1.1 

910-940 Silty. 

930-980 Some fossils. 

980-990 Gray-black mud. 
..,L DIS....N.. ( IKOY, 
W/L. l"1l . I .  IW.1 
V/L. a.I..IU I C I ,  
.I/L W1tr.t. 1.. D Y I  
V L  ?I".IIU 11,  r-. 4*. 



USER Drill Role Completion and Data Log 
Monitoring wall NR-1 

, FEATURE c r s  DRILLED DEPTH 
PROJECT Itldiall Wells Valley Crou~~dwater Pro lect  ( W a e e r ~ i s ~ r l c ~ l l )  CoUPLErEo DEPTH 2001 Ft . 
LOCATION T-25 5 . .  R.38 E..  Sec. 251 STATE CA BEGUN 1-07-9 1 
TYPE OF WELL Observatiott FIN ISHED 2-06-91 - 
P U R P O ~  Li t t l o log~ ,  Gcoundwater Qual i ty .  Piezometric Level, Hydraulic Cot~ductivity GROUND ELEVATION 2 2  ' 5 .  
COORDI W l C S  TOP OF CASING ELEV. 2278.6 - 
IIOLE LOGGED BY 3L!Lt!g~ V e s c r i ~ t i c > t ~  by Dlptl  Onrnri. N. Amer. Cl~em. CO. ,  Trotta CA DEPI)~ 10 WATER ( m r ~ )  See Notes-. - 
GEOPWSICALLOGS S~ol tb~t leous  Potell t ial .  16 amd 64 ittcii Res i s t i v i ty ,  G Foot Lateral .  MAN,~YSIS Yes. See Notes 

Temperature TDS See Notes 
OTHER L ~ S  Drillirlg Time REVIEWED @r Det~ t~ i s  Watt . USER 

I 
- - 6 C  INcn  nornn~- -  

(DOTTCO) 
CONDENSED CVTTINGS DESCRIPTION I 



DRILLED DEPTH 

COORDINATES 
I I IXE LOGGED BY 

CONDLNSSD CVTTINCS DESCRIPTION 

1400-1610 C L I Y  
Black and gray clay. Occasional silt 
and .and noted in the sample 
descriptions is probably from thin 
layers of silt and fine sand. 

1510-1560 Gray black. 
1510-1520 Gray mud with silt. 

1560-1610 Black. 
1560-1600 Some sand. 

1610-1600 MID 
Black and gray mud. 

1610-1620 Siltstone pieces. 

1640-1600 Siltstone pieces. 

1600-1820 CLLX 
Gray clay with siltstone pieces. 

1690-1700 Green. 

1720-1760 With sand and silt. 

1770-1780 Siltstone pieces. 

1790-1810 With sand and mudstone. 

1820-2012 SAND 
H e d i w  sand. 

1820-1840 Coarse. 

C 



USER Drill Holm Complation and Data Log 
Monitoring Wmll NR-2 

FEATURE D r i l l  Hole C o m ~ l e t e d  w i t h  Nested Plezometers DRILLED DEPTH 1994 ft. 
PROJECT 111diil11 Wel ls  V a l l e y  Croulldwater P r o i e c t  (Vater  D i s t r i c t  Wel l )  COMPLE~EDDEPTH 1950 F t .  
LOCAT:ON T . 5  S., R. 38 E.. Scc. 36g STATE BEGUN 2-04-91 
TYPE OF MLL Observa t ion  FINISHED 2-15-91 

PURPOSE - L i t l l o l o g y ,  Croulldwater Q u a l l t y .  P iezometr ic  Level .  l l y d r a u l i c  C o ~ ~ d u c t i v i t y  GROUND E L U A ~  ION 2114.7 
COORDINATES TOP OF CASING ELEV. 231) .7L  
IIOLE LOGGED 81 . C U L t i ~ ! ~ l ) ~ s c r 1 1 ~ t ~ c ~ ~ ~  h I J l l l L i  Uarn r l .  N. Al!l~rj...Cl~rmmm CA!:-~ 'I'ro11:l CA DEPTH 10 WATER (MTE) See Note.  
CEOPHYSICALLOCS S7~yo11ta11eous P o t e l ~ t i a l .  16 and 64 i11c11 R e s l s t i v l t y ,  6 Foot L a t e r a l .  ~ M Y S I S  Yes, S e e m c s  

rc~npcra tu rc  - TDS See N o w -  
OTHER LOGS D r i l l i l l g  Time ------ REVIEWED or-De*?&t~-USDR- 

UOTCS 

DRILL SITE: 
The well is located in the 
southwest corner of thm 
southrestern block of the Indian 
Wells valley water District's 
Neal Ranch property. 

DRXlLLD BY: The collected sampler and drilling character 
Southern California Drilling indicate a non-cemented alluvial fill from 
COapMy of Lancaster CA. land surface to total depth. 

DRILLING 1110: Depth intemals are feet below land surface. 

0-440 SAND 

DRILLING -00: 
Fine to coarse with scattered fine gravel. 

Direct rotary vith bentonite mud. 
12 1/4 inch roller conm bit from 

90-100 Some fin* gravel. 

surface to total depth. 100-110 Silty. 

BOL. Co#mUTIOX: 
Installed three 2- diameter mteel 140-110 Silty. 
pipes vith a 20' two inch 
diam-ter screen on the bottom of 220-250 Very coarse. 
each. Screens arm at the 

300-310 Silty. 

350-370 Blue clay with sand and gravel. 

420-440 Black silty fine to coarse 

440-1480 C W X  
Blue, blue green, blue gray, green, a d  gray 

DIPfR TO WATER: 
All dmpths reported below were 

470-490 Silty. 

meaaur-d on October 22, 1991 f.rom 
the top of the outer caaing. 

Screen Interval 

1910'-1930' 

A11 depth to rater measurements 
are available in an attachment to 
the Ceohydrologic Appendix for 
this project. 

SLUG =ST RZSIILTS: 
Estimated trannmiaaivity 

I ( PAGE UI 

-. BflRBOUR--C_O!?!? 
UCCL SW.(CIInG 
IoC-4az-*~*# 

ELECTRIC LOG 

1,s c 
#,# 

5 

5 n 
W 0 

- 

x 
5u 
00 
:> 
L+ 
J 

CONDmSm CUTTINGS DESCRIPTION 

The interpretation below is reduced from a 
description of samples collected every 10 
feet from the drilling mud return. 

GENERAI. 



USBR Drill Holm Complrtion md Data Log 
Monitoring W a l l  NR-2 

FEATURE D r i l l  Hole Completed with Nested Pietometera DRILLED DEPTH 1994- 
PRQ)EC~ Illdieit Wells Valley Grou~~dwater  P r o l e c t  (Water D i s t r i c t  Well) COMPLE~EDOEP~H 1990 F t -  
LOCATION T. 25 S.. R. 38 E., Sec. 3 6 g  SlAIE CA B E G U N A 4 %  
n p ~  OF WELL Observation TINISHE0 2-15-91 
PURPOSE Litllology, Groutidwater Q u a l i t y ,  P ie tomet r ic  Level ,  l lvdraulic  C o t ~ d u c t i v i t v  GROUND ELEVATION 2314.7 
COORDINATES TOPOFCASINGELEV. 2 3 1 7 . 7  
IIOLE LOGGED BY Cutti116 D e s c r i p t i o ~ ~  bv Dipt i Barari .  N .  Amer. Cl~em.. Co. . Trona CA DEPTH TO WATER (MIE) See Not- 

GEOPHYSICAL LOGS Spo~ttaneous P o t e c ~ t i a l ,  16  and 6 4  inch R e s i s t i v i t y  , 6 Foot L a t e r a l .   ANALC CIS Yes. See Notes 

TM See Notes 
REVIEWED De1111is IJatc. USBR- 

CONDLHSW CUTTINGS DESCRXPTION 

440-1480 Q~I  
slue, blum groan. blue gray. green, and gray 
clay.  

510-530 S i l t y .  

640-650 Gray mud. 

650-680 Gray c lay  w i t h  s i l t s t o n e  ch ips  
and small f o s s i l s .  

690-710 Small f o ¶ s i l s .  

720-730 S i l t y  with small f o s s i l s .  

750-770 Some sand. 

790-800 Soma f o s s i l s .  

800-840 Sandy with few grave ls .  

PA;€ OF I IJI~ILL IIuLE NR-2 [Page 21 

Temperature 

07rlER LOGS D r i l l i n g  Time 

m s  

WA- Q - I ~ :  
water analysis by: 

Cl in ica l  Labs 
1595 ~ o r t h  "0" Stree t  
San Bemardin0 CA 92405 

~ n i u t n m  or -14 rorn,  mu^ urol 0 1  Y ~ * - I H  

D 1 t C / T I I 1 C  COLbCCnDi 1111/.1 0.- 

lYULIl "CL 

TOIIL lWwUl 2 4 1 . 1  m l b  
C I U I M  IWWUS 
C.IC1ul 

la*.# .,/b 

U C S U l M  
16.1 ../L 
11.. "IL 

S 0 0 1 M  .aT.'.IM 101.. "IL 
6 . 1  -,I. 

TOT~L AWULIII 1t3.1 "IL 
I I ~ O W I I O t  
C U . O * . t C  

. 1.m ..IL . 1 . 0  ../L 

",CL.".,..,t 
SUt.,ATC 

>...d ..,L 

C"W.10C 
Ill.* ..,L 
03.0 "IL 

I l f U T C  .! --.,ec 11 I "IL 49 
0 .1  -,/I. 

, , i , A L  .*,O"S 
TOTLL CATIOWS 

11.61 .VWL 

..D A*IO*Y/CATIO*I  
I f . ? ,  .SVL * LO "IKl" 

C, . 1.2 $10 v m n  
1,ro.o Ul..O," 

101 I... 1 ../L 

*.&I < 0 . 0 2  ..I& 

W U U C  18 W b  Y. 
COIII. I R O .  r 10 ",,I 100. 
IlK , 100 ".,I. ,I. . 10 W I L  % D M  

W l  w C".Ollrn . 1.0 ".,L lo" 

ClWl"" 
. L O  W I L  la 

U I O  
I W I L  10 

.u,"II)I 
I1 ".,I 1. 

"C.N., 
. 1 0 0  ",,L SO" 

I . lCWIC 
.I",,l I 

ItlUlM 
.II"./L $0 

10 ",,L I.. 
.IL"T" . I 0  W L  3. 

c a m  
om 

< # 
I 

m t w n  0.1 A r r  

- 1 1  lncn nornw- 

- -S+  INCH WOlnRL-- 
~OOTTCO> 

-20  - 1 0  0 10 

111 
L' 
x 
C 
R W 2  

O 

2 

O U  X J  
C ,~ 8 



VSBR Drill Bola Completion and Data Log 
Uonitoring Wall NR-2 



USBR Drill Bole Completion and Data Log 
Monitoring Well NR-2 

FEATURE -Dri l l  Hole Completed v i t h  Nested Piezometers DRILLED DEPTH 1994- 
PROJECT l r l d i a t ~  Wel ls  V a l l e y  Groul~dvater  Pro l e c t  (Water D i s t r i c t  Well) COMPlETED DEPIH 1950 F t  :- 
LOCAIION T. 25 S.. R. 38 E.. Sec. 36s STATE CA BEGUN 2% 
TYPE OF WELL Observat ion FINISIIED 2-15-91 
PURPOSE L i t h o l o g y ,  Grour~dwater Q u a l i t y ,  Piezometr ic  Level .  l l y d r a u l i c  C o t ~ d u c t i v i t y  GROUND ELNAl ION 2314.7- 
COORDI NATES TOP OF CASING ELEV. 2317.7 
)(OLE LOGGED BY C u t t i t l l  D e s c r i p t i o n  by D i ~ t i  Uarar i .  N. Amer, Chem., Co.. Trona CA DEPTH 10 WATER (DAIE) See Notes 
CEOPH~SICWLM;~ __Spot~taneous P o t e n t i a l ,  16 and 64 i n c h  R e s i s t i v i t y .  6 Foot L a t e r a l ,  L ~ ~ ~ l ~  Yes. See Notes 

Tcll~uera t u r e  IDS See Notes 

OTHER LOGS D r i l l i n g  Time REVIEWED BY Denuis Idatt,  USBR 

-16 INCH NORnAL- ~4 5 '3 

Noma --6+ INCH NORnAL-- k 20 0 0 
x X A  

CONDSNSID CUTTINGS DSSCRIPTION 
(OOtTCO> C ,- 

a u 
w _ I  

-20  -10 4 10 0 

1480-1620 SAND 
noutly fine to coarse sand with finer 
interbedu. The depth of the top and bottom 
of thiu interval is based on the electric 
log. Log of cuttings shows an incraasing 
sand content beginnrng at 1500 feet. 

1620-1631 C L I Y  
noutly gray, black, green, or gray black 

1635-1985 I m L D D I D  SAND AN0 C L I Y  
Clays are green. gray and black. Sands are 



USBR Drill Hole Complmtion and Data Log 
Monitoring Woll HW-32 

FEATURE Urlll llole Comoleted wltli Nested Piezometers DRILLED DEPTH -1% 
PROJECT 111dia11 Wells valley tirou~~dvatcr Pro iect (Water 1)istrirt WeLQ --- COMPLE~ED DEPTII 
LOCAIION T.26 s . .  n.39 E.. ~ e c .  z j d  STAIE - CA BEGUN 9 - 2 . - 5 ) Y ! -  
TYPE OF WELL Observat 1011 F I N I S I I E D  10-8-91 - 
PURPOSE LitI1olop.y. Groutldwater Ot~alitv. Piezometric Level. llvdraullc Co~lductivitv GROUND ELEVATION 
COORDINAlES TOP OF CASING ELEV. 2418 '  - 
HOLE LOGGED w _ C l ? t t ~ . f . n s ~ - ~ ~ i ~ ~ ~ ~ 1 ~ y ~ U _ i ~ . t L ~ ~ r a r t .  N. h~r,CI?.em,C.&.~Tm11,m DEPTH 10 WAIER (ME) S e e l e e  
GEOPHYSI~& LOGS St~ol~taneous Potential. 16 ~ I I J  64 iucll Reslstlvitv. G Foot L~teral, IA8 ANALYSIS  ye^^^ 

Tcml~crr., tilre - . ..-----. ---- -. -. -..IDS - - -  See-rjote3- - 
OTtW? LOGS - REV1 EWE0 BY D e u d d i & ~ ~ U S U k  

BRRBOUR CORP - u 
C C( 

I., 0 
W 

NQ?W YCLL SWVCVI~IO & 90 00 CONDZNSSD COTTINOS DESCRIPTION 
801-*a2-4¶81 I I d  C -  C 

D U L L  S Z m :  
The well is located just north of 
the east wast dirt road just to 
the east of thm center of the 
Indian Wells Valley water 
Oiaerict's Victor Straet 
property. 

DlULtm BY: 
Rottman Drillino Conoanv of I 

a c, 

ELECTRIC LOG W d  
0 

The interpretation below is reduced from a 
description of samplas collected every 10 
fret from the drilling mud rmturn. 

The collacted samplas and drilling character 
indicate a non-cemented alluvial fill from 
land surface to total depth. - . -  

Laneaster CA. 
-IS INCH NOlnAL- Dapth interrrals are feet below land aurfaca. 

0-190 SAND 
Light brown fine to medium sand. 

DRILLING I(ILTR0D: 90-100 About 101 coarse sand. 
Direct rotary with bentonitm mud. 
12 1/4 inch rollar cone bit from 
surface to total depth. 

130-140 About 101 coarse sand. 

MOLL CDWLCTSOR: 
190-220 SAND 

Installed four 2" diameter steel Light brown, clayey fine to coarse rand. 

190-200 About 505 clay. 

200-210 About 201 clay. 

210-220 About 101 clay. 

(bentonite) plugs set at the 220-350 SAND 
following depth inemmala: 430'- Light brown fine to medium sand. 
450'. 700' -720'. 980' -1000'. 
1290'-131O1, 1680'-1700'. 240-250 Fine sand. 

DCVCLOPMW'?: 350-360 S-Y CL1I 
Each piezommter was air-lifted Light brown sandy clay. 
for about 12 hours and dischargmd 
an estimated 5-15 gallons per 
minute. Water samples for lab 

360-410 SAND 

analysis war* collected at the 
Light brown clayey surd. 

end of drv+lepamt. 360-370 About 405 clay. 

DIPml20 VIA-: 
A l l  depths reported below were 370-390 About 201 clay. 

390-410 About 301 clay. 

410-430 SANDY CXAX 
Light brown sandy clay. 

410-420 About 405 rand. 
1900' -1920' 

420-430 About 505 surd. 

All dapth to watmr moasurmmnts 
are availablm in an attachment t.0 
the C.ohydro1ogic Appendix for 
this project. 

SLUG TEST R M L T S :  
Estimatad trmsmissivity 
(ftl/min) by the Cooper (1967) 
mthod for the 20 fmmt of aquifer 
at mach screen. 

.Note - Too lor. Poor 
devaloprant? 



CONBR4SLD CVTTINCS DESCRIPTION 

~ l u e  (on d r i l l e r .  l o g )  sandy c l a y .  

1595 N o r t h  "0' S t r e e t  
430-450 *out 10% sand. 

San Bernardino CA 92405 
450-460 *out 308 sand. 

460-470 hbout 10% sand. 

Depth: 360'-380' 470-480 About 50% sand. 

480-100 C I A m Y  SAND 
clue c l a y e y  sand. 

500-560 SAND 

3 , L  MI..,.. la", 
3 ,L  C . I I . * .  I C O I I  
"IL m1C.r.U.. tlEOIl 

540-560 Some coarse  rand. 
1,L.  I",l*.. 4.0.) 
q,L. "I..... , e l l  
3 , L  rn1II.C. 1.. -11 
..tL ?I"..&.. (? I  I.... -. 

re" W.. m...".,. .c .. C 
.N L.. N r . I . L I I  

W I L  C.4.L". 1C.I 
W/L  CD.O.1Y (?...I CI I  
VIL CU..~ I N ,  
W I L  1.0" ,?.I 
W ~ L  ~ l d  I n 1  
".,L Urn."... I"", 
W I L  I*.-., I"., 
W,L I.l.-,u. IS., 
".,L Ill"., ,.,I 
W,L t l l l  la", 

1 , L  WIY I.., 

1 , C  = . * m e .  ICQ1, 
3 I L  st...-=. ICOI )  
3,L.  'Y.I.I. 1(0.l 
1 ,L.  a,l..LI ICII 
1 , L  "lt.... I.. 1011 
..IL ?l"..l*. IVI ?.I.. -. 



- -sc lncn n o r n ~ ~ - -  CONDENSID COTTINOS DESCRIPTION 

1320-1340 About 201  clay. 

WtL U.",. I.., 
UllL I..,- I.., 
"*,L <&A". ICdI 
WIG PL."IY (?...I Ol 
WlL  C e W I  I N 1  
WIL  I.." 1r.o 
WIL Y.. l n l  
".IL m.m- (I", 
W IL  I m t ~ m  1-1 
".,L I.1.I.W IS., 
W,L SII... 1-1 
W I L  2.- ,,"I 



USBR Drill Bole Complrtion and Data Log 
Monitoring Wrll m - 3 2  

FEATURE D r i l l  Ho le  Completed w i t h  Nested Piezometers . DRILLED DEPTH 1 9 -  
PROJECT I n d i a n  Wel l s  V a l l e y  Grou~ldwater P r o j e c t  (Water D i s t r i c t  Wel l )  COMPLETED DEPTII 194 1 Ft  . 
LOCATION T.26 S . .  R.39 E.. Sec. 27d S ~ A T L  CA BEGUN 9-23-9l 
NPE OF WELL Observat ion FINISHED 10-8-91 
PURPOSE L i t h o l o w .  Groundwater O u a l i t v .  P i e t o m e t r i c  Level .  H y d r a u l i c  C o n d u c t i v i t v  GROUND ELEYAT ION 
COORDINAlEf TOP OF CASING ELEV. 2418 '1  - 
HOLE LOGGED BY C u t t i l l n s  D e s c r i v t i o n  bv D i ~ w a r i .  N. Amer. CO.. Trona DEPTH TO WATER (PATE) 
CEOPHUSIC*CLOCS Spontaneous P o t e n t i a l .  1G and 64 i n c h  R e s i s t i v i t v .  6 Foot L a t e r a l .  

Temperature 
OTHER LOGS 

-1s INCH NOInnL- 2 w :: 
U 

6.J 

NOTZS 
--ss INCH N O P ~ ~ L - -  So 

<OOTtCO> 
0 0 

2 T - J  
C t  
n s 4  

-5 +5 1 5  25 35 X ' J  

Dlpth: 1900'-1020' 

" I L  -1- c.., 
.1IL -....I- [.I 

C..L- "..,I. V.1.A.l ... 
.1IL alc. .~. .  IICO,) 
"IL. WII... I . O . ,  
"IL. cRI.rI& ( C I I  
"IL .,tl.t. 1.. 1 0 3 1  
WIL r1UtlC ( T I  ram. -. 

m mar rn*..w. .t re c 
M LS. 7wr.~.t11 

..,L U S  

WIL Ire" ,I., 
WIL W 1mt 
W I L  U"..U.. I I I ,  
W,L I*-CT I*., 
I I L  I.,."," . , , . I  
W,L SII." c.., 
9 t L  IIIIC I - ,  

IAB ANAlYSIS 
TDS See Notes 

REVIEWED BI-- 

COSDMSLD CUTTINGS DESCRIPTION 

560-1960 SAND 
Light brown f i n e  t o  medium sand w i t h  about 
lot clay. 

1570-1590 About 30Q clmy. 

r'nc:~ ol ( L ) I { I L L t l U L C  MW-32 [Page 4 1  



USER Drill Rolr Conplrtion and Data Log 
( L a d  Surfac* to 2,000 I-t) 
GOOth*ml TO& Well SNORT #I 

D N L L  SITX: 
West o f  t h e  Ranq8 Access Road m 
t h e  cen tmr  o f  s e c t i o n  23 on  t h e  
N a v a l  Ur War fa re  S t s t x o n .  m o u t  smna: c l r  t o  f rom m e ,  occ 
one n i l m  n o r t h  o f  t h e  n o r t h  e n d  o r n o  7.1. v na. m t o  crm 

o f  t h e  SNORT. 
gr .  an0 t o  mbrna. W811 
~ t d .  tr cmlc  cmt. tr m i c a .  

D N l L L D  BY: 
Welch and now811 D r i l l i n g  o f  E l  

DNIAIWO N C :  
h c  d o u b l e  (106'  t o t a l  h e i g h t )  
d i r m c t  r o t a r y  r i g .  

D m u m  mmoo: 
D i r e c t  r o t a r y  w i t h  bmnton i tm mud. 
12 1 / 4  i n c h  r o l l e r  cone b i t  t o  
597 fm8t. 0 1 / 2  i n c h  b i t  t o  
2,464 fmmt. 

BOL. co(p~m1011: C l e ~ :  l t  oy  t o  my. m r t .  
9 5 / 8  i n c h  a t e 8 l  c a s i n g  s e t  t o  w e .  math tmx. * t h y  1u.t. 

572 fea t ,  9.0. m i x  t o  s u r f a c e :  1 
# a n t  cmlc cn t .  mr n lcm.  

i n c h  c a a i n q  s e t  t o  2442 f e e t ,  
980. mix t o  surfmcm. Pmr fo rmted  
840'-880' and  1430'-1470'  and smt 
c a w n t  p l u g  a t  1 0 0 0 ' - l l o o ' .  
Accems t o  1430'-1410'  p e r f s  v i a  I. 
1 / 2  in- p i p  t h r o u g h  c r r m t  
p l u g .  l o w e r  p r r f o r a t e d  Smnd: c l r  t o  from ~ n t  occ 
i n t e r v . 1 ~ :  3.320'-3,340' .  S . S S O ~ -  on. no. occ  f i r m  i n  ?;om 
5,570'. 7,120'-7.140', and  mt or. m t o  crm or. rn 

1,400'. No f l o w  from 1, 430'- 
1-11 *red. tr C ~ I C  cmt. 
DOOd V l 8  OOP. 

1,450' and  1 . 4 0 0 ' .  

D N I U ) m m m :  
Each per fmd i n t m r v a l  was n i t r o g e n  
l i f t e d .  Water  samples f o r  l a b  
a n a l y s i s  were c o l l e c t e d  a t  t h e  Smnd olmy t o  f rom wht  
e n d  o f  dev8 lopm8nt .  occ on. ha. v r  t o  n gr: rn 

Poor SPtd tr C S ~ C  emt 
m a  b l *  a' on 11th rr.0;. 

SLOG T U T  RSSWLTS: 
S l u g  t m s t  were n o t  p e r f o r n o d .  

ImTU QtmLZTY: 
L a b o r a t o r y  r a t e r  a n a l y s i s  b y :  

BC L a b o r a t o r i e s  
4100 A t l a s  C t .  Imnd: c l r  t o  Trom mt h a  
Bakmrmf re ld  CA 93306 f t o  or. ma8ne t o  mbna: 

P r 8 d  8 1 1  n tx .  8 1  *s ty .  tr 
C81C Cmt. l vlm mor. miem. 

(So8 f o l l o w i n g  pmqes) 

S s n d  c l r  t o  Tree m e  
on a y.1. tr b l  py. hi .  r 
t o  OF. mna t o  marna. 
Poor t o  m m r t a  tr CSIC 
Cmt. 9 V i m  POP: rn r n I ~ m .  



USBR Drill Hole Completion and Data Lop 
(Lmd Surfaam to 2,000 h a t )  
Caothmr~rl Tmmt Well SNORT #I 







APPENDIX Vlll 

Water Quality Analyses 





CLINICAL LABS/SAN BERNARDINO 
1595 NORTH I'D" STREET 

SAN BERNARDINO, CA. 92405 

TITLE 22 CHEMICAL ANALYSIS 

Date of Report: 03/18/91 Sample ID No.9j1862 
Laboratory Signature Lab 
Name: CLINICAL LABORATORIES OF SAN BERNARDINO Director: c,$)@yy 
Name of Samp1er:GAIL MOULTON Employed By:NAC 615'-635' 
Date/Time Sample Date/Time Sample Date Analyses 
Collected: 91/03/02/0900 Received @ Lab: 91/03/02/0900 Completed: 91/03/18 -- .............................................................................. 

System System 
Name: NORTH AMERICAN CHEMICAL - AKA KERR MCGEE Number: 36-042 
Name or Number of Sample Source: BOR #1 ................................................................................ 
* Water Type : (G/S) I s I Station Number: 036/042-BOR#1 * 
* Date/Time of Sample: 191)03102109001 User ID: TAN * * YY MM DD HHMM * 
* * 
* Analyzing Agency Code: 3761 Date Analysis Completed: 1911031181 * * YY MM DD * 
* Submitted by: Phone #:  * 
................................................................................ 

- 
Place an 'XI in box to delete all data for this station/date/time. 1 - 1  

mg/L Total Hardness (as CaC03) 00900 
p" " 

22.4 
mg/L Calcium (Ca) 00916 6.4 
mg/L Magnesium (Mg) 00927 1.6 30.0 
mg/L Sodium (NA) 00929 79.2 
mg/L Potassium (K) 00937 3.5 

REPORTING 
UNITS 

I Total Cations Meq/L Value: 4.0 1- 

mg/L Total Alkalinity (AS CaC03) 00410 124.8 
mg/L Hydroxide (OH) 71830 < 1.0 
mg/L Carbonate (C03) 00445 < 1.0 
mg/L Bicarbonate (HC03 ) 00440 152.3 
mg/L* Sulfate (SO41 00945 27.9 
mg/L* Chloride (Cl) 00940 17.1 
mg/L Nitrate (as N03) 71850 9.8 45 
mg/L Fluoride (F) Temp. Depend. 00951 1.4 **** 0.1 

CONSTITUENT 
ALL CONSTITUENTS REPORTED uG/L 

I Total Anions Meq/L Value: 3.8 I 
Std. Units PH (Laboratory) 00403 8.7 
umho/cm** Specific Conductance (E.C.) 00095 380.0 
mg/L*** Total Filterable Residue at 180C (TDS) 70300 212.8 
Units Apparent Color (Unfiltered) 00081 > 70 
TON Odor Threshold at 60 C 00086 2.0 1.0 
NTU Lab Turbidity 82079 170.0 

mg/L MBAS 38260 c 0.02 0.5 0.02 

ENTRY 
# 

BR-1 Shallow 

ANALYSES 
RESULTS 

MCL 
DLR 



PAGE 2 OF 2 911862 

* THE FOLLOWING CONSTITUENTS ARE REPORTED IN UG/L * 

ug/L Arsenic (As) 01002 < 10 50 10 
ug/L Barium (Ba) 01007 < 100 1000 100 
ug/L Cadmium (Cd) 01027 < 1 10 1 
ug/L Chromium (Total Cr) 01034 c 10 50 10 
ug/L Copper (Cu) 01042 < 50 1000 50 
ug/L Iron (Fe) 01045 < 100 300 100 
ug/L Lead (Pb) 0.1051 < 5 50 5 
ug/L Manganese (Mn) 01055 < 30 50 30 
ug/L Mercury (Hg) 71900 < 1 2 1 
ug/L Selenium (Se) 01147 < 5 10 5 
ug/L Silver (Ag) 01077 < 10 50 10 
ug/ L Zinc (Zn) 01092 < 50 5000 50 
ug/L Aluminum 01105 < 100 1000 100 

ORGANIC CHEMICALS 

MCL 

ug/L Endrin (Hexadrin) 39390 0.2 0.02 
ug/L Gamma-BHC (Lindane) 39340 4 0.4 
ug/L Methoxychlor 39480 100 10.0 
ug/L Toxaphene 39400 5 0.5 
Ug/L 2,4-D 39730 100 10.0 
ug/L 2,4,5-TP (Silvex) (WEED-B-GON) 39045 10 

ANALYSES 

ADDITIONAL ANALYSES 

ENTRY REPORTING 

NTU Field Turbidity 82078 0.1 
C Source Temperature C 00010 

Langelier Index Source Temp. 71814 
Langelier Index at 60 C 71813 

Std. Units Field PH 00400 
Agressiveness Index 82383 

mg/L Silica 00955 
mg/L Phosphate 00650 
mg/L Iodide 71865 

Sodium Absorption Ratio 00931 
Asbestos 81855 

mg/L Ammonia (NH3 -N) 00612 
mg/L Nitrite Nitrogen (N02-N) 00615 
mg/L Nitrate Nitrogen (N03-N) 00618 
mg/L Nitrite (N) 00620 
mg/L Beryllium 01012 
mg/L Boron 01020 
mg/L Thallium 01059 
mg/L Nickel 01067 
mg/L Antimony 01097 0.05 

mg/L Lithium 01132 
mg/L Cyanide 01291 

CONSTITUENT 

BR-1 Shallow 

RESULTS # UNITS DLR ALL CONSTITUENTS REPORTED uG/L 



Clinical Laboratory of San Bernardino, Inc. 
1595 N. 'D" St.. San Bernardino. CA 92405 

Phone (7 14) 885-32 16 
P. 0. Box 329 

San Bernardino. CA 92402 

RADIOACTIVITY ANALYSES 

Sampler: Gail Moulton IEmDioyed BY: North American Chemical Co. 
Date/Time Sample (Date/Time Sample IWere Holding Times 

Date of Report: 
Laboratory CLINICAL ~1,: CF ~ k f i  ~ ~ ~ i ~ ~ ~ ; ; ; . ; ~  
Name: 
Name of 

Collected: 91/03/02 09:OO 1 Recaived @ ~ a b :  91/03/14 ( Obser~ed: Yes 

Lab Sample ID No. 91-1862 
Signature of 
Lab Director: c,% 
Sam~ler w - - 

System Name: North American Chemical Co. System Number: 
Description of 

IM C L  REPORTING CONSTITUENT I ANALYSES I 

sampling Point: 
Name/No. of Sample 615 - 635 Station 

5 pC/1 . Total Alpha I I 1501 I I I 1 3 1 . f i  
PC/1 Total Alpha Counting Error 15 0 2 I I I 1,- 6 

5 0 pC/1 Total Beta 1 1  3501 ~ 1 1 1 1 1  

pC/1 Total Beta Counting Error 3502 1 1 1 1 1  

Source: I.W.V. Test Well t2 Bor 111 Number: 

I pC/1 Natural Uranium I 1 28012 ~ 1 1 1 1 1 ~  

1 1 1 1 I I  
User 
ID: I I 1 J 

Date & 
of Time 19 P 10 1 310 1 210 1 9101 01 
Sam~le: Y Y M M D D T T T T  

3 pC/1 Total Radium 226 1 1  9501 1 , 1 1 ~ 1  
pC/1 Total Radium 226 Counting Error I 1 9502 I ~ ~ I ~  

l I I l l l 1 ~  
Submitted to 
SWQIS By: 

Water 
Type: I' 

G/S 

f pC/1 Total Radium 228 1 1 11501 1 1 1 1 ~ 1  
pC/1 Total Radium 228 Counting Error 1 1 11502 1 1 1 1 1  

5 pC/1 Ra 226 + Ra 228 I 1 11503 ~ I ~ I ~ ~  

pC/1 Ra 226 + Ra 228 Counting Error 1 11504 1 1 1 1 1  

20,00OpC/l Total Tritium 1 I 7000 I I ~ I I ~  
pC/1 Total Tritium ~ountinq Error 7001 1 ~ 1 ~ ~  

8 pC/1 Total Strontium-90 I I 13501 1 1 ~ , 1 1  
pC/1 Total Strontium-90 counting Error 1 1 13502 1 1 1 1 1  

BR-1 Shallow 





CLINICAL LABS/SAN BERNARDINO 
1595 NORTH "D" STREET 

SAN BERNARDINO, CA. 92405 

TITLE 22 CHEMICAL ANALYSIS 

Date of Report: 03/18/91 
Laboratory Signature Lab 
Name: CLINICAL LABORATORIES OF SAN BERNARDINO Director: 
Name of Samp1er:GAIL MOULTON Employed By:NAC 1040'-1060' 
Date/Time Sample Date/Time Sample Date Analyses 
Collected: 91/03/02/0900 Received @ Lab: 91/03/02/0900 Completed: 91/03/18 ............................................................................. .......................................................................... 
System System 
Name: NORTH AMERICAN CHEMICAL - AKA KERR MCGEE Number: 36-042 
Name or Number of Sample Source: BOR #1 ................................................................................ 
* Water Type: (G/S) I S  1 Station Number: 036/042-BOR#l * 
* Date/Time of Sample: (91(0310210900( User ID: TAN * * YY MM DD HHMM * 
* * 
* Analyzing Agency Code: 3761 Date Analysis Completed: 191)031181 * * YY MM DD rt 

* Submitted by: Phone #: * 
................................................................................ 

- 
Place an 'XI in box to delete all data for this station/date/time. 1- 1  

mg/L Total Hardness (as CaC03) 00900 12.8 
mg/L Calcium (Ca) 00916 3.2 
mg/L Magnesium (Mg) 00927 1.2 30.0 
mg/L Sodium (NA) 00929 95.0 
mg/L Potassium (K) 00937 1.5 

REPORTING 
UNITS 

I Total Cations Meq/L Value: 4.4 1 
Total Alkalinity (AS CaC03) 00410 183.2 
Hydroxide (OH) 71830 < 1.0 
Carbonate (C03 ) 00445 c 1.0 
Bicarbonate (HC03) 00440 223.5 
Sulfate (504) 00945 16.0 
Chloride (Cl) 00940 9.4 
Nitrate (as N03) 71850 8.7 45 
Fluoride (F) Temp. Depend. 00951 0.7 **** 0.1 

CONSTITUENT 
ALL CONSTITUENTS REPORTED uG/L 

1 Total Anions Meq/L Value: 4.4 I 
Std. Units PH (Laboratory) 00403 9.1 
umho/cm** Specific Conductance (E.C.) 00095 420.0 
mg/L*** Total Filterable Residue at 180C (TDS) 70300 243.6 
Units Apparent Color (Unfiltered) 00081 20.0 
TON Odor Threshold at 60 C 00086 2.0 1.0 
NTU Lab Turbidity 82079 61.0 
mg/L MBAS 38260 c 0.02 0.5 0.02 

ENTRY 
# 

BR-1 Shal Med 

ANALYSES 
RESULTS 

MCL 
DLR 



PAGE 2 OF 2 911863 

* THE FOLLOWING CONSTITUENTS ARE REPORTED IN UG/L * 

ug/L Arsenic (As) 01002 < 10 50 10 
ug/L Barium (Ba) 01007 < 100 1000 100 
ug/L Cadmium (Cd) 01027 < 1 10 1 
ug/L Chromium (Total Cr) 01034 < 10 50 10 
ug/L Copper (Cu) 01042 < 50 1000 5 0 
ug/L Iron (Fe) 01045 < 100 300 100 
ug/L Lead (Pb) 01051 < 5 50 5 
ug/L Manganese (Mn) 0'1055 < 30 50 30 
ug/L Mercury (Hg) 71900 < 1 2 1 
ug/L Selenium (Se) 01147 < 5 10 5 
ug/L Silver (Ag) 01077 < 10 50 10 
ug/L Zinc (Zn) 01092 c 50 5000 50 
ug/L Aluminum 01105 < 100 1000 100 

ORGANIC CHEMICALS 

MCL 

ug/L Endrin (Hexadrin) 39390 0.2 0.02 
ug/L Gamma-BHC (Lindane) 39340 4 0.4 
ug/L Methoxychlor 39480 100 10.0 
ug/L Toxaphene 39400 5 0.5 
ug/L 2,443 39730 100 10.0 
ug/L 2,4,5-TP (Silvex) (WEED-B-GON) 39045 10 

ANALYSES 

-- 

ADDITIONAL ANALYSES 

NTU Field Turbidity 82078 0.1 
C Source Temperature C 00010 

Langelier Index Source Temp. 71814 
Langelier Index at 60 C 71813 

Std. Units Field PH 00400 
Agressiveness Index 82383 

mg/L Silica 00955 
mg/L Phosphate 00650 
mg/L Iodide 71865 

Sodium Absorption Ratio 0093 1 
Asbestos 81855 

mg/L Ammonia (NH3-N) 00612 
mg/L Nitrite Nitrogen (N02-N) 00615 
mg/L Nitrate Nitrogen (N03-N) 00618 
mg/L Nitrite (N) 00620 
mg/L Beryllium 01012 
mg/L Boron 01020 
mg/L Thallium 01059 
mg/L Nickel 01067 
mg/L Antimony 01097 0.05 
mg/L Lithium 01132 
mg/L Cyanide 01291 

ENTRY REPORTING 

BR-1 Shal Med 

CONSTITUENT 
RESULTS # UNITS DLR ALL CONSTITUENTS REPORTED uG/L 



Clinical Laboratory of San Bernardino, Pnc. 
1595 N. 'Do St.. San Bernardino. CA 92405 

Phone (714) 885-3216 
P. 0. Box 329 

San Bernardino. CA 92402 

RADIOACTIVITY ANALYSES 

I 

collected: 91703102 09: 00 (~ecaived @ ~ a b :  91/03/14 ( observed: 
- 

Yes 
1 

Date of Report: 
Laboratory CLI~IICAL u.2 C; f i ~ c ; l ~ ~ ~ ~ ; i ~  
Name : 
Name of 
Sampler: Gail Moulton 

System Name: North American Chemical Co. ISystem Number: 
Description of 

Lab Sample rD No. 91-1863 
signature of 
Lab Director: c,W 
Sampler u 

l" 

Em~loyed BY: North American Chemical Co. 

~amulinq Point: 
Name/No. of Sample Iwv Test Well I1 i Station 

Date/Time Sample IDate/Time Samule lWere Holding Times 

Source: BOR /I1 -1040' - 1060' I N U ~ ~ ~ ~ : / ) ] I I I I I I ] I ~ I I I I  
Date & l Water l User 1 Submitted to 

(MCL REPORTING CONSTITUENT IT1 STORET I ANALYSES 1 

of Time L9IllOp l o p  I01910101 
Sam~le: Y Y M M D D T T T T 

5 pC/1 Total Alpha I I 1501 I I I ,2,. lo 
PC/1 Total Alpha Countinq Error 1502 I I l l l -  

- 

Type: 
G/S 

UNITS 
,Analyzing Agency 
Date Analyses Completed 

50 pC/1 Total Beta I I 3501 ~ 1 1 1 1 1  

pC/1 Total Beta Countinq Error 3502 I I t I I  

I pC/1 Natural Uranium ( 1 28012 / , , , , , I  

ID: 1 I I I 

Y Y M M D D  

T 

3 pC/1 Total Radium 226 1 I 9501 l l l l t l  

pC/1 Total Radium 226 Counting Error 1 1 9502 I , 1 I I  

SWQIS By: 

I pC/1 Total Radium 228 I 1 11501 1 1 1 1 ~ ,  
pC/1 Total Radium 228 Countinq Error I 1 11502 I I I I I  

CODE 
28 

73672 

5 pC/1 Ra 226 + Ra 228 I 1 11503 ~ I , , , ,  

pC/1 Ra 226 + Ra 228 Counting Error 1 11504 1 1 1 1 1  

RESULTS 
,3 , 7,6 , 1 

9 ,1,0 ,3,1 , 8  

20,00OpC/1 Total Tritium 1 1  7000 ~ I ~ I ~ ~  

pC/1 Total Tritium Countinq Error 7001 1 ~ 1 ~ 1  

8 pC/1 Total Strontium-90 1 1 13501 I , , , , ,  
pC/1 Total Strontium-90 counting Error 1 1 13502 I , I I t  

- .  .- ---. - ......, BR-1 Shal Mec 





CLINICAL LABS/SAN BERNARDINO 
1595 NORTH "Dm STREET 

SAN BERNARDINO, CA. 92405 

TITLE 22 CHEMICAL ANALYSIS 

Date of Report: 03/18/91 
Laboratory Signature Lab C ,  
Name: CLINICAL LABORATORIES OF SAN BERNARDINO Director: 
Name of Samp1er:GAIL MOULTON Employed By:NAC 1500'-1520' 
Date/Time Sample Date/Time Sample Date Analyses 
Collected: 91/03/02/0900 Received @ Lab: 91/03/02/0900 Completed: 91/03/18 
-P--P---3---------------------------------------------------------------------= 
System System 
Name: NORTH AMERICAN CHEMICAL - AKA KERR MCGEE Number: 36-042 
Name or Number of Sample Source: BOR #1 
................................................................................ 
* Water Type: (G/S) ( s I  Station Number: 0361042-BOR#l * 
* Date/Time of Sample: 191103102109001 User ID: TAN * * YY MM DD HHMM * 
* * 
* Analyzing Agency Code: 3761 Date Analysis Completed: 191)03118( * * YY MM DD * 
* Submitted by: Phone #: * ................................................................................ 

Place an 'XI in box to delete all data for this station/date/time. 

mg/L Total Hardness (as CaC03) 00900 72.0 
mg/L Calcium (Ca) 00916 20.0 
mg/L Magnesium (Mg) 00927 5.3 30.0 
mg/L Sodium (NA) 00929 110.2 
mg/L Potassium (K) 00937 7.9 

REPORTING 
UNITS 

I Total Cations Meq/L Value: 6.4 1- 

mg/L Total Alkalinity (AS CaC03) 
mg/L Hydroxide (OH) 
mg/L Carbonate (C03) 
mg/L Bicarbonate (HC03 ) 
mg/L* Sulfate (S04) 
mg/L* Chloride (Cl) 
mg/L Nitrate (as NO?) 
mg/L Fluoride (F) ~emp. Depend. 

CONSTITUENT 
ALL CONSTITUENTS REPORTED uG/L 

1 Total Anions Meq/L Value: 6.2 I 
Std. Units PH (Laboratory) 00403 
umho/cm** Specific Conductance (E.C.) 00095 
mg/L*** Total Filterable Residue at 180C (TDS) 70300 
Units Apparent Color (Unfiltered) 00081 
TON Odor Threshold at 60 C 00086 
NTU Lab Turbidity 82079 

mg/L MBAS 38260 

ENTRY 
# 

BR-1 Deep Med 

ANALYSES 
RESULTS 

MCL 
DLR 



PAGE 2 OF 2 911864 

* THE FOLLOWING CONSTITUENTS ARE REPORTED IN UG/L * 

ug/L Arsenic (As) 01002 < 10 50 10 
ug/L Barium (Ba) 01007 < 100 1000 100 
ug/L Cadmium (Cd) 01027 < 1 10 1 
ug/L Chromium (Total Cr) 01034 < 10 50 10 
ug/L Copper (Cu) 01042 < 50 1000 50 
ug/L Iron (Fe) 0i045 < 100 300 100 
ug/L Lead (Pb) 01051 < 5 50 5 
ug/L Manganese (Mn) 01055 < 30 50 30 
ug/L Mercury (Hg) 71900 < 1 2 1 
ug/L Selenium (Se) 01147 < 5 10 5 
ug/L Silver (Ag) 01077 < 10 50 10 
ug/L Zinc (Zn) 01092 150 5000 50 
ug/L Aluminum 01105 < 100 1000 100 

ORGANIC CHEMICALS 

MCL 

ug/L Endrin (Hexadrin) 39390 0.2 0.02 
ug/L Gamma-BHC (Lindane) 39340 4 0.4 
ug/L Methoxychlor 39480 loo 10.0 
ug/L Toxaphene 39400 5 0.5 
ug/L 2,4-D , 39730 100 10.0 
ug/L 2,4,5-TP (Silvex) (WEED-B-GON) 39045 10 

ANALYSES 

ADDITIONAL ANALYSES 

ENTRY REPORTING 

NTU Field Turbidity 82078 0.1 
C Source Temperature C 00010 

Langelier Index Source Temp. 7 18 14 
Langelier Index at 60 C 71813 

Std. Units Field PH 00400 
Agressiveness Index 82383 

mg/L Silica 00955 
mg/L Phosphate 00650 
mg/L Iodide 71865 

Sodium Absorption Ratio 00931 
Asbestos 81855 

mg/L Ammonia (NH3-N) 00612 
mg/L Nitrite Nitrogen (N02-N) 00615 
mg/L Nitrate Nitrogen (N03-N) 00618 
mg/L Nitrite (N) 00620 
mg/L Beryllium 01012 
mg/L Boron 01020 
mg/L Thallium 01059 
mg/L Nickel 01067 
mg/L Antimony 01097 
mg/L Lithium 01132 
mg/L cyanide 01291 

CONSTITUENT 

i '  

BR-1 D e e p  Med 

RESULTS # UNITS DLR ALL CONSTITUENTS REPORTED uG/L 



. Clinical Laboratory of San Bernardino, Inc. 
1595 N. 'D' St.. San Bernardino. CA 92405 

Phone (7 14) 8115-32 16 
P. 0. Box 329 

San Bernardino. CA 92402 

RADIOACTIVITY ANALYSES 

Sampler: Moulton 1 ~ m g i o ~ e d  By: North American Chemical Co. 
Date/Time Sam~le IDate/Time Samule IWere Holding Times 

Date of Report: 3/31 /9 /  
Laboratory CLlNlCAL b,,S GF C ~ ; I  ,C?~;~ARC;;.I~ 
Name : 
Name of 

collected: 9i/03/02 09:OO l~ecaived @ ~ a k :  91/03/14 ( ~ b s e r ~ e d :  -yes  
I 

Lab Samgle ID No. 91-1864 
Signature of I 

Lab Director: C t w  
Samuler 

System Name: North American Chemical Co. 1 system Number: 
Description of 
sampling Point: 
Name/No. or' Sample ~ w v  Test Well #I 
Source: BOR #I 1500' - 1520' 
of Time I g( 013 1 012 10 (910 1 0 1  
Samule: Y Y M M D D T T T T 

Y Y M M D D  

Station 
N u m b e r : I I I I I l I I I I I I I I I ~  

MCL REPORTING CONSTITUENT 
UNITS 

Analyzing Agency 
Date Analyses Completed 

5 pC/1 . Total Alpha I I 1501 I I 11 1 9 9  . , 3  
PC/1 Total Alpha Counting Error 1502 I I l 2  I . T o  

Date & 1 Water 1 User 1 Submitted to 
Type: 

G/S 

5 0 pC/1 Total Beta I I 3501 ~ 1 1 1 1 1  

pC/1 Total Beta Counting Error 3502 I I ) I  I 

- - - - - . . . - - 

I pC/1 Natural Uranium 1 1 28012 l 1 , , , , l  

ID: I I I I 

ANALYSES 
RESULTS 

I 1 7  16 1 1  
9 1 1  0 1 3  I? 1 1  

T 
T 

3 pC/1 Total Radium 226 I I 9501 l t I l t ,  

pC/1 Total Radium 226 Countinq Error 1 1 9502 I , I I l  

SWQIS By: 

STORET 
CODE 

28 
73672 

I pC/1 Total Radium 228 1 1 11501 I l l I t l  

pC/1 Total ~adium 228 counting Error I 1 11502 1 1 ~ 1 ~  

5 pC/1 Ra 226 + Ra 228 1 1 11503 I I , , , ,  
pC/1 Ra 226 + Ra 228 Counting Error 1 11504 1 1 1 1 1  

20,00op~/1 Total Tritium I I 7000 1 1 1 1 1 1  

pC/1 Total Tritium Countinq Error 7001 1 ~ 1 ~ ~  

8 pC/1 Total Strontium-90 1 1 13501 ~ 1 1 1 1 ,  

pC/1 Total Strontium-90 counting Error 1 1 13502 1 1 1 1 1  

Y W ~  R T G I  n r l r n 7 1  . BR-1 Deep Med 





CLINICAL LABS/SAN BERNARDINO 
1595 NORTH 'ID'' STREET 

SAN BERNARDINO, CA. 92405 

TITLE 22 CHEMICAL ANALYSIS 

Date of Report: 03/18/91 Sample ID 30.911865 
Laboratory Signature Lab 
Name: CLINICAL LABORATORIES OF SAN BERNARDINO Director: c , W  
Name of Samp1er:GAIL MOULTON Employed By:NAC 1750'-1770' 
Date/Time Sample Date/Time Sample Date Analyses 
Collected: 91/03/02/0900 Received @ Lab: 91/03/02/0900 Completed: 91/03/18 

System System 
Name: NORTH AMERICAN CHEMICAL - AKA KERR MCGEE Number: 36-042 
Name or Number of Sample Source: BOR #1 ................................................................................ 
* Water Type: (G/S) I S  I Station Number: 036/042-BOR#l * 
* Date/Time of Sample: 191103102109001 User ID: TAN * * YY MM DD HHMM * 
* * 
* Analyzing Agency Code: 3761 Date Analysis Completed: (91103(18( * * YY MM DD * 
* Submitted by: Phone # :  * ................................................................................ 

- 
Place an 'X' in box to delete all data for this station/date/time. 1 - 1  

mg/ L Total Hardness (as CaC03) 00900 32.0 

REPORTING 
UNITS 

m g / ~  Calcium (Ca) 
mg/L Magnesium (Mg) 
mg/L Sodium (NA) 
mg/L Potassium (K) 

I Total Cations Meq/L Value: 5.4 

CONSTITUENT 
ALL CONSTITUENTS REPORTED uG/L 

mg/L Total Alkalinity (AS CaC03) 
mg/L Hydroxide (OH) 
mg/L Carbonate (C03) 
mg/L Bicarbonate (HC03 ) 
mg/L* Sulfate (S04) 
mg/L* Chloride (Cl) 
mg/L Nitrate (as N03) 
mg/L Fluoride (F) Temp. Depend. 

I Total Anions Meq/L Value: 5.3 I 

ENTRY 
# 

Std. Units PH (Laboratory) 00403 8.7 
umho/cm** Specific Conductance (E.C.) 00095 500.0 
mg/L*** Total Filterable Residue at 180C (TDS) 70300 285.0 
Units Apparent Color (Unfiltered) 00081 ) 70.0 
TON Odor Threshold at 60 C 00086 1.0 1.0 
NTU Lab Turbidity 82079 7 200.0 

mg/L MBAS 38260 < 0.02 0.5 0.02 

BR-1 Deep 

ANALYSES 
RESULTS 

MCL 
DLR 



PAGE 2 OF 2 911865 

* THE FOLLOWING CONSTITUENTS ARE REPORTED IN UG/L * 

ug/L Arsenic (As) 01002 < 10 50 10 I 

ug/L Barium (Ba) 01007 < 100 1000 100 
ug/L Cadmium (Cd) 01027 < 1 10 1 , 

ug/L Chromium (Total Cr) 01034 < 10 50 10 
ug/L Copper (Cu) 01042 < 50 1000 50 
ug/L Iron (Fe) 01045 < 100 300 100 
ug/L Lead (Pb) 01051 < 5 50 5 i 
u g / ~  Manganese (Mn) oio55 < 30 50 30 
ug/L Mercury (Hg) 71900 < 1 2 1 
ug/L Selenium (Se) 01147 < 5 10 5 
ug/L Silver ( ~ g )  01077 < 10 50 10 
ug/L Zinc (Zn) 01092 50 5000 50 
ug/L Aluminum 01105 < 100 1000 100 

REPORTING 
UNITS 

ORGANIC CHEMICALS 

Ug/L Endrin (Hexadrin) 39390 0.2 0.02 
u g / ~   amm ma-BHC (~indane) 
ug/L Methoxychlor 
ug/L Toxaphene 
ug/L 2,4-D 
ug/L 2,4,5-TP (Silvex) (WEED-B-GON) 

CONSTITUENT 
ALL CONSTITUENTS REPORTED uG/L 

- -  - - 

ADDITIONAL ANALYSES 

MCL 

NTU Field Turbidity 82078 0.1 
C Source Temperature C 00010 

Langelier Index Source Temp. 71814 
Langelier Index at 60 C 71813 

Std. Units Field PH 00400 
Agressiveness Index 82383 

mg/L Silica 00955 
mg/L Phosphate 00650 
mg/ L Iodide 71865 

Sodium Absorption Ratio 00931 
Asbestos 81855 

mg/L Ammonia (NH3-N) 00612 
mg/L Nitrite Nitrogen (N02-N) 00615 
mg/L Nitrate Nitrogen (N03-N) 00618 
mg/L Nitrite (N) 00620 
mg/L Beryllium 01012 
mg/L Boron 01020 
mg/L Thallium 01059 
mg/L Nickel 01067 
mg/L Antimony 01097 0.05 
mg/L Lithium 01132 
mg/L Cyanide 01291 

DLR 
ENTRY 

# 

BR-1 Deep 

ANALYSES 
RESULTS 



Clinical Laboratory of §an Bernardino, Inc. - 

1595 N. 'Do St.. San Bernardino. CA  92405 
Phone (714) 885-3216 

P. 0. Box 329 
San Bernardino. CA 92402 

RADIOACTIVITY ANALYSES 

Sampler: Moulton I Em~ioyed By: North American Chemical 
Date/Time S a m ~ l e  IDate/Time Samule IWere Holding Times 

Date of Report: 31 
Laboratory CLI~IICAL u.5 C; ~ z ~ i i ~ z z ; ; ~ ~  
Name : 
Name of 

collected: 91103/02 09:OO I~ecsived @ L ~ L :  9 1 / 0 3 / 1 4  I observed: YCS 
1 

Lab Sample LD No. 91-1865 , 
signature of C, 
Lab Director: 
Sampler 

System Name: North American Chemical Co. System Number: 
~escription of 
~amulinq Point: 
ETame/No. of Sanple IWV Test  Well t l  1 Station 
source: BOR 111 - 1750' - 1770' ~ N U ~ ~ ~ ~ : I I ( I I I I ~ I I I I I ~ I I  
Date & 1 Water 1 User (Submitted to 
of Time L 9 I 1 I 0 1 3 l O l 2 l O 1 9 1 0 l O I   IT^^^: U IID: 1 I I 1 
Samnle: Y Y M M D D T T T T G/S 

5 pC/1 - Total Alpha I I 1501 I , 5 ,  . , 8  
PC/1 Total Alpha Counting Error 15 0 2 I I I l l  . t 2  

SWQIS By: 

50 pC/1 Total Beta I I 3501 I l l t l l  
pC/1 Total Beta Counting Error 3502 I t l l t  

ANALYSES 
RESULTS 

I 13 I7 16 , 1  
9 1 1 1 0  , 3 , 2  , 1  

[ pC/1 Natural Uranium I 1 28012 I , , , , , I  

Y Y M M D D  

STORET 
CODE 

28 
73672 

MCL REPORTING CONSTITUENT 
UNITS 

Analyzing Agency 
Date Analyses Completed 

3 pC/1 Total Radium 226 1 I 9501 I I ~ ~ I ~  
pC/1 Total Radium 226 Counting Error 1 1 9502 L I I I I  

T 
T 

pC/1 Total Radium 228 1 1 11501 I l l , I t  

pC/1 Total Radium 228 counting Error I 1 11502 I t I I I  

5 pC/1 Ra 226 + Ra 228 I 1 11503 I I , , ~ ~  
pC/1 Ra 226  + Ra 228 Counting Error 1 11504 l t l l l  

20,00OpC/l Total Tritium I 7000 I I I I I ~  
pC/1 Total Tritium Countinq Error I I 7001 1 ~ 1 ~ ~  

8 pC/1 Total strontium-90 1 1 13501 ~ l ~ t l l  

pC/1 Total strontium-90 countinq Error 1 1 13502 I t l I I  

YI - IS  8 3 5 1  o 13/87]  BR-1 D e e r  









Clinical Laboratory of San Bernardino, Inc. 1048 

Post Office Box 329 
1595 North ' D ' Street 

San Bernardino, California 92402 

Phone (714) 885-3216 

TITLE 22 CHEMICAL ANALYSES 
G I  I, L, 97 

011. 01 napen 

11/09/1990 
Laboratory Name 

Cl inical Laboratory of San Bernardino, Inc. 
Meme rl Samplar 

MOULTON 

NemrlNunber o l  Sempia Sourca 

BOR WELL 2 MID ZONE 

(Cations,Anions) 4.4 % Difference. 

Lab Sampla 1.0. Nmbar. 

90/C/5174 
Slpualura i t b  Olfactor 

c,s)p.ea;pd 
Sampla Employad By 

Kerr Ma2e Chemicdl Corporation 

Statloa Nrmbar 

MCL Reporting Units 

mg/L 

mg/L 
mg/L 

mg/L 

mg/L 

. - 

[ Total Anions meg/L Value: 3 , 6 

Total Cations rneg/L Value: 3 . 8 

Constituent 

Analyzing Agency (Laboratory) 
Total Hardness (as CaC03) 
Calcium (Ca) 
Magnesium (mg) 

Sodium (Na) 

Potassium (K) 

Were Holdlnp Tlmar Obsarvad? 

Yes 
OatrlTlna Sample Collecta4 

10/30/1990 16:OO 

1 1 1 1 1 1 1 1 1 1 1 1 1 ]  
S # b n i l l a l  to SWOlS By Dele 1.4 Tlma 01 S m p l a  

1 9 1 0 1 1 1 0 1 3 1 0 1 1 ) 6 1 0 1 0 1  
Y Y M M D D T T T T  

Std UNITS 
umho/cm + 

250-500-600 
DHS 8351(11116~ 

Oula I Tlna Samgla Racalvad a Lab. 

10/31/1990 

T 

pH(laboratory) I I 403 I I 1 9 1  . I  9 1  0 
Specific Condudance(EC.) 95 I I 1 4 1  0 1 0  
Total Filterable Fieridus . mg/L + 

UNITS 
TON 
NTU 

0.5 mg/L + 
- 

- 0  500- 1000- 1500 

BR-2 Medium 

6 

Syslrm Nema 

Kerr McGee Chonical Corporation 

Walar Type 

1 
G / S  

Syslan Number 

Usar 1.0. 

I I I j 

Store! Code 

28 

900 

916 

927 
929 
937 

at 18Oa C (TDS) 
Apparent Color (Unfiltered) 
Odor Threshold at 60°C 
Lab Turbidity 
MBAS 

Analyses Results 

I 1 3 1  7 ,  6 1  1 
I 1 2 1  2 1  . I  0 
I I 1 4 1  . t o  
I I 1 2 1  . 1 9  
I 1 7 1  5 1  . 1 1  
I I 1 3 1  . 1 2  

70300 1 2 1  4 1  0 1  . 1 0  
81 
86 

82079 
38260 

I I I I I 

I I I I I 

I I I I I 

I < I  0 1  . I  0 1  2 
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SYSTEM NAME AND NUMBER Kerr PW2e  Chemical Corporation NO Entry 
9 0 / C / 5  174 

THE FOLLOWING CONSTITUENTS ARE REPORTED IN UG/L 

ORGANIC CHEMICALS 

Analyses Results 

I I I 1 1 1  7  
I 1 < I  1 1  0 1  0  
I I I I 1 2  
I I I < I  1 1  0  
I 1 I < ,  5 ,  0 ,  
I 1 1 1  6 1  1 1  0  
I I I 1 1 1  1 
I I I 1 7 1 0  
I I I 1 < I  1 ,  
I I I 1 < 1 5 ,  
I I 1 < I  1 1 0 .  
I I I l l  0 1  0 ,  

Y Y M M U U  

ADDITIONAL ANALYSES 

MCL Reporting Units 

50 ug/L 
1000 ug/L 

10 ug/L 
50 ug/L 

1 0 ~ )  u g / ~  + 

300 ug/L+ 

50 ug/L 
50 ug/L+ 

2 ug/L 
10 ug/L 

50 ug/L 

5000 u g / ~  

: Constituent 

Arsenlc(As) 
Barium(&) 
Cadmlum (Cd) 
Chrorniumflotal Cr) 
c ~ P P ~ ( c ~ )  
Iron(Fe) 
Lead(Pb) 
Manganese(Mn) 
Mercury(Hg) 
Selenium(Se) 
Silvrr(Ag) 

nnc(zn) 

I I I I I 

I I I I 1 

I I I I I 

I I I I I 

I I I I I 

I I I I I 

I 1 I I I 

RADIOLOGICAL 

Storet Code 

1002 
1007 
1027 

1034 
1042 
1045 
1051 
1055 

71900 
1147 

1 077 
1092 

. . . . . . - .  - - 

39390 

39340 
39480 
39400 
39730 
39045 
73672 

0.2 ug/L 

4 ug/L 
100 ug/L 

5 uQ/L 
100 ug/L 
10 ug/L 

DISSOLVED ALUMINUM 

Endrin I 
Lindane 
Methoxychlor 
Toxaphene 

2,4-0 
2.4.5TP Silvex 

I 1 0 1  . 1 7 1 9  
I I I I I 

I I I I I 

1 I I I I 

+ indicates Seconda~/ Drinking Water Standards 

BR-2 Medium 

Date ORGANIC Analysis Completed 

I I I I I 

I I I I I 

I I I I I 

I I I - I  I 

I I 1 I I 

I I I I 1 

I I I I I 1 

1501 
1502 
3501 

3502 

5 PC/L 
PC/L 

50 PCP- 

PC/L 

Gross Alpha 
Counting Error 95% 
Gross Beta 

Counting Error 95% 



Clinical Laboratory of San Bernardino, Inc. 
1595 N. 'D" St.. San Bernardino. CA 92405 

Phone (7 14) 885-32 16 
P. 0. Box 329 

San Bernardino. CA 92402 

RADIOACTIVITY ANALYSES 

Sampler : Moulton lEmpioyed By: Kerr Mc Gee Chemical Corp. 
Date/Time Sample. IDate/Time Sample lWere Holding Times 

Date of Report: NOV 0 8 1990 
Laboratory CLINICAL LAB OF SAD BERNARDINO Name : 
Name of 

Collected: 10/30/90 15:OO (~eceived @ ~ a b :  10/31/90 I~bserved: Yes  
I 

Lab Sample 1.D No. 9O/C/5174 
S gnature of 2, c~W J 

Sampler u 
Y V 

System Name: Kerr McGee Chemical Corporation 1 system Number : 
Description of 
Sampling Point: 
Name/No. of Sample .Station 
Source: BOR Well 2. MID ZONE N u m b e r : I I l I I I I I 1 I I j I I 1  
Date & 1 Water 1 User ISubmitted to ' 

ofTime )9)0)11013jC(l] j010) 
Sample: Y Y M M D D T T T T  

5 pC/1 Total Alpha I I 1501 
PC/1 Total Alpha Counting Error 1502 

50 P C / ~  Total Beta I I 3501 I , , , , ,  
pC/1 Total Beta Counting Error 3502 1 1 , 1 1  

Type: 
G/ S 

ANALYSES 
RESULTS 
, 3 ,  7 , 6 , 1  

q d /, /,D, 7 

MCL REPORTING CONSTITUENT 
UNITS 

Analyzing Agency 
,Date Analyses Completed 

I pC/1 Natural Uranium I I 28012 l , , , , , ]  

Y Y M M D D  

3 pC/1  Total Radium 226 I I 9501 1 1 1 1 ~ 1  
pC/l Total Radium 226 Counting Error 1 I 9502 1 1 1 1 1  

ID: I I I j 

T 
T 

pC/1 . Total Radium 228 I 1 11501 1 1 ~ 1 ~ 1  
pC/1  Total Radium 228 Counting Error 1 11502 I ~ I ~ ~  

SWQISBy: 

STORET 
CODE 

2 8 
73672 

5 pC/1 Ra 226 + Ra 228 I 1 11503 
pC/1 Ra 226 + Ra 228 Counting Error 1 11504 1 1 1 1 1  

20,00OpC/l Total Tritium I I 7000 I I I , , ,  
pC/1 Total Tritium Counting Error 7001 1 ~ 1 1 1  

8 pC/1 Total Strontium-90 I 1 13501 ~ 1 1 1 , ,  

pC/1 Total Strontium-90 Counting Error 1 1 13502 I l l , l  

01-1s a351 o (3187) BR-2 Medium 





Clinical Laboratory of San Bernardino, Inc. 1 0 4 8  

Post Office Box 329 
1595 North ' D ' Street 

San Bernardino, California 92402 

Phone (714) 885-3216 

TITLE 22 CHEMICAL ANALYSES 
G , I , L  l l O F  

Syrlan Nbna 
--  - 

Kerr MQ;ee (hemicdl Corporation 

Oat* 01 Rapart 

11/09/1990 
L b b a r t l ~ r ~  llama 

C l i n i c a l  Laboratow o f  San Bernardino. Inc. 
Mama 01 Samplar 

MOULTON 

L 

Oarcrlpllon ol Sbmpllnq Palnl 

Lab Sanpla 1.0. Nambar. 

9 0 / ~ / 5 1 7 5  
Slpnalara Lab Olraclar 

Sanpler fnployad By 
" 

Kerr IM%e Cfiemicdl Corporation 
0118lTb. S1mpIa CaIIecIad 

10/30/1990 1 5 : O O  

NamrlNumb~r 01 Sbmpla Saurca 

m R  WELL #2 L(-kJER ZONR 

- - 

(Qtians,Anions) 2 .5%MeqDif fe rence .  
mg/L Total Alkalinity (as CaC03) 410 I I 8 1  6 1  . 1 o 7  
mg/L Hydroxide (OH) 71830 I I < I  11  . l o -  
mg/L Carbonate (C03) 445 I I < I  1 1  . l o  
mg/L Bicarbonate (HC03) 440 I 11 0 1  4 1  . I  9 . mg/L + Sulfah (S04) 945 

I I 8 1  1 1  . 1 3  
mg/L + Chloride ml OM . E .  7 n 

Slallaa Number 

MCL Reporting Units 

mg/L 
mg/L 
mg/L 
mg/L 
mg/L 

Data / Tlma S a m ~ I a  Racalvad al Lab. 

1OL31/199O 
War* Holdlnp Tlm8s Obr.rradl 

Yes 

Total Cations meg/L Value: 5 . 5 

Constituent 

Analyzing Agency (Laboratory) 
Total Hardness (as CaC03) 
Calcium (Ca) 
Magnesium (mg) 
Sodium (Na) 
Potassium (K) 

45 mg/L ( Nitrate (NO3) 

1.4 - 2 4  mg/L I Fluoride(F) Temp. Depend. 
Total Anions mm/L Value: 5 - 4 

BR-2 Deep 

1 1 1 1 1 l 1 1 l I I I ]  
Submlllad la  SWQIS By 

71850 I I I I 4 1  . 1 8  

I 951 1 I I I 8 1  . 1 4  

Sld UNITS 
umho/cm + 

. . . mg/L + 
UNITS 

TON 
NTU 

L 
0.5 mg/L + 

User 1.0. 

u 
0811 and Time el Sampla 

19 10 11 10 13 I 0  11 15 10 10 I 
Y Y M M O O T T T T  

Walet Typa 

I 
G/S 

Analyses Results 

I I 3 1  7 1 6 1 1  

1 1 4 1  2 1  . l o  
I 1 1 1  3 1  . l l  

I I 1 2 1  . I  2 ,  
I 1 1  0 1  5 1  . I  4 
I 1 1 4 1  . 1 5  

T 

250-500-60a 900- 1600-2200 . . . 500- 1000- 1500 
OHS I J l l ( l l R 6 1  

~H(bboratory) I I 403 I I I 8 1  . I  6 1  0 
Specific Conductmce(E.C.) 95 I 1 I 5 1  8 1  0 
Total Filterable Residua 

Storet Code 

28 
900 

916 
927 

929 
937 

at 16OeC (10s) 
Apparent Color (Unfiltered) 
Odor Threshold at 60' C 
Lab Turbidity 

MBAS 

70300 I 3 1  5 1  3 1  . 1 8 '  
81 
86 

82079 

38260 

I I I I I 
I I I 1 I 

I I I 1 t 

I < I  0 1  . I  0 1  2 
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SYSTEM NAME AND NUMBER Kerr McGee Chemicdl Corporation No Fntry 

90/C/5 175 

ORGANIC CHEMICALS 

THE FOLLOWING CONSTITUENTS ARE REPORTED IN UG/L 

Analyses Results 

I I I 1 1 1  4 
1 I < I  1 1  0 1  0  
I I I 1 < ! I  
I I 1 < I  1 1  0  
I I 1 < I  5 1  0  
I 1 1 1  5 1  0 1  0  
I I I I 1 1  5  
I I 1 2 1  5 1 0  
I I I 1 < I  1 
I I I 1 < 1 5  
I I < I  1 1  0  
I I I 1 9 1 0  

BR-2 D e e p  

Storet Code 

1002 

1007 
1027 

1034 
1042 
104s 

1051 
1055 
71900 

1147 
1 on 
1092 

I I I I I 

I I I I I 

I I I I I 

I I I I I 

I I I I I 

I I I I I 

I I I I I 

ug/L I Endrin I 

)r 
ne 

100 ug/L I 2.44 

10 ug/L I 2.4.5-TP Silvex 
Date ORGANIC Analysis Completed 

ADDITIONAL ANALYSES 

T 
MCL Reporting Units 

50 ug/L 
loo0 ug/L 

10 ug/L 

50 ug/L 
loo0 ug/L+ 
300 ugh-+ 

50 ug/L 

Y Y M M D D  

39390 
39340 

39480 
39400 

39730 

39045 
73672 

Constituent 

Arsenlc(k) 
Barlum(6a) 
Cadmium(Cd) 

Chromium(lotalCr) 
Copper(Cu) 
Iron(Fe) 

bad(Pb) 

I I I 1 I 

I 1 4 1  3 1  . 1 3  
I 1 0 1  . 1 5 1 4  
I 1 0 1  . 1 7 1 9  
I 1 8 1  . 1 6 1 O  
I 1 1 1  2 1 .  1 1  
I I I I I 

I I I I I 

I I 0 1  . t 2 1 6  
I I I I I 

I I I I I 

1 I I I I 

82078 

10 
71814 

71813 

00400 
82383 

00955 

M)650 

NTU 

C 

Std. Units 

mg/L 
mo/L 

50 ug/L+ 
2 ug/L 
10 ug/L 
50 u9/L 

5000 ug/L 

Field Turbidity 
Sourca Temperturo 

langiier Index Source Temp. 
lmgelier Index at 60'C 
Reid pH 
Mgressivo Index 

Silica 
Phosphate 

DISSOLVED ALUMINUM 

RADIOLOGICAL 

Manganese (Mn) 

Mercuw(Hg) 
Selenium(&) 

Silver(&) 
tnc(Zn) 

I I I I I 

I I I I I 

I I t I 1 

I I I I I 

I I I I I 

I I I I I 

I I I I I 

+ indicates Secondary Drinking Water Standards 

1501 

1502 

3501 

3502 

5 PC/L 

PC/L 
50 PC/L 

pc/L 

Gross Alpha 
Counting Error 95% 

Gross Beta 
Counting Enor 95% 



Clinical Laboratory of San Bernardino, Inc. 
1595 N. 'Do St.. San Bernardino. C A  92405 

Phone (714) 885-3216 
P. 0. Box 329 

San Bernardino. CA 92402 

RADIOACTIVITY ANALYSES 

Date of Report: NOV 0 8 1990 
Laboratory 

CLINICAL LAB QF SAN BERNARDlNO Name : 
Name of 

System Name: Kerr McGeee Chemical Corporation ISystem Number: 
Description of 
Sampling Point: 
Name/No. of Sample Station 
Source : BOR WELL 2 LOWER ZONE N u & e r : I I I I I I I I ] j I I I I j  
Date & 1 Water I User ]Submitted to 

Lab Sample ID No. 90/C/5175 
Signature of C, 
Lab Director: 
Sarn~ler 

" 

Sampler: Moulton 1 Empioyed By: Kerr McGeee Chemical Corp. 
Date/Time Sample Date/Time Sample Were Holding Times 
Collected: 10/30/90 03: 00 Received @ Lab: 10131190 

I M C L  REPORTING CONSTITUENT IT1 STORET I ANALYSES I 

Observed: Yes 

of Time [9101110131 q0131010J 
Sample: Y Y M M D D T T T T 

5 pC/l Total Alpha I I 1501 I I I I ~ l r l  
- 

PC/1 Total Alpha Counting Error 15 0 2 

I 

50 pC/1 Total Beta I I 3501 1 1 1 1 1 1  
pC/l Total Beta Counting Error 3502 1 1 1 1 1  

Type: I 
G/ S 

1 pC/1 Natural Uranium I 28012 1 1 , 1 , 1 1  
3 pC/1 Total Radium 226 1 I 9501 ~ 1 1 1 1 1  

pC/1 Total Radium 226 Counting Error 1 1 9502 I t  I I I 

ID: J 

pC/1 Total Radium 228 I 1 11501 I , , , , ,  
pC/1 Total Radium 228 Counting Error 1 1 11502 1 1 1 1 1  

- -  - -  

SWQIS By: 

5 pC/1 Ra 226 + Ra 228 I 1 11503 ~ 1 1 1 1 1  

pC/1 Ra 226 + Ra 228 Counting Error 1 11504 I l l , l  

20,00OpC/1 Total Tritium I I 7000 I I I I ~ ~  
pC/1 Total Tritium Counting Error 7001 1 1 1 1 1  

8 pC/1 Total Strontium-90 1 1 13501 I l l , , ,  
pC/1 Total Strontium-90 counting Error I 1 13502 I I I I I  

DHS 8351 D 13/11) BR-2 Deep 









CLINICAL LABS/SAN BERNARDINO 
1595 NORTH "Dlq STREET 

SAN BERNARDINO, CA. 92405 

TITLE 22 CHEMICAL ANALYSIS 

Date of Report: 04/03/91 Sample ID No.912079 
Laboratory Signature Lab 
Name: CLINICAL LABORATORIES OF SAN BERNARDINO Director: c,- 
Name of Samp1er:MOULTON Employed By : NAC - 3  
Date/Time Sample Date/Time Sample Date Analyses 
Collected: 91/03/18/1400 Received @ Lab: 91/03/18/1400 Completed: 91/04/03 
.............................................................................. 
System System 
Name: NORTH AMERICAN CHEMICAL - AKA KERR MCGEE Number: 36-042 
Name or Number of Sample Source: BOR #1 k j ~ ~ t 3  ................................................................................ 
* Water Type: (G/S) 1 s I Station Number: 036/042-BOR#l * 
* Date/Time of Sample: 191103118114001 User ID: TAN * * YY MM DD HHMM * 
* * 
* Analyzing Agency Code: 3761 Date ~nalysis Completed: 191104103( * * YY MM DD * 
* Submitted by: Phone # :  * 
................................................................................ 

Place an 'XI in box to delete all data for this station/date/time. 

mg/L Total Hardness (as CaC03) 00900 96.0 
mg/L Calcium (Ca) 00916 17.6 
mg/L Magnesium (Mg) 00927 12.6 30.0 
mg/L Sodium (NA) 00929 91.4 
mg/L Potassium (K) 00937 5.9 

REPORTING 
UNITS 

1 Total Cations Meq/L Value: 6.0 1 
Total Alkalinity (AS CaC03) 00410 132.8 
Hydroxide (OH) 71830 < 1.0 
Carbonate (C03) 00445 < 1.0 
Bicarbonate (HC03) 00440 162.0 
Sulfate (S04) 00945 78.5 
Chloride (Cl) 00940 47.3 
Nitrate (as N03) 71850 11.1 45 
Fluoride (F) Temp. Depend. 00951 0.5 **** 0.1 

1 Total Anions Meq/L Value: 5.8 1- 

CONSTITUENT 
ALL CONSTITUENTS REPORTED uG/L 

Std. Units PH (Laboratory) 00403 8.4 
umho/cm** Specific Conductance (E.C.) 00095 600.0 
mg/L*** Total Filterable Residue at 180C (TDS) 70300 360.0 
Units Apparent Color (Unfiltered) 00081 70.0 
TON Odor Threshold at 60 C 00086 1.0 1.0 
NTU Lab Turbidity 82079 71.0 

mg/L MBAS 38260 < 0.02 0.5 0.02 

ENTRY 
$ 

ANALYSES 
RESULTS 

BR-3 Shallow 

MCL 
DLR 
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* THE FOLLOWING CONSTITUENTS ARE REPORTED IN UG/L * 

ug/L Arsenic (As) 01002 < 10 50 10 
ug/L Barium (Ba) 01007 < 100 1000 100 
ug/L Cadmium (Cd) 01027 < 1 10 1 
ug/L Chromium (Total Cr) 01034 < 10 50 10 
ug/L Copper (Cu) 01042 < 50 1000 50 
ug/L Iron (Fe) 01045 4550 300 100 
ug/L Lead (Pb) 01051 13 0 50 5 
ug/L Manganese (Mn) 01055 < 30 50 30 
ug/L Mercury (Hg) 71900 < 1 2 1 
ug/L Selenium (Se) 01147 < 5 10 5 
ug/L Silver ( ~ g )  01077 < 10 50 10 
ug/L Zinc (Zn) 01092 < 50 5000 50 
ug/L Aluminum 01105 870 1000 100 

REPORTING 
UNITS 

ORGANIC CHEMICALS 

ug/L Endrin (Hexadrin) 39390 0.2 0.02 
ug/L Gamma-BHC (Lindane) 39340 4 0.4 
ug/L Methoxychlor 39480 100 10.0 
ug/L Toxaphene 39400 5 0.5 
ug/L 2,4-D 39730 100 10.0 
Ug/ L 2,4,5-TP (Silvex) (WEED-B-GON) 39045 10 

ADDITIONAL ANALYSES 

NTU Field Turbidity 82078 0.1 
C Source Temperature C 00010 

Langelier Index Source Temp. 71814 
Langelier Index at 60 C 71813 

Std. Units Field PH 00400 
Agressiveness Index 82383 

mg/L Silica 00955 
mg/L Phosphate 00650 
mg/L Iodide 7 18 65 

Sodium Absorption Ratio 00931 
Asbestos 81855 

mg/L Ammonia (NH3-N) 00612 
mg/L Nitrite Nitrogen (N02-N) 00615 
mg/L Nitrate Nitrogen (N03-N) 00618 
mg/L Nitrite (N) 00620 
mg/L Beryllium 01012 
mg/ L Boron 01020 
mg/L Thallium 01059 
mg/L Nickel 01067 
mg/L Antimony 01097 0.05 
mg/L Lithium 01132 
mg/L Cyanide 01291 

MCL ANALYSES 
RESULTS 

CONSTITUENT 
ALL CONSTITUENTS REPORTED uG/L 

BR-3 S h a l l o w  

DLR 
ENTRY 

# 



Clinical Laboratory of San Bernardino, Inc. 
1595 N. 'Do St.. San Bernardino. CA 92405 

Phone (714) 885-3216 
P. 0. Box 329 

San Bernardino. CA 92402 

RADIOACTIVITY ANALYSES 

System Name: North American Chemical System Number: 
Description of 

Date of Reuort: 4 /3/ ' lr  
Laboratory CLIpIICAL u.5 e; fi~cii~$;;;;;; 
Name: 
Name of 

Moulton Sampler: 

Lab Sample ID No. 91-2079 
Signature of 
Lab Director: m m  %#L; 
Sampler 
Employed By. . North American Chemical 

sampling Point: 
Name/No. of Sample l w v s t u d y  Station 

Y Y M M D D  

Date/Time Sample Date/Time Sample Were Holding Times 

MCL REPORTING CONSTITUENT 
UNITS 

Analyzinq Aqency 
Date Analyses Completed 

5 pC/1 . Total Alpha I 1 1501 I I , , 1 , . , 8  
PC/1 Total Alpha Counting Error 15 0 2 I I , l  , - 1 5  

Collected: 91/03/18 1 1 : O O  Received @ Lab: 91/03/18 

source: BOR WELL 3 445: Number: 

50 pC/1 Total Beta I 1 3501 I t l , , ,  

pC/1 Total Beta Countinq Error 3502 I t , I l  

Observed: Yes 

1 1 1 1  
User 
ID: I I I  J 

Date & 
of Time I I  I  I  I  1 I  I  I  I  ] 
Samule: Y Y M M D D T T T T  

.. - -  

T 
T 

t pC/1 Natural Uranium I I 28012 1 1 , , , , 1  

l I I I I ! l j  
Submitted to 
SWQIS By: 

Water 
Type: U 

G /  S 

3 pC/1 Total Radium 226 I I 9501 I I I ~ I ~  
pC/1 Total Radium 226 counting Error I 1 9502 1 1 1 1 1  

STORET 
CODE 

28 

pC/l Total Radium 228 I I 11501 ~ 1 1 , ~ ,  

pC/1 Total Radium 228 counting Error I I 11502 1 1 1 1 1  

ANALYSES 
RESULTS 

I J , 7  ,6 ,1  
73672 

5 pC/1 Ra 226 + Ra 228 I 1 11503 I t , , , ,  
pC/1 Ra 226 + Ra 228 Counting Error 1 11504 I l l , I  

9 ,1 ,O , 4  ,O , 2 ,  

20,00OpC/l Total Tritium I I 7000 l ~ ~ ~ , ~  
pC/1 Total Tritium Counting Error 7001 1 ~ 1 1 1  

8 pC/1 Total Strontium-90 1 1 13501 1 1 ~ 1 1 ,  
pC/1 Total strontium-90 countinq Error 1 1 13502 1 1 1 1 1  

- BR-3 Shallow 





CLINICAL LABS/SAN BERNARDINO 
1595 NORTH "Do@ STREET 

SAN BERNARDINO, CA. 92405 

TITLE 22 CHEMICAL ANALYSIS 

Date of Report: 04/03/91 Samwle ID No.912080 
Laboratory 

- 
Signature Lab t- 

Name: CLINICAL LABORATORIES OF SAN BERNARDINO Director: c , w  
Name of Samp1er:MOULTON Employed B~:NAC-- 
Date/Time Sample Date/Time Sample Date Analyses 
Collected: 91/03/18/1000 Received @ Lab: 91/03/18/100.0 Completed: 91/04/03 
==P=PIIPl=PIL===3=------------------=----====================================== - -  - 

System ' System 
Name: NORTH AMERICAN CHEMICAL - AKA KERR CGEE Number: 36-042 
Name or Number of Sample Source: BOR Wl $&2? ................................................................................ 
* Water Type: (G/S) I SI Station Number: 036/042-BOR#l * 
* Date/Time of Sample: 191103118110001 User ID: TAN * 
*. YY MM DD HHMM * 
* * 
* Analyzing Agency Code: 3761 Date Analysis Completed: 1911041031 * * YY MM DD * 
* Submitted by: Phone # :  * ................................................................................ 

- 
Place an 'XI in box to delete all data for this station/date/time. 1 - 1  

mg/L Total Hardness (as CaC03) 00900 128.0 
mg/L Calcium (Ca) 00916 38.4 
mg/L Magnesium (Mg) 00927 7.8 30.0 
mg/L Sodium (NA) 00929 255.9 
mg/L Potassium (K) 00937 7.9 

I Total cations M e q / L  Value: 13.9 I 

REPORTING 

mg/L Total Alkalinity (AS CaCO3) 00410 113.2 
mg/L Hydroxide (OH) 71830 < 1.0 
mg/L Carbonate (C03) 00445 < 1.0 
mg/L Bicarbonate (HC03 ) 00440 138.1 
mg/L* Sulfate (S04) 00945 65.6 
mg/L* Chloride (Cl) 00940 372.0 
mg/L Nitrate (as N03) 71850 < 1.0 45 
mg/L Fluoride (F) Temp. Depend. 00951 1.1 **** 0.1 

I Total Anions Meq/L Value: 14.2 I 
Std. Units PH (Laboratory) 00403 7.4 
umho/cm** Specific Conductance (E.C.) 00095 1540.0 
mg/L*** Total Filterable Residue at 180C (TDS) 70300 954.8 
Units Apparent Color (Unfiltered) 00081 70.0 
TON Odor Threshold at 60 C 00086 2.0 
NTU 

l.C 
Lab Turbidity 82079 5.9 

mg/L MBAS 38260 < 0.02 0.5 0.0; 

* 250-500-600 * *  900-1600-2200 *** 500-100-1500 **** 1.4-2.4 
BR-3 M e d i u m  

CONSTITUENT 
UNITS ALL CONSTITUENTS REPORTED uG/L 

ENTRY 
# 

ANALYSES MCL 
RESULTS DLR 



PAGE 2 OF 2 912080 

* THE FOLLOWING CONSTITUENTS ARE REPORTED IN UG/L * 

ug/L Arsenic (As) 01002 c 10 50 10 
ug/L Barium (Ba) 01007 120 1000 100 
ug/L Cadmium (Cd) 01027 < 1 10 1 
ug/L Chromium (Total Cr) 01034 < 10 50 10 
ug/L Copper (Cu) 01042 < 50 1000 50 
ug/L Iron (Fe) 01045 2290 300 100 
ug/L Lead (Pb) 01051 < 5 50 5 
ug/L Manganese (Mn) 01055 100 50 30 
ug/L Mercury (Hg) 71900 c 1 2 1 
ug/L Selenium (Se) 01147 < 5 10 5 
ug/L Silver (Ag) 01077 c 10 50 10 
ug/L Zinc (Zn) 01092 < 50 5000 50 
ug/L Aluminum 01105 1550 1000 100 

ORGANIC CHEMICALS 

MCL 

ug/L Endrin (Hexadrin) 39390 0.2 0.02 
ug/L Gamma-BHC (Lindane) 39340 4 0.4 
ug/L Methoxychlor 39480 100 10.0 
ug/L Toxaphene 39400 5 0.5 
ug/ L 2,4-D 39730 100 10.0 
ug/L 2,4,5-TP (Silvex) (WEED-B-GON) 39045 10 

ANALYSES 

ADDITIONAL ANALYSES 

ENTRY REPORTING 

NTU Field Turbidity 82078 0.1 

C Source Temperature C 00010 
Langelier Index Source Temp. 71814 
Langelier Index at 60 C 7 18 13 

Std. Units Field PH 00400 
Agressiveness Index 82383 

mg/L Silica 00955 
mg/L Phosphate 00650 
mg/L Iodide 71865 

Sodium Absorption Ratio 00931 
Asbestos 81855 

mg/L Ammonia (NH3-N) 00612 
mg/L Nitrite Nitrogen (N02-N) 00615 
mg/L Nitrate Nitrogen (N03-N) 00618 
mg/L Nitrite (N) 00620 
mg/L Beryllium 01012 
mg/L Boron 01020 
mg/L Thallium 01059 
mg/L Nickel 01067 
mg/L Antimony 01097 
mg/L Lithium 01132 
mg/L Cyanide 01291 

RESULTS 
CONSTITUENT 

BR-3 Medium 

DLR # UNITS ALL CONSTITUENTS REPORTED uG/L 



. Clinical Laboratory of San Bernardino, Inc. 
1595 N. '0' St.. San Bernardino. CA 92405 

Phone (714) 885-3216 
P. 0. Box 329 

San Bernardino. CA 92402 

RADIOACTIVITY ANALYSES 

collected: 9 i / 0 3 / 1 8  10:OO (~eceived @ ~ a b :  91/03/18 I ~ b s e r ~ e d :  Yes 
I 

Date of Report: 41 31 ~1 
Laboratory CLI~JICAL s,; CF $+,;I CZ;= , ; ;A~~; ; ; ;  
Name : 
Name of 
Sampler: M o u l t o n  

System Name: N o r t h  Amer ican Chemica l  lsystern Number: 
Description of 

Lab Sample ID No. 91-2080 
Signature of 
Lab Director: f lbhol .  sn-; 
Sampler 
Em~loved BY: N o r t h  Amer i can  Chemical  

~amuling Point: 
Name/No. of Sample IWV s t u d v  1 Station 

Date/Time S a m ~ l e  lDate/Time Sample IWere Holding Times 

source: BOR WELL 3 1 ~ u r n b e r : l l I I I I I I I I  I I I I I I  
Date & l Water 1 User 1 Submitted to 

I M C L  REPORTING CONSTITUENT /TI STORET I ANALYSES 1 

ofTime I 1 1  I I I 1 1  I 1 1  I~ype: U JID: 1 I J 
Samule: Y Y M M D D T T T T G/S 

SWQIS By: 

5 pC/1 . Total Alpha I I 1501 I I I , O ,  . 1 7  
PC/1 Total Alpha Counting Error 15 0 2 I I ell . , 6  

UNITS 
Analyzing Agency 
Date Analyses Com~leted 

50 pC/1 Total Beta I I 3501 ~ 1 1 1 1 1  

pC/1 Total Beta Counting Errcr 3502 1 1 1 1 1  

I pC/1 Natural Uranium I 1 28012 l l r l , , \  

Y Y M M D D  

T 

3 pC/1 Total Radium 226 1 I 9501 I I ~ ~ I ~  
pC/1 Total Radium 226 Countinq Error 1 I 9502 I I I I !  

f pC/1 Total Radium 228 ( 1 11501 I l l 1 ~ ,  
pC/1 Total Radium 228 ~ountinq Error ( 1 11502 1 1 ~ 1 1  

CODE 
28 

73672 

5 pC/1 Ra 226 + Ra 228 I 1 11503 ~ I ~ I ~ ~  

pC/1 Ra 226 + Ra 228 Counting Error 1 11504 I I t I l  

RESULTS 
I 1 7 1  I I 

9  1 1 1 0  1 4 1 0  ( 2  

~ O , O O O D C / ~  Total Tritium I 7000 I t t I I I  
pC/1 Total Tritium Countinq Error 7001 I I I I I  

8 pC/1 Total Strontium-90 ( ( 13501 1 1 ~ 1 ~ 1  
pC/1 Total Strontium-90 counting Error 1 1 13502 I I I I I  

7u9 a 7 7 1  0 1 3 1 R 7 1  BR-3 Medium 





CLINICAL LABS/SAN BERNARDINO 
1595 NORTH "DM STREET 

SAN BERNARDINO, CA. 92405 

TITLE 22 CHEMICAL ANALYSIS 

Date of Report: 04/04/91 Sample ID No.912078 
Laboratory Signature Lab r 
Name: CLINICAL LABORATORIES OF SAN BERNARDINO Director : 

~ 0 -  
Name of Samp1er:MOULTQN Employed By:NAC 4~ 134%- 
Date/Time Sample Date/Time Sample Date Analyses 
Collected: 91/03/18/1400 Received @ Lab: 91/03/18/1400 Completed: 91/04/04 
------=----I-=------------------------------ ------- ---- - ------------------------------=----- - ........................ - --- 
System System 
Name: NORTH AMERICAN CHEMICAL - AKA KERR MCGEE Number: 36-042 
Name or Number of Sample Source: BOR #1 L d U  3 ................................................................................ 
* Water Type: (G/S) IS I Station Number: 036/042-BOR#l 3 

* Date/Time of Sample: 191103118114001 User ID: TAN 3 * YY MM DD HHMM z * 7 

* Analyzing Agency Code: 3761 Date Analysis Completed: 191)041041 9 * YY MM DD 3 

* Submitted by: Phone #:  3 
................................................................................ 

Place an 'XS in box to delete all data for this station/date/time. 

mg/L Total Hardness (as CaC03) 00900 1400.0 
mg/L Calcium (Ca) 00916 496.6 
mg/L Magnesium (Mg) 00927 38.9 30.c 
mg/L Sodium (NA) 00929 1536.4 
mg/L Potassium (K) 00937 14.6 

REPORTING 
UNITS 

1 Total Cations Meq/L Value: 95.2 

mg/L Total Alkalinity (AS CaC03) 00410 32.0 
mg/L Hydroxide (OH) 71830 < 1.0 
mg/L Carbonate (C03) 00445 < 1.0 
mg/L Bicarbonate (HC03 ) 00440 39.0 
mg/L* Sulfate (S04) 00945 257.5 
mg/L* Chloride (Cl) 00940 3200.0 
mg/L Nitrate (as N03) 71850 38.1 45 
mg/L Fluoride (F) Temp. Depend. 00951 5.4 **** 0.: 

CONSTITUENT 
ALL CONSTITUENTS REPORTED uG/L 

1 Total Anions Meq/L Value: 97.0 I 
Std. Units PH (Laboratory) 00403 7.2 
umho/cm** Specific Conductance (E.C.) 00095 10700. 
mg/L*** Total Filterable Residue at 180C (TDS) 70300 6634.0 
Units Apparent Color (Unfiltered) 00081 40.0 
TON Odor Threshold at 60 C 00086 3.0 1. C 
NTU Lab Turbidity 82079 71.0 

mg/L MBAS 38260 < 0.02 0.5 0.0; 

ENTRY 
# 

BR-3 Deep 

ANALYSES 
RESULTS 

MCL I 



PAGE 2 OF 2 912078 

* THE FOLLOWING CONSTITUENTS ARE REPORTED IN UG/L * 

ug/L Arsenic (As) 01002 < 10 50 10 
ug/L Barium (Ba) 01007 100 1000 100 k 
ug/L Cadmium (Cd) 01027 < 1 10 1 
ug/L Chromium (Total Cr) 01034 c 10 50 10 
ug/L Copper (Cu) 01042 < 50 1000 50 

Ug/L Iron (Fe) 01045 780 300 100 
ug/L Lead (Pb) OT051 c 5 50 5 
ug/L Manganese (Mn) 01055 280 50 30 
ug/L Mercury (Hg) 71900 < 1 2 1 
ug/L Selenium (Se) 01147 < 5 10 5 
ug/L Silver (Ag) 01077 < 10 50 10 
ug/L Zinc (Zn) 01092 < 50 5000 50 C 
ug/L Aluminum 01105 240 1000 100 

ii 

ORGANIC CHEMICALS 4 
ug/L Endrin (Hexadrin) 39390 0.2 0.02 
ug/L Gamma-BHC (Lindane) 39340 4 0.4 
ug/L Methoxychlor 39480 100 10.0 
ug/L Toxaphene 39400 5 0.5 
ug/L 2,4-D 39730 100 10.0 

u9/ L 2,4,5-TP (Silvex) (WEED-B-GON) 39045 10 

ADDITIONAL ANALYSES 

NTU Field Turbidity 82078 0.1 
C Source Temperature C 00010 

Langelier Index Source Temp. 71814 
Langelier Index at 60 C 71813 

Std. Units Field PH 00400 
Agressiveness Index 82383 

mg/L Silica 00955 
mg/L Phosphate 00650 
mg/L Iodide 71865 

Sodium Absorption Ratio 00931 
Asbestos 81855 

mg/L Ammonia (NH3-N) 00612 
mg/L Nitrite Nitrogen (N02-N) 00615 
mg/L Nitrate Nitrogen (N03-N) 00618 
mg/L Nitrite (N) 00620 
mg/L Beryllium 01012 
mg/L Boron 01020 
mg/L Thallium 01059 
mg/L Nickel 01067 
mg/L Antimony 01097 0.05 
mg/L Lithium 01132 
mg/L Cyanide 01291 

BR-3 Deep 

MCL ANALYSES 
RESULTS DLR 

ENTRY 
# 

REPORTING 
UNITS 

CONSTITUENT 
ALL CONSTITUENTS REPORTED uG/L 



Clinical Laboratory of San Bernardino, Inc. 1048 

Post Office Box 329 
1595 North ' D ' Street 

San Bernardino, California 92402 

Phone (714) 885-3216 

TITLE 22 CHEMICAL ANALYSES 
G . 1 . L  9 0 F  . . 

N8me/Number 01 Sample Source I Stallon Number 

Oate 01 Report 

11 /09 /1990  
Laboretory Name 

Clinicdl Laboratory of San w i n o ,  Inc. - 
Mere 01 Semplef 

MOULTON 

Lab Semple 1.0. Number. 

90 /C/6176 - 
Sipnature Leb Dlrector 

Sampler Employed By 

K e r r  McGee memical Corporation 

I I I I l l l l  
Submltt.l to SW(1IS By 

BOR WELL 4 SEC 25 T26S R39E 

MCL Reporting Units 

mg/L 1 Potassium (K) 937 1 I I 1 0 1  . I 4 1  
Total Cations meg/L Value: 3 . 0 1 

(Cations,Anions) 3.7 % Meq Difference. 

Were Holdlnq Tlmes Observed7 

Yes 
OateITlnr Seaple Collectel 

1 0 / 3 0 / 1 9 9 0  12 :30  

Oete an1 T l r e  01 S4mple 

19  10 11 1 0  13 10 11 12 13 10J  
Y Y M M D D T T T T  

1 
mg/L 

mg/L 
mg/L 

mg/L 

Oat* 1 Tlme Sample Received el Lab. 

10 /31 /1990  

Constituent 

250-500-600 
OHS 8351(11186) 

System Mamu 

K e r r  MaZee Chemical Corporation 

Water Type 

I 
C I S  

Analyzing Agency (Laboratory) 
Total Hardness (as CaC03) 

Calcium (Ca) 
Magnesium (mg) 
Sodium (Na) 

- 
Std UNITS 
urnho/crn + 

t mg/L + 

UNITS 

TON 
NTU 

0.5 mg/L + 
* - -  500- 1000- 1500 

BR- 4 

System Number 

User 1.0. 

u 
T 

28 

900 

916 

927 

929 

pH(laboratory) I 1 403 I I I 8 1  . I  8 1  0 
Specific Conductance(E.C.) 95 I I 1 3 1  1 1 0  
Total Filterable Residue 

Storet Code 

I 1 3 1  7 1  6 1  1 
I I 1 9 1  . 1 6  
I I 1 1 1  . 1 3  
I I 1 1 1  . 1 6  
1 1 6 1  5 1  . 1 3  

at lwo C (TDS) 
Apparent Color (Unfiltered) 

Odor Threshold at 60' C 
Lab Turbidity 

MBAS 

Analyses Results 

70300 1 11 8 1  2 1  . 1 9  
8 1 

86 
82079 

38260 

I I I I I 

I I I I I 
I I 1 1 I 

I < I  0 1  . l o 1 2  



Page 2 of 2 

SYSTEM NAME AND NUMBER Kerr Mc%ee Chemical Corporation No Entry 

90/C/S 176 
THE FOLLOWING CONSTITUENTS ARE REPORTED IN UG/L ' 

ORGANIC CHEMICALS 

I 0.2 ug/L I Endrin 1 1 39390 1 I 1 I I I I 
4 Ug/L 

100 ug/L 

5 ug/L 

Y Y M M D D  

100 ug/L 1 2,4-D 
10 ug/L I 2.4.5-TP Silvex 

Date ORGANIC Analysis Completed 

ADDITIONAL ANALYSES 

Undane 

Methoxychlor 
Toxaphene 

RADIOLOGICAL 

39730 

1 39045 
73672 

39340 

39480 
39400 

I I I I I 

I I I I I 

I I I I I 

+ Indicates Secondary Drinking Water Standards 

BR- 4 

I I I I I 

I I I I I 

I I I I I 

5 PC/'- 

PC/L 

50 PC/L 
PC/L 

Gross Alpha 

Counting Error 95% 

Gross Beta 
Counting Error 95% 

1501 

1502 

3501 
3502 

I I I I I 

I I I I I 

I I I I I 

I I I I I 

I I I I 1 

I I 1 I I 

I I I I I 



Clinical Laboratory of San Bernardino, Inc. 
1595 N. 'Do St.. San Bernardino. CA 92405 

Phone (714) 885-3216 
P. 0. Box 329 

San Bernardino. CA 92402 

System Name: Kerr  McGee Chemical C o r p o r a t i o n  System Number: 
Description of 

RADIOACTIVITY ANALYSES 

Date of Report: N O V  0 8 1990 
Laboratory 
Name : CLINICAL LAB OF SAN BERNARDINO 
Name of 
Sampler: Moulton 

Lab Sample ED No. 90/C/5176 
Signature of I 

Lab Director: C r w  
Sampler 
Employed By: Kerr  McGee Chemica l  Corp.  

sampling Point: 
Name/No. of Sample Station 
Source: BOR WELL Wec. 25 T26S R39E Number : 

5 pC/1 Total Alpha I 1  1501 
PC/1 Total Alpha Counting Error 1502 

50 pC/1 Total Beta I I 3501 I , , , , ,  
pC/1 Total Beta Counting Error 3502 1 , 1 1 1  

MCL REPORTING CONSTITUENT T' STORET 

I pC/1 Natural Uranium I I 28012 / , , , , , I  

Date/Tlme Sample Date/Time Sample Were ~olding Times 

Date & Water 

UNITS 
Analyzing Agency 

3 pC/1 Total Radium 226 1 I 9501 I , , , , ,  
pC/1 Total Radium 226 counting Error I I 9502 I l l , ,  

Collected: 1 0 / 3 0 / 9 0  12 :  30 Received @ Lab: 10 /31 /90  

I I I 
User 
ID: 1 1  1 j ofTime ~ 9 1 0 1 1 1 0 1 3 1 0 ( 1 1 2 ) 3 p ~  

Sample: Y Y M M D D T T T T  

pC/1 Total Radium 228 I 1 11501 ~ 1 1 , 1 ,  

pC/1 Total ~adium 228 counting Error I 1 11502 I I I I I  

Observed: Yes 

I I I l l 1 1 l  
Submitted to 
SWQISBy: Type: U 

G/ S 

5 pC/1 Ra 226 + Ra 228 I 1 11503 I I , , , ,  
pC/l Ra 226 + Ra 228 Counting Error 1 11504 

I 

ANALYSES 
RESULTS 

1 1 3 1  71 611  
T 

20,00OpC/l Total Tritium I I 7000 I l l , , ,  

pc/l Total Tritium Counting Error 7001 1 I I I I  

yl 0, /I I [  0, 7, -Date Analyses Completed 

CODE 
28 

8 pC/1 Total Strontium-90 I 1 13501 I , , , , ,  
pC/1 Total Strontium-90 Counting Error 1 1 13502 I t , I I  

Y Y M M D D  
73672 

OHS 8 3 5 1  o ( 3 / 8 7 )  BR- 4 





. Clinical Laboratory of San Bernardino, Inc. 
1595 N. 'D" St.. San Bernardino. CA 92405 

Phone (714) 885-3216 
P. 0. Box 329 

San Bernardino. CA 92402 

System Name: North  American Chemical System Number: 
Description of 

RADIOACTIVITY ANALYSES 

Date of Report: 1 
Laboratory CLlp/ICr\L GF $,<:! 2::;iAz 2;;iG 
Name : 
Name of 
Sampler: Moul t o n  

Lab Sample ID No. 91-2078 
signature of 
Lab Director: &I,& &@kv 
Sampler 
Emuloved By: Nor th  American Chemica l  

~ a m ~ l i n a  point: 
Name/No. of Sample ~ r ~ v  study Station 
source: BOR WELL 3 1320 - 1340 Number: 

5 pC/1 . Total Alpha I I 1501 I 1 , l , l ,  . , 4  
PC/1 Total Alpha Counting Error 15 0 2 I 1 1 7 ,  . , 2  

?MCL REPORTING CONSTITUENT T STORET ANALYSES 

50 pC/1 Total Beta I I 3501 I , , , , ,  
pC/1 Total Beta Counting Error 3502 I I I I ,  

Date/Time Sample Date/Time Sample Were Holding Times 

Date & Water 

UNITS 
-Analyzing Agency 

1 pC/1 Natural uranium I 1 28012 l , , , , , I  

Collected: 91 /03 /18  14:OO Received @ Lab: 91/03/18 

I I I I I I  
User 
ID: 1 I 1  1 of Time 1 I I I  I I  I  I I I I 

Sam~le: Y Y M M D D T T T T 

3 pC/1 Total Radium 226 I I 9501 I , l l 1 ,  

pC/1 Total Radium 226 Counting Error I I 9502 I I I I I 

Obser~ed: Yes 

I 
submitted to 
SwQIs By: Type: U 

G/S 

Date Analyses Completed 73672 b 11 0 1 4  r 0 , 2 ,  
Y Y M M D D  

T 

I pC/1 Total Radium 228 I I 11501 I l t , , ,  

pC/1 Total Radium 228 Counting Error 1 1 11502 I , I , l  

5 pC/1 Ra 226 + Ra 228 I 1 11503 I I , ~ , ,  
pC/1 Ra 226 + Ra 228 Counting Error 1 11504 I , , , ,  

CODE 
28 

20,00OpC/l Total Tritium I I 7000 I l l , , ,  

pC/1 Total Tritium Countinq Error 7001 I I I I I  

8 D C / ~  Total Strontium-90 [ 1 13501 I , , , , ,  
pC/1 Total Strontium-90 counting Error I 1 13502 I I I I I  

- . . - .-  --. BR-3 Deep 

RESULTS 
I 3 1 7  I 6 ! 1  









CLINICAL LABORATORY OF SAN BERNARDINO 
159 5 NORTH "Dl1STREET 

SAN BERNARDINO, CA. 92405 

GENERAL MINERAL & PHYSICAL, INORGANIC, & RADIOLOGICAL CHEMICAL ANALYSIS 
Date of Report: 01/15/92 
Laboratory Signature Lab 
Name: CLINICAL LABORATORIES OF SAN BERNARDINO Director: 
Name of Samp1er:M. STONER Employed 
Date/Time Sample Date/Time Sample Date Analyses 
Collected: 92/01/06/1000 Received @ Lab: 92/01/08/1700 Completed: 92/01/14 
-----------------------.--------------------------------------------------------- ................................................................................ 
System System 
Name: INDIAN WELLS VALLEY CWD - RIDGECREST 1 

Number: 15-017 
Name or Number of Sample Source: IWV MONITORING WELL #5 840' TO 860' ................................................................................ 
* User ID: CYA Station Number: * 
* Date/Time of Sample: 192101106110001 Laboratory Code: 3761 * 
* YY MM DD TTTT * * Date Analysis Completed: 192101114) * 
* YY MM DD * 
* Submitted by: Phone #: * 
................................................................................ 

MCL 

I Total Cations Meq/L Value: 9.5 I 

mg/L Total Hardness (as CaC03) 00900 
mg/ L Calcium (Ca) 00916 
mg/L Magnesium (Mg) 00927 
mg/L Sodium (Na) 00929 
mg/L Potassium (K) 00937 

mg/L Total Alkalinity (AS CaC03) 
mg/L Hydroxide (OH) 
mg/L Carbonate (C03 ) 
mg/L Bicarbonate (HC03) 

* mg/L* Sulfate (S04) 
* mg/L* Chloride (Cl) 
45 mg/L Nitrate (as N03) 

**** mg/L Fluoride (F) Temp. Depend. 

REPORTING 
UNITS 

128.0 
20.8 
18.5 
154.6 
9.4 

1 Total Anions Meq/L Value: 9.3 

Std. Units PH (Laboratory) 00403 
** umho/cm** Specific Conductance (E.C.) 00095 

*** mg/L*** Total Filterable Residue at 180C (TDS) 70300 
Units Apparent Color (Unfiltered) 00081 
TON Odor Threshold at 60 C 00086 
NTU Lab Turbidity 82079 

0.5 mg/L MBAS 38260 

CONSTITUENT 

BR-5 Shallow 

ENTRY 
# 

ANALYSES 
RESULTS 

DLR 



PAGE 2 OF 2 INORGANIC CHEMICALS 92-0122 

RADIOACTIVITY ANALYSIS 0 ,  

MCL 

1000 ug/L Aluminum (Al) 01105 
50 ug/L Arsenic (As) 01002 

1000 Ug/L Barium (Ba) 01007 
10 ug/L Cadmium (Cd) 01027 
50 Ug/L Chromium (Total Cr) 01034 

1000 ug/L Copper (Cu) 01042 
3 00 Ug/L Iron (Fe) 01045 
50 Ug/L Lead (Pb) ' 01051 
50 ug/L Manganese (Mn) 01055 
2 ug/L Mercury (Hg) 71900 
10 ug/L Selenium (Se) 01147 
5 0 Ug/ L Silver (Ag) 01077 

5000 Ug/ L Zinc (Zn) 01092 

15 PCi/L Total Alpha 01501 
PCi/L Total Alpha Counting Error 01502 

50 PCi/L Total Beta . 03501 
PCi/L Total Beta Counting Error 03502 

20 PCi/L Natural Uranium 28012 
PCi/L Total Radium 226 09501 
PCi/L Total Radium 226 Counting Error 09502 
PCi / L Total Radium 228 11501 
PCi/L Total Radium 228 Counting Error 11502 

5 PCi/L Ra 226 + Ra 228 11503 
PCi/L Ra 226 + Ra 228 Counting Error 11504 
PCi/L Radon 222 82303 
PCi / L Radon 222 Counting Error 82302 

20000 PCi/L Total Tritium 07000 
PCi/L Total Tritium Counting Error 07001 

8 PCi/L Total Strontium - 90 13501 
PCi/L Total Strontium - 90 Counting Error 13502 

ENTRY 
# 

ADDITIONAL ANALYSES 

REPORTING 
UNITS 

210.00 
17.00 

<100.00 
< 1.00 
< 10.00 
< 50.00 
2655.0 
11.00 

175.00 
< 1.00 
< 5.00 
< 10.00 
< 50.00 

NTU Field Turbidity 82078 
C Source Temperature C 00010 

Langelier Index Source Temp. 71814 
Langelier Index at 60 C 71813 

Std. Units Field PH 00400 
Agressiveness Index 82383 

mg/L Silica 00955 
mg/L Phosphate 00650 
mg/L Iodide 71865 

Sodium Absorption Ratio 00931 
Asbestos 81855 

mg/L Boron 01020 

ANALYSES 
RESULTS 

CONSTITUENT 

100.0 d 

10.0 
100.0 

1.0 
10.0 
50.0 

100.0 
5.0 

30.0 
1.0 
5.0 
10.0 
50.0 

DLR 



CLINICAL LABORATORY OF SAN BERNARDINO 
1595 NORTH "D1'STREET 

SAN BERNARDINO, CA. 92405 

RADIOACTIVITY ANALYSIS 
Date of Report: 01/17/92 
Laboratory Signature Lab 
Name: CLINICAL LABORATORIES OF SAN BERNARDINO Director: 
Name of Samp1er:M. STONER Employed By : IND 
Date/Time Sample Date/Time Sample 
Collected: 92/01/06/1000 Received @ Lab: 92/01/08/1700 Completed: 92/01/17 ............................................................................... ................................................................................ 
System t System 
Name: INDIAN WELLS VALLEY CWD - RIDGECREST Number: 15-017 
Name or Number of Sample Source: I W  MONITORING WELL #5 840' TO 860' 
................................................................................ 
* User ID: CYA Station Number: * 
* Date/Time of Sample: 192101106110001 Laboratory Code: 3761 * * YY MM DD TTTT *. 

* Date Analysis Completed: 1921011171 * 
* YY MM DD * 
* Submitted by: Phone #: * 
................................................................................ 

15 pCi/l Total Alpha 
pCi/l Total Alpha Counting Error 

MCL REPORT CONSTITUENT 
UNITS 

50 pCi/l Total Beta 
pCi/l Total Beta Counting Error 

20 pCi/l Natural Uranium 

STORET 
CODE 

pCi/l Total Radium 226 
pCi/l Total Radium 226 Counting Error 

pCi/l Total Radium 228 
pCi/l Total Radium 228 Counting Error 

ANALYSES 
RESULTS 

5 pCi/l Ra 226 + Ra 228 
pCi/l Ra 226 + Ra 228 Counting Error 

DLR 

20000 pCi/l Total Tritium 
pCi/l Total Tritium Counting Error 

8 pCi/l Total Strontium - 90 
pCi/l Total Strontium - 90 Counting Error 
pCi/l Total Radon 222 
pCi/l Total Radon 222 Counting Error 

BR-5 Shallow 





CLINICAL LABORATORY OF SAN BERNARDINO 
1595 NORTH "DMSTREET 

SAN BERNARDINO, CA. 92405 

GENERAL MINERAL & PHYSICAL, INORGANIC, & RADIOLOGICAL CHEMICAL ANALYSIS 
Date of Report: 01/15/92 
Laboratory Signature Lab 
Name: CLINICAL LABORATORIES OF SAN BERNARDINO Director: 
Name of Samp1er:M. STONEREmployed By:U.S. NAVY 
Date/Time Sample Date/Time Sample Date Analyses 
Collected: 92/01/06/1000 Received @ Lab: 92/01/08/1700 Completed: 92/01/14 ................................................................................ ................................................................................ 
System System 

- Name: INDIAN WELLS VALLEY CWD - RIDGECREST ' 
Number: 15-017 

Name or Number of Sample Source: IWV MONITORING WELL #5 1580' - 1600' 
................................................................................ 
* User ID: CYA Station Number: * 
* Date/Time of Sample: 19210110611000) Laboratory Code: 3761 * * YY MM DD TTTT * 
t Date ~nalysis Completed: 192101(141 * 
* Y Y M M D D  * 
* Submitted by: Phone 8 :  * 
................................................................................ 

MCL 

I Total Cations Meq/L Value: 16.9 r 

mg/L Total Hardness (as CaC03) 00900 
mg/L Calcium (Ca) 009 16 
mg/L Magnesium (Mg) 00927 
mg/ L Sodium (Na) 00929 
mg/L Potassium (K) 00937 

mg/L Total Alkalinity (AS CaC03) 
mg/L Hydroxide (OH) 
mg/L Carbonate (C03) 
mg/L Bicarbonate (HC03) 

* mg/L* Sulfate (S04) 
* mg/L* Chloride (Cl) 
45 mg/L Nitrate (as N03) **** mg/L Fluoride (F) Temp. Depend. 

REPORTING 
UNITS 

80.0 
20.8 
6.8 

346.0 
9.0 

1 Total Anions Meq/L Value: 16.0 1 

Std. Units PH (Laboratory) 00403 
** umho/cm** Specific Conductance (E.C.) 00095 

*** mg/L*** Total Filterable Residue at 180C (TDS) 70300 
Units Apparent Color (Unfiltered) 00081 
TON Odor Threshold at 60 C 00086 
NTU Lab Turbidity 82079 

0.5 mg/L MBAS 38260 

CONSTITUENT 

BR-5 Medium 

ENTRY 
# 

ANALYSES 
RESULTS 

DLR 



PAGE 2 OF 2 INORGANIC CHEMICALS 92-0123 

RADIOACTIVITY ANALYSIS 

MCL 

1000 ug/L Aluminum (Al) 01105 
50 ug/L Arsenic (As) 01002 

1000 ug/L Barium (Ba) 01007 
10 ug/L Cadmium (Cd) 01027 
50 ug/L Chromium (Total Cr) 01034 

1000 ug/L Copper (Cu) 01042 
300 ug/L Iron (Fe) 01045 
50 ug/L Lead (Pb) 01051 
50 ug/L Manganese (Mn) 01055 
2 ug/L Mercury (Hg) 71900 

10 ug/L Selenium (Se) 01147 
50 ug/L Silver (Ag) 01077 

5000 ug/L Zinc (Zn) 01092 

15 PCi/L Total Alpha 01501 
PCi/L T o t a l  A l p h a  Counting E r r o r  01502 

50 PCi/L Total Beta 03501 
PCi/L Total Beta Counting Error 03502 

20 PCi/L Natural Uranium 28012 
PCi/L Total Radium 226 09501 
PCi/L Total Radium 226 Counting Error 09502 
PCi/L Total Radium 228 11501 
PCi/L Total Radium 228 Counting Error 11502 

5 PCi/L Ra 226 + Ra 228 11503 
PCi/L Ra 226 + Ra 228 Counting Error 11504 
PCi/L Radon 222 82303 
PCi/L Radon 222 Counting Error 82302 

20000 PCi/L Total Tritium 07000 
PCi/L Total Tritium Counting Error 07001 

8 PCi/L Total Strontium - 90 13501 
PCi/L Total Strontium - 90 Counting Error 13502 

ANALYSES 
RESULTS 

460.00 
80,OO 

170.00 
< 1.00 
< 10.00 
< 50.00 
1520.0 

6.00 
165.00 

< 1.00 
< 5.00 
< 10.00 
< 50.00 

ADDITIONAL ANALYSES 

DLR ENTRY 
# 

REPORTING 
UNITS 

BR-5 Medium 

CONSTITUENT 

NTU Field Turbidity 82078 
C Source Temperature C 00010 

Langelier Index Source Temp. 71814 
Langelier Index at 60 C 7 18 13 

Std. Units Field PH 00400 
Agressiveness Index 82383 

mg/ L Silica 00955 
mg/L Phosphate 00650 
mg/L Iodide 71865 

Sodium Absorption Ratio 00931 
Asbestos 81855 

mg/L Boron 01020 

0.1 



CLINICAL LABORATORY OF SAN BERNARDINO 
1595 NORTH "DggSTREET 

SAN BERNARDINO, CA. 92405 

RADIOACTIVITY ANALYSIS 
Date of Report: 01/17/92 
Laboratory Signature Lab 
Name: CLINICAL LABORATORIES OF SAN BERNARDINO Director: 
Name of Samp1er:M. STONEREmployed By:INDIAN WELLS VALEY CWD 
Date/Time Sample Date/Time Sample 
Collected: 92/01/06/1000 Received @ Lab: 92/01/08/1700 Completed: 92/01/17 
................................................................................ 
System System 
Name: INDIAN WELLS VALLEY CWD - RIDGECREST Number: 15-017 
Name or Number of Sample Source: IWV MONITORING WELL #5 1580' - 1600' ................................................................................ 
* User ID: CYA Station Number: * 
* DateITime of Sample: 192(01(06(10001 Laboratory Code: 3761 * * YY MM DD TTTT * 
* Date Analysis Completed: 192101(171 * 
* YY MM DD * 
* Submitted by: Phone #: * 
................................................................................ 

15 pCi/l Total Alpha 
pCi/l Total Alpha Counting Error 

MCL REPORT CONSTITUENT 
UNITS 

50 pCi/l Total Beta 
pCi/l Total Beta Counting Error 

20 pCi/l Natural Uranium 

STORET 
CODE 

pCi/l Total Radium 226 
pCi/l Total Radium 226 Counting Error 

pCi/l Total Radium 228 
pCi/l Total Radium 228 Counting Error 

ANALYSES 
RESULTS 

5 pCi/l Ra 226 + Ra 228 
pCi/l Ra 226 + Ra 228 Counting Error 

DLR 

20000 pCi/l Total Tritium 
pCi/l Total Tritium Counting Error 

8 pCi/l Total Strontium - 90 
pCi/l Total Stront.ium - 90 Counting Error 
pCi/l Total Radon 222 
pCi/l Total Radon 222 Counting Error 

BR-5 Medium 





CLINICAL LABORATORY OF SAN BERNARDINO 
1595 NORTH 'ID" STREET 

SAN BERNARDINO, CA. 92405 

GENERAL MINERAL & PHYSICAL, INORGANIC, & RADIOLOGICAL CHEMICAL ANALYSIS 
Date of Report: 01/15/92 
Laboratory Signature Lab 
Name: CLINICAL LABORATORIES OF SAN BERNARDINO Director: 
Name of Samp1er:M. STONEREmployed By:U.S. NAVY 
Date/Time Sample Date/Time Sample Date Analyses 
Collected: 92/01/06/1000 Received @ Lab: 92/01/08/1700 Completed: 92/01/14 

System System 
Name: INDIAN WELLS VALLEY CWD - RIDGECREST Number: 15-017 
Name or Number of Sample Source: IWY MONITORING WELL #5 1970' - 1990' 
................................................................................ 
* User ID: CYA Station Number: * 
* Date/Time of Sample: 19210110611000( Laboratory Code: 3761 * 
*. YY MM DD TTTT * 
* Date Analysis Completed: 192(01(141 * 
* YY MM DD * 
* Submitted by: Phone #: * .................................................................................. 

MCL 

1 Total Cations Meq/L Value: 16.9 

mg/L Total Hardness (as CaC03) 00900 
mg/L Calcium (Ca) 00916 
mg/L Magnesium (Mg) 00927 
mg/L Sodium (Na) 00929 
mg/L Potassium (K) 00937 

Total Alkalinity (AS CaC03) 
Hydroxide (OH) 
Carbonate (C03 ) 
Bicarbonate (HC03) 
Sulfate (S04) 
Chloride (Cl) 
Nitrate (as N03) 
Fluoride (F) Temp. Depend. 

REPORTING 
UNITS 

108.0 
14.4 
17.5 

334.9 
8.7 

I Total Anions Meq/L Value: 18.0 I 
Std. Units PH (Laboratory) 00403 

** umho/cm** Specific Conductance (E.C.) 00095 
*** mg/L*** Total Filterable Residue at 180C (TDS) 70300 

Units Apparent Color (Unfiltered) 00081 
TON Odor Threshold at 60 C 00086 
NTU Lab Turbidity 82079 

0.5 mg/L MBAS 38260 

CONSTITUENT 

BR-5 Deep 

ENTRY 
# 

ANALYSES DLR 
RESULTS 



PAGE 2 OF 2 INORGANIC CHEMICALS 92-0124 

15 PCi/L Total Alpha 01501 
PCi/L Total Alpha Counting Error 01502 

50 PCi/L Total Beta 03501 
PCi/L Total Beta Counting Error 03502 

20 PCi/L Natural Uranium 28012 
PCi/L Total Radium 226 09501 
PCi/L Total Radium 226 Counting Error 09502 
PCi/L Total Radium 228 11501 
PCi/L Total Radium 228 Counting Error 11502 

5 PCi/L Ra 226 + Ra 228 11503 
PCi/L Ra 226 + Ra 228 Counting Error 11504 
PCi/L Radon 222 82303 
PCi/L Radon 222 Counting Error 82302 

20000 PCi/L Total Tritium 07000 
PCi/L Total Tritium Counting Error 07001 

8 PCi/L Total Strontium - 90 13501 
PCi/L Total Strontium - 90 Counting Error 13502 

DLR 

ADDITIONAL ANALYSES 

ANALYSES 
RESULTS 

100.0 
10.0 

100.0 
1.0 

10.0 
50.0 

100.0 
5.0 

30.0 
1.0 
5.0 

10.0 
50.0 

1000 ug/L Aluminum (Al) 01105 
50 ug/L Arsenic (As) 01002 

1000 ug/L Barium (Ba) 01007 
10 Ug/L Cadmium (Cd) Of027 
50 ug/L Chromium (Total Cr) 01034 

1000 ug/L Copper (Cu) 01042 
300 ug/L Iron (Fe) 01045 
50 ug/L Lead (Pb) ' 01051 
50 ug/L Manganese (Mn) 01055 
2 ug/L Mercury (Hg) 71900 

10 ug/L Selenium (Se) 01147 
50 ug/L Silver (Ag) 01077 

5000 ug/L Zinc (Zn) 01092 

ENTRY 
# 

MCL 

RADIOACTIVITY ANALYSIS 

260.00 
25.00 

200.00 
< 1.00 
< 10.00 
< 50.00 
1165.0 
11.00 

175.00 
< 1.00 
< 5.00 
< 10.00 
< 50.00 

BR-5 Deep 

NTU Field Turbidity 82078 
C Source Temperature C 00010 

Langelier Index Source Temp. 71814 
Langelier Index at 60 C 71813 

Std. Units Field PH 00400 
Agressiveness Index 82383 

mg/L Silica 00955 
mg/L Phosphate 00650 
W / L  Iodide 71865 

Sodium Absorption Ratio 00931 
Asbestos 81855 

mg/L Boron 01020 

REPORTING 
UNITS 

0.1 

CONSTITUENT 



CLINICAL LABORATORY OF SAN BERNARDINO 
1595 NORTH "DtlSTREET 

SAN BERNARDINO, CA. 92405 

RADIOACTIVITY ANALYSIS 
Date of Report: 01/17/92 
Laboratory Signature Lab 
Name: CLINICAL LABORATORIES OF SAN BERNARDINO Director: 
Name of Samp1er:M. STONEREmployed By:INDIAN WELLS VALEY 
Date/Time Sample Date/Time Sample 
Collected: 92/01/06/1000 Received @ Lab: 92/01/08/1700 Completed: 92/01/17 
=-------------------------------------------------------------================== 
System System 
Name: INDIAN WELLS VALLEY CWD - RIDGECREST Number: 15-017 
Name or Number of Sample Source: IWY MONITORING WELL #5 1970' - 1990' ................................................................................ 
* User ID: CYA Station Number: * 
* Date/Time of Sample: /92101106110001 Laboratory Code: 3761 * * YY MM DD TTTT * * Date Analysis Completed: 1921011171 * 
* YY MM DD * 
* Submitted by: Phone #: * 
................................................................................ 

15 pCi/l Total Alpha 
pCi/l Total Alpha Counting Error 

MCL REPORT CONSTITUENT 
UNITS 

50 pCi/l Total Beta 
pCi/l Total Beta Counting Error 

20 pCi/l Natural Uranium 

STORET 
CODE 

pCi/l Total Radium 226 
pCi/l Total Radium 226 Counting Error 

pCi/l Total Radium 228 
pCi/l Total Radium 228 Counting Error 

ANALYSES 
RESULTS 

5 pCi/l Ra 226 + Ra 228 
pCi/l Ra 226 + Ra 228 Counting Error 

DLR 

20000 pCi/l Total Tritium 
pCi/l Total Tritium Counting Error 

8 pCi/l Total Strontium - 90 
pCi/l Total Strontium - 90 Counting Error 
pCi/l Total Radon 222 
pCi/l Total Radon 222 Counting Error 

BR-5 Deep 









CLINICAL LABORATORY OF SAN BERNARDINO 
1595 NORTH I1D"STREET 

SAN BERNARDINO, CA. 92405 

GENERAL MINERAL & PHYSICAL, INORGANIC, & RADIOLOGICAL CHEMICAL ANALYSIS 
Date of Report: 02/06/92 
Laboratory Signature Lab 
Name: CLINICAL LABORATORIES OF SAN BERNARDINO ~irector: 
Name of Samp1er:UNKNOWNEmployed By:UNKNOWN 
Date/Time Sample Date/Time Sample Date Analyses 
Collected: 92/01/10/0000 Received @ Lab: 92/01/29/1700 Completed: 92/02/05 .a ................................................................................ ................................................................................ 
System , System 
Name: INDIAN WELLS VALLEY CWD - RIDGECREST Number: 15-017 
Name or Number of Sample Source: BOR WELL 6 330 - 350 
................................................................................ 
* User ID: CYA Station Number: * 
* Date/Time of Sample: ~ 9 2 ~ 0 1 ~ 1 0 ~ 0 0 0 0 ~  Laboratory Code: 3761 * * YY MM DD TTTT * * Date Analysis Completed: 1921021051 * 
* YY MM DD * 
* Submitted by: Phone #: * 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

MCL 

1 Total Cations Meq/L Value: 11.0 I 

mg/L Total Hardness (as CaC03) 00900 
mg/L Calcium (Ca) 00916 
mg/L Magnesium (Mg) 00927 
mg/L Sodium (Na) 00929 
mg/L Potassium (K) 00937 

Total Alkalinity (AS CaC03) 
Hydroxide (OH) 
Carbonate (C03) 
Bicarbonate (HC03) 
Sulfate (S04) 
Chloride (Cl) 
Nitrate (as N03) 
Fluoride (F) Temp. Depend. 

REPORTING 
UNITS 

100.0 
24.0 
9.7 

198.7 
13.9 

I Total Anions Meq/L Value: 9.8 I 

Std. Units PH (Laboratory) 00403 
** umho/cm** Specific Conductance (E.C.) 00095 

* * i mg/L*** Total Filterable Residue at 180C (TDS) 70300 
Units Apparent Color (Unfiltered) 00081 
TON Odor Threshold at 60 C 00086 
NTU Lab Turbidity 82079 

0.5 mg/L MBAS 38260 

BR-6 Shallow 

DLR CONSTITUENT ENTRY 
# 

ANALYSES 
RESULTS 



PAGE 2 OF 2 INORGANIC CHEMICALS 92-0736 1. I 

1000 ug/L Aluminum (Al) 01105 
Arsenic (AS). 
Barium (Ba) 
Cadmium (Cd) 
Chromium (Total Cr) 
Copper (Cu) 
Iron (Fe) 
Lead (Pb) 
Manganese (Mn) 
Mercury (Hg) 
Selenium (Se) 
Silver ( Ag ) 
Zinc (Zn) 

RADIOACTIVITY ANALYSIS 

% 

ANALYSES 
RESULTS 

ENTRY 
# 

MCL 

15 PCi/L Total Alpha 01501 
PCi/L Total Alpha Counting Error 01502 

50 PCi/L Total Beta 03501 
PCi/L Total Beta Counting Error 03502 

20 PCi/L Natural Uranium 28012 
PCi/L Total Radium 226 09501 
PCi/L Total Radium 226 Counting Error 09502 
PCi/L Total Radium 228 11501 
PCi/L Total Radium 228 Counting Error 11502 

5 PCi/L Ra 226 + Ra 228 11503 
PCi/L Ra 226 + Ra 228 Counting Error 11504 
PCi/L Radon 222 82303 
PCi/L Radon 222 Counting Error 82302 

20000 PCi/L Total Tritium 07000 
PCi/L Total Tritium Counting Error 07001 

8 PCi/L Total Strontium - 90 13501 
PCi/L Total Strontium - 90 Counting Error 13502 

DLR 

ADDITIONAL ANALYSES 

REPORTING 
UNITS 

CONSTITUENT 

BR-6 Shallow 

NTU Field Turbidity 82078 
C Source Temperature C 00010 

Langelier Index Source Temp. 71814 
Langelier Index at 60 C 71813 

Std. Units Field PH 00400 
Agressiveness Index 82383 

mg/L Silica 00955 
mg/L Phosphate 00650 
mg/L Iodide 71865 

Sodium Absorption Ratio 00931 
Asbestos 81855 

mg/L Boron 01020 

0.1 



CLINICAL LABORATORY OF SAN BERNARDINO 
159 5 NORTH "D1'STREET 

SAN BERNARDINO, CA. 92405 

GENERAL MINERAL & PHYSICAL, INORGANIC, & RADIOLOGICAL CHEMICAL ANALYSIS 
Date of Report: 02/06/92 
Laboratory Signature Lab 
Name: CLINICAL LABORATORIES OF SAN BERNARDINO Director: 
Name of Samp1er:UNKNOWN Employed By : UN 
Date/Time Sample Date/Time Sample Date Analyses 
Collected: 92/01/10/0000 Received @ Lab: 92/01/29/1700 Completed:. 92/02/05 ................................................................................ _ ~ ~ ~ ~ ~ ~ ~ ~ ~ _ ~ ~ _ ~ _ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ - - ~ - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
System , System 
Name: INDIAN WELLS VALLEY CWD - RIDGECREST Number: 15-017 
Name or Number of Sample Source: BOR WELL 6 1190- 1210 ................................................................................ 
* User ID: CYA Station Number: * 
* Date/Time of Sample: (92(01(10(0000( Laboratory Code: 3761 * * YY MM DD TTTT * 
* Date ~nalysis Completed: (92102[051 * 
* YY MM DD * 
* Submitted by: Phone #: * 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

MCL REPORTING CONSTITUENT ENTRY ANALYSES DLR 
UNITS # RESULTS 

mg/L Total Hardness (as CaC03) 00900 80.0 
mg/L Calcium (Ca) 00916 4.8 
mg/L Magnesium (Mg) 00927 16.5 
mg/L Sodium (Na) 00929 188.6 
mg/L Potassium (K) 00937 8.6 

1 Total Cations Meq/L Value: 10.0 I- 
Total Alkalinity (AS CaC03) 
Hydroxide (OH) 
Carbonate (C03) 
Bicarbonate (HC03) 
Sulfate (S04) 
Chloride (Cl) 
Nitrate (as N03) 
Fluoride (F) Temp. Depend. 

1 Total Anions Meq/L Value: 9.5 I 
Std. Units PH (Laboratory) 

** umho/cm** Specific Conductance (E.C.) 
*** mg/L*** Total Filterable Residue at 180C (TDS) 

Units Apparent Color (Unfiltered) 
TON Odor Threshold at 60 C 
NTU , Lab Turbidity 

0.5 mg/L MBAS 

BR-6 Medium 



ADDITIONAL ANALYSES 

PAGE 2 OF 2 INORGANIC CHEMICALS 92-0734 

BR-6 M e d i u m  

DLR 

1 0 0 . 0  3 
1 0 . 0  

1 0 0 . 0  
1 . 0  

10.0 
50.0  

100 .0  
5.0 

30.0  
1 .0  
5 . 0  

10 .0  

NTU Field Turbidity 82078  
C Source Temperature C 0 0 0 1 0  

Langelier Index Source Temp. 7 1 8  1 4  
Langelier Index at 60 C 7 1 8  1 3  

Std. Units Field PH 0 0 4 0 0  
Agressiveness Index 82383  

mg/L Silica 00955  
mg/L Phosphate 0 0 6 5 0  
mg/L Iodide 7 1 8 6 5  

Sodium Absorption Ratio 0 0 9 3 1  
Asbestos 81855  

ANALYSES 
RESULTS 

8 6 5 . 0 0  
135 .00  

<100.00 
< 1 . 0 0  
< 10 .00  
c 50 .00  

4535.0 
6 . 0 0  

1 4 0 . 0 0  
c 1 .00  
< 5 . 0 0  
c 1 0 . 0 0  

MCL REPORTING CONSTITUENT 

0 . 1  

5000  ug/L Zinc (Zn) 01092 

ENTRY 

mg/L Boron 0 1 0 2 0  

< 5 0 . 0 0  

UNITS 

50 .0  

# 

RADIOACTIVITY ANALYSIS 

1000  ug/L Aluminum (Al) 01105  

5 0  ug/L Arsenic (As) 01002  
1000  ug/L Barium (Ba) 01007  

1 0  ug/L Cadmium(Cd) 01027  
5 0  ug/L Chromium (Total Cr) 01034  

1000  ug/L Copper (Cu) 01042 
300  ug/L Iron (Fe) 01045  

5 0  ug/L Lead (Pb) 0 1 0 5 1  
ug/L Manganese (Mn) 5 0  01055  

2 ug/L Mercury (Hg) 7 1 9 0 0  
1 0  ug/L Selenium (Se) 01147  
5 0 ug/L Silver (Ag) 01077  

1 5  PCi/L Total Alpha 0 1 5 0 1  
PCi/L Total Alpha Counting Error 01502  

50 PCi/L Total Beta 0 3 5 0 1  
PCi/L Total Beta Counting Error 03502 

20 PCi/L Natural Uranium 28012  
PCi/L Total Radium 226  0 9 5 0 1  
PCi/L Total Radium 226  Counting Error 09502  
PCi/L Total Radium 228 1 1 5 0 1  
PCi/L Total Radium 228 Counting Error 11 5 0 2 

5 PCi/L Ra 226 + Ra 228 11503  
PCi/L Ra 226  + Ra 228 Counting Error 11504  
PCi/L Radon222 82303  
PCi/L Radon 222 Counting Error 82302  

20000 PCi/L Total Tritium 0 7 0 0 0  
PCi/L Total Tritium Counting Error 0 7 0 0 1  

8 PCi/L Total Strontium - 9 0  1 3 5 0 1  
PCijL Total Strontium - 9 0  Counting Error 1 3 5 0 2  

4 .0  

2.0 
0 . 5  

0 . 5  

1 0 0 . 0  

1 . 0  

2.0 



CLINICAL LABORATORY OF SAN BERNARDINO 
1595 NORTH *ID''STREET 

SAN BERNARDINO, CA. 92405 

RADIOACTIVITY ANALYSIS 
Date of Report: 02/06/92 

V a b o r a t o r y  Signature Lab 
Name: CLINICAL LABORATORIES OF SAN BERNARDINO Director: 
Name of Samp1er:UNKNOWN Employed 
Date/Time Sample Date/Time Sample Date Analyses 
Collected: 92/01/29/0000 Received @ Lab: 92/01/29/1700 Completed: 92/02/05 ------ ------=-------------------------------- ........................... --- ---=------,,----------------------------- ..................................... 
System System 
Name: INDIAN WELLS VALLEY CWD - RIDGECREST Number: 15-017 
Name or Number of Sample Source: BOR WELL 6 1190- 1210 ................................................................................ 
* User ID: CYA Station Number: * 
* Date/Time of Sample: 192101)29100001 Laboratory Code: 3761 * * YY MM DD TTTT 
* 

* 
Date Analysis Completed: 192102105( * * YY MM DD * 

* Submitted by: Phone #: * 
... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

15 pCi/l Total Alpha 
pCi/l Total Alpha Counting Error 

MCL REPORT CONSTITUENT STORET ANALYSES DLR 

50 pCi/l Total Beta 
pCi/l Total Beta Counting Error 

UNITS 

20 pCi/l Natural Uranium 

pCi/l ~otal' Radium 226 
pCi/l Total Radium 226 Counting Error 

CODE 

pCi/l Total Radium 228 
pCi/l Total Radium 228 Counting Error 

RESULTS 

5 pCi/l Ra 226 + Ra 228 
pCi/l Ra 226 + Ra 228 counting Error 

20000 pCi/l Total Tritium 
pCi/l Total Tritium Counting Error 

8 pCi/l Total Strontium - 90 
pCi/l Total Strontium - 90 Counting Error 
pci/l Total Radon 222 
pCi/l Total Radon 222 Counting Error 

BR-6 Medium 





CLINICAL LABORATORY OF SAN BERNARDINO 
1595 NORTH "DMSTREET 

SAN BERNARDINO, CA. 92405 

GENERAL MINERAL & PHYSICAL, INORGANIC, & RADIOLOGICAL CHEMICAL ANALYSIS 
Date of Report: 02/06/92 Sam le ID No.92-0735 

, Laboratory Signature Lab 
Name: CLINICAL LABORATORIES OF SAN BERNARDINO Director: 
Name of Samp1er:UNKNOWNEmployed By:UNKNOWN 

, Date/Time Sample Date/Time Sample s Date Analyses 
Collected: 92/01/10/0000 Received @ Lab: 92/01/29/1700 Completed: 92/02/05 
.................................................................................... 

System 1 System 
Name: INDIAN WELLS VALLEY CWD - RIDGECREST Number: 15-017 
Name or Number of Sample Source: BOR WELL 6 1640 - 1660 
*******************************************************************************i 

* User ID: CYA Station Number: 9 

* Date/Time of Sample: ~92~01~10(0000~ Laboratory Code: 3761 
rt YY MM DD TTTT 7 

* Date Analysis Completed: 1921021051 
* Y Y M M D D  
* Submitted by: Phone #: 7 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

MCL 

1 Total Cations Meq/L Value: 11.4 1' 

mg/L Total Hardness (as CaC03) 00900 
mg/L Calcium (Ca) 00916 
mg/L Magnesium (Mg) 00927 
mg/L Sodium (Na) 00929 
mg/L Potassium (K) 00937 

mg/L Total Alkalinity (AS CaC03) 
mg/L Hydroxide (OH) 
mg/L Carbonate (C03) 
mg/L Bicarbonate (HC03) 

* mg/L* Sulfate (S04) 
rt mg/L* Chloride (Cl) 

45 mg/L Nitrate (as N03) 
**lt* mg/L Fluoride (F) Temp. Depend. 

REPORTING 
UNITS 

76.0 
5.8 
15.0 

223.4 
7.4 

1 Total Anions Meq/L Value: 10.5 I 

# 

Std. Units PH (Laboratory) 00403 
** umho/cm** Specific Conductance (E.C.) 00095 

*** mg/L*** Total Filterable Residue at 180C (TDS) 70300 
Units Apparent Color (Unfiltered) 00081 
TON Odor Threshold at 60 C 00086 
NTU Lab Turbidity 82079 

0.5 mg/L MBAS 38260 

CONSTITUENT 
RESULTS 

BR-6 Deep 

ENTRY ANALYSES DLR, 



ADDITIONAL ANALYSES 

PAGE 2 OF 2 INORGANIC CHEMICALS 92-0735 

BR-6 D e e p  

DLR 

100.0 
1.0.0 

100.0 
1.0 

10.0 
50.0 

100.0 
5.0 

30.0 
1.0 
5 .0  

10.0 

NTU Field Turbidity 82078 
C Source Temperature C 00010 

Langelier Index Source Temp. 71814 
Langelier Index at 60 C 7 18 13 

Std. Units Field PH 00400 
Agressiveness Index 82383 

mg/L Silica 00955 
mg/L Phosphate 00650 
mg/L Iodide 71865 

Sodium Absorption Ratio 00931  
Asbestos 81855 

ANALYSES 
RESULTS 

1325.0 
75.00 

<100.00 
< 1.00 
< 10.00 
c 50.00 

3925.0 
< 5.00 

160.00 
< 1.00 
< 5.00 
< 10.00 

CONSTITUENT 

0 . 1  

5000 ug/L Zinc (Zn) 01092 

ENTRY # 

mq/L Boron 01020 

1000 ug/L Aluminum (Al) 01105 

50 ug/L Arsenic (As) 01002 

1000 ug/L Barium (Ba) 01007 

10  ug/L Cadmium (Cd) 01027 

50 ug/L Chromium (Total Cr) 01034 
1000 ug/L Copper (Cu) 01042 

300 ug/L Iron (Fe) 01045 

50 ug/L Lead (Pb) 01051  
5 0 ug/L Manganese (Mn) 01055 
2 ug/L Mercury (Hg) 71900 

10  ug/L Selenium (Se) 01147 
50 ug/L Silver (Ag) 01077 

< 50.00 50.0 

RADIOACTIVITY ANALYSIS 

15 PCi/L Total Alpha 01501  
PCi/L Total Alpha Counting Error 01502 

50 PCi/L Total Beta 03501  
PCi/L Total Beta Counting Error 03502 

20 PCi/L Natural Uranium 28012 
PCi/L Total Radium 226 09501  
PCi/L Total Radium 226 Counting Error 09502 
PCi/L Total Radium 228 1 1 5 0 1  
PCi/L Total Radium 228 Counting Error 11502 

5 PCi/L Ra 226 + Ra 228 11503 
PCi/L Ra 226 + Ra 228 Counting Error 11504 
PCi/L Radon222 82303 
PCi/L Radon 222 Counting Error 82302 

20000 PCi/L Total Tritium 07000 
PCi/L Total Tritium Counting Error 07001  

8 PCi/L Total Strontium - 90 1 3 5 0 1  
PCiIL Total Strontium - 90 Counting Error 13502 

4.0 

2.0 
0.5 

0 .5  

100.0 

1 . 0  

2.0 



Naval Air Warfare Center 
Date Reported: 09/16/92 Weapons Division Date Received: 09/02/92 Code 2862 
Laboratory No.: 7880-1 

China Lake, CA 93555-6001 
Attn.: Disbursing Officer 619-939-2116 

S q l e  Description: BOR-10 640. SAMPLE W U  TAKEN ON 09-01-92 @ 3,:OOm BY W T I N G .  

Constituents 

Calcium 
Magnesium 
Sodium 
Potassium 
Total Cations 
Hydroxide 
Carbonate 
Bicarbonate 
Chloride 
Sulfate 
Nitrate/~itrite as ~ 0 3  
Fluoride 
Bromide 
Total Anions 
PH 
~lectrical Conductivity 

8 25 C 
Total  iss solved Solids 
8 180 C 

Color 
Odor 
Turbidity 
MBAS 
Hardness as CaC03 
Alkalinity as CaC03 
Ammonia as NH3 
Nitrite Nitrogen 
Ortho-phqsphate 

D.L.R. 

WATER ANALYSIS 
(GENERAL CHEMISTRY) 

Results Units 

~etection Limit for Reporting puqoses. 

mg/L 
Color Units 
Odor Units 
NT Units 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 

D.L.R. - Method 

sw-7140 
sw-7450 
SW-7770 
SW- 7610 
Calculated 
SM-403 
SM-403 
SM-403 
EPA-300.0 
EPA-300.0 
EPA-353.2 
EPA-340.2 
EPA-300.0 
Calculated 
sw-9040 

EPA- 160.1 
EPA- 110.2 
EPA-140.1 
EPA-180.1 
EPA-425.1 
Calculated 
Cal c 
EPA-350.1 
EPA-353.2 
EPA-365.1 

REFERENCES : 
EPA = "~ethods for Chemical Analysis of Water and Wastesn, EPA-600, 14-79-020. 

M = "standard Methods for Examination of Water and wastewatern, 16th Edition 1986. 
SW = "Test ~ethods for Evaluating Solid Wastes Physical/(aemical Methodsn, 

EPA-SW-846, September, 1986. 

I f 21, 
rtment Supervisor 

cC: GEOTHERMAL PROGRAM 

410JAUasCc . 9338 . (8051 3 Z 4 9 1 1  . F m  1- z7-, 9, 
BR-10 Shallo 









Naval Air Warfare Center Date Reported: 09/16/92 
Weapons Division Date Received: 09/02/92 
=ode 2862 Laboratory No. : 7880-1 
3ina Lake, CA 93555-6001 
lttn.: Disbursing Officer 619-939-2116 

:ample Description: BOR-10 640. SAMPLE WAS TAKEN ON 09-01-92 @ 3:OOAM BY HASTING. 

WATER ANALY S IS 
(METALS 

Constituents 

Aluminum 
Ant imony 
Arsenic 
Barium 
Boron 
Cadmium 
Chromium 
Copper 
Lead 
Lithium 
Hanganese 
Yercury 
Selenium 
Si as Si02 
5ilver 
Strontium 
Thallium 
Zinc 
Total Iron 

Results Units 

2790. 
None Detected 

16. 
None Detected 

4.9 
None Detected 
None Detected 
None Detected 
None Detected 

250. 
285. 

None Detected 
2.7 

48. 
None Detected 

399. 
None Detected 
None Detected 

3530. 

D.L.R. Metfiod 

SW-6010 
SW-6010 
SW-7060 
SW-5010 
SW-6010 
SW-7131 
SW-6010 
SW-6010 
SW-7421 
SW-7430 
SW-6010 
EPA-245.1 
SW-7740 
SW-6010 
SW-6010 
SW-6010 
SW- 7841 
SW-6010 
SW-6010 

D.L.R. = Detection Limit for Reporting purposes. 

REFERENCES : 
EPA = "Methods for Chemical Analysis of Water and Wastesn, EPA-600, 14-79-020. 
SW = "Test Methods for Evaluating Solid Wastes Physical/Chemical Methods", 

EPA-SW-846, September, 1986. 

Department Supervisor 

cc: GEOTHERMAL PROGRAM 

ni m P 6 a s  Cc . Bakersfield. Cc3 93333 18051 327491 1 . 327-1978 BR- 1 0  Shal l05  





Naval Air Warfare Center Date Reported: 09/15/92 
Weapons Division Date Received: 09/02/92 
Code 2862 Laboratory No.: 7880-2 
China Lake, CA 93555-6001 
Artn.: Disbursing Officer 619-939-2116 

Sample Description: BOR-10 1180. SAMPLE WAS TAKEN ON 09-01-92 @ 12:OOPM BY HASTING. 

WATER ANALYSIS 
(GENERAL CHEMISTRY 

Constituents Results Units D.L.F.. Method 

Calcium 
Magnesium 
Sodium 
Potassium 
Total Cations 
Hydroxide 
Carbonate 
Bicarbonate 
Chloride 
Sulfate 
Nitrate/Nitrite as NO3 
Fluoride 
Bromide 
Total Anions 
PH 
Electrical Conductivity 

@ 25 C 
Total Dissolved Solids 

@ 180 C 
Color 
Odor 
Turbidity 
MBAS 
Hardness as CaC03 
Alkalinity as CaC03 
Ammonia as NH3 
Nitrite Nitrogen 
Ortho-phosphate 

mg/L 
mg/L 
mg/L 
mg/L 
meq/L 
mg /L 
mg /L 
mg/L 
mg/L 
mg/L 
mg /L 
mg/L 
mg/L 
meq/L 
pH Units 

mg/L 
Color Units 
Odor Units 
N T  Units 
mg/L 
mg/L 
mg/L 
mg /L 
mg/L 
mg/L 

SW- 7140 
sx-7450 
SW-7770 
SW-7613 
Calc~lated 
SF-403 
SM-403 
SM-a03 
EPA-300 -0 
ZPA-300.0 
SPA-252.2 
EPA-340.2 
EPA-300.0 
Calculated 
SFi-9040 

EPA-160.1 
EPA-110.2 
EPA- 140.1 
EPA- 180.1 
EPA-425.1 
Calculated 
Cal c 
EPA- 350.1 
EPA-353.2 
EPA-365.1 

D.L.R. = Detection Limit for Reporting purposes. 

REFERENCES : 
EPA = "Methods for Chemical Analysis of Water and Wastesn, EPA-600, 14-79-020. 
SM = "Standard Methods for Examination of Water and Wastewater", 16th Edition 1986. 
SW = nTest Methods for Evaluating Solid Wastes Physical/Chemical Methodsn, 

EPA-SW,-846, September, 1986. 

I P& 
tment Supervisor 

7 - 

CC: GEOTHERMAL PROGRAM 

41 m A a a s  C-,. . Bake&eld. CA 9 2 2  . [eM 327491 1 . F a  (8051 327-1 9 1  8 BR- 10 Shal Mec 





Naval Air Warfare Center Date Reported: 09/15/92 
weapons Division Date Received: 09/02/92 
Code 2862 Laboratory No.: 7880-2 
China Lake, CA 93555-6001 
Attn.: Disbursing Officer 619-939-2116 

Sample Des-cription: BOR-10 1180. SAMPLE WAS TAKEN ON 09-01-92 @ 12:OOPM BY HASTING. 

WATER ANALYSIS 
(METALS ) 

Constituents 

Aluminum 
Antimony 
Arsenic 
Barium 
Boron 
Cadmium 
Chromium 
Copper 
Lead 
Lithium 
Manganese 
Mercury 
Selenium 
Si as Si02 
Silver 
Strontium 
Thallium 
Zinc 
Total Iron 

Results 

742. 
None Detected 

2.7 
None D'etected 

1.3 
None Detected 
None Detected 
None Detected 
None Detected 
None Detected 

69. 
None Detected 

2.4 
12. 

None Detected 
84. 

None Detected 
None Detected 

1830. 

D.L.R. Method 

SW-6010 
SW-6010 
SW-7060 
SW-6010 
SW-6010 
SW-7131 
SW-6010 
SW-6010 
SX-7421 
SW-7430 
SW-6010 
EPA- 245.1 
SW-7740 
SW- 6010 
SW- 6010 
SW-6010 
SW-7841 
SW-6010 
SW-6010 

D.L.R. = Detection Limit for Reporting purposes. 

REFERENCES : 
EPA = "Methods for Chemical Analysis of Water and Wastes", 6PA-600, 14-79-020 
SW = "Test Methods for Evaluating Solid Wastes Physical/Chemical Methodsn, 

EPA-SW-846, September, 1986. 

Department Supervisor 

cc: GZOTHERMAt PROGRAM 

a l M A u a s m  . Bakedeld. CP 93333. [8051327-4911 - FPXm327-191.3 BR-10 Shal Mec 





Naval Air Warfare Center Date Reported: 09/15/92 
Weapons Division Date Received: 09/02/92 
Code 2862 Laboratory No.: 7880-3 
China Lake, CA 93555-6001 
Attn.: Disbursing Officer 619-939-2116 

Sample Description: BOR-10 1560. SAMPLE WAS TAKEN ON 09-01-92 ,@ 16:OOPM BY HASTING. 

WATER ANALYSIS 
(GENERAL CHEMISTRY) 

Constituents 

Calcium 
Magnesium 
Sodium 
Potassium 
Total Cations 
Hydroxide 
Carbonate 
Bicarbonate 
Chloride 
Sulfate 
Nitrate/Nitrite as NO3 
Fluoride 
Bromide 
Total Anions 
P H 
Electrical Conductivity 

@ 25 C 
Total Dissolved Solids 

@ 180 C 
Color 
Odor 
Turbidity 
MBAS 
Hardness as CaC03 
Alkalinity as CaC03 
Ammonia as NH3 
Nitrite Nitrogen 
Ortho-phosphate 

Results Units 

mg/L 
mg/L 
mg /L 
mg/L 
meq/L 
mg/L 
mg/L 
mg /L 
mg/L 
mg/L 
mg/L 
mg /L 
mg/L 
meq/L 
pH Units 

mg/L 
Color Units 
Odor Units 
NT Units 
mg/L 
mg/L 
mg /L 
mg/L 
mg/L 
mg/L 

D.L.R. Method 

SW-7140 
SW- 7450 
SW-7770 
SW-7610 
Calculated 
SM-403 
SM-403 
SM-403 
EPA-300.0 
EPA-300.0 
EPA-353.2 
EPA-340.2 
EPA-300.0 
Calculated 
SW-9040 

EPA-160.1 
EPA-110.2 
EPA-140.1 
EPA-180.1 
EPA-425.1 
Calculated 
Calc 
EPA-350.1 
EPA-353.2 
EPA-365.1 

D.L.R. = Detection Limit for Reporting purposes. ! 
REFERENCES : 

EPA = 'Methods for Chemical Analysis of Water and Wastes", EPA-600, 14-79-020. 
SM = "Standard Methods for Examination of Water and Wastewaterw, 16th Edition 1986. 
SW = nTesr Methods for Evaluating Solid Wastes Physical/Chemical Methodsm, 

EPA-SWr846, September, 1986. 

cc: GEOTHERMAL PROGRAM 

a i  COAuas C-,. . Bakersfield. CP 933=8, 327491 1 . FAX (Sjn 3 2 7 - 7  9 3  8 BR-10 D e e p  ME 





Naval Air Warfare Center Date Reported: 09/15/92 
Weapons Division Date Received: 09/02/92 
Code 2862 Laboratory No.: 7880-3 
China Lake, CA 93555-6001 
Attn.: Disbursing Officer 619-939-2116 

Sample Description: BOR-10 1560. SAMPLE WAS TAKEN ON 09-01-92.a 16:OOPM BY HASTING. 

WATER ANALYSIS 
(METALS 

Constituents 

Aluminum 
Antimony 
Arsenic 
Barium 
Boron 
Cadmium 
Chromium 
Copper 
Lead 
Lithium 
Manganese 
Mercury 
Selenium 
Si as Si02 
Silver 
Strontium 
Thallium 
Zinc 
Total Iron 

Results Units 

None Detected 
None Detected 

7.8 
None Detected 

1.1 
None Detected 
None Detected 
None Detected 
None Detected 

250. 
95. 

None Detected 
None Detected 

81. 
None Detected 

678. 
None Detected 
None Detected 

6910. 

D.L.R. Met hod 

SW-5010 
SW-6010 
SW-7060 
SW-6010 
SW-6010 
SW-7131 
SW- 6010 
SW-6010 
SW-7421 
SW-7430 
SW-6010 
EPA-245.1 
SW-7740 
SW-6010 
SW-6010 
SW-6010 
SW-7841 
SW- 6010 
SW-6010 

D.L.R. = Detection Limit for Reporting purposes. 

REFERENCES : 
EPA = "Methods for Chemical Analysis of Water and Wastesn, EPA-600, 14-79-020. 
SW t "Test Methods for Evaluating Solid Wastes Physical/Chemical Methodstt, 

EPA-SW-846, September, 1986. 

Department Supervisor 

cc: GEOTHERMAL PROGRAM 

a i  CrJACas C= . HakeMeld. Ca 9- . (80n 3 2 7 4 9 1  1 - Fax (BZEi --l91.5 BR- 10 Deep ME 





Naval Air Warfare Center Date Reported: 09/15/92 
Weapons Division Date Received: 09/02/92 
Code 2862 Laboratory No.: 7880-4 
China Lake, CA 93555-6001 
Attn.: Disbursing Officer 619-939-2116 

Sample Description: BOR-10 1930. SAMPLE WAS TAKEN ON 09-02-92 @ 3:OOAM BY HASTING 

WATER ANAL'I S IS 
(GENERAL CHEMISTRY ) 

Constituents Results Units D.L.R. Method 

Calcium 
Magnesium 
Sodium 
Potassium 
Total Cations 
Hydroxide 
Carbonate 
Bicarbonate 
Chloride 
Sulfate 
NitratelNitrite as NO3 
Fluoride 
Bromide 
Total Anions 
PH 
Electrical Conductivity 

@I 25 C 
Total Dissolved Solids 

@ 180 C 
Color 
Odor 
Turbidity ' 

MBAS 
Hardness as CaC03 
Alkalinity as CaC03 
Ammonia as NH3 
Nitrite Nitrogen 
Ortho-phosphate 

mg/L 
mg /L 
meq/L 
pH Units 

ma/L 10. 
Color Units 1.0 
Odor Units NA 
NT Units 0.05 
mg/L 0.02 
mg /L 0 - 3  
mg /L 3 .o 
mg /L 0.02 
mg/L 0.1 
mg /L 0.10 

SP- 7140 
SY-7450 
Sk'- 7770 
SW-7610 
Calculated 
SM-403 
SM-403 
SM-403 
EPA-300.0 
EPA-300.0 
EPA-353.2 
EPA-340.2 
EPA-300 .O 
Calculated 
SW-9040 

EPA- 160.1 
EPA- 110.2 
EPA-140.1 
EPA- 180.1 
EPA- 425.1 
Calculated 
Calc 
EPA-350.1 
EPA-353.2 
EPA-365.1 

D.L.R. = Detection Limit for Reporting purposes 

REFERENCES : 
EPA = "Methods for Chemical Analysis of Water and Wastesn, EPA-600, 14-79-020. 
SM = "Standard Methods for Examination of Water and Wastewatern, 16th Edition 1986. 
SW = nTest Methods for Evaluating Solid Wastes Physical/Chemical Methodsn, 

EPA-Sjl-846, September, 1986. 

p, OL&& - 

epartment Supervisor 

Cc : GEOTHERMAt PROGRAM 

4 1  CO AUas CT . eakersfield. C4 9- . [EOn 227491 1  . FAX (ECSl Z 2 7 - 1 9 1 8  BR-10 Deep 





Naval Air Warfare Center Date Reported: 09/15/92 
Weapons Division Date Received: 09/02/92 
Code 2862 Laboratory No.: 7880-4 
China Lake, CA 93555-6001 
Attn.: Disbursing Officer 619-939-2116 

Sample Description: BOR-10 1930. SAMPLE WAS TAKEN ON 09-02-92 @ 3:OOAM BY HASTING. 

WATER ANALYSIS 
(METALS 

Constituents 

Aluminum 
Antimony 
Arsenic 
Barium 
Boron 
Cadmium 
Chromium 
Copper 
Lead 
Lithium 
Manganese 
Mercury 
Selenium 
Si as Si02 
Silver 
Strontium 
Thallium 
Zinc 
Total Iron 

Results Units D.L.R. Method 

None Detected 
None Detected 

9.8 
None Detected 

1.6 
None Detected 
None Detected 
None Detected 
None Detected 

180. 
286. 

None Detected 
None Detected 

59. 
None Detected 

554. 
None Detected 
None Detected 

5820. 

SW-6010 
SW-6010 
SW-7060 
SW-6010 
SU-6010 
SW-7131 
SW-6010 
SW-6010 
SW-7421 
SW-7430 
SW- 6010 
EPA- 245. i 
SW-7740 
SW- 6010 
SW-6010 
SW- 6010 
SW- 7841 
SW-6010 
SW-6010 

D.L.R. = Detection Limit for Reporting purposes 

REFERENCES : 
EPA = "Methods for Chemical Analysis of Water and wastesu, EPA-600, 14-79-020 
SW = "Test Methods for Evaluating Solid Wastes Physical/Chemical Methodsn, 

EPA-SW-846, September, 1986. 

Department Supervisor 

cc: GEOTHERMAL PROGRAM 

41 m P l a s  Cx. . Bakerstield. CA 9- IBOS) 327491 1 . FAX IE05) 327-1 9 1  8 BR-10 Deep 









CLINICAL LABS/SAN BERNARDINO 
1595 NORTH "Dl' STREET 

SAN BERNARDINO, CA. 92405 

TITLE 22 CHEMICAL ANALYSIS 

Date of Report: 02/26/91 Sample ID No.910945 
Signature Lab ~aboratory- 

Name: CLINICAL LABORATORIES OF SAN BERNARDINO Director: 
Name of Samp1er:MOULTON Employed By:PURVEYOR 

V 

Date/Time sample Date/Time Sample Date Analyses 
Collected: 91/02/02/1200 Received @ Lab: 91/02/02/1200 Completed: 91/02/26 

System ---- , System 
Name: NORTH AMERICAN CHEMICAL - AKA ER&MCGEE) t- Number: 36-042 
Name or Number of Sample Source: NEA R A ~ C K ~ ~  250-270 
................................................................................ 
* Water Type: (G/S) I S  ( Station Number: 036/042-001 * 
* Date/Time of Sample: 191102102112001 User ID: TAN i * YY MM DD HHMM * 
* * 
* Analyzing Agency Code: 3761 Date ~nalysis Completed: ( 9 1 ( 0 2 ( 2 6 1  * * YY MM DD * 
* Submitted by: Phone # :  i 
................................................................................ 

Place an 'X' in box to delete all data for this station/date/time. 

mg/L Total Hardness (as CaC03) 00900 1030.0 
mg/L Calcium (Ca) 00916 221.1 
mg/L Magnesium (Mg) 00927 116.2 30.0 
mg/L Sodium (NA) 00929 456.8 
mg/L Potassium (K) 00937 5.6 

1 Total Cations Meq/L Value: 40.6 1 

REPORTING 
UNITS 

mg/L Total Alkalinity (AS CaC03) 00410 
mg/L Hydroxide (OH) 71830 
mg/L Carbonate (C03 ) 00445 
mg/L Bicarbonate (HC03 ) 00440 
mg/L* Sulfate (S04) 00945 
mg/L* Chloride (Cl) 00940 
mg/L Nitrate (as N03) 71850 
mg/L Fluoride (F) Temp. Depend. 00951 

ENTRY 
.# 

CONSTITUENT 
ALL CONSTITUENTS REPORTED uG/L 

1 Total Anions Meq/L Value: 42.7 I 
7td. Units PH (Laboratory) 00403 7.9 
umho/cm** Specific Conductance (E.C.) 00095 3880.0 
mg/L*** Total Filterable Residue at 180C (TDS) 70300 2405.6 
Units Apparent Color (Unfiltered) 00081 < 3.0 
TON Odor Threshold at 60 C 00086 1.0 1.0 
NTU Lab Turbidity 82079 1.9 

mg/L MBAS 38260 011d 0.5 0.02 

ANALYSES 
RESULTS 

MCL 
DLR 



PAGE 2 OF 2 910945 

ORGANIC CHEMICALS 

* THE FOLLOWING CONSTITUENTS ARE REPORTED IN UG/L * 

ua/ L Endrin (Hexadrinl 39390 0.2 0.02 
U~/L  amm ma-BHC (~indake) 
ug/L Methoxychlor 
ug/L Toxaphene 
ug/L 2,4-D 
Ug/L 2,4,5-TP (Silvex) (WEED-B-GON) 

DLR 

ADDITIONAL ANALYSES 

ug/L Arsenic (As) 01002 < 10 50 10 
ug/L Barium (Ba) 01007 < 100 1000 100 
ug/L Cadmium (Cd) 01027 < 1 10 1 
ug/L Chromium (Total Cr) 01034 < 10 50 10 
ug/L Copper (Cu) 01042 < 50 1000 50 
ug/L Iron (Fe) OX045 100 300 100 
ug/L Lead (Pb) 01051 < 5 5 0 5 
ug/L Manganese (Mn) 01055 80 50 30 
ug/L Mercury (Hg) 71900 < 1 2 1 
ug/L Selenium (Se) 01147 17 0 10 5 
ug/L Silver ( ~ g )  01077 < 10 50 10 
ug/ L Zinc (Zn) 01092 < 50 5000 50 
ug/L Aluminum 01105 180 1000 100 

MCL 

NTU Field Turbidity 82078 0.1 
C Source Temperature C 00010 

Langelier Index Source Temp. 71814 
Langelier Index at 60 C 71813 

Std. Units Field PH 00400 
Agressiveness Index 82383 

mg/L Silica 00955 
mg/L Phosphate 00650 
mg/L Iodide 71865 

Sodium Absorption Ratio 00931 
Asbestos 81855 

mg/L Ammonia (NH3-N) 00612 
mg/L Nitrite Nitrogen (N02-N) 00615 
mg/L Nitrate Nitrogen (N03-N) 00618 
mg/L Nitrite (N) 00620 
mg/L Beryl1 ium 01012 
mg/L Boron 01020 
mg/L Thallium 01059 
mg/L Nickel 01067 
mg/L Antimony 01097 0. 
mg/L Lithium 01132 
mg/L Cyanide 01291 

ANALYSES 
RESULTS 

NR-1 Shallow 

ENTRY 
# 

REPORTING 
UNITS 

CONSTITUENT 
ALL CONSTITUENTS REPORTED uG/L 



Clinical Laboratory of San Bernardino, Inc. 
1595 N. 'D" St.. San Bernardino. CA 92405 

Phone (714) 885-3216 
P. 0. Box 329 

San Bernardino. CA 92402 

RADIOACTIVITY ANALYSES 

System Name.: North American Chemical 1 System Number: 
Description of 
Sam~ling Point: 1 . W . V .  Tes t  Well 
Name/No. of Sam~le i station 

Date of Report: FEB 2 9 1991 
Laboratory C L ~ N ~ C A L  u,~ G F  $;,:! ~ ~ ~ I I A R c ; ; { $  
Name : 
Name of 
Sampler: Moulton 

Source: Neal Ranch 111 250-270 ] N U ~ ~ ~ ~ : I I I I I I I I I I I ] I I I ~  
Date & 1 Water 1 User ISubmitted to 

~ a b  Sample NO. 91-0g45 
signature of I 

Lab Director: c t w  - 
Sampler V 

Em loyed BY: North American Chemical 

ofTime ~ 9 1 1 1 0 1 2 j 0 ~ 2 ~ 1 ( 2 ~ 0 ) 0 ]  
Sam~le: Y Y 'M M D D T T T T 

Y Y M M D D  

Were Holding Times Date/Time Sample 

5 pC/1 - Total Alpha I I 1501 1 ,l ,1 , 9,. ,9 
PC/1 Total Alpha Counting Error 1502 1 9 , . l  ,8 

Date/Time Sample 

Type: 
G/ S 

ANALYSES 
RESULTS 

I 3 17 6 ,1 
9  a 1 0  ,2 2 ,O 

'MCL REPORTING CONSTITUENT 
UNITS 

Analyzing Agency 
Date Analyses Completed 

5 0 pC/1 Total Beta I I 3501 ~ , , , , ,  
pc/1 Total Beta Counting Error 3502 I I I I I  

Collected: 91/02/02/ 12: 00 

I pC/1 Natural Uranium I 1 28012 i I I I I , l  

ID: I I I ] 

T 
T 

3 pC/1 Total Radium 226 I I 9501 I I ~ ~ I ,  
pC/1 Total Radium 226 Counting Error I 9502 1 1 1 1 1  

I 
Received @ Lab: 91/02/02 

SWQISBy: 

STORET 
CODE 

28 
73672 

t pC/1 Total Radium 228 1 1 11501 I l l l t 1  

pC/1 Total Radium 228 Counting Error 1 1 11502 I I I I I  

Observed: yo s 

5 pC/1 Ra 226 + Ra 228 1 1 11503 
pC/1 Ra 226 + Ra 228 Counting Error 1 11504 I I I t I  

20,00OpC/l Total Tritium 1 I 7000 I I I ~ , ,  
pC/1 Total Tritium Counting Error 7001 I I I I I 

8 pC/1 Total Strontium-90 1 1  13501 I 1 ~ , , ,  
pC/1 Total Strontium-90 Counting Error I 1 13502 1 1 1 1 1  

nuc 03-I n 1 7 r n 7 1  NR-1 Shallow 





CLINICAL LABS/SAN BERNARDINO 
1595 NORTH "D" STREET 

SAN BERNARDINO, CA. 92405 

TITLE 22 CHEMICAL ANALYSIS 

Date of Report: 02/26/91 Sample ID No.910946 
Laboratory Signature Lab I 

Name: CLINICAL LABORATORIES OF SAN BERNARDINO Director: 
Name of Samp1er:MOULTON Employed By:PURVEYOR U 0 u 

Date/Time Sample Date/Time Sample Date Analyses 
Collected: 91/02/02/1300 Received @ Lab: 91/02/02/1300 Completed: 91/02/26 
................................................................................ 
System A*- System 
Name: NORTH AMERICAN CHEMICAL - Number: 36-042 
Name or Number of Sample Source: N Zw.iX-#l 1130-1150 
................................................................................ 
* Water Type: ( G / S )  I S  I Station Number: 036/042-002 * 
* Date/Time of Sample: 191102102113001 User ID: TA3 * * YY MM DD HHMM * 
* * 
* Analyzing Agency Code: 3761 Date Analysis Completed: 1911021261 * 
* YY MM DD * 
* Submitted by: Phone #:  * 
................................................................................ 

Place an 'XI in box to delete all data for this station/date/time. 

mg/L Total Hardness (as CaC03) 00900 310.0 
mg/L Calcium (Ca) - 00916 32.0 
mg/L Magnesium (Mg) 00927 55.9 30.0 
mg/L Sodium (NA) 00929 1240.0 
mg/L Potassium (K) 00937 14.6 

1 Total Cations Meq/L Value: 60.5 

mg/L Total Alkalinity (AS CaC03) 00410 
mg/L Hydroxide (OH) 71830 
mg/L Carbonate (C03) 00445 
mg/L Bicarbonate (HC03 ) 00440 
mg/L* Sulfate (S04) 00945 
mg/L* Chloride (Cl) 00940 
mg/L Nitrate (as NO?) 71850 
mg/L Fluoride (F) Temp. ~ e ~ e n d .  00951 

MCL REPORTING 
UNITS 

1 Total Anions Meq/L Value: 53.9 I 

ENTRY 
# DLR 

CONSTITUENT 
ALL CONSTITUENTS REPORTED uG/L 

Std. Units PH (Laboratory) 00403 
umho/cm** Specific Conductance (E.C.) 00095 
mg/L*** Total Filterable Residue at 180C (TDS) 70300 
Units Apparent Color (Unfiltered) 00081 
TON Odor Threshold at 60 C 00086 
NTU Lab Turbidity 82079 

/ mg/L MBAS 38260 

ANALYSES 
RESULTS 

NR-1 Medium 
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* THE FOLLOWING CONSTITUENTS ARE REPORTED IN UG/L * 

ug/L Arsenic (As) 01002 28 50 10 
ug/L Barium (Ba) 01007 < 100 1000 100 
ug/L Cadmium (Cd) 01027 < 1 10 1 
ug/L Chromium (Total Cr) 01034 < 10 50 10 
ug/L Copper (Cu) 01042 < 50 1000 50 
ug/L Iron (Fe) 01045 750 300 100 
ug/L Lead (Pb) 01051 < 5 50 5 
ug/L Manganese (Mn) 01055 40 50 30 
ug/L Mercury (Hg) 71900 < 1 2 1 
ug/L Selenium (Se) 01147 40 10 5 
ug/L Silver (Ag) 01077 c 10 50 10 
ug/L Zinc (Zn) 01092 -.< 50 5000 50 
ug/L Aluminum 01105 240 1000 100 

ORGANIC CHEMICALS 

MCL 

ug/L Endrin (Hexadrin) 3 9 3 9 0 0 . 2  0 . 0 2  

ug/L Gamma-BHC (Lindane) 39340 4 0.4 
ug/L Methoxychlor 39480 100 10.0 
ug/L Toxaphene 39400 5 0.5 
ug/L 2,4-D 39730 100 10.0 
ug/L 2,4,5-TP (Silvex) (WEED-B-GON) ' 39045 10 

ANALYSES 

pp 

ADDITIONAL ANALYSES 

ENTRY REPORTING 

NTU Field Turbidity 82078 0.1 
C Source Temperature C 00010 

Langelier Index Source Temp. 71814 
Langelier Index at 60 C 71813 

Std. Units Field PH 00400 
Agressiveness Index 82383 

mg/L Silica 00955 
mg/L Phosphate 00650 
mg/L Iodide 71865 

Sodium Absorption Ratio 00931 
Asbestos 81855 

mg/L Ammonia (NH3-N) 00612 
mg/L Nitrite Nitrogen (N02-N) 00615 
mg/L Nitrate Nitrogen (N03-N) 00618 
mg/L Nitrite (N) 00620 
mg/L Beryllium 01012 
mg/L Boron 01020 
mg/L Thallium 01059 
mg/L Nickel 01067 
mg/L Antimony 01097 
mg/L Lithium 01132 
mg/L Cyanide 01291 

RESULTS 
CONSTITUENT 

DLR # UNITS ALL CONSTITUENTS REPORTED uG/L 



Clinical Laboratory of San Bernardino, Inc. 
1595 N. 'D" St.. San Bernardino. CA 92405 

Phone (714) 885-3216 
P. 0. Box 329 

San Bernardino. CA  92402 

RADIOACTIVITY ANALYSES 

Date of Report: 
FEB 2 9 1991 

Laboratory CLINICAL p,3 fJi S,<:j EZZ;~ARCI ; ' I~  
Name : 
Name of 

Lab Sample ID No. 91-0946 
Signature of I 

Lab Director: 
Sampler 

Sampler : ' Moultorl ( ~ m ~ i o ~ e d  By :North Am21 i c a n  Chemical  

sampling Point: I . W . V .  T e s t  Well 

[MCL REPORTING CONSTITUENT IT1 STORET I ANALYSES I 

Were Holding Times 
Observed: Yes 

Date/Time Sample 
Collected: 91/02/02 13:OO 

Name/No. of Sample 
Source: Neal Ranch 111 1130 - 1150 

ofTime [ 9 1 1 1 0 1 2 1 0 1 2 1 1 1 1 ) 5 1 0 ]  
Sam~le: Y Y M M D D T T T T  

System Name: North American Chemical System Number: 
Description of 

Date/Time Sample 
Received @ Lab: 91/02/02 

Station 
Number: I 1 1 1 I I I I I I I I ! 1 I 1 

5 pC/1 Total Alpha 1 I 1501 I ,4 , 2 , .  A 
PC/1 Total Alpha Counting Error 1502 1 I 2 , 8 , .  J 

Date & 1 Water 1 User l~ubmitted to 
Type: U 

G/S 

UNITS 
,Analyzing Agency 
Date Analyses Completed 

50 pC/1 Total Beta 1 1  3501 I l l , , ,  
pC/1 Total Beta Counting Error 3502 1 1 1 1 1  

[ pC/1 Natural Uranium I 1 28012 I , , , , , ]  
< 

ID: [ I I I 

Y Y M M D D  

T 

3 pC/1 Total Radium 226 1 I 9501 1 I ,  I , ,  
pC/1 Total Radium 226 Countinq Error 1 1 9502 I , I t  , 

SWQISBy: 

I pC/1 Total Radium 228 I 1 11501 
pC/1 Total Radium 228 Counting Error I 1 11502 1 1 1 1 1  

CODE 
28 

73672 

5 pC/1 Ra 226 + Ra 228 1 1 11503 I I , , , ,  
pC/1 Ra 226 + Ra 228 Counting Error 1 11504 I t , I ,  

RESULTS 
I 13 , 7 1 6  J. 

9 11 ,O , 2  12 D 

20,00OpC/l Total Tritium 1 1 7000 I l t l l ,  
pC/1 Total Tritium Counting Error 7001 1 ~ 1 1 1  

8 pC/1 Total Strontium-90 I 1 13501 I l l , , ,  
pC/1 Total Strontium-90 Counting Error 1 1 13502 I l l , t  

. . - .-  --. NR- 1 Medium 





CLINICAL LABS/SAN BERNARDINO 
1595 NORTH "D" STREET 

SAN BERNARDINO, CA. 92405 

TITLE 22 CHEMICAL ANALYSIS 

Date of Report: 02/26/91 Sample ID No.910947 
Laboratory Signature Lab I 

Name: CLINICAL LABORATORIES OF SAN BERNARDINO Director: c,- Name of Samp1er:MOULTON Employed By : PURVEYOR u u 

Date/Time Sample Date/Time Sample Date Analyses 
Collected: 91/02/02/1100 Received @ Lab: 91/02/02/1100 Completed: 91/02/26 .............................................................................. ................................................................................ 
System 

-* -- ---3 ' System 
Name: NORTH AMERICAN CHEMICAL - A < ~ ~ - M C G E  Number: 36-042 
Name or Number of Sample Source: NEX~l~~CH-#l_1960-1980 ................................................................................ 
* Water Type: (G/S) I s I Station Number: 036/042-003 * 
* Date/Time of Sample: 191102102111001 User ID: TAN * * YY MM DD HHMM * 
* * 
* Analyzing Agency Code: 3761 Date Analysis Completed: 1911021261 * * YY MM DD * 
* Submitted by: Phone #:  * 
................................................................................ 

- 
Place an 'X' in box to delete all data for this station/date/time. 1 - 1  

mg/L Total Hardness (as CaC03) 00900 78.0 
mg/L Calcium (Ca) 00916 12.8 
mg/L Magnesium (Mg) 00927 11.2 30.0 
mg/L Sodium (NA) 00929 1340.0 
mg/L Potassium (K) 00937 6.4 

REPORTING 
UNITS 

1 Total Cations Meq/L Value: 60.0 1 

mg/L Total Alkalinity (AS CaC03) 00410 2460.0 
mg/L Hydroxide (OH) 71830 < 1.0 
mg/L Carbonate (C03 ) 00445 < 1.0 
mg/L Bicarbonate (HC03) 00440 3001.2 
mg/L* Sulfate (S04 )  00945 304.8 
mg/L* Chloride (C1) 00940 246.7 
mg/L Nitrate (as N03) 71850 35.0 45 
mg/L Fluoride (F) Temp. Depend. 00951 3.3 **** 0.1 

CONSTITUENT 
ALL CONSTITUENTS REPORTED uG/L 

1 Total Anions Meq/L Value: 63.2 I 
-.d. Units PH (Laboratory) 00403 
:mho/cm** Specific Conductance (E.C.) 00095 
mg/L*** Total Filterable Residue at 180C (TDS) 70300 
Units Apparent Color (Unfiltered) 00081 
TON Odor Threshold at 60 C 00086 
NTU Lab Turbidity 82079 /' mg/L MBAS 38260 

* 250-500-600 ** 900-1600-2200 *** 500-100-1500 

ENTRY 
# 

NR-1 Deep 

ANALYSES 
RESULTS 

MCL 
DLR 
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* THE FOLLOWING CON~TITUENTS ARE REPORTED IN UG/L * 

ug/L Arsenic (As) 01002 130 50 10 
ug/L Barium (Ba) 01007 < 100 1000 100 
ug/L ' Cadmium (Cd) 01027 < 1 10 1 
ug/L Chromium (Total Cr) 01034 < 10 50 10 
ug/L Copper (Cu) 01042 < 50 1000 50 
ug/L Iron (Fe) 01045 1180 300 100 
ug/L Lead (Pb) 01051 < 5 50 5 
ug/L Manganese (Mn) '01055 30 50 30 
ug/L Mercury (Hg) 71900 < 1 2 1 
ug/L Selenium (Se) 01147 15 10 5 
ug/L Silver (Ag) 01077 < 10 50 10 
ug/L Zinc (Zn) 01092 < 50 5000 5 C 

ug/L Aluminum 01105 1060 1000 10C 

ORGANIC CHEMICALS 

MCL 

uu/L Endrin (Hexadrin) 39390 0.2 0.02 

ANALYSES 

U;/L  amm ma-BHC (~indane) 
ug/L Methoxychlor 
ug/L Toxaphene 
ug/L 2,4-D 
ug/L 2,4,5-TP (Silvex) (WEED-B-GON) 

ENTRY REPORTING 

ADDITIONAL ANALYSES 

NTU Field Turbidity 82078 0.: 
C Source Temperature C 00010 

Langelier Index Source Temp. 71814 
Langelier Index at 60 C 71813 

Std. Units Field PH 00400 
Agressiveness Index 82383 

mg/L Silica 00955 
mg/L Phosphate 00650 
mg/L Iodide 71865 

Sodium Absorption Ratio 00931 
Asbestos 81855 

mg/L Ammonia (NH3-N) 00611 
mg/L Nitrite Nitrogen (N02-N) 00615 
mg/L Nitrate Nitrogen (N03-N) 00618 1. 
mg/L Nitrite (N) 00620 
mg/ L Bery 11 ium 01012 
mg/L Boron 01020 
mg/L Thallium 01059 
mg/L Nickel 01067 
mg/L Antimony 01097 C 
mg/& Lithium 01132' 
mg/t Cyanide 01291 

CONSTITUENT 
UNITS ALL CONSTITUENTS REPORTED uG/L DLR # RESULTS 



Clinical Laboratory of San Bernardino, Inc. 
1595 N. '0' St..  San Bernardino. CA 92405 

Phone (714) 885-3216 
P. 0. Box 329 

San Bernardino. CA 92402 

RADIOACTIVITY ANALYSES 

Date of Report: F E E  2 0 1qql 
Laboratory CLlNlCAL p,!J 0; C A ~  - ~ ~ ~ i ! ~ f t ~ / ; ; ~  
Name : 
Name of 

System Name: North American Chemical System Number: 
Descri~tion of 

Lab Sample 1b No. 91-0947 
Signature of 
Lab Director: C t W  
Sampler V 

Sampler: Moulton 1 ~mpioyed By: North American Chemical 

sampling Point: I.W.V. Test Well 
Name/No. of Sample Station 
Source: Near Ranch 81 1960 - 198 N u m b e r : 1 I I I I I I j I I I I ] I j  
Date & 1 Water 1 User Submitted to 

Were Holding Times 
Observed: ye, 

Date/Time Sample 
Collected: 91/02/02 11:OO 

I M C L  REPORTING CONSTITUENT fTI STORET 1 ANALYSES I 

I 

Date/Tirne Sample 
Received @ Lab: 91/02/02 

ofTime 1 9 1 1 1 0 1 2 1 0 1 4 1 1 1 1 0 ( q .  
Sample: Y Y M M D D T T T T  

5 pC/1 Total Alpha I I 1501 I , 13 l 21. #9 
PC/1 Total Alpha Counting Error 15 0 2 I , , S t .  ,2 

Type: U 
G/S 

UNITS 
Analyzing Agency 
Date Analyses Completed 

5 o P C / ~  Total Beta I I 3501 1 1 1 1 1 1  
pC/1 Total Beta Counting Error 3502 I I I L I  

I pC/1 Natural Uranium I 1 28012 i l , , , , l  

ID: I 1 1  _I 

Y Y M M D D  

T 

3 pC/1 Total Radium 226 I I 9501  ~ 1 1 1 1 1  

pC/1 Total Radium 226 Countinq Error I 1 9502 1 1 1 1 1  

SWQISBy: 

pC/1 Total Radium 228 I I 11501 I l l , , ,  
pC/1 Total Radium 228 Counting Error 1 1 11502 1 1 1 1 1  

CODE 
28 

73672 

5 pC/1 Ra 226 + Ra 228 I 1 11503 I 1 , , , ,  
pC/1 Ra 226 + Ra 228 Counting Error 1 11504 I l I I I  

RESULTS 
I 1 3 1 7 1 6  ! 1  

9 , l l 0  l l 2  I 0 

20,00OpC/l Total Tritium I I 7000 I t l l , ,  

pC/1 Total Tritium Countinq Error 7001 I I l t l  

8 pC/1 Total Strontium-90 1 1 13501 
pC/1 Total Strontium-90 Counting Error I 1 13502 I I I I I 

. . - .-  -. NR-1 Deep 









Clinical Laboratory of San Bernardino, Inc. 

P. 0. Box 329 
1595 North " D ' Street 

San Bernardino, California 92405 
(71 4) 885-32 1 6 

PURVEYOR: I N D I A N  WELLS VALLEY WATER SAMPLE I . D . # :  9 1 1 5 3 4  

S T R E E T  ADDRESS: 

C I T Y , S T A T E , Z I P :  

DATE O F  REPORT: 3/6/91 

D E S C R I P T I O N  O F  SAMPLING P O I N T :  NEAL RANCH # 2  330-350 wd 
DATE/TIME COLLECTED: 2 / 2 6 / 9 1  0 9 0 0  NAME O F  SAMPLER: MOULTON 

TOTAL HARDNESS 
CALCIUM HARDNESS 
CALCIUM 
MAGNESIUM 
SODIUM 
POTASSIUM 

TOTAL A L K A L I N I T Y  
HYDROXIDE 
CARBONATE 

BICARBONATE 
SULFATE 
CHLORIDE 
NITRATE 
FLUORIDE 

TOTAL ANIONS 
TOTAL CATIONS 
RPD ANIONS/CATIONS 

P H  
E . C .  
TDS 

MBAS 

RESULTS MCL 

1 3 . 6 1  mEq/L 
13.73 mEq/L 

0 .60  PERCENT 

8.3 S T D  U N I T S  
1370.0 u m h o / c m  

808.3 m g / L  

RESULTS MCL 

MANGANES E 50 u g / L  5 0  
COPPER < 50 ug/ l  1 0 0 0  
IRON < 1 0 0  u g / L  300 
Z I N C  < 50 u g / L  5000 

BARIUM 
CHROMIUM 
CADMIUM 
LEAD 
ALUMINUM 
MERCURY 
ARSENIC 
SELENIUM 
S I L V E R  

COLOR < 3 
ODOR I 
TURBIDITY D,S /I/rLc 

D A T E ( S )  RECEIVED:  2 / 2 8 / 9 1  STARTED: 2 / 2 8 / 9 1  COMPLETED : 3/ 6/ 9 1 

A L L  ANALYSES ARE PERFORMED I N  ACCORDANCE WITH A P H A ' S  STANDARD METHODS, 
( 1 7 T H  E D I T I O N )  OR E P A ' S  METHODS FOR CHEMICAL ANALYSIS O F  WATER AND WASTE 

8 

ANALYST : DIRECTOR: C t w  v - - 
NR-2 S h a l l o ~  
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Clinical Laboratory of San Bernardino, Inc. 

P. 0. Box 329 
1595 North ' D ' Street 

San Bernardino, California 92405 
(71 4) 885-32 1 6 

PURVEYOR: I N D I A N  WELLS VALLEY WATER 

S T R E E T  ADDRESS: 

C I T Y , S T A T E , Z I P :  

SAMPLE I . D . # :  9 1 1 5 3 5  

DATE O F  REPORT: 3/6/91 

D E S C R I P T I O N  O F  SAMPLING P O I N T :  NEAL RANCH # 2  1 5 4 0 - 1 5 6 0  *'& 

DATE/TIME COLLECTED: 2 / 2 6 / 9 1  0 8 0 0  NAME O F  SAMPLER: MOULTON 

TOTAL HARDNESS 
CALCIUM HARDNESS 
CALCIUM 
MAGNESIUM 
SODIUM 
POTASSIUM 

TOTAL A L K A L I N I T Y  
HYDROXIDE 
CARBONATE 

BICARBONATE 
SULFATE 
CHLORIDE 
NITRATE 
FLUORIDE 

TOTAL ANIONS 
TOTAL CATIONS 
RPD ANIONS/CATIONS 

PH 

It 
E .  C. 
TDS 

MBAS 

RESULTS MCL 

2 2 . 2 3  mEq/L 
2 1 . 0 9  mEq/L 

3 .55 PERCENT 

8.0 S T D  U N I T S  
2 2 4 0 . 0  u m h o / c m  
1 3 6 6 . 8  m g / L  

RESULTS MCL 

MANGANESE < 30 u g / L  50 
COPPER c 50 ug/ l  1 0 0 0  
IRON c 100 u g / L  300 
Z I N C  c 50 u g / L  5000 

BARIUM 
CHROMIUM 
CADMIUM 
LEAD 
ALUM1 NUM 
MERCURY 
ARSENIC 
SELENIUM 
S I L V E R  

COLOR 
ODOR 

( 3  
I 

TURBIDITY / N r k  

- - 

DATE ( S )  RECEIVED:  2 / 2 8 / 9 1  STARTED: 2 / 2 8 / 9 1  COMPLETED : 3/ 6/ 9 1 

A L L  ANALYSES ARE PERFORMED I N  ACCORDANCE WITH APHA'S  STANDARD METHODS, 
( 1 7 T H  E D I T I O N )  OR E P A ' S  METHODS FOR CHEMICAL ANALYSIS O F  WATER AND WASTE 

DIRECTOR: 
NR-2 M e d i u r :  
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Clinical Laboratory of San Bernardino, Inc. 

P. 0. BOX 329 
1595 North ' D ' Street 

San Bernardino, California 92405 
(7 1 4) 885-32 1 6 

PURVEYOR: I N D I A N  WELLS VALLEY WATER SAMPLE I . D . # :  9 1 1 5 3 6  

STREET ADDRESS: 

C I T Y , S T A T E , Z I P :  

DATE O F  REPORT: 3 / 6 / 9 1  

D E S C R I P T I O N  O F  SAMPLING P O I N T :  NEAL RANCH 82 1910-1930 Hd 
DATE/TIME COLLECTED: 2 / 2 6 / 9 1  1000 NAME O F  SAMPLER: MOULTON 

RESULTS 
McL I 

TOTAL HARDNESS 
CALCIUM HARDNESS 
CALCIUM 
MAGNESIUM 
SODIUM 
POTASSIUM 

TOTAL ALKALINITY 
HYDROXIDE 
CARBONATE 

BICARBONATE 
SULFATE 
CHLORIDE 
NITRATE 
FLUORIDE 

TOTAL ANIONS 
TOTAL CATIONS 
RPD ANIONS/CATIONS 

1 E . C .  
TDS 

5 4 . 4 3  m E q / L  
59.50 mEq/L 

5.8 4 '  PERCENT 

8 . 4  S T D  U N I T S  
5330.0 u m h o / c m  
3 3 0 4 . 6  m g / L  

RESULTS MCL 

MANGANESE 80 u g / L  5 0  
COPPER < 50 ug / l  1 0 0 0  
IRON 2 5 0  u g / L  3 0 0  
Z I N C  < 50 u g / L  5 0 0 0  

BARIUM 
CHROMIUM 
CADMIUM 
LEAD 
ALUMINUM 
MERCURY 
A R S E N I C  
SELENIUM 
S I L V E R  

COLOR . IS 
ODOR ' 3 
TURBIDITY 4 . 5  N 7 4  

- -- 

D A T E ( S )  RECEIVED:  2 / 2 8 / 9 1  STARTED: 2 / 2 8 / 9 1  COMPLETED : 3/ 6/ 9 1 

ALL ANALYSES ARE PERFORMED I N  ACCORDANCE WITH A P H A ' S  STANDARD METHODS, 
( 1 7 T H  E D I T I O N )  OR E P A ' S  METHODS FOR CHEMICAL ANALYSIS O F  WATER AND WASTE 

r 

NALYST : DIRECTOR : c , w  V NR-2 Deep 
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CLINICAL\LABS SAN BERNARDINO 
1595 NORTH "D" STREET 

SAN BERNARDINO, CA. 92405 

GENERAL MINERAL & PHYSICAL, INORGANIC, & RADIOLOGICAL CHEMICAL ANALYSIS 
Date of Report: 10/25/91 
Laboratory Signature Lab 
Name: CLINICAL LABORATORIES OF SAN BERNARDINO Director: 
Name of Samp1er:MIKE C. Employed By:ROTTMAN DRILL1 
Date/Time Sample Date/Time Sample Date A n a l y c  
Collected: 91/10/17/2350 Received @ Lab: 91/10/21/1700 Completed: 91/ 10/25 
================3========--------------========================================= 

System System 
Name: INDIAN WELLS VALLEY CWD - RIDGECREST Number: 15-017 
Name or Number of Sample Source: W32 P-1 (380') (This sample was filtered) 
................................................................................ 
* User ID: CYA Station Number: 000/000-00X00 2 * 
* Date/Time of Sample: 191110117)23501 Laboratory Code: 3761 * * YY MM DD TTTT * 
* Date Analysis Completed: 191110(251 * 
* YY MM DD * 
* Submitted by: Phone #: * 
................................................................................ 

MCL 

1 Total Cations Meq/L Value: 4.4 I- 

mg/L Total Hardness (as CaC03) 00900 
mg/L Calcium (Ca) 00916 
mg/L Magnesium (Mg) 00927 
mg/L Sodium (Na) 00929 
mg/L Potassium (K) 00937 

mg/L Total Alkalinity (AS CaC03) 
mg/ L Hydroxide (OH) 
mg/L Carbonate (C03 ) 
mg/L Bicarbonate (HC03) 

* mg/L* Sulfate (S04) 
* mg/L* Chloride (Cl) 

45 mg/L Nitrate (as N03) **** mg/L Fluoride (F) Temp. Depend. 

REPORTING 
UNITS 

86.0 
24.0 
6.3 

60.0 
4.6 

1 Total Anions Meq/L Value: 4.6 I 

Std. Units PH (Laboratory) 00403 
** umho/cm** Specific Conductance (E.C.) 00095 

*** mg/L*** Total Filterable Residue at 180C (TDS) 70300 
Units Apparent Color (Unfiltered) 00081 
TON Odor Threshold at 60 C 00086 
NTU Lab Turbidity 82079 

0.5 mg/L MBAS 38260 

CONSTITUENT 

MW-32 Shallow 

ENTRY 
# 

ANALYSES 
RESULTS 

DLR 



PAGE 2 OF 2 INORGANIC CHEMICALS 91-9450 

NTU Field Turbidity 82078 
C Source Temperature C 00010 

Langelier Index Source Temp. 71814 
Langelier Index at 60 C 71813 

Std. Units Field PH 00400 
Agressiveness Index 82383 

mg/L Silica 00955 
mg/L Phosphate 00650 
mg/L Iodide 71865 

Sodium Absorption Ratio 0093 1 
Asbestos 81855 

mg/L Boron 01020 

DLR 

MW-32 Shallow 

ANALYSES 
RESULTS 

100.0 
10.0 

100.0 
1.0 

10.0 
50.0 

100.0 
5.0 

30.0 
1.0 
5.0 

10.0 
50.0 

1000 ug/L Aluminum (Al) 01105 
50 ug/L Arsenic (As) 01002 

1000 ug/L Barium (Ba) 01007 
1 0  ug/L Cadmium (Cd) 01027 
5 0  ug/L Chromium (Total Cr) 01034 

1000 Ug/L Copper (Cu) 01042 
300 Ug/L Iron (Fe) 01045 

50 ug/L Lead (Pb) 01051  
50 ug/L Manganese (Mn) 01055 

2 ug/L Mercury (Hg) 71900 
1 0  ug/L Selenium (Se) 01147 
50 ug/L Silver (Ag) 01077 

5000 Ug/L Zinc (Zn) 01092 

ENTRY 
# 

MCL 

170.00 
26.00 

<100.00 
< 1.00 
< 10.00 
< 50.00 
<100.00 
< 5.00 

50.00 
< 1 .00  
c 5.00 
< 10.00 
< 50.00 

RADIOACTIVITY ANALYSIS 

REPORTING 
UNITS 

15 PCi/L Total Alpha 01501  
PCijL Total Alpha Counting Error 01502 

50 PCi/L Total Beta 03501 
PCi/L Total Beta Counting Error 03502 

20 PCi/L Natural Uranium 28012 
PCi/L Total Radium 226 09501  
PCi/L Total Radium 226 Counting Error 09502 
PCi/L Total Radium 228 1 1 5 0 1  
PCi/L Total Radium 228 Counting Error 11502 

5 PCi/L Ra 226 + Ra 228 11503 
PCi/L Ra 226 + Ra 228 Counting Error 11504 
PCi/L Radon222 82303 
PCi/L Radon 222 Counting Error 82302 

20000 PCi/L Total Tritium 07000 
PCi/L Total Tritium Counting Error 07 00 1 

8 PCi/L Total Strontium - 90 1 3 5 0 1  
PCi/L Total Strontium - 90 Counting Error 13502 

CONSTITUENT 

4 . 0  

2.0 
0.5 

0.5 

100.0 

1.0 

2.C 

ADDITIONAL ANALYSES 



Clinical Laboratory of San Bernardino, Inc. 

P. 0. Box 329 
1595 North ' D ' Street 

San Bernardino, California 92405 
(71 4) 885-321 6 

PURVEYOR: KRIEGER AND STEWART (IWVWD) 

STREET ADDRESS: 

CITYISTATEIZIP: 

SAMPLE I. D. # :  91-9450 

DATE OF REPORT: 

ANALYSING AGENCY: 3761 

DESCRIPTION OF SAMPLING POINT: W 32 P-1 (380') (SUPERNATE AFTER SETTLEING) 

DATE/TIME COLLECTED: 10/17/91 23:50 NAME OF SAMPLER: UNKNOWN 

CONSTITUENT RESULTS UNITS 
NN-NN 

MCL 
s=ZZZZZZZZZ ZsZZZZZ -M-NN MUM NNM 

S I LVER < 10 ug/ L 5 0 
ARSENIC 17 ug/L 5 0 
ALUMINUM 705 ug/ L 1000 
SELENIUM c 5 ug/ L 10 
CHROMIUM < 10 ug/L 5 0 
CADMIUM < 1 ug/ L 2 
LEAD 17 Ug/ L 5 0 
BARIUM < 100 ug/ L 1000 
MERCURY c 1 ug/L 2 
IRON 1970 ug/ L 300 
MANGANESE 2 8 0 
ZINC 

ug/ L 5 0 
80 Pg/L 5000 

DATE(S) RECEIVED: 10/21/91 STARTED : 10/2 1/9 1 COMPLETED: 10/28/91 

ALL ANALYSES ARE PERFORMED IN ACCORDANCE WITH APHA'S STANDARD METHODS. 
(17TH EDITION) OR EPA'S METHODS FOR CHEMICAL ANALYSIS OF WATER AND WASTE 

ANALYST : DIRECTOR: P ~ C  
MW-32 Shallo 





Clinical Laboratory of San Bernardino, Inc. 

P. 0. Box 329 
1595 North ' D ' Street 

San Bernardino. California 92405 
(71 4) 885-321 6 

PURVEYOR: KRIEGER AND STEWART (IWVWD) 

STREET ADDRESS: 

CITY,STATE,ZIP: 

SAM!?LE I.D.#: 91-9450 

DATE OF REPORT: 

ANALYSING AGENCY: 3761 

DESCRIPTION OF SAMPLING POINT: W 32 P-1 (380') (SAMPLE MIXED AND DIGESTED) 

DATE/TIME COLLECTED: 10/17/91 23:50 NAME OF SAMPLER: UNKNOWN 

CONSTITUENT 
=ssJssssXz= 

SILVER 
ARSENIC 
ALUM1 NUM 
SELENIUM 
CHROMIUM 
CADMIUM 
LEAD 
BARIUM 
MERCURY 
IRON 
MANGANESE 
ZINC 

RESULTS 
NCIIINCIUN 
NNII#.,IINN 

< 10 
6 5 

19530 
6 
75 
1.2 
2 8 
18 0 
< 1 

30400 
520 
220 

UNITS 
NNN-N 
NNN-N 

ug/ L 
ug/ L 
ug/ L 
ug/ L 
ug/ L 
ug/ L 
ug/ L 
ug/ L 
ug/ L 
ug/L 
ug/ L 
P9/ L 

MCL 
szz 
50 
5 0 
1000 
10 
5 0 
2 
50 
1000 
2 
3 00 
5 0 
5000 

DATE(S) RECEIVED: 10/21/91 STARTED: 10/21/91 COMPLETED: 10/28/91 

ALL ANALYSES ARE PERFORMED IN ACCORDANCE WITH APHA'S STANDARD METHODS, 
(17TH EDITION) OR EPA'S METHODS FOR CHEMICAL ANALYSIS OF WATER AND WASTE 

\I , , 
ANALYST : DIRECTOR:- . I Z ~ . ~ I G ~ :  2 , t c - j  MW-32 Shallow 





CLINICAL\LABS SAN BERNARDINO 
1595 NORTH I'D" STREET 

SAN BERNARDINO, CA. 92405 

GENERAL MINERAL & PHYSICAL, INORGANIC, & RADIOLOGICAL CHEMICAL ANALYSIS 
Date of Report: 10/25/91 
Laboratory Signature Lab 
Name: CLINICAL LABORATORIES OF SAN BERNARDINO Director: 
Name of Samp1er:LEROY JONES"DRILLERn Employed By:RO 
Date/Time Sample Date/Time Sample 
Collected: 91/10/18/2400 Received @ Lab: 91/10/21/1700 Completed: 91/10/25 ----------- ---------=----,,,,---,,----------------------------------------------------- ................................................................... 
System System 
Name: INDIAN WELLS VALLEY CWD - RIDGECREST Number: 15-017 
Name or Number of Sample Source: W32 P-2 (900') 
................................................................................ 
* User ID: CYA Station Number: 000/000-00X00 3 * 
* Date/Time of Sample: 191110118(24001 Laboratory Code: 3761 * * YY MM DD TTTT * 
* Date Analysis Completed: (91(101251 * 
~t YY MM DD * 
* Submitted by: Phone #: * ................................................................................ 

mg/L Total Hardness (as CaCO3) 00900 35.2 
mg/L Calcium (Ca) 00916 10.4 
mg/L Magnesium (Mg) 00927 2.2 
mg/L Sodium (Na) 00929 49.2 
mg/L Potassium (K) 00937 3.7 

1 Total Cations Meq/L Value: 2.9 r 
mg/L Total Alkalinity (AS CaC03) 004 10 84.0 
mg/L Hydroxide (OH) 71830 < 1.0 
mg/L Carbonate (C03) 00445 < 1.0 
mg/L Bicarbonate (HC03) * 00440 102.5 
mg/L* Sulfate (S04) 00945 24.3 

* mg/L* Chloride (Cl) 00940 23.3 
45 mg/L Nitrate (as N03) 71850 16.9 

**** mg/L Fluoride (F) Temp. Depend. 00951 0.8 0.1 

Total Anions Meq/L Value: 3.2 I 
Std. Units PH (Laboratory) 00403 8.3 

** umho/cm** Specific Conductance (E.C.) 00095 330.0 
*** mg/L*** Total Filterable Residue at 180C (TDS) 70300 172.8 

Units Apparent Color (Unfiltered) 00081 < 70.0 
TON Odor Threshold at 60 C 00086 3.0 
NTU Lab Turbidity 82079 20.0 

0.5 mg/L MBAS 38260 < 0.02 

* 250-500-600 ** 900-1600-2200 *** 500-1000-1500 **** 1.4-2.4 

MCL 

MW-32 Shal Med 

REPORTING 
UNITS 

CONSTITUENT ENTRY ANALYSES DLR 
# RESULTS 
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- - 

1000 U G ~ L  copper .- (CU) . 

1000 ug/L Alumlnum (AL) 
50 ug/L Arsenic (As) 01002 

1000 ug/L Barium (Ba) 01007 
1 0  ug/L Cadmium (Cd) 01027 

300 ug/L Iron (Fe) 
5 0 ug/L Lead (Pb) 01051 

us/L Manganese (Mn) 5 o olo55 1 : 3z:i:l 3g:E 
7 i a n n  < 1 

DLR 

2 U ~ / L  Mercury (Hg) 
10 ua/L Selenium (Se) 

ANALYSES MCL REPORTING CONSTITUENT 

36.00 
<100.00 
< 1.00 

- - 2 ,  - 

5 0 ug/L Silver (Ag) u~~~ I . &. 
5000 ug/L Zinc (Zn) 01092 1 < 50.001 50.C 

RADIOACTIVITY ANALYSIS 

UNITS 
ENTRY 

10.C 
100.C 

l . C  

50 uq/L Chromium (Total Cr) 01034 

# 

< 10.00 

ADDITIONAL ANALYSES 

RESULTS 

10.C 

1 5  PCi/L Total Alpha 01501 
PCi/L Total Alpha Counting Error 01502 

50 PCi/L Total Beta 03501 
PCi/L Total Beta Counting Error 03502 

20 PCi/L Natural Uranium 28012 
PCi/L Total Radium 226 09501 
PCi/L Total Radium 226 Counting Error 09502 
PCi/L Total Radium 228 11501  
PCi/L Total Radium 228 Counting Error 11502 

5 PCi/L Ra 226 + Ra 228 11503 
PCi/L Ra 226 + Ra 228 Counting Error 11504 
PCi/L Radon222 82303 
PCi/L Radon 222 Counting Error 82302 

20000 PCi/L Total Tritium 07000 
PCi/L Total Tritium Counting Error 07001 13501  

8 PCi/L Total Strontium - 90 
PCiIL Total Strontium - 90 Counting Error 13502 

n , n ~ - ,  < c ; ~  

4. C 

2 .  ( 
0 .  E 

0.5 

100.  ( 

1. ( 

2. ( 

MW-32 Shal Mec 

NTU Field Turbidity 82078 
C Source Temperature C 00010 

Langelier Index Source Temp. 7 1 8  14 
Langelier Index at 60 C 71813 

Std. Units Field PH 00400 
Agressiveness Index 82383 

mg/L Silica 00955 
mg/L Phosphate 00650 
mg/L Iodide 71865 

Sodium Absorption Ratio 00931 
Asbestos 81855 

0 . .  

mg/L Boron 01020 



Clinical Laboratory of San Bernardino, Inc. 

P. 0. Box 329 
1595 North ' D ' Street 

San Bernardino. California 92405 
(714) 885-3216 

PURVEYOR: KREIGER & STEWART (IWVWD) " SAMPLE I . D . # :  9 1 - 9 4 5 1  

STREET ADDRESS: DATE OF REPORT: 1 1 / 6 / 9 1  

DESCRIPTION OF SAMPLING POINT: W 3 2  P-2 ( 9 0 0 ' )  ** FILTERED ** 
DATE/TIME COLLECTED: 1 0 / 1 8 / 9 1  14:OO NAME OF SAMPLER: UNKNOWN 

GENERAL MINERAL - - - - - - - - - - - - - - -  RESULTS UNITS - - - - - - -  - - - - -  "5 4 G.M. CONT - - - - - - - - -  RESULTS UNITS MCL - - - - - - -  - - - - -  - - -  
TOTAL HARDNESS 
CALCIUM HARDNESS 
CALCIUM 
MAGNESIUM 
SODIUM 
POTASSIUM 

TOTAL ALKALINITY 
HYDROXIDE 
CARBONATE 

BICARBONATE 
SULFATE 
CHLORIDE 
NITRATE 
FLUORIDE 

TOTAL ANIONS 3 . 1  mEq/L 
TOTAL CATIONS 2 . 8  mEq/L 
RPD ANIONS/CATIONS 2 . 0  PERCENT 

PH 
E.C. 
TDS 

8 .1  STD UNITS 
330.0 umho/ c m  
1 6 8 . 6  mg/  L 

MBAS < 0 . 0 2  mg/  L I 

MANGANESE 
COPPER 
IRON 
ZINC 

INORGANICS - - - - - - - - - -  
BARIUM 
CHROMIUM 
CADMIUM 
LEAD 
ALUMINUM 
MERCURY 
ARSENIC 
SELENIUM 
SILVER 

RESULTS UNITS MCL - - - - - - -  - - - - -  - - -  

DATE(S) RECEIVED: 1 0 / 2 1 / 9 1  STARTED: 11/1/91 COMPLETED : 11/ 5/ 9 1 

ALL ANALYSES ARE PERFORMED I N  ACCORDANCE WITH APHA'S STANDARD METHODS, 
( 1 7 T H  E D I T I O N )  OR EPA'S  METHODS FOR CHEMICAL ANALYSIS OF WATER AND WASTE 

n 
ANALYST : DIRECTOR: 

Mw-32 Shal Med 





CLINICAL\LABS SAN BERNARDINO 
1595 NORTH "D" STREET 

SAN BERNARDINO, CA. 92405 

GENERAL MINERAL & PHYSICAL, INORGANIC, & RADIOLOGICAL CHEMICAL ANALYSIS 
Date of Report: 10/25/91 
Laboratory Signature La 
Name: CLINICAL LABORATORIES OF SAN BERNARDINO Director: 
Name of Samp1er:MICHAEL Employed By:ROTTMAN D R I L L ~ o .  /u 
Date/Time Sample Date/Time Sample Date Analyses 
Collected: 91/10/21/0300 Received @ Lab: 91/10/23/1700 Completed: 91/10/25 

- - - - - - - - - -- - -- 
System 

1 

System 
Name: INDIAN WELLS VALLEY CWD - RIDGECREST Number: 15-017 
Name or Number of Sample Source: W32 P-3 (1200 FT.) ................................................................................ 
* User ID: CYA Station Number: 000/000-00X00 5 * 
* Date/Time of Sample: (9111012110300( Laboratory Code: 3761 * * YY MM DD TTTT * 
* Date Analysis Completed: )91(10(251 * 
* YY MM DD * 
* Submitted by: Phone #: * ................................................................................ 

MCL 

I Total Cations Meq/L Value: 3.2 r 

mg/L Total Hardness (as CaC03) 00900 
mg/L Calcium (Ca) 00916 
mg/L Magnesium ( ~ g )  00927 
mg/L Sodium (Na) 00929 
mg/ L Potassium (K) 00937 

mg/ L Total Alkalinity (AS CaC03) 

REPORTING 
UNITS 

28.0 
5.6 
3.4 

59.2 
2.0 

- .  

mg/L Hydroxide (OH) 
mg/L Carbonate (C03) 
mg/L Bicarbonate (HC03) 

* mg/L* Sulfate (S04) 
* mg/L* Chloride (Cl) 

45 mg/L Nitrate (as N03) **** mg/L Fluoride (F) Temp. Depend. 

I Total Anions Meq/L Value: 3.3 I 

CONSTITUENT 

Std. Units PH (Laboratory) 00403 
** umho/cm** Specific Conductance (E.C.) 00095 

*** mg/L*** Total Filterable Residue at 180C (TDS) 70300 
Units Apparent Color (Unfiltered) 00081 
TON Odor Threshold at 60 C 00086 
NTU Lab Turbidity 82079 

0.5 mg/L MBAS 38260 

MW-32 D e e p  Med 

ENTRY 
# 

ANALYSES 
RESULTS 

DLR 
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RADIOACTIVITY ANALYSIS 

DLR ANALYSES 

100.C 
10.C 

100.C 
l . C  

10.C 
50.C 

1 O O . C  
5.C 

30.C 
l . C  
5.C 

10.C 
50.C 

1000 ug/L Aluminum (Al) 01105 
50 ug/L Arsenic (As) 01002 

1000 ug/L Barium (Ba) 01007 
10  ug/L Cadmium (Cd) 01027 
50 ug/L Chromium (Total Cr) 01034 

1000 ug/L Copper (Cu) 01042 
300 ug/L Iron (Fe) 01045 

50 ug/L Lead (Pb) 01051  
50 ug/L Manganese (Mn) 01055 

2 ug/L Mercury (Hg) 71900 
10 ug/L Selenium (Se) 01147 
50 ug/L Silver (Ag) 01077 

5000 ug/L Zinc (Zn) 01092 

MW-32 Deep M e d  

ENTRY MCL 

130.00 
17.00 

<100.00 
< 1 .00  
< 10.00 
< 50.00 

4150.0 
< 5 .00  

100.00 
< 1.00 
< 5.00 
< 10.00 
< 50.00 

15  PCi/L Total Alpha 01501  
PCi/L Total Alpha Counting Error 01502 

50 PCi/L Total Beta 03501  
PCi/L Total Beta Counting Error 03502 

20 PCi/L Natural Uranium 28012 
PCi/L Total Radium 226 09501  
PCi/L Total Radium 226 Counting Error 09502 
PCi/L TotalRadium228 1 1 5 0 1  
PCi/L Total Radium 228 Counting Error 11502 

5 PCi/L Ra 226 + Ra 228 11503 
PCi/L Ra 226 + Ra 228 Counting Error 11504 
PCi/L Radon 222 82303 
PCi/L Radon 222 Counting Error 82302 

20000 PCi/L TotalTritium 07000 
PCi/L Total Tritium Counting Error 07001  

8 PCi/L Total Strontium - 90 1 3 5 0 1  
PCi/L Total Strontium - 90 Counting Error 13502 

RESULTS UNITS 

4. C 

2 .  C 
0. E 

0.5 

100. C 

l . C  

2. C 

# 
REPORTING CONSTITUENT 

ADDITIONAL ANALYSES 

NTU Field Turbidity 82078 
C Source Temperature C 00010 

Langelier Index Source Temp. 7 18 14 
Langelier Index at 60 C 7 1 8  13 

Std. Units Field PH 00400 
Agressiveness Index 82383 

mg/L Silica 00955 
mg/L Phosphate 00650 
mg/L Iodide 71865 

Sodium Absorption Ratio 0 0 9 3 1  
Asbestos 81855 

mg/L Boron 01020 

0.1 



Clinical Laboratory of San Bernardino, Inc. 

P. 0. Box 329 
1595 North ' D ' Street 

San Bernardino, California 92405 
(71 4) 885-32 1 6 

PURVEYOR: KREIGER & STEWART (IWVWD) SAMPLE I . D . # :  9 1 - 9 4 9 9  

STREET ADDRESS: DATE O F  REPORT: 1 1 / 6 / 9 1  

DESCRIPTION O F  SAMPLING P O I N T :  W 3 2  P-3 ( 1 2 0 0  I )  ** F I L T E R E D  ** 
DATE/TIME COLLECTED: 1 0 / 2 1 / 9 1  15 :OO NAME O F  SAMPLER: UNKNOWN 

GENERAL MINERAL RESULTS U N I T S  MCL 1 G.M. CONT RESULTS U N I T S  MCL 

TOTAL HARDNESS 
CALCIUM HARDNESS 
CALCIUM 
MAGNESIUM 
SODIUM 
POTASSIUM 

TOTAL ALKALINITY 
HYDROXIDE 
CARBONATE 

BICARBONATE 
SULFATE 
CHLORIDE 
NITRATE 
FLUORIDE 

TOTAL ANIONS 
TOTAL CATIONS 
RPD ANIONS/CATIONS 

TDS 

mEq/L 
mEq/L 
PERCENT 

8.3 S T D  U N I T S  
330.0 u m h o / c m  
176.3  mg/L 

MBAS < 0 . 0 2  mg/ L 1 

MANGANESE 
COPPER 
IRON 
Z I N C  

INORGANICS - - - - - - - - - -  
BARIUM 
CHROMIUM 
CADMIUM 
LEAD 
ALUMINUM 
MERCURY 
ARSENIC 
SELENIUM 
S I L V E R  

RESULTS U N I T S  MCL ---- . , - -  .,---- - - -  

- 

DATE(S)  RECEIVED: 1 0 / 2 3 / 9 1  STARTED: 11/1/9 1 COMPLETED : 11/ 5/ 9 1 

ALL ANALYSES ARE PERFORMED I N  ACCORDANCE WITH APHA'S  STANDARD METHODS, 
( 1 7 T H  E D I T I O N )  OR E P A ' S  METHODS FOR CHEMICAL 

ANALYST : DIRECTOR: 

MW-32 Deep Med 





CLINICAL\LABS SAN BERNARDINO 
1595 NORTH "D" STREET 

SAN BERNARDINO, CA. 92405 

GENERAL MINERAL & PHYSICAL, INORGANIC, f RADIOLOGICAL CHEMICAL ANALYSIS 
Date of Report: 10/25/91 
Laboratory Signature Lab 
Name: CLINICAL LABORATORIES OF SAN BERNARDINO Director: 
Name of Samp1er:BILL B. Employed By:RO 
Date/Time Sample Date/Time Sample 
Collected: 91/10/21/2200 Received @ Lab: 91/10/23/1700 Completed: 91/10/25 
................................................................................. 

L 

System System 
Name: INDIAN WELLS VALLEY CWD - RIDGECREST Number: 15-017 
Name or Number of Sample Source: W32 P4 (1900 FT.) ................................................................................ 
* User ID: CYA Station Number: 000/000-00X00 4 * 
* Date/Time of Sample: 191(10121122001 Laboratory Code: 3761 * * YY MM DD TTTT i 

* Date Analysis Completed: 191(10(251 * 
x YY MM DD * 
* Submitted by: Phone #: * 
................................................................................ 

MCL REPORTING 
UNITS 

mg/L Total Hardness (as CaC03) 00900 
mg/L Calcium (Ca) 00916 
mg/L Magnesium (Mg) 00927 
mg/L Sodium (Na) 00929 
mg/L Potassium (K) 00937 

CONSTITUENT 

26.0 
7.4 
1.8 

190.5 
4.1 

ENTRY 
# 

( Total Cations Meq/L Value: 8.9 I 

mg/L Total Alkalinity (AS CaC03) 00410 
mg/L Hydroxide (OH) 71830 

. mg/L Carbonate (C03) 00445 
mg/L Bicarbonate (HC03) * 00440 
mg/L* Sulfate (S04) 00945 * mg/L* Chloride (Cl) 00940 

45 mg/L Nitrate (as N03) 71850 **** mg/L Fluoride (F) Temp. Depend. 00951 

ANALYSES 
RESULTS 

DLR 

198.0 
< 1.0 
< 1.0 

241.6 
138.2 
78.8 
1.0 
5.6 0.1 

1 Total Anions Meq/L Value: 9.4 1 
Std. Units PH (Laboratory) 00403 

** umho/cm** Specific Conductance (E.C.) 00095 
*** mg/L*** Total Filterable Residue at 180C (TDS) 70300 

Units Apparent Color (Unfiltered) 00081 
TON Odor Threshold at 60 C 00086 
NTU Lab Turbidity 82079 

0.5 mg/L MBAS 38260 

8.6 
960.0 
526.4 

c 70.0 
1.0 

74.0 
c 0.02 

* 250-500-600 ** 900-1600-2200 *** 500-1000-1500 **** 1.4-2.4 
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DLR ANALYSES 

100.C 
10.C 

1 O O . C  
l . C  

10.C 
50.C 

1 O O . C  
5.C 

30.C 
l . C  
5.C 

10.C 
50.C 

1000 ug/L Aluminum (Al) 01105 
5 0 ug/L Arsenic (As) 01002 

1000 ug/L Barium (Ba) 01007 
10 ug/L Cadmium(Cd) 01027 
50 ug/L Chromium (Total Cr) 01034 

1000 ug/L Copper (Cu) 01042 
300 ug/L Iron (Fe) 01045 

5 0 ug/L Lead (Pb) 0 1 0 5 1  
5 0 ug/L Manganese (Mn) 01055 
2 ug/L Mercury (Hg) 71900 

10  ug/L Selenium (Se) 01147 
5 0 ug/L Silver (Ag) 01077 

5000 ug/L Zinc (Zn) 01092 

ENTRY 
UNITS 

635.00 
61.00 

<100.00 
c 1.00 
< 10.00 
< 50.00 

1550.0 
< 5.00 

100.00 
< 1.00 
c 5.00 
< 10.00 
< 50.00 

CONSTITUENT MCL 

RADIOACTIVITY ANALYSIS 

# 
REPORTING 

15 PCi/L Total Alpha 0 1 5 0 1  
PCi/L Total Alpha Counting Error 01502 

50 PCi/L Total Beta 0 3 5 0 1  
PCi/L Total Beta Counting Error 03502 

20 PCi/L Natural Uranium 28012 
PCi/L Total Radium 226 0 9 5 0 1  
PCi/L Total Radium 226 Counting Error 09502 
PCi/L Total Radium 228 1 1 5 0 1  
PCi/L Total Radium 228 Counting Error 11502 

5 PCi/L Ra 226 + Ra 228 11503 
PCi/L Ra 226 + Ra 228 Counting Error 11504 
PCi/L Radon222 82303 
PCi/L Radon 222 Counting Error 82302 

20000 PCi/L Total Tritium 07000 
PCi/L Total Tritium Counting Error 0 7 0 0 1  

8 PCi/L Total Strontium - 90  1 3 5 0 1  
PCi/L Total Strontium - 90 Counting Error 13502 

RESULTS 

4. C 

2.C 
0.5 

0.5 

100. C 

l . C  

2.C 

ADDITIONAL ANALYSES 

NTU Field Turbidity 82078 
C Source Temperature C 00010 

Langelier Index Source Temp. 7 18  14  
Langelier Index at 60 C 7 1 8  13 

Std. Units Field PH 00400 
Agressiveness Index 82383 

mg/L Silica 00955 
mg/L Phosphate 00650 
mg/L Iodide 71865 

Sodium Absorption Ratio 0 0 9 3 1  
Asbestos 81855 

mg/L Boron 01020 

0.1 



Clinical Laboratory of San Bernardino, Inc. 

P. 0. BOX 329 
1595 North ' D ' Street 

San Bernardino, California 92405 
(714) 885-3216 

PURVEYOR: KRIEGER AND STEWART ( IWVWD) 

STREET ADDRESS: 

C I T Y , S T A T E , Z I P :  

SAMPLE I. D. # : S E E  BELOW 

DATE O F  R E P O R T : 1 0 / 3 1 / 9 1  

DESCRIPTION O F  SAMPLING POINT:  S E E  BELOW 

DATE COLLECTED: 10/6 /91  NAME O F  SAMPLER: B I L L Y  BONCHAIS 

SAMPLE I. D. 
*WNNWN-WNWN 
mm-,.,----mw- 

9 1 - 9 0 6 5  
W32 P-1 
( 3 8 1 ' )  

SUPERNATE 
NN.C)NUU.C)NN 
--CIC-~C-CI."N 

Fe = 4 6 0  
Mn = < 3 0  
A 1  = 1000 

MIXED 
w-C--- 
NCINClCL 

Fe = 7740 
Mn = 3100 
A 1  = 3 6 9 9  

U N I T S  
LINUCIW 
- N - N N  

mg/ L 
mg/ L  
mg/ L  

MCL 
.C)uw 
-*N 

3 0 0  
5 0  
1 0 0 0  

DATE(S)  RECEIVED:  10/6/91 STARTED: 1 0 / 1 8 / 9 1  COMPLETED: 10/30/91 

ALL ANALYSES ARE PERFORMED I N  ACCORDANCE WITH A P H A ' S  STANDARD METHODS, 
( 1 7 T H  E D I T I O N )  OR E P A ' S  METHODS FOR CHEMICAL ANALYSIS O F  WATER AND WASTE 

, . 
ANALYST : DIRECTOR: , L ~ I ~ G L  y\'- 1 









Naval Air Warfare Center Date Reported: 09/09/92 
Weapons Division Date Received: 08/26/92 
Code 2606 Laboratory No.: 7640-4 
China Lake, CA 93555-6001 
Attn.: DR. MONASTERO 619-939-2700 

Sample Description: GEOTHERMAL PROGRAM - PROJECT #1 SNORT: SDW-1, P-5, 08-25-92 a 14:00 
COLLECTED BY HASTING 

SNO' " 

WAp &YSIS 
( GENEh. 4 CHEMISTRY) 

Constituents 

Calcium 
Magnesium 
Sodium 
Potassium 
Carbonate 
Bicarbonate 
Chloride 
Sulfate 
Nitrate as NO3 
Fluoride 
Bromide 
PH 
Electrical Conductivity 

@ 25 C 
Total Dissolved Solids 

@ 180 C 
Ammonia as NH3 
Nitrite Nitrogen 
Ortho-phosphate 

Results 

1.9 
1.0 

3950. 
25. 

1570. 
1950. 
3040. 
46. 

None Detected 
27. 
6.6 
9.7 

Units 

mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
pH Units 

D.L.R. Method 

SW- 7140 
SW- 7450 
SW- 7770 
SW-7610 
SM-403 
SM-403 
EPA-300.0 
SPA-300.9 
EPA- 353.2 
EPA-340.2 
EPA-300.0 
SW-9040 

15100. Umhos/~m 1. SW- 9050 

9890. mg/L 
28. mg/L 

None Detected mg/L 
8.4 mg/L 

10. EPA- 160.1 
0.02 EPA- 350.1 
0.10 EPA-353.2 
0.10 EPA- 365.1 

D.L.R. = Detection Limit for Reporting purposes. 

REFERENCES : 
EPA = '!Methods for Chemical Analysis of Water and Wastes", EPA-600, 14-79-020. 
SM.= "Standard Methods for Examination of Water and Wastewater", 16th Edition 1986. 
SW = sTest Methods for Evaluating Solid Wastes Physical/Chemical Methodsft, 

EPA-SW-846, September, 1986. 

i 74, Department , o ' / z L . c  Supervisor 

SNORT 8 5 0 - 8 7 0  



Naval Air Warfare Center 
Weapons Division 
Code 2606 
China Lake, CA 93555-6001 
Attn.: DR. MONASTERO 619-939-2700 

Date Reported: 09 /09/92 
Date Received: 08/26/92 
Laboratory No.: 7640-4 

Sample Description: GEOTHERMAZ, PROGRAM - PROJECT $1 SNORT: SDW-1, P-5, 08-25-92 a 14:OO 
COLLECTED BY HASTING 

SNORT 850' -870' 
WATER ANALYSIS 

(METALS 

Constituents 

Aluminum 
Antimony 
Arsenic 
Boron 
Copper 
Lithium 
Manganese 
Mercury 

* selenium 
Si as Si02 
Strontium 
Thallium 
Zinc 
Total Iron 

Results Units D.L.R. Method 

578. 
None Detected 

5 . 2  
93.5 

None Detected 
50. 
36. 

None Detected 
None Detected 

63. 
72. 

None Detected 
54. 

1940. 

* Detection l i m i t  increased due t o  matrix in te r fe rences .  

D.L.R. = Detection Limit for Reporting purposes. 

SW-6010 
SW-6010 
SW- 7060 
SW-6010 
SW-6010 
SW-7430 
SW-6010 
=PA- 245.1 
SW- 7740 
SW-6010 
SW-6010 
SW-7841 
SW-5010 
SW-6010 

REFERENCES : 
EPA = "Methods for Chemical Analysis of Water and Wastes", EPA-600, 14-79-020. 
SW = "Test Methods for Evaluating Solid Wastes ~hysical/Chemical Methodsn, 

EPA-SW-846, September, 1986. 

Department Supervisor 

SNORT 8 5 0 - 8 7 0  



Naval Air Warfare Center 
Weapons Division 
Code 2606 
Chlna Lake, CA 93555-6001 
Attn.: DR.MONASTER0 619-939-2700 

Date Reported: 09/09/92 
Date Received: 08/26/92 
Laboratory No.: 7640-3 

Sample Description: GEOTHERMAL PROGRAM - PROJECT 11 SNORT: SDW-i. P-4, 08-25-92 3 8 : 5 0  
COLLECTED BY HASTING 

Constituents 

Calcrum 
Magnesium 
Sodium 
Potassium 
Carbonate 
Bicarbonate 
Chloride 
Sulfate 
Nitrate as NO3 
Fluoride 
Bromide 
pH 
Electrical Conductivity 

Q 25 C 
Total Dissolved Solids 

@ 180 C 
Ammonia as NH3 
Nitrite Nitrogen 
Ortho-phosphate 

SNORT 3,300'-3,320' 
WATER ANALYSIS 

G E P E P X  CHEMISTRY) 

Results 

35. 
6.9 

3900. 
14.5 
109. 
2530. 
3420. 
1170. 

None Detected 
17.4 
3.8 
8.2 

Units 

mg/L 
mg/L 
mg/L 
mg/L 
pH Units 

D.L.R. Method 

SW- 714 0 
SW- 7450 
SW- 7770 
SX- 7610 
SM-403 
SM-403 
EPA-300 . ?  
SPA-300.3 
EPA-353.2 
EPA- 340.2 
EPA-300.0 
SW-9040 

9350. mg/L 
11.6 mg/L 

None Detected mg/L 
0.84 mg/L 

D.L.R. = Detection Limit Lor Reporting purposes. 

REFERENCES : 
EPA = I1Methods for Chemical Analysis of Water and WastesI1, EPA-600, 14-79-020. 
SM = "Standard Methods for Examination of Water and Waste~ater~~. 16th Edition 1986. 
SW = "Test Methods Lor Evaluating Solid Wastes Physical/Chemical Methodst1, 

EPA-SW-,846, September, 1986. 

I I * 
Department Supervisor 

SNORT 3,300-3,320 



Naval Air Warfare Center 
Weapons Division 
Code 2606 
China Lake, CA 93555-6001 
Attn.: DR. MONASTERO 619-939-2700 

Date Reported: 09/09/92 
Date Received: 08/26/92 
Laboratory No.: 7640-3 

Sample Description: GEOTHERMAL PROGRAM - PROJECT #1 SNORT: SDW-1, P-4, 08-25-92 3 8:00 
COLLECTED BY HASTING 

SNORT 3,300'-3,320' 
WATER ANALYSIS 

iMETW,S 1 

Aluminum 
Antimony 
Arsenlc 
Boron 
Copper 
Lithium 
Manganese 
Mercury 
*Selenium 
Si as Si02 
Strontium 
Thallium 
Zinc 
Total Iron 

Results Units D.L.R. Yezhod 

1190. 
None Detected 

62. 
52.5 

None Detected 
1140. 
57. 

None Detected 
None Detected 

50. 
1590. 

None Detected 
35. 

3480. 

* Detection l i m i t  increased due t o  matrix interferences.  

D.L.R. = Detection Limit for Reporting purposes. 

SW-5010 
SW-6010 
SW-7060 
SW-5010 
SW-6010 
SW- 7430 
SW-6010 
EPA- 245.1 
SW- 7740 
SW-6010 
SW-5010 
SW-7841 
SW-6010 
SW-5010 

REFERENCES : 
EPA = llMethods for Chemical Analysis of Water and Wastes", EPA-600, 14-79-020 
SW = "Test Methods for Evaluating Solid Wastes Physical/Chemical Methodsu, 

EPA-SW-846, September, 1986. 

4 

Department Supervisor 

SNORT 3,300-3,320 



Naval Air Warfare Center 
Weapons Division 
Code 2606 
China Lake, CA 93555-6001 
dttn.: DR. MONASTERO 619-939-2700 

Date Reported: 09/09/92 
Date Received: 08/26/92 
Laboratory No.: 7640-2 

Sample Description: GEOTHEF%AL PROGRAM - PROJECT 81 SNORT: SDW-1, P-3, 08-24-92 a i5:30 
COUECTED BY HASTING 

Constituents 

Zalcium 
Xagnesium 
Sodium 
?otasslum 
Carbonate 
Bicarbonate 
Chloride 
Sulfate 
Nitrate as NO3 
Fluorlde 
Bromide 
pH 
Electrical Conductivity 

@ 25 C 
Total Dissolved Solids 

@ 180 C 
Ammonia as NH3 
Nitrlte Nitrogen 
Orcho-phosphate 

SNORT 5,550'-5,570' 
WATER ANALYSIS 

(GENE% CHEIISTRY) 

Results 

4.6 
3.2 

4920. 
22. 
77.0 

1270. 
5100. 
2080. 

None Detected 
12.6 
5.6 
8.2 

Units 

mg/L 
mg/L 
mg/L 
mg /L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
pH Units 

12500. mg /L 
11.4 mg/L 

None Detected mg/L 
0.44 mg/L 

D.L.R. 

SW- 7140 
SW- 7450 
SW- 7770 
SW-7610 
SM-403 
SM-403 
EPA-300.0 
EPA-300.3 
EPA-353.2 
EPA-340.1 
EPA-300.3 
SW-9040 

D.L.R. = Detection Limit for Reporting purposes. 

REFERENCES : 
EPA = "Methods for Chemical Analysis of Water and Wastesn, EPA-600, 14-79-020. 
SM = Itstandard Methods for Examination of Water and wastewater", 16th Edition 1986. 
SW = "Test Methods for Evaluating Solid Wastes Physical/Chemical Methods., 

EPA-SW-846, September, 1986. 

Department SI 

SNORT 5,550-5,570 



Naval Air Warfare Center 
Weapons Division 
Code 2606 
China Lake, CA 93555-6001 
Attn.: DR. MONASTERO 619-939-2700 

Date Reported: 09/09/92 
Date Received: 08/26/92 
Laboratory No. : 7640 - 2 

Sample Description: GEOTHERMAL PROGRAM - PROJECT $1 SNORT: SDW-1, P-3, 08-24-92 3 15:SO 
COLLECTED BY HASTING 

SNORT 5,550'-5,570' 
WATER ANALYSIS 

(METALS ) 

Constituents 

Aluminum 
Antimony 
Arsenic 
Boron 
Copper 
Lithium 
Manganese 
Mercury 

* Selenium 
Si as Si02 
Strontium 
Thall ium 
Zinc 
Total Iron 

Results 

- -  - 741. 
None Detected 

57. 
6 0 . 6  

None Detected 
1550. 
36. 

None Detected 
None Detected 

45. 
3100. 

None Detected 
19. 
806. 

Units 

pg/L 
mg/L 
P9/L 

P ~ / L  
irg/L 
Pg/L 
mg/L 
pg/L 
pg/L 
vg/L 
pg/L 

D.L.R. 

SW-6010 
SW- 6010 
SW-'060 
SW-6010 
SW-6010 
SW-7430 
SW-6010 
EPA- 245.1 
SW-7740 
SW-6010 
SW-6010 
SW-7841 
SW-6010 
SW-6010 

* Detection limit increased due to matrix-interferences. 

D.L.R. Detection Limit for Reporting purposes. 

REFERENCES : 
EPA = 'T4ethods for Chemical Analysis of Water and Wastesw, EPA-600, 14-79-020. 

SW = "Test Methods for Evaluating Solid Wastes Physical/Chemical Methods", 
EPA-SW-846, September, 1986. 

Department Supervisor 

SNORT 5,550-5,570 



Naval Air Warfare Center 
"eapons Division 
Code 2606 
Chlna Lake, CA 93555-6001 
Attn.: DR. MONASTERO 619-939-2700 

Date Reported: 09/09/92 
Date Received: 08/26/92 
Laboratory No.: 7640-1 

Sampie Description: GEOTHERMAL PROGRAM - PROJECT 11 SNORT: SDW-1, 9-2. 08-24-92 P 3:30 
COLLECTED BY HASTING (P-2, 7,120-71&OT) 

Constituents 

Cal c u m  
2.lagneslu.m 
Sodiiun 
5otasslum 
Carbonate 
3~carbonate 
Chlorlde 
Sulfate 
Xltrate as NO3 
'luorlde 
Sromlde 
pH 
ZlecErical Conductivity 

@ 25 C - 
Total Dissolved Solids 

@ 180 C 
Amonia as NH3 
Nltrlte Nitrogen 
Ortho-phosphate 

SNORT 7,120'-7,140' 
WATER ANALYSIS 

(GENERAL CHEMISTRY) 

Results Units D . L . R .  Method 

4.6 
3.2 

3480. 
9.3 

456. 
2620. 
2460. 
910. 

None Detected 
24. 
2.9 
9.9 

SW- 7140 
SW-7450 
SW- 7770 
SW-7610 
SIC-403 
SX-403 
SPA-300.0 
ZPA-300.3 
EPA- 353.3 
ZFA- 3 4 0 . 2  
EPA-300.3 
SW-9040 

8900. mg /L 
14.6 mg/L 

None Detected mg/L 
0.24 mg/L 

10. EPA- 160.1 
3.02 KPA- 350.1 
0.10 EPA- 353.2 
0.10 EPA-365 .I 

D.L.R. = Detection Limit for Reporting purposes. 

REFERENCES : 
EPA = "Methods for Chemical Analysis of Water and Wastesu, EPA-600, 14-79-020. 
SM = "Standard Methods for Examination of Water and Wastewater', 16th Edition 1986. 
SW = "Test Methods for Evaluating Solid Wastes Physical/Chemical  method^'^, 

EPA-SWT846, September, 1986. 
A 

Department Superv~sor 

SNORT 7 , 1 2 0 - 7 , l 4 b  



Naval Air Warfare Center 
Weapons Division 
Code 2606 
Chlna Lake, CA 93555-6001 
Attn.: DR. MONASTERO 619-939-2700 

Date Reported: 09 /09 /92 
Date Received: 08/26/92 
Laboratory No.: 7610-1 

Sample Description: GEOTHERMAL PROGRAM - PROJECT tl SNORT: SDW-1, P-2, 08-24-92 3 8:30 
COLLECTED BY HASTING 

SNORT 7,120' -7,140' 
WATER ANALYSIS 

!METALS ) 

Constituents 

Aluminum 
Ant imony 
Arsen~c 
9oron 
Copper 
Lithium 
Manganese 
Mercury 

* Selenium 
Si as Si02 
Strontium 
Thallium 
Zinc 
Total Iron 

Results 

1730. 
None Detected 

80. 
52.9 

None Detected 
560. 
98. 

None Detected 
None Detected 

43. 
350. 

None Detected 
46. 

8960. 

SW-5010 
SW-5010 
SX- 7062 
SSJ-6010 
SW-5010 
SW-7430 
SW-5010 
EPA-245.1 
SW- 7 7 4 0  
SW-6OiO 
SW-6010 
SW-7841 
SW-5010 
SW-6010 

* Detect ion l i m i t  i nc reased  due t o  mat r ix  i n t e r f e r e n c e s .  
D.L.R. = Detection Limit for Reporting purposes. 

REFERENCES: 
EPA = "Methods for Chemical Analysis of Water and Wastes", EPA-600, 14-79-020. 
Sw = "Test Methods for Evaluating Solid Wastes Physical/Chemical Methods", 

EPA-SW-846, September, 1986. 

Department Supervisor 

SNORT 7,120-7,140 



APPENDIX IX 

Water Elevation Hydrographs 
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Well BR-1. Water elevation hydrograph. 

Shallow 

Date of Measurement 

+ Med Shallow 0 Med Deep Deep 



Well BR-2. Water elevation hydrograph. 

Date of Measurement 

Shallow + Medium 0 Deep 



Well BR-3. Water elevation hydrograph. 

Medium 

Date of Measurement 

+ Shallow Deep 



Well BR-4. Water elevation hydrograph. 

Date of Measurement 

Shallow 



Well BR-5. Water elevation hydrograph. 

Date of Measurement 

Shallow + Medium 0 Deep 



Well BR-6. Water elevation hydrograph. 

Date of Measurement 

Shallow Medium 0 Deep 



Well NR-1. Water elevation hydrograph. 

Date of Measurement 

Medium Shallow 0 Deep 



Well NR-2. Water elevation hydrograph. 

Date of Measurement 

Shallow + Medium 0 Deep 



Well MW-32. Water elevation hydrograph. 

Shallow 

Date of Measurement 

+ Med Shallow Med Deep A Deep 



Depth to Water Measurements 





Indian Wella Valley Groundwater Project 
Depth to Water Measurements 

All measurements on April 9, 1991, by Dennis Watt using (the old) 
1000 foot "twin-lead" electric sounder. All measurements are in 
feet from the top of each 2 inch piezometer pipe. 

Well Piezometer Depth to Water Comments 

BR-3 medium (shal) ? 
tall (medl ? 
short (deep) 308.44 

Black oily coating on inside of pipe. Due to "skin friction" 
could only get sounder down to about 150-170 feet. 

BR-1 tall (shal) 181.30 TOC to TOP -------- >.I2 
next tall (sh/med) 166.62 (Top of Casing to) .25 
next short (dp/med) 173.84 (Top of 2" pipe) .36 
short (deep) 184.96 .39 

BR-2 tall (blue) (shal) 275.9 
(yellow) bed) 272.13 
(red) (deep) 281.19 

NR-1 (red) (shal) 94.14 
(yellow) (med) 4.0 psi (GAGE) 
(white) (deep) 111.51 

NR-2 tall (shal) 131.72 
medium (med) 142.51 
short (deep) 141.98 



Indian Wells Valley Groundwater Project 
Depth to Water Measurements 

All measurements on April 29, 1991, by Dennis Watt and Bill Green 
using (the old) 1000 foot "twin-lead" electric sounder. All 
measurements are in feet from the top of each 2 inch piezometer 
pipe. 

Well Piezometer Depth to Water Comments 

TOC to TOP 

BR-3 medium (shal) ? 
tall (medl ? 
short (deep) ? 

BR-1 tall (shal) 182.18 .12 
next tall (sh/med) 171.80 .25 
next short (dp/med) 178.65 .36 
short (deep) 188.88 .39 

BR-2 tall (blue) (shal) 275.84 .20 
(yellow) (medl 272.27 .40 
(red) (deep) 281.21 .42 

NR-1 (red) (shal) 93.25 .91 
(yellow) (medl 4.5 psi (GAGE) 
(white) (deep) 110.84 .93 

NR-2 tall (shal) 132.04 .32 
medium (medl 141.77 -59 
short (deep) 142.14 .79 

Could not get sound- 
er down. Heavy black 
tr~il" in pipes. 



Indian Wells Valley Groundwater Project 
Depth to Water Measurements 

All measurements on June 11, 1991, by Dennis Watt using (the old) 
1000 foot "twin-lead" electric sounder. All measurements are in 
feet from the top of each 2 inch piezometer pipe. 

Well Piezometer Depth to Water Comments 

TOC to TOP 

BR-3 medium (shal) 326.2 
tall (med) ? Can't get sounder down 
short (deep) 307.66 

BR-1 tall (shal) 183.09 
next tall (sh/med) 176.30 
next short (dp/med) 183.00 
short (deep) 193.37 

BR-2 tall (blue) (shal) 275.85 .20 
(yellow) (medl 272.30 .40 
(red) (deep) 282.41 .42 

NR-1 (red) (shal) 94.58 .91 
(yellow) (med) 5.5 psi (GAGE) 
(white) (deep) 98.98 .93 

NR-2 tall (shal) 132.48 .32 
medium (med) 136.92 .59 
short (deep) 137.95 .79 



Indian Wells Valley Groundwater Project 
D e p t h  to Water Measurements 

A l l  measu remen t s  on  J u n e  2 4 ,  25 ,  a n d  26 ,  1991 ,  by D e n n i s  Watt 
u s ing  ( the o l d )  1 0 0 0  f o o t  "twin-lead" e lec t r ic  s o u n d e r .  A l l  
measu remen t s  are i n  f e e t  f r o m  the  t o p  o f  each 2  i n c h  p i e z o m e t e r  
pipe. 

W e l l  P i e z o m e t e r  D e p t h  t o  Water Comments 

TOC t o  TOP 

BR-3 medium ( s h a l )  326 .90  
t a l l  (med) ? 
s h o r t  (deep ? 

BR-1 t a l l  ( s h a l )  1 8 3 . 3 8  . 12  
n e x t  t a l l  ( sh /med)  1 7 7 . 1 5  .25  
n e x t  s h o r t  (dp/med) 1 8 3 . 8 3  . 3 6  
s h o r t  (deep) 1 9 4 . 5 1  . 3 9  

BR-2 t a l l  ( b l u e )  ( sha l )  275 .86  . 2 0  
( y e l l o w )  ( m e d )  2 7 2 . 3 0  . 4 0  
(red) (deep) 281 .46  . 4 2  

NR-1 ( r e d )  ( sha l )  93 .85  . 9 1  
( y e l l o w )  ( m e d )  ZERO ? p s i  (GAGE) 
( w h i t e )  (deep) 9 9 . 2 0  . 9 3  

NR-2 t a l l  ( s h a l )  1 3 2 . 3 3  . 3 2  
medium bed)  1 3 7 . 0 7  . 5 9  
s h o r t  (deep) 1 3 8 . 1 3  . 7 9  



Indian Wells Valley Groundwater Project 
D e p t h  t o  Water Measurements 

All measurements on August 22 ,  1991 ,  by Dennis Watt using (the 
old) 1000  foot "twin-lead" electric sounder. All measurements 
are in feet from the top of each 2  inch piezometer pipe. 

Well Piezometer Depth to Water Comments 

TOC to TOP 

BR-3 medium (shal) 325 .4  
tall (medl ? 
short (deep) 309 .15  

Measure Try chalk 
next next time 
time! ! 

BR-1 tall (shal) 1 8 4 . 7  . 1 2  
next tall (sh/med) 1 7 9 . 9 1  . 2 5  
next short (dp/med) 1 8 5 . 5 3  .36 
short (deep) 1 9 4 . 4 9  . 3 9  

BR-2 tall (blue) (shal) 276 .22  . 2 0  
(yellow) (medl 272 .45  . 4 0  
(red) (deep) 281 .66  . 4 2  

NR-1 (red) (shal) 944.11 - 9 1  
(yellow) (medl 0  psi (GAGE) 
(white) (deep) 99 .75  .93 

NR-2 tall (shal) 1 3 2 . 7 2  . 32  
medium (medl 1 4 0 . 1 2  . 5 9  
short (deep) 1 3 9 . 5 2  . 7 9  



Indian Wells Valley Groundwater Project 
Depth to Water Measurements 

All measurements on October 22, 1991, by Dennis Watt using (the 
old) 1000 foot "twin-lead" electric sounder. All measurements 
are in feet from the top of each 2 inch piezometer pipe. 

Well Piezometer Depth to Water Comments 

TOC to TOP 

BR-3 medium (shal) 327.07 .43 
tall Wed) ? .39 
short (deep) 308.18 .64 

BR-1 tall (shal) 184.78 .12 
next tall (sh/med) 181.07 .25 
next short (dp/med) 186.42 .36 
short (deep) 195.68 .39 

BR-2 tall (blue) (shal) 275.92 
(yellow) (medl 272.32 
(red) (deep) 281.57 

NR-1 (red) (shal) 94.15 .91 
(yellow) (med) 78.55? Measure 
(white) - (deep) 100.35 .93 

NR-2 tall 
medium 
short 

(shal) 132.82 .32 
(medl 140.70 .59 
(deep) 139.18 .79 

MW-32 tall (shal) ? Measure ! 
next tall (sh/med) 242.32 .42 
next short (dp/med) 240.63 .50 
short (deep) 239.65 .64 



Indian Wells Valley Groundwater Project 
Depth to Water Measurements 

All measurements on December 12, 1991, by Dennis Watt using (the 
old) 1000 foot "twin-lead" electric sounder. All measurements 
are in feet from the top of each 2 inch piezometer pipe. 

Well Piezometer Depth to Water Comments 

TOC to TOP 

BR-3 medium (shal) 327.20 .43 
tall (med) 310. .39 
short (deep) 307.95 .64 

BR-1 tall (shal) 184.97 .12 
next tall (sh/med) 181.81 .25 
next short (dp/med) 187.07 .36 
short (deep) 196.94 .39 

BR-2 tall (blue) (shal) 276.02 .20 
(red) (medl 272.52 .40 
(yellow) (deep) 281.79 .42 

NR-1 (red) (shal) 93.95 .91 
(yellow) bed) 76.51 .33 Valve top = TOP 
(white) (deep) 100.11 -93 

NR-2 tall (shal) 132.35 .32 
medium (med) 140.27 .59 
short (deep) 138.77 .79 

MW-32 tall (shal) 240.7 .31 
next tall (sh/med) 241.25 -42 
next short (dp/med) 240.65 .SO 
short (deep) 239.71 .64 





Indian Wells Valley Groundwater Project 
Depth to Water Measurements 

A l l  measu remen t s  on  J a n u a r y  28 ,  1992 ,  by D e n n i s  W a t t  (USBR) a n d  
Mike H a s t i n g  (NWC G e o t h e r m a l  O f f i c e )  u s i n g  ( the  o l d )  1000  f o o t  
" t w i n - l e a d "  electr ic  s o u n d e r .  A l l  measu remen t s  are i n  fee t  f r o m  
the t o p  o f  e a c h  2  i n c h  p i e z o m e t e r  pipe. 

W e l l  P i e z o m e t e r  Dep th  t o  Water 

BR-3 medium (shal)  3 2 7 . 2 5  
t a l l  ( m e d )  ? 
s h o r t  (deep) 308 .04  

BR-1 t a l l  ( s h a l )  1 8 5 . 0 4  
n e x t  t a l l  (sh/rned) 1 8 2 . 2 3  
n e x t  s h o r t  ( d p / m e d )  1 8 7 . 5 5  
s h o r t  (deep) 1 9 7 . 3 8  

BR-2 t a l l  ( b l u e )  ( s h a l )  2 7 6 . 0 2  
( y e l l o w )  ( m e d l  272 .52  
(red) (deep) 281 .84  

BR-5 t a l l  ( s h a l )  334 .75  
medium ( m e d l  3 4 1 . 5 1  
s h o r t  (deep) 3 4 3 . 0 5  

BR-6 t a l l  (shal)  1 6 3 . 5 6  
medium ( m e d )  1 6 3 . 8 8  
s h o r t  (deep) 1 4 8 . 8 1  

NR-2 t a l l  ( s h a l )  132 .20  
medium ( m e d )  1 3 9 . 9 6  
shor t  (deep) 1 3 8 . 4 2  

NR-1 (red) ( sha l )  9 3 . 4 1  
( y e l l o w )  ( m e d )  7 4 . 8 8  
( w h i t e )  (deep) 9 9 . 7 3  

MW-32 t a l l  (shal)  240 .64  
n e x t  t a l l  ( s h / m e d )  241 .06  
next s h o r t  (dp/med) 240 .32  
s h o r t  (deep) 239 .58  

Comments 

TOC t o  TOP 

. 4 3  Re-sound b o t t o m s  

. 3 9  (Done 1-93) 

. 64  ( t a l l  = med p i e z o )  

. 2 0  

. 4 0  Re-sound b o t t o m  

.42  

- 1 9 - P r e s s u r e  q u a l i z a t i o n  
.41-  ( h i s s )  w h i l e  unscrew-  
- 6 4  i n g  the  c a p ! !  

. 9 1  

. 3 3  V a l v e  t o p  = TOP 

. 9 3  

Measure  



Indian Wells Valley Groundwater Project 
Depth to Water Measurements 

All measurements in mid-February 1992 by Dennis Watt using (the 
old) 1000 foot "twin-lead" electric sounder. All measurements 
are in feet from the top of each 2 inch piezometer pipe. 

Well Piezometer Depth to Water Comments 

TOC to TOP 

BR-3 medium (shal) 326.95 
tall (medl 310+/- 
short (deep) 307.92 

BR-1 tall (shal) 187.54 
next tall (sh/med) 182.10 
next short (dp/med) 187.56 
short (deep) 197.64 

BR-2 tall (blue) (shal) 275.57 
(yellow) (medl 272.07 
(red) (deep) 281.68 

BR-5 tall (shal) 334.68 
medium (med) 340.93 
short (deep) 342.78 

BR-6 tall (shal) 163.13 
medium (medl 163.71 
short (deep) 148.63 

NR-2 tall (shal) 132.02 
medium bed) 139.57 
short (deep) 138.02 

M - 1  (red) (shal) 93.65 
(yellow) (medl 74.09 
(white) (deep) 99.21 

MW-32 tall (shal) 240.64 
next tall (sh/med) 240.94 
next short (dp/med) 240.13 
short (deep) 239.37 

Feb. 20 

Feb. 20 

Feb. 19 

Feb. 12 

Feb. 11 

Feb. 20 

Feb. 20 

Feb. 11 



Indian Wells Valley Groundwater Project 
Depth to Water Measurements 

A l l  m e a s u r e m e n t s  on May 1 8  a n d  1 9 ,  1 9 9 2 ,  b y  D e n n i s  W a t t  u s i n g  
( the  o l d )  1 0 0 0  f o o t  " t w i n - l e a d "  e lec t r ic  s o u n d e r .  A l l  

measurements are  i n  feet f r o m  t h e  t o p  of each 2  i n c h  p i e z o m e t e r  
pipe. 

W e l l  P i e z o m e t e r  Depth t o  Water Comments 

TOC t o  TOP 

BR-3 m e d i u m  ( sha l )  3 2 7 . 5 2  
t a l l  ( m e d )  ? 
s h o r t  (deep) 3 0 8 . 5 0  

BR-1 t a l l  (shal)  1 8 5 . 2 0  
next  t a l l  (sh/med) 1 8 2 . 9 6  
n e x t  shor t  (dp/med) 1 8 8 . 3 8  
s h o r t  (deep) 1 9 8 . 0 8  

BR-2 t a l l  ( b l u e )  (shal)  2 7 6 . 0 3  
( y e l l o w )  ( m e d )  2 7 2 . 4 0  
(red) (deep) 2 8 1 . 7 4  

BR-5 t a l l  ( shal l  , -  - - ,  

medium ( m e d )  
s h o r t  ( d e e ~  

BR-6 t a l l  ( sha l )  1 6 3 . 9 7  
medium ( m e d )  1 6 4 . 1 5  
shor t  (deep) 1 4 8 . 7 4  

NR-2 t a l l  (shal)  1 3 2 . 4 9  
medium (medl 1 3 9 . 4 6  
short ( d e e p )  1 3 7 . 8 2  

NR-1 (red) (shal)  9 4 . 6 2  
( y e l l o w )  (medl 7 1 . 6 5  
( w h i t e )  (deep) 9 8 . 9 5  

MW-32 t a l l  (shal)  2 4 1 . 1 5  
next t a l l  ( s h / m e d )  2 4 1 . 0 9  
next  sho r t  (dp /med)  2 4 0 . 4 0  
shor t  (deep) 2 3 9 . 5 8  

. 4 3  Re-sound b o t t o m s  

. 3 9  (Done 1 -93)  

. 6 4  ( t a l l  = m e d  p i e z o )  

. 2 0  

. 4 0  Re-sound b o t t o m s  

. 4 2  

. 1 9  D i f f e r e n t  l o c k .  

. 4 1  W i l l  c u t  n e x t  t i m e .  

. 6 4  

. 9 1  

.33 V a l v e  t o p  = TOP 

. 9 3  

M e a s u r e  



Indian Wells Valley Groundwater Project 
Depth to Water Measurements 

A l l  measurements on September 10, 1992, by Dennis Watt using ( the  
old)  1000 foot  "twin-lead" e l e c t r i c  sounder. A l l  measurements 
a r e  i n  f e e t  from the  top of each 2 inch piezometer p ipe .  

Well Piezometer Depth t o  Water Comments 

TOC t o  TOP 
E l e v  TOP Water Elev 

BR-3 medium (sha l )  328.03 .43 2511.43 2183.40 
t a l l  (med) (310?) .39 2511.48 2201.48 
shor t  (deep) 310.51 .64 2511.22 2200.71 

BR-1 t a l l  ( sha l )  185.33 .12 2852.05 2666.72 
next t a l l  (sh/med) 182.88 .25 2851.91 2669.03 
next shor t  (dp/med) 187.38 .36 2851.80 2664.42 
shor t  (deep) 195.00 .39 2851.77 2656.77 

BR-2 t a l l  (blue) ( sha l )  276.14 .20 2658.64 2382.50 
(yellow) (medl 272.38 .40 2658.44 2386.06 
(red) (deep) 281.48 .42 2658.42 2376.94 

BR-5 t a l l  ( sha l )  335.26 .19 2521.28 2186.02 
medium (med) 342.21 .41 2521.07 2178.86 
shor t  (deep) 343.80 .64 2520.84 2177.04 

BR-10 t a l l  ( sha l )  307.63 -25 2561.14 2253.51 
next t a l l  (sh/med) 321.59 .42 2560.97 2239.38 
next shor t  (dp/med) 362.35 .54 2560.85 2198.50 
shor t  (deep) 364.62 .68 2560.71 2196.09 

BR-6 t a l l  ( sha l )  163.85 .38 2353.75 2189.90 
medium (med) 164.88 .70 2353.43 2188.55 
shor t  (deep) 149.30 1.08 2353.05 2203.75 

NR-2 t a l l  ( sha l )  133.07 .32 2317.38 2184.31 
medium (med) 141.08 .59 2317.11 2176.08 
shor t  (deep) 139.46 .79 2316.91 2177.45 

NR-1 (red) ( sha l )  95.18 .91 2271.67 2176.49 
(yellow) (med) 69.48 .33 2278.26 2208.78 
(white) (deep) 101.78 .93 2267.65 2165.87 

MW-32 t a l l  ( sha l )  241.93 .31 -2418.69 2176.76 
next t a l l  (sh/med) 243.08 -42 -2418.58 2175.50 
next shor t  (dp/med) 241.92 .50 -2418.50 2176.58 
shor t  (deep) 240.51 -64 -2418.36 2177.85 

S W  W e l l s  (SE Mon W e l l )  396.75 2582.82 2186.07 



Indian Wells Valley Groundwater Project 
Depth to Water Measurements 

All measurements on Sept 30 and Oct 1, 1992, by Dennis Watt using 
(the old) 1000 foot "twin-lead" electric sounder. All 
measurements are in feet from the top of each 2 inch piezometer 
pipe. 

Well Piezometer Depth to Water Comments 

TOC to TOP 

BR-3 medium (shal) .43 Confirmed short s/u 
tall (med) .39 is deep piezo w/NACC 
short (deep .64 thief sampler. Deep 

EC=11,450 
BR-1 tall (shal) 185.39 .12 Sept 30 

next tall (sh/med) 183.04 .25 
next short (dp/med) 187.79 .36 
short (deep) 195.73 .39 

BR-2 tall (blue) (shal) 
(yellow) (medl 
(red) (deep ) 

BR-5 tall (shal) 
medium (med) 
short (deep 

BR-10 tall (shal) 
next tall (sh/med) 
next short (dp/med) 
short (deep ) 

BR-6 tall (shal) 
medium (medl 
short (deep) 

NR-2 tall (shal) 
medium (me d) 
short (deep 

NR-1 (red) (shal) 
(yellow) (medl 
(white) (deep) 

MW-32 tall (shal) 
next tall (sh/med) 
next short (dp/med) 
short (deep) 

.20 
-40 Re-sound bottoms 
.42 

.91 

.33 Valve top = TOP 

.93 



Sept 30, 1992 

SW Wells Mon #1 [El Wood? at - 341' Muted thud sound 
Mon #2 [SE] 396.93 
Prod Well 373.85 TOP (2" pipe) 
Mon #3 [S] 201.82 

April 7, 1989 
(from Tom Field, Krieger and Stewart) 

SW Wells Mon #1 
Mon #2 
Mon #3 

365.9 TOC 
392.4 11 

196.2 11 



Indian Wells Valley Groundwater Project 
Depth to Water Measurements 

A l l  measurements on January 5, 1993, by Dennis Watt us ing  ( t h e  
o ld )  1000 foo t  "twin-lead" e l e c t r i c  sounder. A l l  measurements 
a r e  i n  f e e t  from t h e  t o p  of each 2 inch piezometer p ipe .  

Well Piezometer Depth t o  Water Comments 

TOC t o  TOP 

BR-3 medium ( s h a l )  
t a l l  (medl 
s h o r t  (deep) 

BR-1 t a l l  ( s h a l )  
next  t a l l  (sh/med) 
next  s h o r t  (dp/med) 
s h o r t  (deep) 

BR-2 t a l l  (b lue)  ( s h a l )  
( r ed )  (medl 
(yellow) (deep) 

BR-5 t a l l  ( s h a l )  
medium (medl 
s h o r t  (deep 

BR-10 t a l l  ( s h a l )  
next t a l l  (sh/med) 
next  s h o r t  (dp/med) 
s h o r t  (deep 

BR-6 t a l l  ( s h a l )  
medium (medl 
s h o r t  (deep) 

NR-2 t a l l  ( s h a l  ) 
medium (med) 
shor t  (deep 

NR-1 (red) ( s h a l )  
(yellow) (medl 
(white) C deep 

MW-32 t a l l  ( s h a l )  
next t a l l  - (sh/med) 
next s h o r t  (dp/med) 
s h o r t  (deep ) 

.43 

.39 NACC t e s t  w/thief  
319.2? .64 t a l l  = med piezo  

95.21 .91 
68.61 .33 Valve t o p  = TOP 

101.44 i 93 



SW Wells Mon #1 [El Wood block at - 341' 
Mon #2 [SEI 397.20 
Prod Well 
Mon #3 [ S ]  201.96 



APPENDIX XI 

Slug Test Data 





BR-1 S h a l l o w  

:E;w06 
Envlranmenral Logger 

26/24 f8:3" 

Rerersnce - - 162.366 
3b I .@we 
i i n e a r ' l ~ y  @.GI+ 
Scale factor 1 5 . 4 b i  
G i f s e t  a.az;l 
Delay m5Ei 56.8~8 

Eiapsea Time INFvT I ------------ --------- 
a .  aaaa 1 ~ 3 . 6 3 7  
8.0883 ~85.857 
i9.816G 163.687 

Setups: INPUT I 
------------ --------- 
! y p e  ~ e v e ~  r e !  
rode --. 

' U L  

i .15. BR: 1 jnEO 

heierence -- 
. . I l l .  1 - W  

'0 1 .Bad 
Llnear~ry f l . f i l 4  
S c a l e  ractor 15.486 
- .  . ~ ' r  rser @. ulZ6 
fielay n5Ei 5fi . @@a 



BR-1 Deep 

Setups: I N P ~ T  I ------------ --------- 
I Y P ~  Laiei !F: 
hoae - - -  

I UL 

1.5. ER: I DnEU 

Reierenca I 33.838 
56 I . W ~ B  
~ l n e a r i t y  a.814 
jcale r a c t o r  19.466 
O i i a e t  a.326 
D e l a y  nSEi 55. 686 

0.2!65 
. 15%; 6.~35; 

a.iss8 
141$ 2.2666 

3. 2633 
.Z2C w . 3 8 ~ ~  , 

3.5166 
zcg3 2.5533 

@.4166 
9.5888 
a.5633 

, 5 9 1 6  6.6666 
B. 7568 

,7513 Q.8333 
8.3166 

, 9 2 5  r .aaaa 
I . a813 

l . G - \ ! L  I . I 666 
I . i588 

/,7 CZ 3 1 ,3333 
I .4166 

/ .qZC I .5333 
I .5833 

1 , q l t b  1.6666 
I .7588 

;.75az I .8333 
I .5166 

1.985 Z.uiri8ti 
2.5883 

z,925 2.saae 
3 .5398 

? . 7 Z F  4.8~88 
4.5B36 

'I. 5.8333 
5.5~383 

5. 6.B488 
6.5688 

6. 7.8~338 
7.568@ 

7 8.riraea 
a. saaa 

g, s.aaaa 
3.58B3 

9, la.oaoc 
i 2.6883 

13,yzs 14. aaao 
i6.aaee 

17, ie.aa68 
Za. 3863 

19, TZF zz .a8aw 
C. " 24.3383 

Effi  

lose 
- -  - 

. - I UL 

. . - .  5iT : I DEEP 

Ratere?ce - - ZId.8@8 
>u ! . a5a 
i i n e a r i t y  3.d14 
;caie r g z t o r  1 4 . 4 S d  
(37 rscr B.Bi6 
Delay  G E L  SB . $88 

a. aoaa 
2.02.1.3 
Zi.5166 
a.a;sa 
a. a533 
5.8416 
52. a5aa 
a. 3553 

i n P ~ 4 -  I 
- - - - - - - - - 
;I@. 147 
L I ~ .  147 
ZIP. 147 
218.651 - - -  - - -  
iih. 3 x 3  

224.536 
225.287 
22S.i87 

. S k l  



BR-2 Shallow BR-2 Medium 

P e t e r e n c e  2:'s. 008 
5 G I .GO0 
Clnearlty 3 .  a00 
Sca le  f a c t o r  10.841 
O f f s e t  -0.0;3 
@ s l a y  nSEi 5E .  000 

Step 0 05/31 89:27:35 

Elapsed T ine  

SEiBBD 
E n v l r o n n e n t a ~  Logger 

0 5 i 2 9  :;:;Z 

Sstups: :NPUT 1 
------------ --------- 
Type i e v e i  I F  j 

Rode - - :!I2 
i . ~ .  %R?YELLJ 

r 'ef  e-enca 00.  E0Q 
s G I . aae 
~ i n e a r ~ t ~  B .  00o 
S c a l e  f a c t o r  10 .041 
D f f s e ?  -0 .023 
Delav nSEC 50.000 

E l s p s e d  Time 

0.0000 
8.0083 

- Q . Q I E 6  
G 0.025P 

0.0333 
c l b r  0 . 0 4 1 ~  

0.0500 
~ 3 2 3  0.0563 

El. 0666 
.US 0.0750 

0.08113 
c7r 0.1000 

0 . '  IEE 
. ! o Y  3 0.1353 

0.1500 
.IY(L 0. 1666 

0 . ! 8 3 3  
7 5  B.2000 

2.2166 
20s: e.2333 

0.2500 
L Y t w  0.266E 

0.2833 
2 7 5  0.3000 

0.3166 
.xCS 0.3333 

0.4166 
, Y 7 ?  0.5000 

0.7500 
0.8333 
0.9166 
1 .0000 
I .0833 
I .  1666 
I .2500 
1.3333 
i . d l 6 6  
I .5@00 
1 .5833 
1 .6666 
1 .7500 
1 ,8333 
1 .$I66 
2.  B000 
2.5000 
3.0000 
3.5000 
4.0000 
4.5000 
5.0000 
5.5000 
6.0000 
6.5000 
7 .0000 

END 



BR-2 Deep BR-3 Shallow 

U n ~ t :  5Ei000 T e s t  i 

Eetups: INPUT I 

Type 
Node 
i.D. 

Reference 
S G 
i l n e a r l t y  
S c a l e  f a c t o r  
O f f s e t  
D c l a y  nSEC 

S t e p  0 05:31 10:85:50 

E l a p s e d  T i n e  

7.0000 272.161 
7.5000 271 ,838 
8.0008 271.698 

END 

j e t u p a :  i ivrui  I 
------------ --------- 
' YPP ~ e v e ~  i F 
700e 

-- - 
- - I UL 

. . u .  on:;- 5 -IAL 

F e i e r a n c e  3i6. i8iii 
. . 
>c' . ad8 
c ~ n e a r l f ~  f i .  2 " ~  
Jcaie f a c t o r  1~3.083 
I i i s a :  -@. C I ? ~  
be lay  m5Ei 5B. wB6 



9R-3 Medium 

BR-3 Deep 

jE;*fid 
Envlranneniai L o g g e r  

85-26 I I : 5 7  

E i a ~ a e g  T i  
---------- 

8. 6 8 6 ~  
C. 8663 
8.8,66 
@ .  32% 
G . a533 
8. 84 I 6 
d .852i 
6. 65B3 
B .  a656 
d .  3752 
8. a853 
a. ~eai 
d., 166 
a. ;323  
8. lsae 
8. 1666 
8. 1633 
8. Z8BB 
8.2166 
8.2333 
8. i5a0 
8.2656 
h.2833 
8.3898 
w.3166 
8. 3333 
8.4166 
.3.583@ 
3.5-335 
8.6666 
8 . 7588 
8.a333 
8.9166 
, . @a63 
I . 8833 
i . I 666 
8 .2588 
1.3333 
I ,4166 
I .  5*8?J - --- 
I .>Y>i - -. - 
I . G 3 b O  --- - I. lCYlVl 

I ,8335 
1.316: 

2 .  8888 
a .  5888 
T - - - -  
4. awwu 
5.5889 
-4.8889 
4.58BB 
5. 988b 
5.583B 
6.8368 
6.58BB - - - - -  
I. awwa 
7.5888 
6.8882 
8 . sea8 
4.8868 
4.5888 
to.@tma 
I C .08OP 
I 4. 9888 
16.8888 
1 8. 6808 
2w.BBwB 
ii . aaae 
i4.8888 
i6.4888 
28.8888 -- - - - -  3u. OOYIW 

32. 8088 
34.8888 
36.88B8 
38.8888 
48.8868 
ri. 8888 
44. 8888 
46.8888 
48 .BBW 
58. 8BB8 
52.8888 
54. 8888 
56.8888 
58.8888 
68.8888 
62.8888 
64.8888 

END 

ic tuos:  ;NPuT 
------------ --------- 
I j p e  L e v e i  . F  i 
'-ooe 

-.- 
I V L  

1.2.  ER: jDEEF 

8. l w a  
.J., ., 7 . * - -  fi. 1\66 

B .  1233 
. G & 7  iii. 1588 

9. r666 
I 8.1833 

a.;aaa 
, ,  -<-...: 6.2~66 

6.2333 
ibb7 w.i588 

G .  L666 
. Z  5.2853 

8.388t 
L33? a.2166 

- ---- a .  J 3 > >  
. -33 6.4166 

a. 5388 
. 3.5835 

6.6666 
.u// 6.i5Gn 

2. 6335 
e..-9 , .a- a.5165 

I . asaa 
I . C  1.8333 

I . I 666 
/.IU-7 I .is88 

I .  3333 
d .  3333 r . a  r 66 

I ,5888 
f.5 1.5853 

I ,6666 
/,LC67 I .is88 

I .asIi5 
1,9723 1 .F i t66  

2.8889 
Z . Y l 1 7  2.5888 

3. 8888 
3.91~7 3.5aea 

4.8888 
1.I. 4.5868 

5. 8886 
f. 5.5888 

6.8888 
6. 6.5888 

7. 8888 
7. - I .  - - - -  3umu 

8. 88138 
8 .  8,6866 

3.8888 
3, 5.5888 

19.8868 
17.  2.8888 

~a.oass 
f b .  16.8888 

I 6. 'a088 
ro, 28.8888 

25. 8888 
2%.  Z4.8P88 

i6. 8888 
28. 2tr.8888 

38.8888 
n .  32.6889 



BR- 4 BR-5 Shallow 

F e t s r e n c e  
--- L23.SClir 

5 6 I . a m  
i l n e a r ~ ~ . y  i l . B 1 4  
S c a l e  i a c t a r  15.436 
j i i s e r  i . K 6  
Dciay njt i l  5B. @fib3 

, Eiapseo T i n e  ------------ 
a. Beaa 
B .  @a65 
@.BIG& 
@.BTSB 
a .  a333 
B.au i6  

----;--- 

w. W>UW 

O.B5iZ 
B.&b6 

6.15G@ 
a.  1665 
6,1833 
5 . 2 ~ 3 9  
C. i166 
6.L325 
a. ;53w 

. - 5.2066 
5.Zi33 

-...a, ; a ~ o  
8.216b 

S' B. 93-1. 

- a.4166 
,i, 8 .  
, . 6.5835 

. b , ~  a.0666 
.? 8 .7566 

C 7  0.8333 
:LdripB.$166 
5 :  I . 8dww 

t .a633 
I . 166. 
I . i 5 6 8  ---- 
I , 2 2 2 3  

I . a 1 6 6  
I . SBdB 
I .5833 
r ,6666 
I .75wa 
I .8335 
I .4166 
; . aaww 
i . saaa 
3.8888 
3 . 5 3 3 ~  
4. k3EBw 
4. S@B@ 
5 .  ad88 
5. SBBB 
6.6aBB 
6.59B8 
7 .888s  
7 .  saw  
8. dB80 
a. Sad8 
9. BE708 
3.5868 

I a. 88@8 
I 2 .  6888 
14.dB86 
16.6BdB 

END 

- - -  -.- 
i b r  . r U >  - - -  . -- 
' b U . U b U  
254,754 - - -  --- 
;>a. i 3 b  

257.735 --- .-- 
i 3 r  . o r 3  - - -  ---  
i > b  . J 3 C  ---  -- - 
;>a. / b V  --- - - -  
i > 3 . ; o w  

;5*.et;' 
2 5 4 . 5 1 6  
254.244 
253. E6B --- - -  
L b J .  2 2  I --- - - -  
i > 3 . * b Y  

254. 1 6 3  
;54. 1 8 3  
254. 1 52 
254.966 --- - - -  
L b A .  Y Y U  --- - - -  
r 3 J . Y b  1 

253.488 
253.558 
i S ~ . w 1 6  
2 5 u . a i 3  
;54.a,a 
;54.dt@ 
;54.@@n --- - - -  
L ~ A .  :Ye 

254. Jw4 
2.54. a84 
254.824 
i 5 3 . 3 3 6  
2 5 4 . 8 4  --- - - -  
L 3 3 . Y Y J  

i 5 3 . 3 4 8  
254 .dB4 
254.864 
Z54.684 
i 5 4 . 8 B 4  
254.3B4 
254. dB4 
254. dB4 
254.884 
254. Baa 
254. 8B4 
i 5 4 .  004 
254 .Ow4 
254 .a84 
254.084 
254. dB4 

958-9 I ?'??)a 
: gazz 

i V j l . ' b E : E  
1 150Cn 
1 -77'1 - - - -  

LIFE: 
' YG'l 1 SdeB 

1 5g5; 
: F'cg 

. 750@ 
I .3333 
' . s t 5 5  

: ' 5 9 ~  2 .  Mago 
7 cmrn 
3 eaan 

<C)RA 

z.73'1 a .  a w e  
4 5@@C 
5 84\m@ 
5 .  seer? 

- .  3ser c eeme 
s .53a* 
7 .  BE@@ 
7 5@R@ 

7.5514 9 .  BeBQ 
a gaag 
5 neae 
9. sea@ 

; a .  eaea 
1 1 .aeon 

EN0 



BR-5 Medium BR-5 Deep 

_I. ?;SO 2JB.SSG' 
a .  € 2 7  254.i55 
2 .':,g- c ~ . -  'KC 66- I ? .  17 

7.3'7 e . x n c  i T C  ;1c 17 7 5  - - - . - - 
p5:3 2 - 7 " 2  7 

347.9:s - 
:A@. ,: 
3.1?.589 - 
j47.:18 
7 . 7  -.+ 8 .  B5.' - 
3 6 E . i 7 1  
345,:: l - 
9.L1.577 
3 L 3 . d r ; 7  - 
36,. ! 7 6  
3.IZ.576 - 
-1 I ,556 
161 , 615  - 
?'40. W E  
248.438 - 
?d.7.4?05 
319,6@! - 
? ? 9 . Z ! :  
5 3 3 . 3 5 4  - -- <.,K GI:  -..-- 
t 3 7 . 2 2 3  - -- 
2 2 5 . 1  GC 
7 7 5  ---. 419 - 
7- - 24.94: - - 
>.: 665 - 
77 -,4.51! 



BR-6 Shallow BR-6 Medium 

3r. l : t  5E-2806 
- .  
t L a p = e d  line 
- - - - - - . - . . . - 

0. bQ0C 
E .Om83 
0 . 3  166 
fi.3252 

= 8.8323 
3.0416 

L ! -7  C.0580 
0.0523 

O- 7-. : - - 0.0666 
0.275E 

,:i 0.0232 

. - - 0.1000 
O:.': 0.1166 

GI. 1 5 2  
lb7  0.1CQO 

0.1666 
15 8.16JL' 

0.20EE 
. , 8 3 3  0.::66 

8 .23Z? 
.Zlh7 0.:5Ua 

- F 

a .  2 6 6 6  
. L :  0.;83? 

0.3ECC 
, Z7?-. 0.' 156 

8 .7777 dad- '  

.??-? 8.41 6E 
8.5210 

< - . -. 0.C635 
0.5666 

.-!-: 8.7560 
l]. 2;:: 

, !?:?S Gl.$i66 
. 2 E C @  

1 .  CE:: 
: . ! E6E 
I .Z500  

S L b 7  S.O8D0 
6.5000 
7.80aa 
7.5600 
B.GI000 
6.5000 
0.000a 
9.5003 

10.10rl0 
1 I .B008 
I:. a000 
13.0000 
14.0000 
15.0000 
16.0060 
17.0008 
18.0008 
19.0000 
70.0000 
: 1 .a000 
22.0080 
23.0000 
24.0008 
25 .a000 
26.0000 
27.0008 
29 .8000 
29.0000 
38.00Qa 

END 

O .  a a w  
6 .8303 
0.016E 
C.825a 
0.3333 
i . 0 4 i 6  

mec( 2.05EO 
c , f h 7  @.El583 
.o ;c  :.3E6E 
* ;..q 3.0750 ,-,, 
c q l 7  ~ . B ~ ~ ~  

;>ny i?. 1a00 
,075 3 .1  166 

, 37r7 C . : 333 
I S Z j  a. i s 2 0  
. l z ~  2 .  1666 

. 1c117 0.  1'3Z3 
5 e 3  8.2002 

, ( 7 5  8.2166 
t i : ;  O.L'333 
.;OF? 0 .25@@ 
. : - 5  9.266E 
- ; , , i  a.:̂ c:3 . - 
;C.,.I 6.3(30@ 

- - 
2 '2 J.ZIEE 

, ; q , ;  3 . 3 3 3 ;  
7 ; :  ; . . i l E E  . . 

'IT:', 4.5CEO 
9 js:: 
a .  6666 
t .75a8 
r? .a:sz 
B . ? l k €  
' . @@OR 
I .  06-2 
. 16EE 
i ,2582 
: ,32'r3 

: . < I 6 6  
I ,5600 
I .  5523 
I .66E6 
1 .7588 
I .9:33 
! .9156 
2. a@@@ 
2.5080 
;.a080 
3.5300 
4.8088 
4.5000 
5.8000 
5.580Q 
6.0000 
6.5000 
7.0086 
7.5900 
8.0000 
8.5008 
9.0100 
3.5200 

10.0820 
I I .0a00 

END 

me INPC" I 
. - - - - - - - - - - - 

!5E.386  
15E. i3E6 
158. 2-3 
i 63 . -a9  
i6T.:52 
1 6 - r n  -~ 
!EE.Si: 
IE5.7Ee 
IE5.735 
165.150 
164.386 
163.203 
16: .50, 
' 6 6 . ! 6 6  
!58.566 
157,534 - 

i 5 6 . 4 5 :  
'55.354 
! 54.53@ 
. -- 
r;-. 566 

l52.3lL '  
: 5 T . : 0 7  
i s  . 4 9 :  

150.99: 
i53 .536 
. L m  

.L .  ! 6 6  
' l 3 . 2 ; :  
A?.,.;: 

;49.716 
' 5 > . : $ ;  

:50 .59 !  
156.57: 
i a . 3 5 3  
:50.:5.: 
150.E33 
'50 .330 
:50 .895 
150.166 
:50.2C3 
1 5 8 . l ~ 7  
150.1-2 
: 5 0 . i 4 !  
:SO. ::3 
158.!23 
'58.!:0 
150,i:S 
'56 .1  ! 7  
158.859 
152. '  : 7  
i50.832 
150. I l B  
:55.886 
158.096 
150.038 
152.066 
150.098 
150.a52 
150.886 
150.092 
150.036 
150.Pi06 
150.a9: 
150.092 



BR-6 Deep BR-10 Shallow 

H e f e r e n c e  DO. :liiif 
5b . kl'd* 
~ 1 r : e a r i t y  0 .014  
h a l e  t a c r c r  I Y. Jet 
b t - s e t  U.d?E, 
Ge.ay m 5 E t  5 8 . i ~ ~  

E l a p s e d  llne i N W 7  i 
- - -. - - - - - - - - - - - - - - - - - - 

e .  e u ~ a  :so.os 
P1.3033 ' 1 5 8 . 8 4 9  
0 . 6 1 6 6  ! 5B. 843 
@.  9250 156.836 
0 . 0 3 3 3  '%EL. j96 

- . , - . - . c i n n p e p  i !nr  , ~ r y  I , 

------------ --------- 
;. ZZEa --.- --" 
- ---- ;ii. C 3 i  

0 .  C'Y133 
---  ,.<.;5: - - 

Z6.8366 --- 
- ' L ' . . C 3 i  

? j .S iBB  --- --- 
J L L .  OD. 

bi .Z i53 - - 7  --- 
J L L . C > ~  

B.Gi66 --- ---  
~ L L .  0:: 

a ,  arzc --- --- 
li~, 03: 

6. Biz3 --- --- 
JLL,  033 

C.-2;6E --- . " -  
2 L 2 . 4 C 2  

a .  --- - ," 
-lL I .  L U C  

8. ;335 --- - - -  
-. - . . - - - . . -. 3- J . 3 3 P  - .~.  .- - 

c ;.GjGa 3 3 5 . i 5 E  , ?  ?z 
B.P656  --. - - -  

321). JL'S 

0313 a.aZ33 33T.Gij3 7, 91 - 
t . .  1 Y'L'Y 

- - .  --- 
I." . L J C  

3.5388 
4. BB$B 
4.5099 
5 .  ;Baa 
5.5680 
ti. 2239 - - ---  
n.  :WWV 
7 .  2k7PG 
" ---- :. J W W W  

8. 6GBB 
8.5888 
s . aaea 
3.5Z138 . -  

I W . W W W  

END 

--- . - -  
3 L i .  '7 --- --" 
Jie. r o o  - - -  
2 L b . 3 W t  

9Z6.352 --" - - -  
3 - r . - @ :  - - -  
2 ; " .  1x3 ---  . . -  
3LC. '*i ---  s L c . 9 ' i i  
3;6.868 - - -  - .-  
i 3 . 3 1 -  --- - .  . 
3 ~ 3 . 0 ' 4  

325.3;; --- - - -  
-1-3. W W U  --. --- 
3 - 4 .  ' ' C  - - .  - . -  
5 1 9 . D  --.  .-- >LU.SYJ - - .  . . -  
1-4.*1 f 
--. --- 
2 L 4 . 3 5 :  

5 ~ 4 . 2 1 D  
- " ,  
J L 4 .  LI* - - .  --" 
2 c 4 . 1 3 :  - - .  -.- J i * . i 4 >  
J L * . & ; '  --.  --. 3 i ' i .  iL - - .  3 . -  

J L S . L I Z  ..". - - -  
3 L I . I W O  

524.2-25 
--.  ""- 
3 iY .L t l '  
3 z 4 . .  -- I J J  

JLU. 156 --.  , - -  24.4. I JD -- . 
,i..lS? - .. 
32;. 193 -- ~ .-- 
3 i 4 .  I J J  - - .  . -- 
J C 4 .  I J D  

3 Z i . i S j  
3.ii.zz; -". -"- 
2i4. i V J  --.  5iY.LWU 
--,  "." 
3 L L - r ' L  

354.215 --. ".- 
3L') .LlU 
3 i i . t i B  "-. 
3-* . LL I -". - - .  3 L * . i L 4  
324 - 7 4  . && --. "-- 3 ' 4 . i L I  



3 e i  ~ 1 C 5 .  
-. - ,  - 
lN?L' i 

------------ --------- 
mvpe i t v e l  , F 
%one TGC 
i . i ; .  B$fi$a 

E i a o ~ e o  ilne - - - - - - - - - - - - 
S. Baa5 
9.8833 
2 .  ZBSO 
I.CiiB 
p . r i i 3 3  
B . C i d 6  
a.635 - - - -7 
u. s ia - ,  
Z. 626; 
6.6;86 

--- 
-.,a. 432 --- --- 
3 i J . W L 3  

324.653 
- - .  --- 
a'. 'A.  3J3 
- - .  
.?.Y.W44 

L23.765 --- --- 
JcJ.>aJ --- --- 
Z.J.3>' 
7 - -  .- .  
3 L 3 .  1 ( 4  

3ZZ.513 --- --- 
,LA . O D 0  --- -.- 
31.. ' 4 i  
---. -"- 
3 i -  . o i o  
-.++ --- 
J--,a;/ -"- .-- 
a~;. I U 1 --. -"- 
3 i  I .  3 U D  

37 i .a66 
3Zi .755 --. --- 
3 i  1 . r L a  --. -"- 
3 -  I .  / V  I =-. --- 
.,C 1 .a¶ I --- 
LIL I . ocn 
3; i .675 --. -..- 
J C I  .UCO 

3 5 i  .666 
3; i1P5a.. . - 

5e.L.15; 
- .  - 
r l u r v i  

------------ --------- 
y o ?  i e v e i  F 

" cce  
--- 

. - 
1 UI. 

, . L .  ;ja~a 

--- --- 
3 5 i .  W.,3 --" --- 
> D L .  "f>> - - -  --- 
~ D . . . u ~ J  --- --- 
35;. 0 3 3  --- --- 
J O L  .W.,J --- --- 
3 D i .  ' 3 3 3  --" --- 
I G L .  W 3 J  --- - , -  
3 0 1 .  W4 / - - -  --- 
3 D 0 . 5 3  1 
--A 

3 0 1 . i 3 1  --- 
.- 1 ' I-. 1 W L .  --- . . . 

3 1 n .  1'4 - - --- . - -  
>!a. 1 3 w  .-- 
Ll4.':= 
- - ,  
3r+.D*L --- --- 
3 ' 3 . 3C 'C  --- 
; ' < . a = *  --- 
' I  I .  3 0 0  --- 
2 1 1 . 3 2 ,  --- --- 
2 l L .  3 0  --- - - -  
L'U.ii0 - - -  
,q=. , - +  - - -  
J O Y . - Y I  --- --- 
3," l i  --- - - -  
:,".:oU --- --- 
JO,. 2 3 0  --- - . -  
SU, . , I .  --- --. 
5 0 , .  L I' --- --- 
3 0 m .  i 3 L  --- -a- 
3 0 3 .  JC i --- 
3 D 4 . D L U  --- --- 
2 0 3 . 2 D 3  --- -. . 
502 . :  I I --- --- 
J C 3 . i W 3  --- ---  
3 9 s .  WWD --- -- .  
3 0 c . o i *  --- --- 
3 n i .  ! Z L  --- --- 
3 0 i .  1 3 -  --- 
3 D - . i 3 4  --- 
~ E L . J O >  

;6:.6ii --- "-- 
3 0 L . 0 ~ 3  --- - - -  
3 C k . I W 7  --- ---  
3OL.OWW --- --" 
3 o L . a Y W  

362.56' --- 
40; .J 1 4  --- --- 
3 n i . 3 n D  --- --- 
5 D L . J C L  --- --- 
2 n d .  3 J 0  --- --. 
J D L .  J c  I --" -. . 
5 0 L .  b 14 --- --- 
J O L  . Jua --- --* 
~ O L  . 3 W i . _  --- -a- 
3 0 L .  J W 2  

362 . i s 5  
382.i55 --- . - -  
> O L . P J >  --- --- 
3 D L . J W L  --- --- 
L l O i  . 3 G L  --- --- 
3 0 ~  .>US 

56: .  596 



BR-10 Deep NR-1 Shallow 

G ~ : i i  Z55G6 Tesr d 

. - - - -  
I . C W W W  

, s;-L> - ---- 
I  .U033 
. .--- ' . I000  
. ---- , 1- t .->WW . ---- 
I ..I212 

I :!,L.> i . . i i68 
t .53a.? 

1.7333 i .SjZ3 
i .66iiG 

1 . 7 0  i .75i i6 . ---- 
I .  5312 

: 8l.L i . 3 i  66 
: . ace2 

.?.'I= i.56B; 
5 .  iiuiBB 

?.9T 5.5856 
4.86E0 

q .YT  4 .500s 
S . CCBb 

5 . ~ 7  5.5G50 
6. G306 

6 . Y 7  8.5ZG8 
EHD 

--- 
3 ,  ' . * " I  --- - - -  
z r  1.JVO --- -"- 
.I i t . ZWC --- --- 
3 / 0 . ~ ~ 3  --- --- i l a . ,  r e  --- --- 
5 15.338 - - .  
L1,4.c.u, 

574.44:  
5 7 i . Z r 5  --- --" 
1/3.=,e --- " - -  
i / J . i > C  --- --- 
~ / L . J O W  --- --- 
i ( i . L j - C  --- --- 
C I.. .;YIo --- ""- 
r I &. W U >  

3 ,  I .  1 1 3  
--. 
511 . *a=  --" 31W. I f 4  
:-- . . -  :n a .  I 'LD 

366.ti3 --- - . -  
>t l .O'D 
7- -  . - -  
3 0 , .  I W 3  --- --- ,300-0 13 --- --- 
2 0 0 . 1 3 V  --- - , -  
2 C O .  w - 3  --- ""- 
CD3.OL3 
3E5.64: --- ,-, 
JE:.*JI  

365.57 i --- --- 
' W  --- . --  

' C 3 . 1 0 5  --- 
2 0 2 .  I 9 G --- ---  
" ' 0 3 . O C i  

5 6 5 . 6 i d  --. "-- 
3 C * . J f d  

36.i. 835 
364.5G7 
- - ,  --. 
1 0 * .  1 8 1  --. - . -  30* .  ( I J 
--. - - -  
504. OnW --- 30+.03O -... - .-  
am*. CJ4. 
- - .  --- 
304.033  

3Si.62: 
- - ,  - . -  
304.0 1 1  

364.61 1 

Unlif 5EZ000 i e a t  1 

5e:ucs: INFL'T : 
------------ --------- 
Tvee  ,eve1 : ')  

bode T3C 
1 . 2 .  NR l RED 

Refereqce 8 .000  
5 3  ! .000  
-1near i t s  0.000 
S c a i e  'actor 16.a00 
O f f s e t  4 .000  
Oeiav mSEC 5Q. 000 

INPUT 2 

I U . ?  16.0000 - END 



U n i t t  5E2000 Test 2 

Se:ups: INPUT ! INPUT : 
------------ --------- --------- 
T!pc L e v e l  I F !  L e v e l  :i; 
Mode TBC TOC 
L . 9 .  N R  I W H ~ E  NF I REL 

Re'erence I00.000 100.000 
s G 1 .a00 1 .oo0 
L l n e a r ;  t:, B.QQ0 Q. tO0 
S c a l e  f a c t o r  10.002 10 .84 i  
O f f 3 e t  - 0 . 0 ~  - @ . e ? ;  
Oeiay mSES 58. 000 50.000 

E iapseo T ~ m e  INPUT ' INPUT Z 
------------ --------- --------- 

0 .  0000 31.434 100.800 
0.00C3 91.494 100.800 
0.0166 97.47d 100.000 
0.0250 107.364 100.000 
0.0333 l07.Z?5 100.000 

1 ,6666 
,7500 

1 , 6 3 5 3  
1.9165 
2.0080 
Z .5600 
3.0000 
3.5000 
4.0060 
4.5000 
5.0006 
5.5@00 
6.0000 
6.5000 
7.0000 

END 

i i e i e r e n c e  
-- --- 

1;<.:5CI 
S G I .B55 
~ l n e a r i  I y a . k i l A  

S c a l e  +ac:or !5 .486 
O'isei 2.~16 
j e i a r  - 5 E i  za.335 

, ir 5.2666 
i .;a53 

. z ; ;  L.S5@2 
d.3166 

,717 2 .  J33Z ., 5.4166 
, Y O ?  a. i3BB 

567 0.5333 
.65 a .  6666 
. 7 5  8.7588 
. S l7  a. 9333 
,: a .  3166 

. 9 8  .iraaa 
1 . a833 
I .  I 666 
I .;SBB ---- 
: . A 3 3 3  

I . .+I66 
I . 56BB 
I ,5835 
t .6666 --- . . tsaa  
1 .a333 
. , 4 1 6 6  
2 .  aaaw 
; .5&3B 
3 .  saee 
3.5086 
4.08BE 
4.5898 
S .  
5.5868 
6. @ah36 
6.5888 
i . a m  
i .  s a w  
a. e w e  
8.5BaB 
4.8888 
9.5688 

lw.88a6 
1 2.6886 
14.68613 
I 6 .  aaaa 
1 8 . w a ~  
za. ma@ 
2 2 .  868h3 
i4. a686 
26. 688e 
iB.8668 

END 

- -  - -- . - -  
i 2 d . i b b  
- -  - - -  

I - Z . , - d  - - 
' 32.54' 

133.513 -- - -  
133.13 I 

iT '1 .787 
131.$32 
1 32.353  
132.822 
13i .35Z 
,3;.416 
; 32.456 -- - - -  1 3 i . L b -  
1 3 i . 3 a 5  
132.413 
12i .54;  
i32.31 I - - 
f J & . 2 5 4  - -  - - -  
A;'.. >bIO 
, ? -  --- - L  .J>b 
132.342 
13;. 534 
132.34: 
13Z.336 
13; .34: 
132.336 
132.336 
132.336 
13i .336 
132.336 





NR-2 Medium NR-2 Deep 

u n l t r  wnTEfi:AD Tesr I 

Setups: ~NPuT I 

------------ --------- 
1 Y P ~  ~ e v e ~  r F  I 
nOde 

- - -  
I UL 

;:a. NR : TnED 

Step 8 a6125 14:58:38 

E i a p s e a  T l n e  i M u T  I ------------ --------- 
a. 0888 136. 174 

5EZ000 
E n v l r o n n c n t a l  Logger 

0 5 i 2 9  14:14 

U n ~ t t  SE2000 Test 4 

S e t u ~ s :  INPUT I 
------------ --------- 
Type L e v e l  ( F  ) 
Moae TGC 
i .D .  kR2SHORT 

Reference 108.000 
56 1 .Be0 
L lnea- I  t y  0.000 
S c a l e  p a c t o r  13.688 
O f f s e t  0.21: 
D+ia)i nSEC 50.000 

Step 0 05 /29  14:10:33 

Elapsed T ~ n c  ------------ 
0. a000 
0.8083 
0.0166 
0 .  0:50 

0.7500 
0.8333 
0.9166 
I ,0000 
1.0833 
1 . I 6 6 6  
I .2500 
1 .3333 
1.4166 
1 .SO00 
1 .5833 
1 .6666 
1 ,7590 
1 .a333 
1 .9166 
2.0000 
2.5000 
3.0000 
3.5000 

END 

INPUT 3 



MW-32 Shallow 

1 A .  mpna 
1 s . efinn 
1 6 . @*ma 
17. j@g@ 
1a.cnnwa 
19. B@0@ 
20. 
: 1 . beee 
22. m w m  
-2 RBRA - - . - - - - 

ENn 

Z . ~ B . ? . I ~  
81q  

251 .:p- 
-en S z e  - -. . - - - 
?C7'  - - 6 1 7  

1 5 6 .  $'?' 
7 C G  - - -  U73 
:r;c -- - .  A T ?  

2 5 1 . 2 5 7  
'C-t ?;- - - - . - - - 
If 1 . *q i 
?3? .5ac  
2;' .  ' u- 
:A';.*?- 
- A -  2551 - 

- 3 1  - 
3'9 q:* 

.-.- 
," yip 

'a,:: 
, % .  ~<? 
.'7 5" 

1 7 ,  r n  

, 5  -3  

! Y . 7 2  

I 3  5'o 

r I 5 6  
P 9 7  

- 5  

'4 L., 

3. 77 
2- , , 

7 -2-7 .. --.. 
?'. ZE-mo 
i 
Q.:$:: 
g . T@f'@ 
9 .  srrg 
2 .  '771 

I> . A 1  56 
cr .r;gne 
;1.5"? 
KsfgE 
P .  7534 
g.9331. 
s .5 '55 
.c,nng 

1 '?!A33 

I 'CCE 
1 .:5l"C) 
, ---- 

I, ,. 
1 d l 6 6  
' GnaQ 

C 1 ? 7  

C C K C  

! .75@@ 
37;- . - - - -  

i . ? I 5 6  
nmoe - .  - -  - -  - sang 

7 nono 
7 SnAB 
A .  nacn 
n CPC)C) 
5 .  ~ n n e  
5 .  sea@ 
6. nmw 
6. E%?I 
7.9?Q(? 
7. sgno 
e crmlrg 
n . wea 
s no@@ 
9.5@@ol 

:?.a@@@ 
1 I .@ma@ 
12. a m  
13. @@@a 
1 A .  crC)C)@ 

15 .@@@@ 
END 

2' 
? I s . S + A  / 

- , *C iF: 
27.q.F:i  
: Q 2 . 3 7  
ZAZ.2c.f 
:;a.?~o 
-79 F C F  - - . . - - . v 
-:- 
, 4 '3& 

- 5 4  17- - - . . - - - 
1-u g z a  

;,+ 1, 
,/ 

:A@ 970 
' l ~ , /  1 

I s @  ' 3 :  ' 

- 7 9  q77 
v 

- - Q  GRF - - - . - - - 
?:?.sad 
7 4 8  7'9 - 
:AQ..I>: 

?A@. '47 
:fq e763 

239.01~ 
77C 191 --  -. - -  
l d o l  1 CC) 
2A8.nsZ 
/A( l .of . :  
ZA@.;?#lQ - 

/A@.?&? 
?A@. @ A 3  
?A0 0'5 
ZdC) .a35 
?4C).u\?E: 
11@.@3fi 
ZA@.G?F 
?4a eT& - - .  - - -  
d Q . f l 3 5  
14@. h3E 
:am. f l 3 ~  
2A@. @3C 
240.  e x  
?Am RSR 

?A@. @?A 
?An B7R 
24@.02d 
ZA@.l"ZA 



E l a p s e d  ? l n e  
- - - - - - - - - - - - 

m .  0000 
F .  BOB3 

- - 0.al6F 
r, 8 .;T$o ~ 

-33  o ,n:z 
,orLC P.@I 'G 
, 0 2 5  0.2508 

.a??: E .@Sat 
. a r ~ b  0.068G 

e . e x n  
, o-; a e .  a833 

-75 8 .  : OIEO 
o91b 0.1166 
1o:i B .  1% 

,125 D. 158'2 
: * ~ b  a.lE66 
IS,.? e .  , 2 3 3  

. I 7 5 i? .T00U 
. ? i &  B,2lb^& 
--ce;. (, --7-2 ,- , . ..-- 

7 -  - - -  @.:SO@ 
Lclc i1.;56i 
S F ?  z.;s:: 
-75 @.?Pi@@ 

."I- g.1:c.G 
, 3 3 5 3  -" 3" 

2 . I l E E  
a .  5000 
B .S83 
ii .E6E6 
W .:5m 
Q .253Z 
0.3166 

.5Q00 
1 .ae:3 
1 .  lCf6 
I . zsae 
1 . 3 7 3  
: , 4 1 6 6  
1 ,5266 
I .5a33 
I . 6666  
' ,7500 
: .an: 
1.4186 
2.00Bi? 
2.5090 
3 .  @ m a  
1.5000 
4.0008 
1. 5088 
s.eea0 
5.5000 
6.9@B(n 
5.5980 
7.0@00 
i .5@0@ 
8. B000 
8 ,5600 
9.0090 
9.5000 

~a.eoae 
1 1.0000 

END 

MW-32 Deep 

SE?008 
E r v l r o r n e n t a .  ,cqgsr 

$ ? / I 1  ' 7 : 3 s  

S e t ~ c s :  i ~ ~ c -  I 
------------ --------- 
T , c e  L a v e ~  i F :  
,voile TCC 
1.3.  

Re i e r e n c e  
- "  

i4B.GQB 
3 L' ! ,800 
L : n ~ a r i  t ,' 3.614 
f c a l e  f a c t o r  15,486 
> f  f se t  E.(CZE 
J e ? a v  nSEC 50.2eQ 

a .  0008 
0.8063 
a.0166 
2.0250 
0.0333 

- 8.0116 
2 6.3503 

0.0533 
ci& B .X66 

8.2750 
.-33? k3.0833 

0.  !0B0 
.%-- 0.1166 

a .  !332 
li. 1500 

S . ' 6 6 E  
, , 3 2 3  a .  1633 

11.2000 "-" Q.ZI66 
2. z333 

2 0  2.TEB0 
2 . i56E 

zr73 .-.- c.;esi 
0.L'IIOQ 

.;LhL 3 .3156  
e . -c33 

,?b-- 8.4166 
2.5880 

5 2 3 3  8.5833 
0.6666 

.70 d.7586 
6 .  a3t3 

.BG& d . $ : 6 ~  
I .00@8 
i ,8833 
1 .  :666 

4 .2Sb0 
1 .33:3 
I . 4 1 6 6  

1 . 4 5  1 .5888 
3 .5s33 
1 ,6666 
: ,7500 
1 .8333 
i .!I66 

! . 95  2.0000 
2.5000 
3.0000 
3.5000 

? ? 5  4.8000 
4.5000 
5.0000 
5.5008 
6.0808 
'd .S000 
7.0000 
7. Sa00 

7.75 8.0000 
8.5000 
9.0008 
3.5008 

1 0.0000 
1 I .0000 

1 I . S ~ ~  a800 -- 
13.0008 

ENU 



APPENDIX XII 

Down-Hole Temperature Logs 













APPENDIX XlII 

Project Well Location Map 



Groundwater elevation (feet), water quality (total 
dissolved solids, mg/l), estimated transmissivity (ft /min) from 
slug tests, and geologic section shown diagrammatically at the ' 

location of each completed Project well. In the depiction each ' 
vertical line below the project well designation represents one 5 
pieeometer. Vertical depth scale is 1" = 1,000 feet. The bold , 
horizontal bars represent depths to groundwater relative to each 
other (but not at the vertical depth scale). Elevation of 
groundwater is shown to the right (except BR-5) of the piezometer - 

cluster depiction. NACC 17-1 (North American Chemical Company) ' 
stratigraphic column shown to fill area between Project drill 
holes. Well 19D (Water District southwest monitoring well #3) 
shown for water elevation. 

*:;I$, { .#.- 1-23 ;&--f~\kp- i pa -7 1 - li:A-- - I *  



APPENDIX XIV 

Project Well Site Elevations 





INDIAN WELLS VALLEY GROUND WATER PROJECT 
E l e v a t i o n  @ w e l l s  i n  Group I 

W e l l  E l e v a t i o n  2" P i p e  E l e v .  D e s c r i p t i o n  

BR- 1 2852.17 X stamped on r i m  o f  c a s i n g  
2851.91 Shal low M e d .  
2851.80 Deep M e d .  
2852.05 Shal low 
2851.77 Deep 

C o n c r e t e  Pad 
Ground 

BR- 2 2658.84 

BR- 3 2511.86 

BR- 4 2377.48 

BR- 5 2521.48 

BR- 6 2354.13 

X s tamped on r i m  o f  c a s i n g  
Shal low 
D e e p  
Medium 
C o n c r e t e  Pad 
Ground 

X stamped on r i m  o f  casing 
2" P i p e  
2"  P i p e  
2" P i p e  
C o n c r e t e  Pad 
Ground 

X s tamped on r i m  o f  c a s i n g  
2" P i p e  
C o n c r e t e  Pad 
Ground 

X s tamped on r i m  o f  c a s i n g  
2" P i p e  
2" P i p e  
2" P i p e  
C o n c r e t e  Pad 
Ground 

X s tamped on rim o f  casing 
2" P i p e  
2" P i p e  
2" P i p e  
C o n c r e t e  Pad 
Ground 



W e l l  E leva t ion  

INDIAN WELLS VALLEY GROUND WATER PROJECT 
Eleva t ion  @ wel ls  i n  Group I 

BR- 10 2558.77 

2560.3 

2" P ipe  Elev. 

NR- 1 2278.58 
2277.67 
2277.69 
2278.26 

NR- 2 

Descr ip t ion  

5 /8"  r eba r  1 0 0 '  Eas t  of 
proposed w e l l  BR-10 
Ground @ proposed s i t e  

X stamped on r i m  of cas ing  
Deep 
Shallow 
Medium with va lve  cap 
Concrete Pad 
Ground 

X stamped on r i m  of c a s i n g  
Deep 
Medium 
Shallow 
Concrete Pad 
Ground 

X stamped t o p  o f  welded 
cover  between two 2" p i p e s  
Eas t  2" pipe  
W e s t  2" p ipe  

Note: A l l  "X" stamped above l a t c h  a r e a  oppos i t e  t h e  hinge of t h e  
cover u n l e s s  noted o therwise .  



I N D I A N  WELLS VALLEY GROUND WATER PROJECT 

W e l l  

CSD # 1 

CSD # 2 

OW- 8 

INYO WELL 

Elevations @ wells i n  Group I1 

Elevation Description 

X stamped on r i m  of casing 
Ground 

Top of 4" pvc p ipe  
Top of rim 30 gal drum 
Concrete Pad 
Ground 

NW corner of cover p l a t e  
Top NW corner of  cover box 
Ground 

NE corner bottom of pump casing 
NE corner concrete pad 
Ground 

NE corner bottom of pump casing 
NE corner concrete pad 
Ground 

Chisled square SW corner of 
concrete pad 
T o p  w e s t  corner of welded cover 
p l a t e  over 8" w e l l  
Ground 

X stamped E. side r i m  casing 
Top of 1/2" cap i n s i d e  casing 
Concrete Pad 
Ground 

X stamped on r i m  of  6" cas ing 
Ground 
Extra well  i s  near  S 1/4 corner 
of Section 8 T27S R39E 



INDIAN WELLS VALLEY GROUND WATER PROJECT 
Distance and e r r o r  of level loops to wells 

Well 

BR-1 

BR-2 

BR-3 

BR-4 

BR-5 

BR-6 

BR-10 

NR- 1 

NR-2 

MW-32 

NAWS-13 

NAWS-3 1 

NACC-17-1 

CSD-1&2 

OW-8 

INYO WELL 

INVWD-8 

Distance in miles 

3.5 

1.5 

2.5 

0.3 

2.0 

0.5 

0.2 

0.3 

0.7 

0.2 

1.3 

1.0 

0.5 

0.2 

0.2 

0.8 

0.5 

Error of closure 

-0.027 

+O. 045 

+O. 042 

+O. 009 

-0.014 

+O. 016 

-0.016 

-0.008 

-0.009 

-0.006 

-0.010 

+O. 042 

-0.002 

+ O .  013 

-0.010 

+O. 007 

-0.012 



APPENDIX XV 

Engineering Cost Calculations 





APPENDIX XV 

CALCULATION OF ESTIMATED 
TRANSMISSION LINE COST 

An estimate of the cost of building a 34.5kV electric transmission line from a substation in 
Inyokern to a pumping field in the southwest area of Indian Wells Valley was derived by 
indexing a 1978 engineers estimate of a similar transmission line. The engineer's estimate or' 
the contract cost of a 7.86-mile 34.5kV woodpole transmission line on flat desert terrain 
south of Yuma, Arizona was $135,082 in 1978. This is $17; 186 a mile. 

Using a cost index of 2 to account for the difference in cost between 1978 and 1992, the unit 
contract cost becomes 

$17,186 X 2 = $34,372 a mile in 1992 costs. 

Adding 34 percent to account for engineering, inspection, contract administration, etc., the 
total unit cost is 

$34,372 X 1.34 = $46,000 a mile. 

For the 5 miles between Inyokern and the southwest area a transmission line is estimated to 
cost 



CALCULATION OF ESTIMATED 
20" AND 30" PIPELINE COST 

Estimated Cost for 20" Pipeline 

% 

Construction in Alluvial Fill 

Minimum cover = 30 in. 
Excavation depth = 4.7 ft. 

Trench bottom width = 2.7 ft. 
Trench top width = 21.5 ft. 

Side Slope is 2: 1 

Trench Ortgtnai Ground Surface -------- /+ I 

Pipe 

Excavation 
Zone D 

4.7' ZONE "0" 

---- 

- r 



Compacted Backfill 
(selected material) 
Zone A + Zone B 

Backfill 
(common material) 

Zone C 

Pipe 
(installed) 

5,280lft. x $26/lin. ft. = $137,30O/mi. 

Right of Way 

50' wide x 5,280 = 6 acres x $200/acre = $1,20O/mi. 

Subtotal 

Subtotal = $206,40O/mi. 

Road Crossings 

Jacking 
2 @ $5,000 ea. = $10,000 



Subtotal 

Subtotal = 
+ unlisted items (15 %) = 
+ contingencies (25 %) = 
+ indirect costs (25 %) = 

Total construction cost t: $388,8001mi. 

14 mi. x $388,80O/mi. = $5,400,000 
7 mi. x $388,80O/mi. = $2,700,000 

Estimated Cost for 30" Pipeline 

Construction in Alluvial Fill 

Minimum cover = 30 in. 
Excavation depth = 5.3 ft. 

Trench bottom width = 3.3 ft. 
Trench top width = 24.5 ft. 

Side Slope is 2: 1 

Excavation 
Zone D 

Compacted BacWiU 
(selected material) 
Zone A + Zone B 



Backfill 
(common material) 

Zone C 

Pipe 
(installed) 

5,280lft. x $55.00llin. ft. = $290,40O/mi. 

Right of Way 

50' wide x 5,280 = 6 acres x $200/acre = $1,20O/mi. 

Subtotal 

Subtotal = $379,50Olmi. 

Road Crossings 

Jacking 
2 @ $5,000 ea. = $10,000 

Subtotal 

Subtotal = 
+ unlisted items (15%) = 
+ contingencies (25 %) = 
+ indirect costs (25 %) = 

Total construction cost = $700,00O/mi. 

10 mi. x $700,000/mi. = $7,000,000 
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