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ABSTRACT

Shore, Lawrence R . , Spring, 1980 Geology

Uranium Concentration Variat ions in Stream Water in Response to 
Changing Stream Discharge from Paired Watersheds in Western 
Montana (

D irector:  Ian M. Lange

Water samples from gaged, pa ired,  th ird -o rd e r  watersheds d ra in ­
ing g ra n i t ic  rock of the Idaho Botholith  were col lected approxi­
mately every two weeks during one annual hydrologie cycle to 
determine uranium v a r ia t io n .  In add it ion ,  f i v e  suites of diurnal  
samples from each stream were col lected  to measure the amount of  
d a i ly  va r ia t io n  in uranium concentration.

Annually, uranium concentration varied over one order of magni­
tude. Diurnal va r ia t io n  during extreme low flow was also greater  
than one order of magnitude. The amount of annual and diurnal  
va r ia t io n  of uranium concentration in streams is great enough to 
cause errors in the in te rp re ta t io n  o f  reconnaissance hydrogeo­
chemical survey data. In e f f e c t ,  mineralized watersheds may 
appear to be unmineralized and unmineralized watersheds may appear 
to be mineral ized.

Anomalous uranium concentrations occur in conjunction with other  
anomalous physical and chemical ch a rac ter is t ics  o f  the streams.
Much o f  the va r ia t io n  is explained by d i lu t io n  during the reces­
sion limb of storm events and spring runoff .  However, a s i g n i f i ­
cant portion of the v a r ia t io n  is not explained by d i lu t io n .

A technique is presented which attempts to id e n t i fy  water sam­
ples collected when streams are deviating from th e i r  long-term 
average chemical concentration. By p lo t t in g  uranium concentra­
t ion  against calcium concentration, i t  is possible to account fo r  
the e f fe c ts  of d i lu t io n  on uranium concentration. Anomalously high 
or low uranium values greater than +1 standardized residual are 
recognized in samples col lected  during or soon a f te r  storm events 
or during periods of extreme low flow. Anomalously high and low 
uranium values can be associated with e i th e r  high or low pH values 
greater  than j l̂ standard dev ia t ion .  The change in pH is probably 
the re s u l t  of v a r ia t io n  in the ra te  th a t  p a r t ic u la r  source areas 
d e l iv e r  water to the stream channel. High uranium values may also  
be associated with high iron concentrations in stream water. This 
occurs only during periods of higher discharge. This appears to be 
the re s u l t  of f lushing of u r a n y l - f e r r ic  oxyhydroxide complexes from 
the stream bed during the r is in g  limb of storm events.

i i
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CHAPTER I

INTRODUCTION

For the past f iv e  years the Department o f  Energy (DOE) has con­

ducted a National Uranium Resource Evaluation (NURE) program, attempting  

to b e t te r  define the uranium resources of  the United States. One aspect 

of the NURE program involves a Hydrogeochemical and Stream Sediment 

Reconnaissance (HSSR) program in which stream water and stream sediment 

samples were col lected from small streams throughout the country. Using 

sophisticated an a ly t ic a l  techniques the chemical concentration of uranium 

and a su ite  of other major and minor cations are determined fo r  each 

stream sampled. Cation concentrations are reported on the basis of weight 

in parts per b i l l i o n  (ppb) fo r  water and parts per m i l l io n  (ppm) fo r  

stream sediment, rock and soil  samples. This study is  concerned only 

with the stream water portion of the HSSR program.

A hydrogeochemical survey fo r  uranium is an exploration technique 

used by geologists th a t  re l ie s  on the dispersion of  uranium away from an 

ore body in to  stream water which is r e l a t i v e ly  easy to sample. Id e a l ly  

the technique allows the geologist to explore large areas o f  generally  

mountainous te r ra in  quickly  and inexpensively. By comparing the concen­

tra t io n s  of uranium in water samples from many streams i t  is  th e o r e t ic a l ly  

possible to ta rge t  areas having a greater potent ia l  fo r  containing

1
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economic uranium deposits. This is based on the assumption that  stream 

water containing higher concentrations of uranium comes from water­

sheds in which the rocks contain higher concentrations o f  uranium.

The technique is useful only i f  the geologist is able to use the 

r e la t i v e  concentrations o f  uranium and other chemical ch a rac ter is t ic s  

to d iscr im inate between stream water from mineralized and unmineralized  

te r ra in .

The usefulness o f  the exploration technique depends on a dispersion  

mechanism tha t  continuously moves uranium from the point of o r ig in  in 

the rock to the stream where the water sample is co l lec ted .  The d is ­

persion mechanism should operate a t  nearly the same ra te  fo r  a l l  the 

watersheds w ith in  the area under survey even though the concentration  

of uranium in the rock may change between watersheds. This c r i té r ium  

provides a natural boundary delimi t ing  the area w ith in  which stream water  

samples can reasonably be compared. The ra te  o f  the mechanism should 

not vary s ig n i f ic a n t ly  from day to day w ith in  the time frame o f  the 

reconnaissance survey. I f  i t  does then two possible errors may occur in 

in te rp re t in g  hydrogeochemical data.

The f i r s t  e r ro r ,  designated a Type I e r ro r ,  occurs when a sample is 

taken a t  a time when stream water contains a s ig n i f ic a n t ly  higher amount 

o f  uranium than i t  does on the long-term average. The watershed is then 

considered anomalous and is a potentia l  target  fo r  more deta i led  ex­

p lo ra t io n .  This is not a c r i t i c a l  problem because fu r th e r  sampling and 

observation w i l l  determine that  the watershed is indeed unmineralized.
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The second type o f  e r ro r ,  designated a Type I I  e r ro r ,  is made 

when a stream sample is taken a t  a time when concentrations are s ig ­

n i f i c a n t l y  lower than the long term average concentration. In th is  

case the geologist may assume the watershed is unmineralized when, in 

f a c t ,  i t  may contain a uranium deposit.  With a b e t te r  understanding of  

uranium behavior in stream water,  periods o f  large v a r ia t io n  may be 

avoided. The large number o f  variables and i n - f i e l d  c o l le c t in g  experience 

convince the author that  enormous d i f f i c u l t i e s  confront the in te rp re ­

ta t io n  of  the results o f  a regional hydrogeochemical survey. By studying 

uranium behavior in a paired hydrologie system I hope to increase our 

understanding o f  the uranium system and enhance the accuracy of i n t e r ­

pret ing hydrogeochemical resu l ts .

To the author's knowledge, a study of  the long-term dynamics of  

uranium concentration in stream water has not been published. Several 

studies o f  l im ited  duration. Rose e t .  a l .  (1977); Germanov e t .  a l .  (1958);  

Wenrich-Verbeek (1977),  suggest that  uranium concentrations do change as 

a function of  discharge but the sample size of these studies are usually  

re s t r ic te d  to one or two sample periods spread out over one or more years.  

Thus, th e i r  usefulness fo r  enhancing the in te rp re ta t io n  of hydrogeochemical 

survey data is l im ite d .  This study suffers in several respects as well 

because i t  attempts to monitor the behavior of stream water chemistry only 

through one annual hydrologie cycle.  One must be careful not to over­

extend conclusions based on one year o f  stream data because as most 

people who work with stream data know, what occurs one year in a stream 

may d i f f e r  quite  ra d ic a l ly  from a subsequent year.  I have attempted to
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a l l e v ia t e  some o f  the shortcomings by studying two s l ig h t ly  d i f f e r e n t  

but adjacent watersheds. Nevertheless, i t  is impossible to escape the 

fa c t  that  weather is the d r iv ing  force in every hydrologie system, and 

as we a l l  know "weather can be very unpredictable".

This study deals with the behavior o f  uranium in stream water from 

two small mountain watersheds. The objectives o f  th is  study are:

1. To monitor the ra te ,  volume and chemical nature of  

p re c ip i ta t io n  and discharge o f  two paired watersheds 

draining steep, p a r t i a l l y  forested ,  unmineralized,  

g ra n i t ic  te r ra in  o f  the Idaho b a th o l i th  o f  western 

Montana between September 24, 1977 and September 24, 1978.

2. To examine the re la t ionsh ip  between uranium concen­

t ra t io n  in bedrock and stream water in the two watersheds.

3. To determine i f  the var ia t ions in th is  re la t ionsh ip  

are great enough to make conclusions based on a hydro- 

geochemical stream sampling program in v a l id .

4. I f  s ig n i f ic a n t  va r ia t io n  e x is ts ,  to speculate on the 

nature o f  the v a r ia t io n ,  id e n t i fy  the variables that  

influence the va r ia t io n  and to develop a methodology 

fo r  id e n t i fy in g  stream water samples that f a i l  to 

adequately pred ict  uranium concentrations in the source 

rock.
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CHAPTER I I

GENERAL INFORMATION

Location and Access

The two watersheds studied, Applebury Creek and Steep Creek, are 

small t r ib u ta r ie s  to the East Fork o f  the B i t te r r o o t  River. They are 

w ith in  the Darby D i s t r i c t  o f  the B i t te r r o o t  National Forest in South­

western Montana, about 30 km. (18 m i. )  southwest of Darby and approximately 

2 km. northeast o f  the West Fork Ranger Station (Figure 1).  The two 

watersheds are w ith in  sections 20, 21, 28 and 29 o f  T 1 N, R 21 W and 

are accessible from the bottom by a p r iva te  bridge which crosses the 

West Fork below i t s  confluence with Boulder Creek. The tops o f  the 

watersheds are accessible by the Piquett  Mountain t r a i l  number 676.

Flumes in s ta l le d  in each creek to monitor stream discharge are accessible  

by roads.

Geology

Three rock types outcrop w ith in  the study area. Approximately ninety  

percent o f  the combined watershed area is a pink coarse-grained, massive, 

equigranular,  b io t i te -b e a r in g  gran ite  (Figure 2, Table 1).  The gran ite  

presumedly belongs to the su ite  of T e r t ia ry  age gran ite  plutons forming 

a discontinuous,concentric ring around the B i t te r r o o t  Lobe of  the Idaho 

b a th o l i th ,  and are believed g e n e t ica l ly  re la ted  to the Chall is  volcanics  

(Hyndman, 1977). The rock weathers under the present cl imate to permeable.
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7

coarse-grained gruss. The second rock type, 5 to 10% of  the study 

area. Is a sequence of  hypabyssal po rp h yr i t ic  volcanic dike rock.

Angular, p a r t i a l l y  resorbed, potassium feldspar phenocrysts .4 to .8 cm 

in diameter ty p ic a l ly  occur in the tan to buff  colored, aphan it ic ,  

c r y s ta l l in e  groundmass. The dike rock c le a r ly  intrudes the T e r t ia ry  

g ra n i te ,  however complex in tergradation  of  porphyr it ic  dike rock and 

medium to f in e  grained g ran ite  is common. The re s is ta n t  dikes have 

a pers is tan t  north-northeast s t r i k e ,  fo llowing the regional northeast  

trend of T e r t ia ry  volcanics believed to be re la ted  to the la te  stages 

of the C ha l l is  event (Hyndman, 1977; Badley unpublished Masters Thesis,  

UM, 1977).

The th i rd  rock type present is a medium-grained, w e a k ly - fo l ia te d ,  

b io t i t e  bearing granodiori te  containing conspicuous potassium feldspar  

megacrysts. I t  belongs to the su ite  o f  Cretaceous aged p lutonic rock 

composing the in t e r io r  o f  the B i t te r r o o t  Lobe o f  the Idaho b a th o l i th .

This rock outcrops to a l im ited  extent along a zone a t  the mouth o f  the 

two watersheds (Figure 2 ) .  The contact between the Cretaceous grano­

d io r i t e  and T e r t ia ry  gran ite  is not seen in the f i e l d  because o f  poor 

exposure. However, i t  is c lear  from f i e l d  re lat ionships that  the hypa­

byssal dikes cut both gran ites .  A moderate amount o f  jo in t in g  throughout 

the watersheds suggests some struc tura l  deformation ex is ts .

Topography, Vegetation and c_t

The Applebury and Steep Creek watersheds are s im i la r  topographically  

to most f i r s t  and second order stream drainages (Horton, 1945)
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Figure 2. Geologic outcrop map o f  the Applebury and Steep Creek 
study areas.
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Table 1. Watershed Data

Horizontal Map 
True Area (ha) 
Horizontal Map 
True Area (ac)

Area (ha) 

Area (ac)

Slope
Slope

(ave deg) 
(ave %)

High Point (m) 
Flume ele .  (m) 
R e l ie f  (m)
High Point ( f t )  
Flume e le .  ( f t )  
R e l ie f  ( f t )

T e r t ia ry  Granite 
T e r t ia ry  Volcanics 
Cretaceous Granite

Applebury

211
234
520
577

26
43

2012
1353
659

6600
4440
2160

89%
3%
8%

Steep

197
211
486
520

20
34

2073
1414
659

6800
4640
2160

91%
9%
0%

Percent o f  watershed 
unforested 42% 31%

Percent o f  watershed 
forested 58% 69%

Percent o f  area 
to main channel 
unforested

adjacent  
tha t  is

33% 19%

Percent o f  area 
to main channel 
forested

adjacent  
that  is

67% 81%

ha = hectares 
ac = acres
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one might encounter in a regional reconnaissance stream sampling program 

in the mountains of Western Montana, Central Idaho and Northwestern 

Washington. The Piquett  Creek 7.5 minute U.S.G.S. topographic map 

covers the study area and was used with a i r  photos to derive the data in 

Table 1 and Figures 2 and 3.

The study area is p a r t i a l l y  covered by a mixed coniferous fo res t  

typ ica l  o f  the middle elevations of the region. The species present 

are Douglas F i r  ( Pseudotsuga m enz ies i i ) ,  Lodgepole Pine ( Pinus contor ta ) ,  

Ponderosa Pine ( Pinus ponderosa) and Engelmann Spruce ( Picea enqelmannii) .  

Unforested slopes are sparsely covered by brush, various herbs and grass. 

The bottom area along the stream margins are overgrown with deciduous 

trees and brush.

Applebury and Steep Creek have deeply incised stream channels forming 

d is t in c t  V-shaped va l leys .  The va l ley  slopes are steep (21 to 30 degrees) 

and the slope p ro f i le s  are generally  s t ra ig h t ;  however, in places 

slopes tend to increase toward the stream margin.

The general o r ien ta t io n  o f  the drainages is west-northwest. This 

o r ien ta t ion  controls the water budget, and therefore the type and density  

of vegetation on the northeast and southwest facing slopes. Northeast 

facing slopes are w etter  and heavi ly  forested. Southwest facing slopes 

are dryer and have fewer t rees .  The Applebury Creek watershed is oval 

shaped and generally  symmetrical around the trunk stream. This tends to 

equalize the proportion of forested versus unforested slopes.
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The d is t r ib u t io n  o f  vegetation in a watershed can influence i t s  

hydrologie character by a l te r in g  the ra te  that  p re c ip i ta t io n  i n f i l t r a t e s  

and flows to the stream (Vorenkov, 1970; Reich, 1972; Plamondon, e t  a l . ,  

1972). Var ia t ion  in stream water chemistry in a watershed containing  

various hydrologie regimes ( i . e .  grassland and forested land) is more 

complex than watersheds containing only one hydrologie regime 

(Vorenkov, 1970). Therefore, i t  is  important to have a b e t te r  under­

standing of the dif ferences in the d is t r ib u t io n  of vegetation between 

Applebury and Steep Creek. In both watersheds the boundary between 

forested and unforested slopes is usually very d is t in c t  and results  from 

differences in slope aspect. Most of the unforested slopes in each water­

shed extend down, almost to the trunk streams. They are separated from 

the main channel by a ravine and a zone of th ick vegetation, commonly 

20 to 50 fe e t  wide. The vegetation consists of about equal proportions 

of desiduous brush and con ifer  (Figure 4 ) .  Forested slopes are usually  

covered completely with co n ife rs ,  extending from the trunk stream to the 

drainage d iv ide.

The d if ference in hydrologie behavior between forested and unforested 

slopes, during spring runoff when a l l  so i ls  are general ly  saturated, is  

usually small. However, during the summer months, differences in 

evaporation and t ra nsp ira t ion  on slopes having d i f f e r e n t  aspect may 

cause large d if ferences in the way each slope releases water to the stream 

channel (Kossovich, 1967).

Using the vegetative cover map (Figure 3) I determined the proportion  

of forested and unforested area on both sides and d i r e c t ly  adjacent

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



12

VEGETATION COVER M A P

re*k
pumd

 ̂ N  ’ A

^ r e r k  \^REEK

B  I

L E G E N D  

I I f o r e s t e d

I I u n f o r e s t e d

Figure 3. Vegetation cover map depicting the d is t r ib u t io n  of  
forested and grassland in the Applebury and Steep 
Creek watersheds. Shaded area depicts pr imari ly  
forested area. See Table 1 for  breakdown of  
d is t r ib u t io n .
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unforested
slope

forested
slope

southwest
facing northeast

facing
stream

Figure 4. Cartoon depicting the d is t r ib u t io n  of vegetation  
on northeast and southwest facing slopes.
See te x t  fo r  explanation.
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to the perennial portions of each stream. In general,  4/5 o f  the 

Steep Creek perennial stream margin is forested compared with roughly 

a 2 /3  forested stream margin in Applebury Creek. The differences are 

small but may account fo r  the v a r ia t io n  in stream water chemistry 

discussed in Chapter VI.

Climate and Weather

A large c l im a t ic  gradient ex ists  w ith in  the drainages o f  the study 

area. This is c h a ra c te r is t ic  of many steep walled canyons w ith in  the 

region, caused by the l im ite d  incidence of sunlight in the narrow va l ley  

f loors  and the rapid change in e leva t ion .  A ir  temperatures w ith in  small 

watersheds in th is  region vary s ig n i f ic a n t ly .  On sunny days a i r  tem­

peratures on the va l ley  f lo o r  are commonly 5 -  10 degrees cooler than 

slopes several hundred fe e t  higher in e leva t io n .  Data from the closest  

weather s ta t io n  o f  comparable e levation (Sula, Figure 1) ind icate  monthly 

mean temperatures fo r  the study period were s l ig h t ly  higher than the 

previous 15 year average.

Data from the Sula s ta t ion  (Figure 5) ind icate  p re c ip i ta t io n  fo r  

the water year was s ig n i f i c a n t ly  above the long term average. Pre­

c ip i t a t io n  in the region has a d i r e c t ,  pos it ive  re la t ionsh ip  with  

elevat ion  (Garn and Malmgren, 1973; Patton, e t .  a l . ,  1970) therefore  

p re c ip i ta t io n  in the study area was greater than a t  the Sula s ta t io n .

Based upon data from the Sula s ta t io n ,  and a isohyetal map (Garn and 

Malmgren, 1973), p re c ip i ta t io n  in the study area is estimated to be 700 mm 

(27 .6  inches) per year ,  50 to 70 percent f a l l i n g  as snow. An orographic
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3

II

SCI' ih:t NOV Dl’.c .IAN I CB MAR Al’R MAY .TUN .JUI. AUG 
Mean jTionthly jjri'i’i pi t .i t i cm for I9C3-1978 

j I Mean monthly pro’C ipitnt ion for water year 1977-78

Ficjurc 5- I’rccipitation data from Sula 3 ENE weather 
station Sula, Montana - Elevation 4440 ft.
Mean annual precipitation for 1963-1978 is 
16.17 inches. Total precipitation for 1977 
1978 water year is 20.35 inches.

computation o f  to ta l  p re c ip i ta t io n  by Bateridge (personal communi­

cat ion)  also estimates that  700 mm of p re c ip i ta t io n  f e l l  on the water­

sheds during the 1978 water year .  Winds in the area are predominantly 

southwesterly and summer evaporation is considerable due to warm drying 

winds. Above 6800 - 7000 fe e t  the regional climate begins to l i m i t  

vegetation growth (Garn and Malmgren, 1973), but th is  is not a s ig n i f ic a n t  

fa c to r  in th is  study.
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S o i l s

Soil thickness in the study area is i r r e g u la r  and varies p r im a r i ly  

as a function of slope and aspect. Depth to bedrock is generally 120 to 

180 cm (4 -  6 fe e t )  on north facing slopes and 50 to 150 cm on south 

facing slopes. Individual horizons are not well developed and the soil  

is  usual ly  capped by a th in  organic la y e r .  A l l  so i ls  w ith in  the study 

area develop on g ra n i t ic  bedrock, contain much gruss and have a sandy 

loam to loamy sand tex tu re .  Character is t ics  common to a l l  the so i ls  

are low f e r t i l i t y ,  low water holding capacity ,  high i n f i l t r a t i o n  and 

high perm eabil i ty  (Garn and Malmgren, 1973).
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CHAPTER I I I  

ROCK CHEMISTRY

Representative samples o f  each rock type in the study area were 

co l lected  to determine background concentrations of  uranium and 

dif ferences in uranium concentration between rock types. Sample 

s i t e  locations are shown in Figure 6. Elemental concentrations fo r  

each sample collected are given in Appendix I . Samples were crushed 

to -100 mesh with a Bico disc pu lver izer  using porcelain p la tes .  

Analy t ica l  techniques used by LASL to determine elemental concen­

tra t io n s  are:

1. Delayed neutron counting: uranium

2. Energy dispersive x-ray fluorescence: s i l v e r ,  bismuth,

cadmium, copper, niobium, n ic ke l ,  lead, t i n ,  and tungsten

3. Arc source emission spectrography: beryl l ium and l i th ium

4. Neutron ac t iva t io n  analysis:  aluminum, gold, barium, calcium,

cerium, chlor ine ,  cobalt ,  chromium, cesium, dysprosium, 

eruopium, i ro n ,  hafnium, potassium, lanthanum, leutetium,  

magnesium, manganese, sodium, rib id ium, antimony, scandium, 

samarium, stronium, tantalum, terbium, thorium, t i tanium,  

vanadium, ytterb ium, zinc.

The techniques fo r  chemical analysis of the rocks are discussed in 

Appendix I I .

17
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SAMPLE SITE LOCATION MAP
FOR APPLEBURY a  STEEP CREEK STUDY AREA

1 8
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Figure 6. Sample s i t e  location map fo r  the Steep and Applebury
Creek study area.
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Table 2. Uranium concentrations in rocks o f  the study area 
according to rock type,w ith  s t a t is t i c s .

Applebury Creek Steep Creek

SNi TV2 SNl TG3 SNl CG"* SN̂ TV2 SN̂ TG3 SNi CG**

485 3.61 496 2.35 482 1.41 467 3. 13 450 1.41 443 3.01
498 3.03 483 2.47 468 2.96 451 1.70 444 2.55
499 2.81 486 4.58 469 3.25 456 .66 X = 2.78
500 2.35 J  = 2.82 480 4.37 458 2.83 o = . 33
476 4.16 o = 1.61 481 1.28 460 1.94 N = 2
484 1.65 N = 3 494 4. 18 463 1.06
487 1.75 497 3. 30 464 1.09
488 4.62 453 2.42 465 1.09
489 2.09 454 4.27 471 .98
490 2.21 455 3.15 472 1.78
491 2.03 457 3. 75 473 3.92
495 1.29 459 4.19 474 1.98
Y ~ 2.528 461 5.82 475 1.25
o = .995 462 2. 18 478 2. 34

N = 12 466
485
X = 
a =

N =

2.94  
3.615 

3.42 
1.05 

16

479 
492 
J  =
a =

N =

3. 33 
4.9  

2.02 
1. 19 

16

^Sample Number 
^T e r t ia ry  Volcanics 
^ Ter t ia ry  Granite  
^Cretaceous Granite
^Tert ia ry  volcanic data combined to derive s t a t is t i c s
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D ata

The average concentration of  uranium in the rocks o f  the study 

area is determined by s t a t i s t i c a l  treatment of the chemical data.

Table 2 gives a s t a t i s t i c a l  breakdown of  the uranium concentration  

of rock types w ith in  each of the watersheds. Cretaceous granite  was 

not seen outcropping w ith in  the Steep Creek watershed. In Applebury 

Creek approximately 5% of the to ta l  rock exposed is Cretaceous g ran i te .  

I t s  average uranium content is s im i la r  to that  o f  the T e r t ia ry  gran ite .  

Most groundwater f low from the Cretaceous gran ite  enters the stream below 

the flume. I t  probably does not s ig n i f ic a n t ly  influence the stream 

water chemistry where the samples were co l lected.  Therefore, the 

chemical values fo r  Cretaceous gran ite  are l e f t  from the calculations  

b e low.

Discussion

The concentration of uranium in T e r t ia ry  dikes is general ly  one 

part  per m i l l io n  greater than in the T e r t ia ry  g ran i te .  This follows  

the typ ica l  trend of  uranium enrichment in la te  stage d i f f e r e n t ia te s .

A T te s t  on the d if fe ren ce  o f  means between T e r t ia ry  gran ite  from each 

watershed indicates there is no s t a t i s t i c a l  d if ference a t  the 90%,

95% and 97.5% confidence lev e ls .  A second T te s t  on the T e r t ia ry  

dike rock from the two watersheds gives a s im i la r  re s u l t ,  suggesting 

tha t  the uranium concentration in the dike rocks from both watersheds 

is  s t a t i s t i c a l l y  the same. Therefore, a weighted mean average uranium 

concentrat ion, accounting for  the percentage o f  each rock type
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outcropping in both watersheds, is  computed as follows:

U Y  = (A *  B + C *  D) + (M *  N + X *  Y)

A + C + M + X

where

Applebury Creek

A = percentage of  T e r t ia ry  gran ite

B = mean concentration o f  uranium in T e r t ia ry  gran ite  

C = percentage of  T e r t ia ry  volcanics

D = mean concentration of uranium in T e r t ia ry  volcanics 

Steep Creek

M = percentage o f  T e r t ia ry  gran ite  

N = mean concentration of uranium 

X = percentage of  T e r t ia ry  volcanics  

Y = mean uranium concentration of  T e r t ia ry  volcanics

The weighted mean uranium concentration of  the rocks of both watersheds 

is  2.35 ppm.
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CHAPTER IV 

PRECIPITATION CHEMISTRY

Uranium in the streams may come from several sources other than 

bedrock w ith in  the watersheds. Some may be dissolved in rain or snow 

as i t  f a l l s  on the watersheds and some may deposit on vegetation as 

a part  o f  airborne dust. To insure that  the principal  source o f  

uranium to the streams was from bedrock, p re c ip i ta t io n  samples were 

co l lec ted  a t  the lower p re c ip i ta t io n  gage throughout the study period 

and analyzed fo r  t h e i r  uranium content.

Six p re c ip i ta t io n  samples were collected a t  the lower p re c ip i ta t io n  

gage. The following l i s t  gives the sample numbers and dates in which 

samples were co l lec ted .

P re c ip i ta t io n  sample numbers and dates o f  co l lec t io n

Sample Number Date

452 10-22-77

445 12-18-77

447 1-14-78

446 1-29-78

342 7-16-78

431 9-16-78

22
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To prevent evaporation, p re c ip i ta t io n  was co l lected  in a polyethylene  

system consisting of an uncovered funnel,  tubing and reservo ir .  The 

system is ide n t ica l  to the one described by Liken e t  a l .  (1967) and 

used a t  Hubbard Brook. Samples were f i l t e r e d  and a c id i f ie d .  Spec if ic  

conductiv ity  pH and temperature o f  each sample were not measured.

The chemical concentration of p re c ip i ta t io n  was extremely low and 

concentrating by evaporation was necessary before analysis. Samples 

were analyzed by LASL according to procedures described in Appendix I I .

Data

The results  o f  chemical analyses for  the six p re c ip i ta t io n  samples 

co l lec ted  are given in Appendix I I I .  Figure 7 displays the v a r i a b i l i t y  

of uranium and other metal cations through time.

Discussion

A small amount o f  contamination of  the p re c ip i ta t io n  samples by 

dust f a l l  was expected, however the higher elemental concentrations 

recorded in sample numbers 452, 342, and 431 ind ica te  that  a larger  

amount of contamination occurred when conditions were very dry or the 

c o l le c t io n  periods were s u f f i c i e n t ly  long. This allowed dust to build  

up on the co l le c t io n  apparatus which then was washed into the co l le c t io n  

b o t t le .

Sample numbers 445, 447 and 446 were co l lected  during periods when 

snow covered the ground. Presumably, ambient dust was a t  a minimum 

during th is  period and these samples probably represent the typ ica l
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chemical input into  the hydrologie system. Under these conditions,  

uranium concentration o f  p re c ip i ta t io n  f a l l s  in the range o f  .03 to 

.06 ppb, with s l i g h t l y  higher concentrations possibly occurring in the 

l a t e  summer and ea r ly  f a l l .  The uranium concentration in ra in  water  

is  extremely low and is a t  lea s t  one order of magnitude less than mean 

concentration in the stream water.  Because of  uranium's low concen­

t r a t io n  in p r e c ip i ta t io n ,  and i t s  chemical a c t i v i t y  upon entering the 

mineral s o i l ,  i t s  influence on stream water is considered n e g l ig ib le .
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CHAPTER V 

HYDROLOGY

Data Collect ion

Stream discharge was monitored continuously fo r  each stream 

throughout the water year 24 September 1977 to 24 September 1978, 

except fo r  a portion o f  the w inter when the stream gaging devices were 

frozen. The discharge data fo r  both streams is l is te d  in Appendix 

IV. Discharge was monitored with s t r ip  recorders attached to v-notch 

flumes. The flumes were anchored securely in the stream channels, 

banked and sealed with bentonite to prevent leaks through the porous 

bank m ater ia l .

Time of P re c ip i ta t io n

P re c ip i ta t io n  f a l l i n g  in to  the watersheds was measured with two 

p re c ip i ta t io n  gages, one near the Applebury Creek flume (Figure 6) 

and one near the headwaters of Applebury Creek. The lower gage con­

tinuously recorded both the amount and time of p re c ip i ta t io n  of each 

storm. The temporal re la t io n sh ip  between p re c ip i ta t io n  and discharge 

provide a b e t te r  understanding of  the hydrology of  the watersheds, 

there fore  the amount and period of recorded p re c ip i ta t io n  are included 

in both sets of hydrographs (Figures 8 and 9 ) .  The actual p re c ip i ta t io n  

data is necessary for  ca lcu la t ing  lag times (discussed below) and 

is  l i s t e d  in Appendix V.

26
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Charac ter is t ics  of the Hydroqraphs

The annual stream hydrographs with recorded p re c ip i ta t io n  events 

are presented in Figures 8 and 9. Also plotted are uranium values and 

sample numbers o f  a l l  samples col lected for each stream. The sample 

numbers reference the data l i s t in g  in Appendix VI.  The streams flowed 

continuously throughout the study period. Several times during the 

year one or both discharge gages stopped recording because of freezing  

temperatures or mechanical f a i l u r e .  At those times the record is  

in fe rred  by combining s t a t ic  discharge readings taken a t  water sampling 

times with the three day running average of the mean d a i ly  high tem­

peratures o f  the Sula and Darby weather sta t ions.  Using the s t a t ic  

discharge data, and assuming, with snow on the ground s ig n i f ic a n t  i n ­

creases in discharge occur only when temperatures go above freez in g ,  

then i t  is  possible to create hydrograph data fo r  periods when the 

recorders were frozen.

The stream hydrographs are characterized by one d is t in c t  period 

o f  peak discharge beginning with the onset of spring runoff near the 

f i r s t  o f  March, peaking on Apri l  1 and diminishing to base flow over 

the next 4 months. The v a r ia t io n  in discharge during th is  period 

spanned 2 orders o f  magnitude. In la te  November and early December 

several storms dropped above normal amounts o f  snow on the watersheds. 

These storm events are re f le c te d  in the p re c ip i ta t io n  histogram in  

Figure 5. Neither discharge gage was recording during that  period,  

nevertheless, i t  is  apparent tha t  discharge response to these storms 

was perhaps greater than 50% bank f u l l  stage.
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In addit ion to the overal l  seasonal trends, the storm hydrographs 

are characterized by rapid rises and f a l l s  in response to indiv idual  

r a i n f a l l  events. This rapid response is re lated  to the ease with  

which water is transmitted through the porous and shallow so i ls  into  

the streams.

A s ig n i f ic a n t  diurnal v a r ia t io n  in discharge beginning in May 

and sustained through ear ly  September results  from the uptake of soil  

water by trees during t h e i r  d a i ly  growing cycle. In general,  minimum 

évapotranspiration occurs in the dark, early-morning hours when a i r  

temperatures are low. Evapotranspiration increases to a maximum in mid­

afternoon and then decreases again towards a minimum in the la te  evening, 

completing the diurnal cycle.  There is a good corre la t io n  between 

maximum évapotranspiration and minimum discharge. An example of th is  

is  shown in Figure 14.

The growing cycle of trees is extremely sensit ive  to soil  water 

conditions and they adjust th e i r  growing cycles accordingly {Devlin ,

1969; Daubenmire, 1974). Once soil  moisture conditions f a l l  below some 

c r i t i c a l  level trees stop growing and the diuranl va r ia t io n  in d is ­

charge ceases. Early in the summer the streams are s t i l l  on the recession 

curve of the spring runoff  peak and the percentage of the to ta l  discharge 

withdrawn d a i ly  by évapotranspiration is on the order of 5 -  10%.

As discharge continues to decrease towards base flow the percentage 

change in d a i ly  discharge becomes extremely s ig n i f ic a n t  approaching 

100%. This change in flow appears to have a some influence on the 

chemistry o f  the stream water la te  in the summer.
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The data ind ica te  th a t  discharge in Steep Creek is more sens it ive  

to th is  diurnal v a r ia t io n  than Applebury Creek, For instance, on 

August 11, one of the lowest discharge days of the year.  Steep Creek 

experienced an 80% reduction in flow while Applebury Creek showed a 

60% reduction. This re la t io n sh ip  is typ ica l  throughout the growing 

season and indicates that  the greater  amount of vegetation adjoining  

Steep Creek may be causing larger  diurnal f luc tua t ions  in discharge.

Source Area Model

The water chemistry measured at  the flume is influenced by the 

kinds of material  tha t  p re c ip i ta t io n  comes into  contact with and the 

length o f  time between f a l l i n g  in the watershed and entering the 

stream. Both these factors are af fected  by the route p re c ip i ta t io n  

takes to reach the stream. Therefore, i t  is necessary to consider the 

mechanisms that  d e l iv e r  p re c ip i ta t io n  to the two streams.

Overland flow (Horton, 1933), caused by surface soil  sa tura t ion ,  

occurs p e r io d ic a l ly  in the ea r ly  spring a t  times when the so i l  is 

going through d a i ly  freeze-thaw cycles. I t  is  apparent only a t  places 

where the so i l  is frozen and then when the upper 2 or 3 inches melt 

when warmed by sunlight .  In these places soil  water or snowmelt, pre­

vented from i n f i l t r a t i n g  by the frozen subsoil ,  percolate downslope 

u n t i l  the unfrozen so i l  becomes saturated. At that  point soil  water 

flows overland. The afternoon shadows define a sharp thermal boundary 

during th is  time o f  year and i t  is common to observe overland flow
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re freeze  on the so i l  surface upon crossing the shadow in te r fa c e .

Hewlett (1974) stresses the point that  surface flow is only that  

ra inwater or snowmelt tha t  f a i l s  to i n f i l t r a t e  the soil  surface a t  any 

point along i t s  path of trave l  to a gaging s ta t ion  in a perennial 

stream. F ie ld  observation and hydrograph data ind ica te  i t  is u n l ike ly  

th a t  overland flow ever made a s ig n i f ic a n t  contr ibution to stream 

f low in e i th e r  watershed during the study period.

The contr ibution of deep groundwater to stream discharge is also 

considered in s ig n i f ic a n t  during most of the year fo r  two reasons.

F i r s t ,  deep groundwater flow in these watersheds in fe rs  movement 

through r e l a t i v e l y  impervious bedrock and is  considered to be r e l a t i v e ly  

slow. Second, during periods o f  low flow the large percentage change 

in discharge corresponding with the d a i ly  évapotranspiration cycle  

ind icates tha t  the source area during that  period is soil  water.  A l ­

though deep groundwater's contr ibution to discharge is not usually  

apparent there are several instances when i t  appears to have a s ig n i f ic a n t  

in f luence on stream water chemistry, and in p a r t ic u la r ,  uranium con­

cen tra t io n .

These instances occur when deep ground water makes up a large part  

of the to ta l  water f lowing in the channel. One period in which th is  

occurs is in mid-summer, before the cessation of diurnal f lu c tu a t io n  

in discharge. During th is  period, usually in mid-afternoon on hot,  

sunny days, évapotranspiration s ig n i f ic a n t ly  reduces the soil  water 

contr ibut ion  to the stream and deep groundwater temporarily becomes the
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princ ipa l  source of water.  Another, longer period occurs in la te  summer 

and e a r ly  f a l l ,  a f t e r  the cessation of diurnal f lu c tu ra t io n s .  During 

th is  period so i l  moisture is  very low, discharge is usually less 

than 1% bank f u l l  stage, and the lack o f  diurnal var ia t io n  indicates  

th a t  deep groundwater flow probably contributes the majority  of water  

to the stream. This period continues u n t i l  the f i r s t  storm that  adds 

appreciable amounts o f  water to the so i l  such that  deep groundwater no 

longer provides the major ity  o f  water to the stream.

Subsurface flow appears to be the source of  the major portion of  

stream flow throughout the hydrologie cycle. However, th is  mechanism 

is complex and several models have been developed to describe the path 

in which subsurface flow is delivered to the stream.

The var iab le  source area model, developed by Hewlett and co-workers 

(Hewlett  and Hibbert ,  1967; Hewlett and Nutter ,  1970; Nutter ,  1973) 

has the stream channel system expanding and contracting in response to 

r a i n f a l l .  As the channel system expands, the subsurface flow paths 

tha t  jo in  surface water systems shorten, and the e f fe c t iv e  area con­

t r ib u t in g  to stormflow expands. Freeze (1972) c r i t i c i z e s  th is  model 

on the basis that  i n f i l t r a t i o n  and subsurface flow rates do not transmit  

water fa s t  enough to provide a s ig n i f ic a n t  contr ibution to storm runoff .

An a l te r n a t iv e  theory, the p a r t ia l  source area concept developed 

by Ragen (1968) ,  Dunne (1970),  Dunne and Black (1970, a,b) suggests 

tha t  stream stormflow is caused by overland flow from p a r t ia l  areas 

near the stream channel due to surface saturation from a r is in g  water
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tab le .  Freeze (1972) developed a complex computer program to simulate  

the ra te  and path o f  stormflow through a sloping so i l  mass which lends 

th eo re t ic a l  support to the p a r t ia l  source area concept. His simu­

la t io n  resu lts  show that in the var iab le  source area model, subsurface 

f low could only contribute s ig n i f ic a n t ly  to the storm hydrograph i f  

saturated so i l  conduct iv i t ies  were large and steep convex slopes fed 

deeply incised channels.

Some hydrologists believe that  storm flow to the stream channel is 

contro l led  by pipes (Hursh, 1944) formed in the soil  by decay o f  roots 

and animal burrowing. During a r a i n f a l l  the water passes downward 

through these channels much fa s te r  than water i n f i l t r a t i n g  through the 

s o i l .  There is widespread evidence that  piping flow exists (Aubertin ,  

1971; Reasley, 1976; Dixon and Peterson, 1971; F e l le r  and Kimmins, 1979; 

Jones, 1971). However, measuring the actual contr ibution to the storm 

hydrograph has proven d i f f i c u l t .

Within the study area, espec ia l ly  along the lower margins of the 

watersheds, saturated soil  conductiv it ies  are great enough and the 

s l i g h t l y  convex slopes adjacent to the streams are steep enough to meet 

Freeze's c r i t e r i a  fo r  H e w le t t ’ s var iab le  source area model. The fa c t  

th a t  piping was observed w ith in  the study area along cutbanks and road- 

cuts suggests that  subsurface flow through MicroChannel networks could 

make a s ig n i f ic a n t  contr ibut ion  to stormflow. This study does not 

provide conclusive evidence supporting e i th e r  the var iab le  source area 

or the p a r t ia l  source area model. The above observations, combined with
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F i g u r e  10 . Fl ow r o u t e s  f o l l o w e d  by s u b s u r f a c e  r u n o f f  on 
h i l l s l o p e s  { A t k i n s o n ,  1 9 7 8 ) .  Water flowing from 
the B and C horizons o f  the soil  p r o f i l e  shown above is  
considered the primary source of water flowing in Apple­
bury and Steep Creek.
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work published by other hydrologists,  suggests that  subsurface flow  

does make the major contr ibut ion to stream runoff  according to the 

var iab le  source area model. In add it ion ,  during periods of high d is ­

charge, piping flow probably d e l ivers  a s ig n i f ic a n t  amount of sub­

surface flow to the stream.

Figure 10, depicts the mechanism believed to explain the flow of  

so i l  water to the streams. A dynamic saturated so i l  water storage 

area, adjacent to the stream, is fed by unsaturated so i l  water that  

moves down slope p a ra l le l  to the slope surface. This saturated area 

is  e f f e c t i v e ly  the water tab le  in these steep watersheds and acts as 

a b u f fe r  between the unsaturated so i l  and the stream (Dunne, 1978).

The a c t i v i t y  o f  th is  b u ffe r  throughout the annual hydrologie cycle is  

b e t te r  i l l u s t r a t e d  by observing the var ia t io n  in lag times between 

peak r a i n f a l l  events and subsequence peak discharge events.

A p lo t  of lag times fo r  a number of storm events throughout the 

study period fo r  Applebury Creek is shown in Figure 11. This graph 

indicates that  the buffe r  adjacent to the stream expands and contracts  

in response to both seasional changes in soil  moisture conditions and 

changes due to indiv idual  storm events. During spring runoff th is  

b u f fe r  may be considered f u l l .  Rain, i n f i l t r a t i n g  the soil  during th is  

period, pushes water already in the buffer  quickly into the stream 

re s u l t in g  in short lag times. As discharge decreases during the spring 

and summer th is  b u ffe r  contracts.  Presumedly, during this period the 

b u f fe r  must expand to some ex ten t ,  in response to individual storms, 

before i t  begins adding s ig n i f ic a n t  volumes of water to the channel.
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I HE LAG I IMF RE ELECTS THE CHANGE IN  S O IL  MOISTURE C O N D IT IO N S  IN  THE WATERSHED 
DURING THE STUDY P E R IO D .

As the time Involved in f i l l i n g  the b u ffe r  increases the lag between the 

onset o f  ra in  and subsequent r is e  in stream flow also increases. This 

probably explains the longer lag times th a t  occur in la te  summer and 

e a r ly  f a l l .
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CHAPTER VI 

STREAM WATER CHEMISTRY

Methods of Data Co llect ion

Water samples were col lected from Applebury and Steep Creek at  

approximately two week in te rv a ls  throughout the water year. In 

ad d it io n ,  f i v e  sets of diurnal samples were col lected a t  random periods 

to te s t  i f  s ig n i f ic a n t  d a i ly  chemical var ia t ions in stream water 

occurred. Samples were col lected approximately 3 meters above the 

flume in accordance with standard LASL f i e l d  procedures which are  

described in Appendix I I .  Water was f i l t e r e d  through a .45 u-membrane 

f i l t e r  and a c id i f ie d  with n i t r i c  acid to a pH of 1.0.  The sampling 

s i te s  are shown in Figure 5. The following parameters were measured 

during each sample co l le c t io n :

1. A i r  temperature----------to the nearest 1 degree centigrade

2. Water temperature to the nearest .1 degree C°

3. pH to the nearest .1 pH u n it

4. Spec if ic  conductiv ity  to the nearest 2 umho/cm

5. Stage of stream--------- in centimeters

A n a ly t ic a l  Techniques

The following an a ly t ic a l  techniques are used by LASL for  determining 

the stream water concentrations o f  the following elements:

37
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1. Fluorometryi uranium

2. Plasma-source emission spectrography; calcium, sodium, 

potassium, cobalt ,  chromium, copper, i ron,  magnesium, 

manganese, molybdenum, n ic k le ,  lead, t i tanium and zinc.

The accuracy and precision of the techniques are described in 

Appendix I I .

Data

The chemographs fo r  Applebury and Steep Creek are shown in  

Figures 12 andl3 respect ive ly .  The hydrographs fo r  each stream are 

included in the plots to i l l u s t r a t e  the re la t ion sh ip  between discharge 

and various chemical parameters including uranium concentration.

Uranium concentrations are also plotted on the hydrographs (Figures 8 

and 9 ) presented in Chapter V making i t  easier  to observe the r e la t io n ­

ship between discharge, p re c ip i ta t io n  and uranium concentrations.  

Appendix VI contains l is t in g s  of  f i e l d  data and ana ly t ica l  resu lts  for  

a l l  stream water samples.

Table 3 provides a s t a t i s t i c a l  summary of  the an a ly t ic a l  resu lts  

in addit ion  to the data recorded a t  the time of sampling. The values 

fo r  copper, ni ckel ,  t i tan ium and zinc are not plotted on the chemographs 

nor considered in th is  study because concentrations for  these elements 

are below the minimum detection l im i ts  of the ana ly t ica l  technique used.
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T ab le  3. S ta tis t ic a l Summary o f Stream Water Data fo r Applebury and Steep Creeks.

APPLEBURY CREEK 
(71 samples)

STEEP CREEK 
(71 samples)

X min max Range V a r ia b ility * X 0 min max Range V a r ia b ility *
Cbtncal

Data
0
X

0
J

Calcium^ 15533 3571 7097 25341 18244 .23 18102 5777 8626 30158 21532 .32
Sodium^ 6716 1001 2743 10630 7887 .27 4899 1874 2493 9390 6897 .38
Magnesium^ 2233 503 1049 3419 2370 .23 1927 593 956 2979 2023 .31
Potassium^ 1308 244 818 1801 983 .19 1115 230 745 1755 1010 .21
IronZ 50 43 25̂ 189 164 .86 113 131 25* 680 655 1.16
Uranium^ .93 .56 .30 3.5 3.2 .60 .91 .59 .19 3.03 2 ^4 .65
Specific^
Conductivity 122 21 68 174 106 .17 115 35 60 190 130 .30
pH* 7.5 .3 6.9 8.1 1.2 7.5 .3 7.0 8.4 1.4

Physical
Data

Discharge^
L/Sec 12.25 14.4 .60 47.9 47.3 1.18 1 ^^ 16.0 .13 50.9 50.77 1.31

Water Temp 
°C 6.0 3.0 0 115 115 .5 5.8 2.8 0 12 12 .48

A ir Temp 
°C

1
10 -15 35 50 .91 9.8 9.5 -16 30 46 .97

^Minimum detection fo r Fe is C5 ppb-values below th is  l im it  are reported as 25 ppb.
chemical concentrations apb.

^Specific conductiv ity is in  u.inos/cm.
'^V a riab ility  is the re la tive  variation associated across a ll parameters.
^Calculated only from discharge values recorded at time o f sample co llection .

X = mean value for each parameter 

0 = standard deviation for each element
CO
VO
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Discussion of Stream Chemical Data

The chemical c h a ra c te r is t ic s  of stream water resu lts  from the complex 

in te ra c t io n s  between water,  organic m atter ,  so i l  and bedrock. Attempts 

to understand the f lu c tua t io ns  of uranium concentrations in  stream water 

system requires more than consideration of uranium and discharge alone.  

This is because uranium is in te ra c t in g  with many other constituents in 

the hydrologie system. Some serve to increase uranium s o lu b i l i t y  while  

some in te ract ions  tend to remove uranium from solut ion.

The remainder o f  th is  chapter attempts to lay the groundwork fo r  

understanding why uranium concentrations vary by ide n t i fy in g  how some 

of these in te r r e la te d  factors  behave in the hydrologie system.

The most s t r ik in g  fea ture  o f  the chemographs is the pervasive 

inverse re la t io n sh ip  between discharge and concentration of uranium and 

the major ca t ions.  This inverse re la t ion sh ip  is the re s u l t  of d i lu t io n ,  

a phenomenon common to nearly  a l l  cations in solution in stream water.  

D i lu t io n  occurs because of the d i f fe rence  in the ra te  that  concentrated 

and unconcentrated water enters the stream channel. When discharge is  

high the ra te  th a t  unconcentrated water enters the stream is much greater  

than the ra te  o f  concentrated water, consequently the concentration of  

mixed waters is low. The opposite re la t ionsh ip  ex is ts  and results  in 

higher concentrations when discharge is  low.

Several studies (O'Connor, 1976; Johnson, e t .  a l . ,  1969) that  deal 

with v a r ia t io n  of major cations in solution use a mixing model in which 

the concentration of  water from d i f f e r e n t  source areas ( i e .  deep ground
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water and throughflow) is constant through time, but that  the ra te  o f  

water flowing from these source areas change. Thus, the concentration  

of the waters mixed in the stream change as the ra te  of source area 

contr ibut ion  to the stream changes. This allows a convenient mathe­

matical simulation of  the change in stream water chemistry. However, 

th is  model probably does not describe the actual mechanics causing 

stream water concentrations to change in the system, because i t  is  un­

l i k e l y  th a t  the concentration of water from individual  source areas 

remains constant.

Presumedly, some degree o f  mixing does occur in the Applebury and 

Steep Creek watersheds. The source of  concentrated waters are bedrock 

and low horizons of deeper so i ls  where water is in contact with rock 

and so i ls  fo r  a long period of  time. These waters mix in the stream 

with unconcentrated water derived from zones where i n f i l t r a t i o n  rates  

are grea ter  and water spends less time in contact with the so i l  before  

enter ing the stream. R e a l i s t i c a l l y ,  the concentrations of water from 

unique source areas change as some function of the source area chemistry 

and the ra te  of water flowing through the source area medium. Along 

the e n t i r e  length o f  the stream many unique source areas probably 

e x is t  but measuring concentrations and flow rates from indiv idual  source 

areas are very d i f f i c u l t  and beyond the scope of th is  study.

Iron in the Stream

Iron is the only element th a t  has a pos it ive  corre la t io n  with
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discharge, thus, i t s  behavior is d i f f e r e n t  than any o f  the other elements 

studied. The apparent explanation fo r  th is  is simple. The Eh-pH 

conditions o f  the streams are conducive to the oxidation of i ron .  

Groundwater carrying reduced iron in solution is oxidized ra p id ly  upon 

entering the stream. When discharge is low th is  oxidized iron pre­

c ip i ta te s  on the bed of  the stream forming a th in  veneer of c o l lo i d a l ,  

f e r r i c  oxyhydroxide. During periods of low flow i t  is common to 

observe accumulations o f  iron p re c ip i ta n t  forming on rocks and gravel 

below the stream water surface. During periods of  high discharge th is  

materia l  is taken in to  suspension and flushed from the system. The 

c o l lo id a l  p a r t ic le s  are small and e a s i ly  pass through the .4 u -m i l l ip o re  

f i l t e r s .  Thus, when samples are co l lected  during periods o f  high d is ­

charge iron concentrations are general ly  very high. However, the data 

in d ica te  th a t  not a l l  samples col lected  during periods of high discharge 

have high concentrations of i ron.  This appears to ind icate  th a t  over 

extended periods of  high discharge much of  the f e r r i c  iron may be 

f lushed from the system.

pH Conditions in the Stream

The pH of the stream waters r e f le c t s ,  perhaps b e t te r  than any other  

v a r ia b le ,  the dynamic equ il ibr ium  which exists  between the phsyical,  

chemical and b io log ica l  mechanisms in the watersheds. In Chapter V I I  

I show th a t  under ce r ta in  conditions large changes in pH may accompany 

anomalously high uranium concentrations, thus i t  is important to 

understand the dynamics of pH in the stream waters of the study area.
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The annual mean pH o f  both streams is  7.5 with a standard 

dev iat ion  o f  .3 pH u n i ts .  V a r ia t io n  of pH in the streams does not 

c o rre la te  with changes in a i r  temperature, sp ec i f ic  conductivity  or 

the concentration of the major cat ions. The waters o f  both streams 

appear to have lower pH during the f a l l i n g  limb o f  spring runoff  which 

could be the re s u l t  o f  lower water temperatures or a greater  amount of  

water turbulence. Both conditions would increase the amount o f  dissolved  

carbon dioxide (Krauskopf, 1965) and decrease pH. However, the r e la t io n ­

ship between water temperature, discharge and pH is  inconsistent and 

these factors  do not appear to have a s ig n i f ic a n t  influence on the 

v a r ia t io n  in pH.

The only consistent co rre la t io n  th a t  appears to ex is t  w ith pH is 

i t s  tendency to vary ra d ic a l ly  during or short ly  a f te r  ra in  storms or 

during periods of extremely low f low. The reason fo r  th is  is unclear.

I t  appears to be re la ted  to a combination of the chemical process that  

contro ls  the pH in these streams and the d i f f e r e n t  response of source 

areas to changing hydrologie conditions.

The pH of the streams changes as a function of the p a r t ia l  pressure 

of carbon dioxide over water according to the following equations.

CÛ2  + H2 O H2 CO3 Ĥ  + HCO3 ”

Thus i t  can be shown th a t  a general p a r i ty  ex ists  between bicarbonate  

and pH (Krauskopf, 1965; Garrels and C r is t ,  1965). I f  bicarbonate is
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he predominate anion in the streams then presumedly pH varies as a 

function of the p a r t ia l  pressure o f  carbon dioxide w ith in  the l im i ts  

of the buffer ing capacity o f  the stream water.

Although no anion concentrations were measured in this study i t  

is genera l ly  assumed th a t  under s l ig h t l y  a lk a l in e  pH conditions natural  

stream waters flowing from g r a n i t ic  rock are dominated by bicarbonate 

anions i f  s u l f id e  minerals are not abundant in the rock. The closest  

example o f  t h is ,  perhaps is Emmett's (1975) data on the concentrations 

of anion species in the waters of the Salmon River flowing over rocks 

o f  the Idaho ba th o l i th  under s im i la r  c l im a t ic  conditions (see footnote ) .  

My analysis of his data from nine streams draining only rocks o f  the 

Idaho b a th o l i th  shows a mean pH of 7.6 and a r a t io  of HCO3  : SO4  • Cl 

Fl" : PO4 " to be 1 : .08 : .0098 : .0043 ; .0009 indicating that b i ­

carbonate is  by fa r  the predominate anion in so lut ion.  Examination 

of th in  sections from the three rock types in my study area showed 

v i r t u a l l y  no su lf ides  and only trace amounts o f  a p a t i t e ,  the principal  

sources of  SO4  , P0 4  » and Fl in natural waters, respective ly .  Assuming 

Emmett's (1975) data may be extrapolated to th is  study area, bicarbonate 

is  the predominate anion in solution and the pH in the streams varies  

as a function of the p a r t ia l  pressure of carbon dioxide over the 

waters o f  the study area.

T h ¥ T o ’flowing water data s ta t ion  numbers from Emmett's ( 1  975) report  
were used fo r  the computation o f  the anion ra t ios  given above:
13-2924, 13-2932, 13-2934, 13-2950, 13-2956.5 ,  13-2960, 13-2965,
13-2970, 13-2971.
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Typical COg p a r t i a l  pressures fo r  so i l  and free  atmosphere

are: PcOg-soil =
 ̂ ’ COg -  a i r

(Devoto. 1978). However, p a r t ia l  pressures of  CO2  in so i ls  are 

var iab le  depending on the content and decomposition of organic materia l  

with in  the s o i l .  More vegetated so i ls  t y p ic a l ly  have high CO2  p a r t ia l  

pressures (Kossovich, 1967). Because the water measured a t  the flume 

is a mixture o f  waters from source areas with d i f f e r e n t  vegetative  

cover and carbon dioxide p a r t ia l  pressures, the pH is in t ra n s i t io n  

between the e q u i l ib r ia  developed under various p a r t ia l  pressure con- 

di t io n s .

Short l ived  "spikes" of anomalously high or low pH values are 

recorded p e r io d ic a l ly  in the sampling, suggesting th a t  over short periods 

o f  t ime, usually on the order o f  hours, packages o f  water with unique 

chemical h is to r ie s  pass by the flume. Abnormally low pH values appear 

to occur most often during periods of low flow. During the period when 

évapotranspirat ion causes large var ia t ions in the d a i ly  discharge of  

the streams, abnormally low pH values are associated with d iu rn a l -  

discharge minimums. This suggests th a t  during th is  period the major 

source o f  water to the streams are springs and seeps th a t  contain 

abundant decaying organic m ater ia l .  Spikes of  high pH seem to be 

associated with pulses of water pushed quickly from unvegetated so i ls  

during or soon a f t e r  p re c ip i ta t io n  events. One p a r t ic u la r ly  good 

example is shown in Figure 14 which represents one su ite  of diurnal  

samples co l lected  from Applebury Creek in ear ly  July.
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.APPLEBURY CREEÎ
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C M / 2  h r

Figure 14. Chemograph fo r  diurnal sampling of Applebury 
Creek in ea r ly  July,  1978. By ear ly  July the 
diurnal va r ia t io n  in évapotranspiration has a 
s ig n i f ic a n t  influence on discharge and pH. Early  
in the morning discharge begins to decrease as 
évapotranspiration reduces the contribution of  
soil  water to the stream. The pH decreases as 
the proportion o f  so i l  water in the stream de­
creases. Both discharge and pH increase rapid ly  in  
response to a small ra in storm at  5:30 pm. Note 
the large va r ia t io n  in uranium concentration when 
discharge is a t  a minimum.

Although short term f luc tua t ions  in pH occur more frequently  

during or soon a f t e r  storm events there is l i t t l e  reason to believe  

th a t  the response is consistant throughout the year. As indicated  

in the discussion o f  hydrology, lag times vary on an annual cycle  

p r im a r i ly  as a function of soil  moisture. The response of pH to a 

p a r t i c u la r  p re c ip i ta t io n  event is then a function not only of magnitude

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



49

and duration of an ind iv idual  storm but also of the p reva i l ing  

moisture conditions ex is t ing  before the storm. This makes i t  

d i f f i c u l t  to p red ic t  the precise time and magnitude of  pH change 

in response to storm events.

H,0 '■
l .O

OH

O «

p H  =  4 00  4

0,2

pH = 51.0
0 0

H ,0

- 0  2

-04

<1 2 4 M io 12 14

Figure 1 5.

pH

The dark rectangle in the 
diagram represents the probable 
range of Eh-pH conditions in the 
streams of the study area. 
(Diagram is from Krauskopf, 1965)

Oxidation Potentia l

The oxidation p o tent ia l  o f  the stream environment is high. 

Dissolved oxygen concentrations measured at  the flumes at  various
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times throughout the year was consistant ly  18 m g / l i t e r .  Based on 

mean pH values, ca lculated Eh values (Krauskopf, 1965) centered around 

+ . 6  mv. Figure 15 shows the l i k e l y  range o f  Eh-pH conditions ex is t ing  

in the stream channels of the study area.

Cation Concentrations

Concentrations of  the major cations are not recognized as having a 

s ig n i f ic a n t  influence on uranium concentrations in stream water 

(Devoto, 1978). However, they provide an adequate means o f  measuring 

the influence of cl imate on the weathering and release of cations to 

the stream, including uranium. For surface waters in the common range 

of pH 5 .0 - 8 .5 ,  the values fo r  spec if ic  conductivity and to ta l  dissolved 

solids are determined p r im a r i ly  by the concentrations of major cations  

in so lu t ion .  The r a t io  of mean cation concentrations of the study area 

are given in Table 4 . Emmett's (1975) data for the nine streams 

mentioned previously are included fo r  comparison.

Table 4 . Ratio of mean cation concentrations in the streams 
o f  the study area._______________________________

Applebury Creek

Steep Creek

Upper Salmon River 
(Emmett, 1975)

Ca : Na : Mg : K

1 .44 .14 .09

1 .26 . 1 1 .06

1 . 2 2 . 1 2 .04
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CHAPTER V I I

DISCUSSION

Annual and Diurnal Var ia t ion  of Uranium in the Streams

Mean uranium concentrations and standard deviations for Applebury 

and Steep Creek waters are .93 ppb ±  .56 ppb and .91 ppb .59 ppb 

re sp ec t ive ly .  (See Table 3 and Figures 12 and 1 3 ) .  Throughout the study 

period uranium concentrations fo r  Appel bury Creek ranged between .3 ppb 

and 3 .5  ppb and Steep Creek values ranged between .19 ppb and 3,03 ppb. 

This is a large amount of va r ia t io n  and can lead to errors in the i n t e r ­

p re ta t ion  of hydrogeochemical survey data. This is discussed in greater  

d e ta i l  l a t e r  in th is  chapter. More s ig n i f ic a n t  perhaps are the results  

from the f i v e  sets of diurnal sampling which show that  large varia tions  

in uranium concentration occur w ith in  the time span of  a few short hours.

The range bars in Figures 12 and 13 represent var ia t ion  in uranium 

concentration during the diurnal sampling periods. They indicated th a t  on 

several occasions the va r ia t io n  in uranium concentration with in  a 24 hour 

period approached one order o f  magnitude. I t  is possible th a t  on many 

days the amount of diurnal change in uranium concentration is as great  

as the amount of va r ia t io n  observed over the e n t i re  year.  The number of  

diurnal sampling periods is small.  Also, the sample population fo r  each 

set is small (samples usually co l lected  every 3-4 hours), and many periods 

of large v a r ia t io n  were probably missed.

51
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V a r i a b i l i t y  of Uranium Rela t ive  to the Other Cations

Each exploration technique that a geologist may use searching fo r  

uranium involves measuring a unique parameter or set of parameters. In 

order to match the proper technique with the f i e l d  conditions i t  is 

important fo r  the geologist  to understand the range of v a r i a b i l i t y  

associated with the parameters he is attempting to measure. A comparison 

between the v a r i a b i l i t y  of uranium in Applebury and Steep Creek and the 

v a r i a b i l i t y  o f  the other chemical constituents in the streams may be 

useful in evaluating the hydrogeochemical technique. V a r i a b i l i t y  is  a 

useful s t a t i s t i c  fo r  comparing the r e la t i v e  amount of change associated 

with d i f f e r e n t  chemical constituents in stream water.  I t  is  derived  

by d iv id ing  the standard deviat ion by the mean concentration o f  each 

chemical consti tuent fo r  a l l  the samples from each stream. Table 3 shows 

the v a r i a b i l i t y  fo r  the major cations and uranium in Applebury and Steep 

Creeks. The table shows that  v a r ia t io n  in uranium concentration is 

genera l ly  2-3  times greater  than the va r ia t io n  in the major cations in 

the stream water.  This suggests that  uranium is general ly  more sensit ive  

to the changing conditions in the watershed system. Some of the sensi­

t i v i t y  is probably re la ted  to i t s  much lower concentrations but probably 

r e f le c ts  the greater  chemical a c t i v i t y  of uranium re la t iv e  to the major 

c a t io n s .

The change in uranium concentration of the stream water tends to 

progress sympathetically with spec i f ic  conductivity and the concentration  

of the major cations in solution (see Figures 12 and 13 ) .  Concentrations 

are genera l ly  lower between the periods of ear ly  Apr i l  and mid-June 

because of  d i lu t io n  from snowmelt runoff .  From mid-June on concentrations
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begin to r is e  gradually  to a maximum in l a t e  September and October,

The chemograph fo r  Steep Creek (Figure 1 3 )  shows th is  re la t ion sh ip  

b e t te r  than the Applebury Creek chemograph (Figure 1 2 ) .  The months 

between October and A pr i l  are a t ra n s i t io n  period fo r  the streams and 

uranium concentration becomes less pred ic tab le .  Stream discharge is 

low and not changing rap id ly  because of cold weather condit ions. Pre­

c ip i t a t io n  f a l l i n g  as snow appears to have l i t t l e  influence on stream water 

concentrations. Occasional periods of  above freezing  temperatures do 

d e l iv e r  s h o r t - l iv e d  pulses of ra in or snowmelt water which appear to 

cause large pert ibat ions in uranium concentration. Samples 279 and 281 

co l lec ted  from Applebury Creek (Figure 8 ) show th is  re la t ion sh ip .  There 

was a heavy snowpack on the ground during th is  period. A three day 

period of above freezing temperatures preceded both of the days on which 

these samples were co l lec ted .  A rapid f lushing of uranium from the snow 

pack may be the cause of the higher uranium concentrations in these samnles. 

Johannessen and Henriksen (1978) ,  studying the chemistry o f  snowmelt water,  

found in Norway that  snowpacks tend to accumulate atmospheric pol lutants  

through the year and that  50-80% of th is  p o l lu ta n t  load is released with  

the f i r s t  30% of  the meltwater.  They suggest that  the very f i r s t  f ract ions  

of meltwater may contain more than 5 times the concentrations the snow- 

pack concentrations contain. This phenomenon may explain the higher con­

centra t ions of uranium in these samples. However, i t  is not possible to 

substantia te  th is  based upon the data co l lected  in th is study.

At the beginning of th is  study i t  was not known precisely  how uranium 

concentrations in Applebury and Steep Creek would change through the annual
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hydrologie cycle .  The data indicate that  uranium concentrations do vary 

through an annual cycle; however, the cycle is not d is t in c t .  Random 

pert iba t ion s  do occur which appear unrelated to f luc tuat ions in discharge.

The s truc ture  of the sampling program was based on the hypothesis that  

the d i lu t io n  e f fe c t  (W all ing,  1975) resu lt ing  from changes in discharge is  

the p r inc ipa l  mechanism causing uranium concentrations to change in stream 

water.  The large diurnal var ia t ions observed (Figures 8  and 9 ) combined 

with the following synthesis of chemical and discharge data suggest that  

other fa c to rs ,  in addit ion to the d i lu t io n  e f f e c t ,  influence the concen­

t r a t io n  o f  uranium in stream water.

Log-1og plots o f  uranium on discharge fo r  each stream are shown in 

Figures 16 and 17. I f  uranium concentration is a function only of discharge 

then the data points should define a negative sloping l in e  ind icating  

th a t  d i lu t io n  occurs with increasing discharge. Scatter about th a t  l in e  

should be minimal. The data from Steep Creek (Figure 17) does define a 

negative sloping trend and supports the d i lu t io n  concept. However, there  

is s ig n i f i c a n t  sc a t te r  in the points suggesting, that fo r  a given discharge,  

another va r ia b le  or group of variables are acting to a l t e r  the expected 

uranium concentration. This is much more evident in the Applebury Creek data 

(Figure 16) where the sc a t te r  of points is too random to decipher a 

negative sloping trend. Indeed, these graphs suggest that  d i lu t io n  plays 

a less s ig n i f i c a n t  r o l l  in a l te r in g  uranium concentrations in Applebury 

Creek than in Steep Creek. In order to b et ter  understand uranium's 

apparent f lu c tua t ions  in stream water,  i t  is important to id e n t i fy  these 

fac tors  and to t ry  and understand when and how they work to a l t e r  uranium 

concentrations in a natural hydrologie system.
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Solution and Absorbtion Processes th a t  Influence Uranium S o lu b i l i t y

Various studies on the leaching of  uranium from g r a n i t ic  rock 

( P l i l e r  and Adams, 1962; Larsen, et a l . ,  1956; P ic io t to ,  1950) ind icate  

th a t  uranium p a r t i t io n s  in about equal proportions in to  accessory minerals  

and common rock forming s i l i c a t e s ,  or t h e i r  a l te ra t io n  products. In an 

oxid iz ing  environment, in  the presence of water,  these minerals are 

hydrolized and the major cations go into  so lut ion.  Uranium combines with
'"f "

oxygen to  form the stable uranyl ion UO2  which is  re ad i ly  soluble in 

water.  Thus, so lution of uranium and the major rock forming elements 

proceeds concurrently .  I t  is not surprising then tha t  various studies  

f ind  a strong co rre la t io n  between uranium concentration in stream water 

and s p e c i f ic  conduct iv i ty ,  a measure of the soluble cations in natural  

waters (D a l l 'A g l io ,  1971, 1964; D a l l 'A g l io  and Tonai, 1962; Lopatkina,  

1964).

I t  is  commonly thought tha t  hydrolysis and solution are the p r in c ip le  

chemical mechanisms which determine the concentrations in solution of 

uranium and common rock forming elements; furthermore, the longer ground­

water is in contact with bedrock the greater the concentration of these 

const i tuents .  However, experiments by Szalay and Samsoni (1969) on the 

leaching o f  uranium from crushed in trus iv e  and extrusive magmatic rock 

of d i f f e r e n t  compositions ind icate  th a t  hydrolysis and solution are not 

the only chemical mechanisms th a t  a f fe c t  uranium equil ibr ium concen­

t ra t io n s  in water.  A discussion of t h e i r  work provides a b e t te r  under­

standing of  the varying concentrations o f  uranium in bicarbonate waters.
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Szalay and Samsoni's (1969) resu lts  from the leaching of powdered 

rocks with a Z% NaHCOg solution show:

1. Uranium concentration in leaching solutions reached 

equil ibr ium concentrations w ith in  a few hours.

2. Equil ibrium values are s ig n i f ic a n t ly  d i f f e r e n t  fo r  d i f f e r e n t  

rock types of ident ica l  g ra ins ize  with the highest concen­

t ra t io n s  derived from the leaching of g ran i te  and the lowest 

concentrations derived from the leaching o f  gabbros and basalts .  

This is due to inherent d if ferences in uranium concentrations 

fo r  each rock type.

3. Grainsize has only a moderate e f fe c t  on the uranium concen­

t ra t io n s  in so lut ion.

The fa c t  that  equil ibr ium occurs so quickly led them i n i t i a l l y  to 

conclude th a t  UO4  on grain boundaries is oxidized to ÜO2  * complexed 

with  CO3 * and taken re a d i ly  into  solution u n t i l  a l l  the av a i lab le  UO4  

is dissolved. Further experiments however, showed that  in subsequent 

washings of  the same samples, fresh leach solutions consistantly  reached 

s im i la r  equil ibr ium concentrations. Thus, th e i r  f in a l  conclusion is that  

processes of  hydrolysis and solution increase uranium in water and the 

process of  adsorbtion o f  uranyl back onto grain boundaries remove i t  

from so lu t io n .  The processes act simultaneously, and independently but 

in opposing d irec t ions  and equil ibr ium between the two is established  

w ith in  a few hours.

The concentration of various anionic ligands in water tend to increase  

the amount of uranium in solution by f i r s t  increasing i ts  s o lu b i l i t y  and
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second by in h ib i t in g  the amount of uranium removed from solution by 

absorbtion onto p a r t ic a l  surfaces. Devoto (1978) and Langmuir (1978) 

present comprehensive reviews of  these ligands and the results  o f  th e i r  

in te ract ions  with uranyl in so lution- They point out that  uranyl ions 

re a d i ly  complex with any o f  the following anion ligands; carbonate,  

hydroxide, phosphate, f lu o r id e  and su l fa te  as a function of r e la t i v e  con­

centrat ions and pH. For typ ica l  ligand concentrations of stream water,  

the most important uranyl complexes are formed with f lu o r id e ,  phosphate 

and carbonate under ac id ,  near neutral and a lk a l in e  condit ions, respect ive ly  

(Langmuir, 1978). For the s l ig h t l y  a lk a l in e  waters of th is  study area,  in

which bicarbonate anions predominate. Figure 18 indicates the most probable
-2

uranyl complex is 1 10 2 ( 0 0 2 ) 2  •

100CD 
O
o>CL

CO

s

X Î
OD>
Ôinvt

CCDOk.
o>

CL

o

U 0 2 C O
-  u o

U O J C 0 3 ) '

(UOziatOH):
UO2 OH

Fig. 1 8 .  Distribution of u r a n y 1-hydroxy and carbonate complexes 
versus pH for Pc02 10"^ atm and ZU = 10 M (2.4 ppb) 
at 25°C (Langmuir, 1978).

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



60

As discussed prev iously ,  bicarbonate concentrations can be quite  

var iab le  in ground water moving through a watershed, depending upon 

organic a c t i v i t y  and temperature. This,  combined with the a b i l i t y  of  

bicarbonate to complex with uranyl ions and e f fe c t iv e ly  increasing  

uranium s o l u b i l i t y ,  suggests that  the a c t i v i t y  of bicarbonate in the 

system probably is an important fac to r  inf luencing the uranium concen­

t r a t io n  of Applebury and Steep Creek.

Uranyl ions may also complex with humic acids produced by b io log ic  

decay of p lant  material  (Szalay, 1964; Jennings and Leventhal, 1976,

1977, 1978). Because humic acids are insoluble under near neutral con­

d i t io n s ,  they are r e la t i v e ly  immobile in the b i o l i t h .  Therefore, they 

provide a chemical sink fo r  the uranyl ion. Humic acids complex the 

greatest  quanti ty  of uranyl ions in the near neutral pH region but the 

s t a b i l i t y  of the uranyl-humic acid complex is strongly pH dependent 

(Jennings and Leventhal,  1977). Deviations from neutral conditions can 

cause uranium to go back into so lut ion.  Because of  th is  phenomenon 

changes in pH and b io log ica l  decay rates probably influence the concen­

t ra t io n s  of uranium of the ground and stream waters of Applebury and 

Steep Creek. This in te ra c t io n  is probably more s ig n i f ic a n t  during the 

summer months because warmer temperatures a f fe c t  the ra te  of b io log ical  

decay and production of humic acids.

Uranyl ions not coiii[)lexed with these or()anic or inorfjanic ligands are 

very susceptible to adsorbtion onto natural c o l lo id a l  m a te r ia ls , most 

notably ,  f e r r i c  and manganese oxyhydroxides (Szalay, 1964). Sorbed uranyl 

ions, not chemically reduced by the s o r ta n t ,  can be desorbed by increasing
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the pH, or increasing a lk a l in e  ion concentrations a t  constant pH 

(Van Der Wiejen, e t  a l . ,  1976; Van Der Wiejen and Langmuir, 1975). Thus, 

a change of  PH in the stream is a p o tent ia l  source o f  uranium va r ia t io n  

in stream water.  Figure 19 i l l u s t r a t e s  that  uranyl is e f f e c t iv e ly  removed 

from solution by adsorbtion onto amorphous f e r r i c  oxyhydroxide in the 

pH range common in natural waters.

3 0
Amorphous F e (n i) Oxide (3.24 g/>f ) 

r u  odded = I ppm 
•  0.01 M KCI, no COz 
O-0,0IM  (KCI + KHCO3) , COg

20

Q .Û.
3

p H

Figure 19. Adsorbtion of uranyl onto X-ray amorphous 
f e r r i c  oxyhydroxide as a function of pH 
(oxyhydroxide surface area 285 i i r /g ,
H2 O/F0 2 Û3 molar = 1 .38 ,  PZC = 8 . 6 ) ,  (Langmuir, 
1978).
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The large v a r ia t io n  in uranium concentration, not explained by

v a r ia t io n  in discharge, is probably caused by the a c t i v i t y  o f  the solution

and absorbtion processes discussed above. The following comments by

Langmuir (1978) focus on the r e la t i v e  importance o f  the two processes

and provide a framework for  understanding the behavior o f  uranium in the

stream waters o f  the study area.

Both s o l u b i l i t y  and sorbtion data show uranyl to be 
le a s t  mobile in the pH range 5 -8 ,5 .  However, whereas 
mineral s o lu b i l i t i e s  l im i t  only maximal uranyl 
concentrations, sorbtion l im i ts  uranyl concentrations 
a t  a l l  levels  below saturation with the leas t  soluble  
uranyl mineral in a given water. In contrast to 
s o l u b i l i t y  contro l ,  the highest percentage o f  to ta l  
uranium in a sediment-water system is sorbed on the 
sediment a t  the lowest dissolved uranium leve ls .

Rose e t .  a l .  (1977) presents evidence to ind icate  th a t ,  in so i ls  

surrounding a sandstone type uranium deposit,  the sorbtion o f  uranyl 

onto f e r r i c  oxyhydroxides has the greatest influence on the removal o f  

uranyl dissolved in groundwater followed by the complexing o f  uranyl with  

organic m ater ia l .  Szalay's (1964) mechanism o f  resorbtion on to grain 

boundaries appears to be le a s t  important in reducing uranium concentration  

in natural waters. All  three mechanisms are sensit ive  to changes in pH.

Higher anion concentrations favor increased uranium mobil i ty  and higher  

uranium concentrations in solution by; increasing uranyl s o lu b i l i t y ;  in ­

h ib i t in g  adsorbtion onto f e r r i c  hydroxide p a r t ic le s  and rock grain boundaries; 

and breaking uranyl-humic acid bonds. Any a c t i v i t y  in the s o i1-sediment- 

water system th a t  a l te rs  pH or anion concentration is a potentia l  fac to r  

tha t  may cause uranium concentrations to change. Several a c t i v i t i e s  th a t  

may re s u l t  in uranium f lu c tu a t io n  are changes in ground-water le v e ls .
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i n f i l t r a t i o n  o f  unbuffered ac id ic  ra in  water,  or increased b io log ica l  

a c t i v i t y  in the s o i l .  I t  is not possible, based upon the kinds o f  data 

co l lected  in th is  study, to determine how much these factors are a c tua l ly  

acting to a l t e r  uranium concentrations. The lack o f  strong co rre la t io n  be­

tween uraniun concentration and discharge and the fa c t  that  these geochemical 

factors are present in the watersheds suggests th a t  the var ia t ion  o f  

uranium concentration in the streams is caused by the in te rac t ion  o f  mechani­

cal and geochemical processes.

Differences in Scatter  Between Applebury-Steep Creek Discharge-Uranium 
Concentration Plots

I t  is not known prec ise ly  why such a poor corre la t ion  exists between 

discharge and uranium concentration fo r  Applebury Creek (Figure 1 6 ) ,  or  

why the co rre la t io n  d i f f e r s  so much between Applebury and Steep Creek. 

However, the d if ferences in the amount o f  vegetation along the margins o f  

each stream is seen as one possible cause. Vegetation in a watershed is an 

in te g ra l  p ar t  o f  the hydrologie regime- Where trees abound évapotrans­

p ira t io n  can great ly  reduce so i l  moisture during the growing season and the 

shade from trees can prolong fo r  many weeks the melting o f  snow from forested  

areas. Differences in slope angles, weathering, i n f i l t r a t i o n  and many 

other hydrologie parameters are affected by vegetation. As indicated pre­

v ious ly ,  the amount o f  vegetation may influence soil  water pH which, in 

tu rn ,  may a f fe c t  the solution and adsorbtion o f  uranyl.

In a mixed watershed, there are ,  in e f f e c t ,  a t  lea s t  two hydrologie 

systems a c t in g ,  sometimes together and sometimes in opposite d irec t io n s .
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supplying water to the main channel. Each system de l ivers  water to the 

stream with a unique chemical signature r e f le c t in g  the s ta te  o f  the 

system a t  any point in time.

During the e a r ly  stages o f  spring ru n o f f ,  water from unforested slopes 

is  perhaps much more d i lu te  than waters from forested slopes where snow 

melt feeds runoff  fo r  longer periods into the spring. The concentration  

of elements in water measured a t  the flumes can represent an e n t i re  

spectrum of  water mixing from the two, or more, systems. The fa c t  that  data 

from Steep Creek shows a b e t te r  co rre la t io n  between discharge and uranium 

concentration than Applebury Creek suggests that  the forested hydrologie 

system may have a dominate influence on the stream water chemistry during 

a greater  portion of the year .  This is due, perhaps, to the greater pro­

portion o f  fo re s t  d i r e c t ly  adjacent to the stream channel. In Applebury 

Creek the amount o f  forested and unforested area adjacent to the channel 

is near ly  equal such th a t  ne i ther  system is dominant over long periods.

The data from th is  study however, is  in s u f f ic ie n t  to resolve th is  problem 

and a much more extensive sampling program would be required to define th is  

r e la t io n s h ip .

Uranium V a r ia t io n  in Stream Water — Implications fo r  the In te rp re ta t io n  
of Hydrogecc.hemical Survey Data

In th is  study, uranium concentrations in water are very low because 

uranium concnetration in the rocks (weighted mean = 2.35 ppm) is low. 

However, th is  does not diminish the s ignif icance of  the large v a r ia t io n  

recorded in the stream water samples. For instance, Germanov e t .  a l .

(1958) studied the d if fe rences in v a r ia t io n  of uranium with discharge from
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spring water draining unmineralized and mineralized t e r r a in .  His in ­

vest igat ions showed th a t  the character of seasonal changes is quite  d i f ­

fe re n t  between the two. In unmineralized watersheds the d if fe rence be­

tween minimum and maximum values is seldom less than twofold, much less 

than is observed in th is  study. Much more s ig n i f ic a n t  is his f ind ing  that  

f o r  springs feeding streams in mineralized areas the v a r ia t io n  in con­

centra t ion  is tenfo ld  or more.

I f  Germanov's e t .  a l .  (1958) conclusions are correc t ,  there ex ists  

a strong p o s s ib i l i t y  that  many mineralized watersheds could have mixed 

in a hydrogeochemical survey (Type I I  e r r o r ) .  I t  is  very important to 

estab l ish  i f  a type I or Type I I  e rro r  can occur. The author has under­

taken a small study to te s t  i f  uranium v a r ia t io n  in stream water can 

cause errors in in te rp re t in g  actual data from a large hydrogeochemical 

survey in a mineralized region.

During the spring and f a l l  o f  1976 the author supervised a p i l o t  

study designed to te s t  uranium hydrogeochemical sampling techniques in 

a mountainous area having known hydrothermal uranium occurrences. The 

study (Aamodt, 1978) sponsored by Los Alamos S c ie n t i f i c  Laboratories in  

support o f  the NURE program, was d irected  by Dr. Silverman and Dr. Lange 

a t  the U n ivers i ty  of Montana, Missoula. The survey area covered a l l  of  

the Boulder B a th o l i th  o f  Western Montana comprising an area of approximately  

5000 square ki lometers.  A to ta l  o f  1046 locations were v is i te d ,  and from 

those locations 917 water samples were co l lected  p r im ar i ly  from streams.

A few samples were also co l lec ted  from springs and w e l ls .  Of the 917 

water samples co l lec ted ,  6 6 6  were co l lected  during the spring in A p r i l ,
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May and June, and 251 samples were co l lected  in f a l l  during October and 

November. The samples co l lected  in the f a l l  were taken from iden t ica l  

locations th a t  were sampled during the spring sampling which makes i t  possible  

to compare the v a r ia t io n  in uranium concentration co l lected  from the same 

source twice in one year.

In Figure 20 the concentration o f  uranium from 239 streams th a t  

were sampled both in the spring and the f a l l  are p lo tted .  The data ind icate  

concentrations fo r  samples co l lected  in the spring and the l ines drawn 

from the dots represents the va r ia t io n  in concentrations fo r  each stream 

during the f a l l  sampling. The mean and standard deviation o f  a l l  the 

stream water samples co l lected  from the Boulder b a th o l i th  are 3.21 ppb +

6.45 ppb. The mean and 1, 2 and 3 standard deviations are plotted in the 

upper portion of  the graph.

Geologists t y p ic a l l y  w i l l  use d i f f e r e n t  cutoffs fo r  designating which 

streams are anomalous and deserve fu r th e r  inves t ig a t ion .  The determination  

o f  a c u to f f  concentration usually involves a consideration of the d i s t r i ­

bution o f  the sample population, cl imate and general rock compositions. 

Commonly the c u to f f  w i l l  be 2 standard deviations above the mean con­

ceptions of  a l l  samples co l lec ted  in the survey.

This p lo t  is important because i t  shows that  fo r  a number o f  streams 

the v a r ia t io n  in concentration between the spring and f a l l  sampling spans

2 standard dev iat ions.  For several of the streams the concentrations span

3 standard dev ia t ions.  In ad d it io n ,  the expected trend of low concen­

t r a t io n  in spring and higher concentrations in the f a l l  is  not consistent.
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Some streams, p a r t i c u la r ly  those with higher average concentrations,  

show a decrease in concentration during the f a l l  sampling. Regardless 

o f  the designated c u to f f ,  the data ind icate  th a t  v a r ia t io n  in uranium 

concentration spans a s ig n i f ic a n t  range and there is a strong p o s s ib i l i t y  

th a t  Type I or  Type I I  e r ro r  would be made from the analysis of stream 

water samples co l lected  only once in a reconnaissance survey.

Id e n t i fy in g  Abnormal Stream Water Samples

The la rge  amount o f  v a r ia t io n  in uranium concentration raises an 

important question about the p r a c t i c a l i t y  o f  using stream water as an 

explorat ion  to o l .  The fa c t  th a t  the HSSR program has re l ie d  heavily  on 

stream water samples, es p ec ia l ly  during the e a r ly  stages o f  the program and 

in mountainous t e r r a in  where access is l im i te d ,  d ic ta tes  that  methods be 

developed fo r  c o r re c t ly  in te rp re t in g  stream water samples. The data from 

the Applebury and Steep Creek study w i l l  be o f  service in providing a 

p ra c t ic a l  methodology. The problem is  how to id e n t i fy  samples that  t r u l y  

r e f l e c t  high or low concentrations o f  uranium in the source rock from 

samples th a t  appear anomalous but re s u l t  from v a r ia t io n  in uranium concen­

t r a t io n  in the stream. The method described below may provide an answer.

Varia t ions in discharge apparently have a major influence on the va r ­

ia t io n  in uranium concentration. However, in a reconnaissance sampling pro­

gram i t  is  impossible to c o l le c t  samples o f  stream water under uniform d is ­

charge condit ions.  Id e a l ly  the e x p lo ra t io n is t  needs an internal chemical 

standard to compare uranium against and that  adjusts fo r  var ia t ions  in d is ­

charge. This standard must be present in both rock and water,  and vary only as
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a function o f  discharge in the stream. A series o f  le a s t  squares 

regressions were run on data from th is  study to id e n t i fy  the chemical 

va r ia b le  th a t  best predicts  discharge fo r  both streams over the to ta l  

range of discharge.

The resu lts  of the regressions of discharge on chemical variables is  

shown in Table 5. Iron is shown in the tab le  because o f  the strength  

and d ire c t io n  of i t s  c o rre la t io n ;  however, in many samples the analysis fo r  

iron is below i ts  lower detection l i m i t  and thus i t  is not considered an 

adequate pred ic tor  of discharge in th is  study. When the data from both 

streams is considered, calcium concentration is  deemed the best pred ic tor  

of discharge. I f  calcium concentration i s ,  as the data suggests, an

Table 5, Correlat ion c o e f f ic ie n ts  for  least  squares 
regression o f  log discharge on calcium, magnesium, 
sodium, potassium, iron and sp e c i f ic  conductivity .

Applebury Creek Steep Creek

R R2 R R2

Ca - .7 7 .60 - .9 2 .85

Mg - .6 1 .38 - .9 1 .83

Na - . 2 1 .05 - .7 7 . 56

K .25 .06 - .7 4 .55

Fe .71 .50 .58 . 33

Spec if ic
Conductivity - .6 7 .45 - .9 2 .85
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adequate pred ic tor  of discharge then by regressing uranium to calcium 

i t  is possible to observe the va r ia t io n  in uranium adjusted fo r  the in ­

f luence of discharge. The reason th a t  calcium is used ra ther  than d is ­

charge i t s e l f  is  because in a reconnaissance stream sampling program i t  

becomes very d i f f i c u l t  to q u a n t i ta t iv e ly  assess the discharge without long 

term flow data from ind iv idua l  streams.

Figure 2 1 is a log normal p lo t  of uranium to calcium for  Applebury 

and Steep Creek data combined. Included on the diagram are the s t a t is t i c s  

o f  a le a s t  squares regression of uranium to calcium. Also included is  

the best f i t  to the data by a le a s t  squares regression. The l ines on 

e i th e r  side represent + 1 standardized residual and the envelope between 

them represents the volume w ith in  which approximately 6 6 % of the values 

are expected to f a l l .  The numbers fo r  outly ing samples shown on the diagram 

reference the data l is t in g s  in Appendix VI and the information in Table 6

Inves t igat ing  the other chemical a t t r ib u te s  of these outlying samples 

g re a t ly  enhances the understanding of  uranium va r ia t io n  in the streams.

Table 6  is a l i s t in g  o f  the outly ing samples greater than one standard 

re s id u a l .  Included is a l i s t i n g  of the iron concentrations and associated  

pH. In a reconnaissance program, where many streams are sampled, values 

may p lo t  out of the standardized residual boundary e i th e r  because the rocks 

are enriched in uranium r e la t iv e  to calcium, or because uranium is  varying  

according to some in te rna l  per t iba t ion  in the stream system. However, 

in th is  study the uranium concentration in water is constant. The data 

in Table 6  ind ica te  that  in te rna l  va r ia t io n  may be id e n t i f ie d  i f  samples 

possess a t  leas t  one of the following four propert ies:
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Figure 21. Log normal p lo t  o f  uranium on calcium fo r  combined water  
data from Applebury and Steep Creek. Computations were 
done by computer subprogram REGRESSION (Nie,  e t .  a l . ,  1975, 
Chapter 20).  The upper and lower l in e  represent one stan­
dardized residual on e i th e r  side o f  the best f i t  l in e  
to the data (center diagonal l i n e ) .  Correlat ion coef­
f i c ie n ts  fo r  142 samples are R = .444 , R = .1977 .
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uranium concentrations 
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Explanation

Sample had ten times background zinc 
concentration

No explanation

1/3

A
B
C
D
E

samples tha t would be eliminated because o f very low discharge
samples tha t would be eliminated because o f  storm events
samples tha t would be eliminated because o f  anomalous pH values
samples w ith high iron
contaminated samples
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1. The pH of the samples are anomalously high or low.

Anomalous pH values are considered to be one standard 

deviat ion  above or below the mean of a l l  pH values.

Therefore,  samples greater than 7 .8  or less than 7.2 are  

anomalous.

2. Iron concentrations are greater than one standard 

deviat ion above the mean iron concentration fo r  both 

streams.

3. Samples were co l lected  in la te  summer and ear ly  f a l l  

a f t e r  the period in which discharge ceased to be in ­

fluenced by évapotranspiration by trees and when d is ­

charge is general ly  less than 2 % o f  bank f u l l  stage.

4. Samples were co l lected  during or soon a f t e r  ra in  events.

The reason th a t  samples appear to vary qu ite  d ra s t ic a l ly  when d is ­

charge is low is not e n t i r e ly  known, but i t  follows tha t  these periods 

are a p a r t i c u la r ly  poor time to sample. The potentia l  fo r  measuring widely  

varying uranium concentrations may be greater  during th is  period fo r  any 

of the fo l lowing reasons:

1. The production and introduction of organic acids to the 

stream is g rea ter  because o f  higher temperatures and 

increase of b io log ic  decay.

2. During periods of low flow the sources of water to the 

stream may be d e l ic a te ly  balanced between deep ground water 

and saturated soil  water.  Moderate changes in the ra te  of  

contr ibut ion  from these source areas may cause appreciable  

changes in water q u a l i ty .
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3. During low flow the proportion o f  water evaporated from 

the stream channel surface during the day may cause 

s ig n i f ic a n t  v a r ia t io n  in stream water chemistry.

Whatever the reason i t  seems apparent th a t  stream water sampling should 

be suspended during th is  period i f  reasonable resu lts  are desired in a 

stream water sampling program.

The data also suggests th a t  sampling should be suspended during or 

w ith in  one or two days a f t e r  ra in events. The stream, in a l l  physical 

and chemical aspects, is a system tending towards equil ibr ium. Rain 

events d is rupt  th is  equil ibr ium  by a l te r in g  the rates in which source 

areas d e l iv e r  water to the stream. The uranyl ion, because of i t s  a f f i n i t y  

fo r  bicarbonate complexes, is highly sens it ive  to changes in source areas 

th a t  maintain d i f f e r e n t  p a r t ia l  pressures of carbon dioxide. Thus, i t  is  

important th a t  sampling not be conducted when the ra te  o f  water flowing  

from d i f f e r e n t  source areas is changing rap id ly .

When iron concentrations are high the chances o f  observing high 

uranium concentrations are much g rea te r ,  p a r t ic u la r ly  i f  the iron has 

s u f f i c i e n t  time to scavange uranyl ions from solution.  For th is  reason, 

not a l l  high iron concentrations co rre la te  with high uranium. In 

ad d it io n ,  any of the three other properties above may be acting so that  

high uranium concentrations do not necessarily imply that  iron concen­

t ra t io n s  are also high.

As the data in Table 6  in d ic a te ,  anomalous pH is the property most 

commonly associated with high uranium concentrations. The fa c t  th a t  uranium
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is usually  high when pH Is e i th e r  high or low suggests that uranium 

concentration is changing; sometimes independently of pH as a function  

of d i l u t i o n ,  and sometimes, concurrently with pH as a re s u l t  of some 

other v a r ia b le .  For the streams o f  th is  study, that  var iab le  is probably 

a changing source area fo r  the water making up the streams.

Applica t ion  o f  Method to Reconnaissance Data

In regional uranium hydrogeochemical sampling programs, p lo t t in g  

uranium concentrations against calcium concentrations may make i t  possible  

to id e n t i f y  or e l im inate  stream water samples col lected  when the "chemical 

signature" o f  streams are deviat ing from th e i r  average chemical makeup. 

However, several conditions are necessary:

1 . The streams compared in one survey should flow from one 

general rock type so that  the weathering and release

o f  uranium and calcium to the stream is general ly  the 

same throughout the survey area.

2. Climatic  condit ions,  p a r t ic u la r ly  p re c ip i ta t io n ,  should 

not change s ig n i f ic a n t ly  w ith in  the l im i ts  o f  the survey.

3. Water samples should not be collected during periods 

of extreme low flow (genera l ly  not less than 2 % bank 

f u l l  stage) or during storm events.

I f  these assumptions are va l id  then anomalous pfl values are those 

values greater  or less than one standard deviation from the mean fo r  a l l  

streams surveyed. Anomalous iron values are those greater than one 

standard devia t ion  from the mean iron value fo r  a l l  the streams surveyed.
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Mean calcium concentrations may vary between watersheds because of  

dif fe rences in rock type, d if ferences in weathering rates between water­

sheds or d if ferences in s ize  o f  the watersheds sampled. Much of  the 

v a r ia t io n  in mean calcium concentration may be el iminated by comparing 

only samples co l lected  w ith in  one rock type. The var ia t io n  o f  mean 

calcium concentrations between various watersheds due to differences in 

weathering rates should not s ig n i f ic a n t ly  a f f e c t  th is  method because 

weathering o f  uranium and calcium proceed concurrently.  Therefore,  

changes in uranium and calcium concentration with watershed size or aspect 

should be r e l a t i v e ly  s im i la r .

When in te rp re t in g  the results  o f  p lo t t in g  uranium concentrations  

against calcium concentrations, the geologist should suspect that  values 

p lo t t in g  outside o f  the one standardized residual envelope, and having 

anomalous pH or iron values, represent stream water chemical conditions  

which deviate from long run equil ibr ium. In th is  case, the stream should 

be sampled again before drawing any conclusions about the concentrations 

o f  uranium in the source rock.

To the authors knowledge th is  method has not been tested on recon­

naissance hydrogeochemical data. I t  is not possible to apply th is  

technique to the Boulder b a th o l i th  p i l o t  study because samples were 

analyzed only fo r  uranium. The method may be es p ec ia l ly  useful i f  applied  

to d is t in c t  geologic provinces such as the major bathol i ths  o f  the western 

United S tates.  Many o f  these areas have already been sampled and suf­

f i c i e n t  data is now a v a i lab le  from the NURE-HSSR program that  th is  method 

can now be tested.
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CHAPTER V I I I  

CONCLUSIONS AND SUGGESTIONS FOR FURTHER STUDY

Man commonly looks w ith in  the boundaries o f  watersheds to f ind  

many of the natural resources th a t  sustain his modern society. His 

attempt to locate and manage these natural resources is  often reduced 

to a study o f  the physical and chemical properties o f  stream water be­

cause streams tend to in te g ra te  and r e f le c t  the chemical and physical 

propert ies o f  the watersheds they dra in .  Most studies are concerned 

with water q u a l i ty  or n u t r ie n t  cycling in the biosphere and focus on 

the re la t io n sh ip  between discharge and the concentration of major cations  

in  so lu t ion .  This study is d i f f e r e n t  and perhaps more complex because 

i t  focuses on the behavior of uranium, a chemically unique element 

occurring in much lower concentrations in stream water.

This study does provide some ins ight into  the behavior o f  an 

economically important element in a typ ica l  unmineralized watershed. 

Nevertheless, watersheds are extremely complex, dynamic systems and one 

should be careful  in drawing conclusions from the l im ite d  amount o f  random 

stream water data presented in th is  study.

The concentration of uranium in both unmineralized watersheds is  

low which corre la tes  with the low concentrations of uranium in the 

rocks o f  the study area. However, th is  re la t ionsh ip  is not consistent.  

Uranium concentrations vary more than one order o f  magnitude w ith in  

the period o f  one annual hydrologie cycle.  Diurnal var ia t io n

77
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approaches one order o f  magnitude and is probably greater .  The amount 

o f  v a r ia t io n  observed in Applebury and Steep Creek is  consistent with  

the amount o f  v a r ia t io n  observed in streams draining mineralized and un­

m inera l ized  watersheds in the Boulder B a tho l i th .  This indicates that  i t  

is possible to overlook a mineralized watershed (Type I I  e r ro r )  in a 

uranium hydrogeochemical sampling program unless a more sophisticated  

method is used to synthesize the water data.

Uranium concentrations in stream water is affected by changing d is ­

charge and by chemical processes involving uranium w ith in  the hydro­

log ie  system. With respect to the d i lu t io n  e f f e c t ,  uranium behaves 

l i k e  the other major cations in stream water. However, i t s  greater  

chemical a c t i v i t y  and i t s  low concentration in stream water sets i t s  

behavior apart  from th a t  o f  the major rock forming elements. Uranium 

concentration appears to vary the le a s t  during periods of moderate 

discharge when so i l  water is the primary source o f  water to the stream. 

The greatest  v a r ia t io n  in uranium concentration occurs during periods 

of extreme low flow when discharge is general ly  less than 2 % bank f u l l  

stage or when storm events d isrupt  the stream source area equ il ibr ium .

Uranium concentrations in stream water th a t  f a i l  to adequately 

r e f l e c t  the long term re la t io n sh ip  between uranium in rock and water 

appear to be associated with rapid f luc tua t ions  in discharge in re ­

sponse to storm events, high or low pH values or high iron values.

To resolve the chemical re lat ionships between uranium, pH and iron  

in the stream i t  is necessary to f i l t e r  out the v a r ia t io n  in uranium 

concentration resu lt ing  from d i lu t io n .  One possible way to do th is
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is by p lo t t in g  uranium concentrations against calcium concentrations  

and c a lc u la t in g  a le a s t -s q u a r e s -b e s t - f i t  l in e  to the data. I f  the 

v a r ia t io n  in calcium concentration corre la tes  well with var ia t ions  in 

discharge, then the p lo t  adjusts fo r  v a r ia t io n  in uranium concentration  

caused by changing discharge. Samples greater  than one standardized  

residual represent anomalous streams which may or may not be miner­

a l i z e d .  L a te r ,  with  more deta i led  chemical analyses o f  water samples 

including anionic concentrations, the chemical s ta te  o f  iron in solu­

t ion  or suspension, and the concentration o f  humic acids in so lut ion,  

i t  may be possible to accurately d iscr im inate between streams behaving 

abnormally a t  the time o f  sampling and streams representing mineral­

ized watersheds.

Further studies d irected a t  understanding the chemical i n t e r ­

actions o f  uranium in the stream should be conducted in mineralized  

watersheds. Watersheds containing mixed vegetation should be avoided,  

however, because they add an undesirable dimension to the hydrologie 

system tha t  is very d i f f i c u l t  to resolve.
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APPENDIX I 

Whole Rock Chemical Analyses

Results o f  chemical analyses o f  rock samples col lected from the 

Applebury and Steep Creek watersheds. The l a s t  three numbers o f  

the LASL sample numbers correspond with the sample numbers given 

in Figure 6  . Negative values ind icate  concentrations th a t  are 

below the lower detection l i m i t  o f  the an a ly t ica l  technique (see 

Appendix I I ) .

85

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



i
I h U
S  uj w
!7 i O

86
rf\' O m^ #-* Ps. f\# rsjrvi—

LU
u
5
biLUOC
O
z>

>•<
«
X
>-
00
ôLU
Z
5co

LA
Z
g
k-<co

u
z
O
u

zLU
S

-5 £
I
i
&I

I

a

u

co

‘Æ*i001
lVA>n

I
z

i
%

SMD
z ÿ

il
I

eo %. if\ »f> N. LT" «J* o  -C o  C" —* O' o  —̂ «c ■«TiTv'X'O «  ÜT»
lO  PvJ \T» *—4 f f *  —•  <P «"# —# 'J ' «-ri O  <V  o  f*»  « f  iT ' 'JT -O  —̂  rO

I • I I

O O O O O O O O O O O O O O O O O O O O O O O O
i i i i l i l l i l t t i l t l i » | i l i i l

!̂f»knc)kf'~fOwr'^ur»f*'ccs  ̂ Ĉ ^Of«-«^ao 
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Be Li
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APPENDIX I I

SUMMARY OF STANDARD LASL HSSR FIELD AND ANALYTICAL PROCEDURES

I .  F ie ld  Procedures 

Water Sampling

Water samples are col lected from the fa s t  flowing current away 

from the stream bank, f i l t e r e d  through a 0 .45 -  membrane f i l t e r  

d i r e c t ly  in to  one each, prewashed and sealed, 41-ml reactor "rabbit"  

and 25-ml v ia l  (both polyethylene).  Water samples in both the rabb i t  

and v ia l  are then a c id i f ie d  to a pH 1 with 8 N reagent-grade HNO3 .

A l l  sample containers are doubly labeled with preprinted, adhesive 

labels  carrying the same sample location number as th a t  preprinted on 

the f i e l d  data form.

F ie ld  Measurements

The a i r  temperature, read in the shade a t  the time of sampling, is  

recorded to the nearest whole degree Celsius. The water temperature 

is  measured in the source water and recorded to the nearest one-half  

degree Celsius. The pH of the source water is measured with a c a l ib ra te d ,  

portable pH meter and recorded to the nearest one-tenth of a pH un i t .

The conductiv ity  ( in  mho/cm) of the source water is measured with a 

c a l ib ra te d ,  temperature-compensated (25"C), portable meter.

I I .  A na ly t ica l  Procedures

Uranium Determination in Water Samples by Fluorometry

Under normal procedures, the 25-ml water v ia l  is vigorously shaken
92
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9 3

and duplicate  0 . 2 0 -ml a l iquots  o f  water are transferred to platinum 

dishes. The al iquots  are evaporated under heat lamps and a 0 .4 -g  

p e l l e t  o f  2% LiF-98% NaF f lu x  is added to each dish. The p e l le ts  are 

f i r s t  preheated under lamps, then fused over special propane burners. 

A f te r  each pel le t /sam ple  cools, i t  is  excited with u l t r a v io l e t  rad ia t ion  

in the f luorometer and the fluorescence is read and recorded. The 

uranium concentrations are determined by using a computer routine which 

compares the fluorescence from each p e l le t  with those from other p e l le ts ,  

run a t  the same time, containing uranium-standard solutions and blanks. 

The uranium concentration of  the sample, as given in the appropriate  

data l i s t i n g ,  is then the average obtained from the duplicate a l iquots .  

The lower l i m i t  o f  detection fo r  each a l iq u o t  by the normal procedure 

is  0 . 2  ppb; however, in some areas many samples have uranium concen­

t ra t io n s  below th is .  Consequently, when a sample run by the normal 

procedure is determined to have 0 . 2  ppb uranium, i t  is rou t ine ly  

reanalyzed using new duplicate a l iquots that have been put through an 

ad d it iona l  evaporative concentration step that  provides a lOX concen­

t r a t io n  fa c to r .  This addit ional procedure, using the same basic 

f luorom etr ic  method, reduces the lower l i m i t  of detection of  uranium 

in natural  waters to 0.02 ppb. When a uranium concentration lower than 

0 . 0 2  ppb is found in an a l iq u o t ,  i t  is a r b i t r a r i l y  assigned a value of  

0.01 ppb. I f  the uranium value given in the data l i s t in g  is 0.01 ppb, 

both a l iquots  had uranium concentrations below the detection l i m i t .  

Whether concentrated or not (which can be determined from the uranium 

level  in the l i s t i n g ) ,  the f luorometr ic  an a ly t ic a l  precision is 30%
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9 4

a t  the lower detection l i m i t ,  2 0 % a t  one order of magnitude above 

th is ,  and 1 0 % at  two or more orders o f  magnitude above the lower 

detection l i m i t .

Uranium Determination in Water Samples by Delayed-Neutron Counting (PNC)

Only waters with 40ppb uranium (as determined by fluorometry a t  

the LASL, where th is  is the upper l i m i t  o f  detection without re­

c a l ib r a t io n )  or those with impurit ies tha t  cause in terference with  

uranium-induced fluorescence are analyzed using DNC. Samples are received  

in 41-ml or 25-ml v ia ls  (used exclusive ly  in some of the ear ly  work)

and are transferred  to clean, labeled,  41-ml rabbits before being

analyzed. Each water sample is weighed, and i t s  weight ( less tha t  of the 

ra b b i t )  and location number are recorded. The rabbits are then loaded 

in to  a 25-sample t ra n s fe r  c l ip .  The reactor pneumatic t rans fer  system 

and background rad ia t ion  levels are checked and four standards are run 

fo r  c a l ib r a t io n .  The t ra ns fe r  c l ip  is in s ta l le d  on the pneumatic feed 

l in e  and the samples are cycled through the system ( t y p i c a l l y ,  a 60-s 

i r r a d ia t i o n ,  30-s delay, and 60-s count cycle is used). The uranium 

concentration is automatical ly  measured, converted to ppb, and entered 

in to  a computer data base. The lower detection l i m i t  fo r  uranium in 

water by DNC as used a t  the LASL is 0 .2  ppb. The s t a t is t i c a l  e r ro r  of  

th is  method is 2 0 % at  a uranium concentration of  1 ppb, 6 % at  1 0  ppb, 

and 4% a t  40 ppb or greater .  S t a t i s t i c a l  treatments o f  uranium con­

centrat ions obtained from the same suites o f  samples analyzed both by

fluorometry and DNC have shown th a t  there is no s ig n i f ic a n t  d i f fe rence
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between the results  o f  the two an a ly t ic a l  methods as used a t  the LASL. 

This a n a ly t ic a l  comparability is rechecked p e r io d ic a l ly .

Elemental Determinations in Water Samples by Plasma-Source
Emission Spectrography

The concentrations o f  Ca, Co, Cr, Cu, Fe, Mg, Mn, Mo, N i ,  Pb,

T i ,  and Zn in water samples are determined a t  the LASL by induct ive ly  

coupled plasma-source emission spectrography. To allow complete system 

e q u i l ib r a t io n ,  the induc t ive ly  coupled plasma and photom ult ip l ier  tubes 

are powered fo r  a t  le a s t  1 h p r io r  to making any analyses. Argon coolant  

and sample c a r r ie r  gas l ines are adjusted and ca l ib ra ted  using a zinc  

standard. The sample solut ion is taken up from i t s  container,  nebulized,  

and in jec ted  into  the plasma source a t  a rate of 9 .2  x 10-9 m^/s. A f te r  

the computer determines th a t  the photom ult ip l ier  tubes have s ta b i l i z e d ,  

a 15-s exposure of the resu l tan t  spectrum is made on a d irec t-read ing  

spectrograph. The re su l t in g  signals are read d i r e c t ly  into a computer, 

and converted automatical ly  to give the elemental concentrations.  

Corrections fo r  in te r fe r r in g  elements are made simultaneously by com­

puter.  When high (o f f - s c a le )  resu lts  are obtained, the computer ca l ls  

fo r  the inser t ion  o f  a f i l t e r  between the plasma source and the 

spectrograph, repeats the readings, and then converts and stores the 

corrected elemental concentrations. The lower an a ly t ic a l  detection  

l im i ts  genera l ly  achieved are ( in  ppb); Ca (2 0 ) ,  Co (5 5 ) ,  Cr (2 5 ) ,

Cu ( 4 ) ,  Fe (2 5 ) ,  Mg ( 2 ) ,  Mn ( 3 ) ,  Mo (2 5 ) ,  Ni (2 5 ) ,  Pb (200),  Ti ( 4 ) ,  

and Zn (5 0 ) .  When an analysis resu lts  in an elemental concentration  

th a t  is below the detection l i m i t ,  a minus sign preceding the value of
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the detect ion l i m i t  fo r  th a t  element is  inserted in the data l i s t in g s .  

A naly t ica l  precision fo r  the elements as determined in water by this  

method is 50% a t  the lower detection l i m i t ,  improving to 10% one 

order o f  magnitude above the lower detection l i m i t  and to 5 % two orders 

of magnitude above the detection l i m i t .

Uranium Determination in Sediment Samples by DNC

A ll  sediment samples are analyzed fo r  to ta l  uranium by DNC. A s p l i t  

of each sample (dr ied  and sieved as described) is transferred to a clean 

4 -ml ra b b i t ,  weighed ( less the t a r e ) ,  and i t s  weight recorded along with  

the appropriate location number. These rabbits are then loaded in to  a 

50-sample t ra n s fe r  c l ip .  The reactor pneumatic t rans fer  system and 

background rad ia t io n  levels  are checked, and standards are run fo r  

c a l ib r a t io n .  The t rans fer  c l ip  is in s ta l le d  and the samples are cycled 

through the system ( t y p i c a l l y ,  a 20-s i r r a d ia t io n ,  10-s delay, and 30-s 

count cycle is used). The uranium concentration is automatically  measured, 

converted to ppm, and entered in to  the data base. The lower l i m i t  of  

detect ion o f  th is method is 2 0  ppb (not ppm) uranium, below the range 

of uranium concentrations in natural sediment samples. Above the 1 ppm 

l e v e l ,  the uranium values in sediment measured by DNC a t  the LASL have 

a one-sigma error  o f  less than 4%.

Elemental Determinations in Sediment Sampl es by Energy Dispersive
X-Ray Fluorescence

A computer-controlled, energy-dispersive x-ray fluorescence system 

is used to determine Ag, B i , Cd, Cu, Nb, Ni,  Pb, Sn, and W in sediments.
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The system consists o f  an automatic 20-posit ion  sample changer, a 

1 t th iu m -d r i f te d  s i l ic o n  detec tor ,  a pulsed molybdenum transmission-  

ta rg e t  x -ray  tube, a multi-channel analyzer ,  and a minicomputer. The 

sediment samples are prepared fo r  analysis by grinding 6  g o f  each 

minus 100-mesh sample to a minus 325-mesh powder. A computer program 

posit ions the 6 -g samples in the x -ray  beam, unfolds overlapping peaks, 

determines peak in te n s i t ie s  fo r  each element, and calculates the r a t io  

of  the in te n s i ty  o f  each peak to th a t  of the molybdenum K Compton peak. 

Concentrations of each element are then calculated using equations 

obtained by analyzing prepared standards. Detection l im i ts  are:

5 ppm for  Ag, B i , Cd, and Pb; 10 ppm fo r  Cu and Sn; 15 ppm fo r  Ni and 

W; and 20 ppm fo r  Nb. When an analysis results  in an elemental con­

centra t ion  tha t  is below the detection l i m i t ,  a minus sign preceding 

the value of the detection l i m i t  fo r  that  element is inserted in the 

data l i s t in g s .  The r e la t i v e  standard deviat ion is 10% or less a t  the 

1 0 0 -ppm level and 2 0 % or less a t  the 2 0 -ppm le v e l .

Beryll ium and Lithium Det erminations in Sediment Samples by Arc-
Source Emission Spectrography

A 7.5-mg portion of  the minus 325-mesh sample that has already been 

analyzed by x-ray fluorescence is mixed with 7.5 mg of a buffer  con­

s is t in g  of one part  graphite and one part  S i0 2 - The sample/buffer  

mixture is placed in to  a graphite electrode that is used as the anode o f  

a dc arc having a short c i r c u i t  current of 17A. A 60-s exposure of the 

re s u l t in g  spectrum is made on a d irec t -read ing  spectrograph. Photo­

m u l t ip l i e r  tubes are used to measure the second order 313.0-nm l in e  of
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Be, the f i r s t  order 670 .7 -  and 610.3-nm l ines  of L i ,  the background 

spectra near these l in e s ,  and the 327.6-nm l in e  o f  V. The 670.7-nm 

Li l in e  is used fo r  Li concentrations up to 30 ppm and the 610.3-nm 

l in e  o f  Li is used fo r  concentrations above 30 ppm. The V l in e  is used to 

correct  the Be value when V is above 1000 ppm. The signals from the 

p ho tom ult ip l ie r  tubes are read by a d ig i ta l  voltmeter and are processed 

by a desk-top ca lcu la to r .  The results  are simultaneously printed on 

paper and w r i t te n  on cassette tape fo r  l a t e r  transmission to a computer 

data f i l e .  The elemental concentrations o f  Be and Li are determined 

from the spectra, based on the resu lts  of previously run c a l ib ra t io n  

standards. The lower detection l i m i t  for  both elements is 1 ppm. When 

an analysis resu lts  in an elemental concentration that  is below the 

detection l i m i t ,  a minus sign preceding the value of the detection l im i t  

fo r  tha t  element is inserted in the data l i s t in g s .  Precision a t  the lower 

detection l i m i t  is 50% fo r  both and improves to 25% at  one order of  

magnitude above the lower l i m i t .

Elemental Determinations in Sediment Samples by Neutron Activat ion
Analysts (NAAj

Immediately upon completion o f  the uranium analysis of sediment 

samples by DNC, the same 4-ml sediment s p l i t s  are entered in to  the NAA 

sequence. The concentrations of 31 addit ional elements are determined 

by th is  procedure. The f u l l  DNC/NAA timing sequence used at  the LASL for  

each sediment sample is:  20-s i r r a d ia t io n ,  10-s delay, 30-s, DNC

a n a ly s is ,  20-min delay, 500-s y - ra y  count for  sh o rt - l iv ed  radionuclides,  

96-s r e - i r r a d i a t i o n ,  14-day delay, and f i n a l l y  a 1000-s - ray  count for
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lon g- l ived  radionuclides. The - ra y  counting is done by lead-shielded  

Ge(Li)  detectors; the 4096-channel - ray  data are recorded and subse­

quently analyzed fo r  each indiv idual  element by computer. The 

a n a ly t ic a l  data fo r  each sample are automatical ly printed out along 

with the associated s t a t i s t i c a l  e rro rs .  The lower detection l im i ts  fo r  

the various elements as re f le c te d  by the "less than" values (denoted by 

a minus sign in f ro n t  o f  a concentration) in the data l is t in g s  are the 

values fo r  the indiv idual  elements a t  which the s t a t is t i c a l  counting 

e r ro r  approaches 50%. Current " typ ica l"  lower detection l im i ts  fo r  the 

elements determined by NAA are reported in Nunes and Weaver (1978);  

however, the actual detection l i m i t  fo r  an element depends upon the 

composition of the sample and th is  l i m i t  may be higher or lower than the 

" ty p ic a l"  value. At concentration values one order of magnitude above 

the lower detection l im i t s ,  the r e la t i v e  errors are generally less than 

10%.
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1. HjO *^ ( in i t ia l  run)
Fluorometry

2. HgO Ca, Go, Cr, Cu, 
Fe, Mg, Mn, Mo, 
Ni, Pb, T i ,  Zn

Emission Spectroscopy

3. Rock A l , Ba, Ca, C l , 
Dy, K, Mg, Mn, 
Na, Sr, T i ,  V

Neutron Act iva t ion Analysis 
(short counts)

4. Rock Au, Ce, Co, Cr, Cs, 
Eu, Fe, Hf, La, Lu, 
Rb, Sb, Sc, Ta, Tb, 
Th, Yb, Zn

Neutron Act iva t ion Analysis 
(long counts)

5. Rock Be, Li Arc-Source
Emission Spectroscopy

6. Rock Ag, Bi,  Cd, Cu, 
Nb, Ni, Pb, Sn, W X Ray Fluorescence

7. Rock U Delayed Neutron Counting
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LOS ALAMOS SCIENTIFIC L,\BORATORY
LIMITES OF DETECTION IN MULTIELEMENT ANALYSES IN SEDIMENTS

Eleaicnt
* Minimum 
Detection Analytical 

(ppm) Method
Minimum 

Detection Analytical 
Element (ppm) Method

NEUTRON ACTIVATION ANALYSIS X-RAY FLUORESCENCE
A1 200 NAA Ag 5 XRF
Au 0.01 NAA Bi 5 XRF
Ba 300 HAA Cu 10 ZRF

. Ca 4000 NAA Kb 20 XRF
Ce 10 NAA Ni 15 XRF
Cl 200 NAA Pb 5 XRF
Co 2 NAA Sn 10 XRF
Cr 20 NAA W 15 XRF
Cs 2 HAA Cd 5 XRF
Dy 2 NAA
Eu 0.8 NAA
Fe 2000 NAA EMISSION SPECTROSCOFY
Bf 1 NAA Be 1 ES
K 2000 NAA LI 1 ES
La 6 NAA
Lu 0.3 NAA
Ms 3000 NAA
Kn 10 NAA
Ka
Rb '
5b
Sc

150
30
1
0.1

ItAA
NAA
NAA
NAA

* Because of elemental inter­
ference, the detection I i::ics 
for tliosc elements c e t e r r . i n e d  
by NAA will shift as a function 
of the composition of the sedinii

So 0.5 NAA
Sr 300 NAA
Ta 1 NAA
Tb 1 NAA
Th 0.8 NAA
TI 200 NAA
V 5 NAA
Yb 3 N/JV
Zn 20 NAA
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APPENDIX I I I

Results o f  Chemical Analyses fo r  P re c ip i ta t io n  Samples 

Concentrations reported In weight parts per b i l l i o n  (ppb) 

Sample
lumber 342 431 446 447 445 452

[lenient

U . 2 1 .40 .03 .04 .06 .54
Ca 274 342 69 51 1 2 1 93
Co -55 -55 -55 -55 -55 -55
Cr 50 52 43 40 30 52
Cu 14 14 9 -4 1 0 23
Fe -25 41 -25 27 36 -25

K 173 119 - 1 0 0 - 1 0 0 - 1 0 0 - 1 0 0
Mg 55 31 4 5 8 6
Mn 7 13 4 8 8 1 1
Mo 43 -25 -25 -25 -25 55
Na 1 2 0 2 160 1 2 0 230 - 1 0 0 - 1 0 0
Ni 168 -25 -25 -25 -25 39
Pb - 2 0 0 - 2 0 0 - 2 0 0 - 2 0 0 - 2 0 0 321
Ti -4 16 1 2 9 8 18
Zn 104 -50 -50 -50 -50 -50

Minus sign indicates  
Appendix I I )

concentrations below low detection l i m i t  (see

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



APPENDIX IV 103

L i s t i n g  o f  D i s c h a r g e  Data

The d a t a  l i s t i n g s  t h a t  f o l l o w  r e c o r d  t h e  amount  of  w a t e r  
f l o w i n g  t hr o u g h  t he  f l u me  a t  t w o - h o u r  i n t e r v a l s  on each day  
of  t he  s t u d y  p e r i o d .  Columns 6 - 1 7  a r e  t he  t w o - h o u r  r e a d i n g s  
g i v e n  in l i t e r s  per  second.  V a l u e s  in I olumn 5 a r e  t he  d a i l y  
a v e r a g e  in l i t e r s  per  second.  Columns 2 - 4  a r e  t h e  d a t e  o f  
r e c o r d ,  and v a l u e s  in column 1 a r e  a segued e number f o r  
r e f e r e n c e .  The days in whi ch a - 1 . 0 0  appears  in t he  l a s t  
s i x  columns r e p r e s e n t  p e r i o d s  when t he  f l umes  were  not  
wor k i ng  an t s t r eam d i s c h a r g e  is i n f e r r e d  f rom w e a t h e r  dat a  
as d e s c r i b e d  in the  t e x t .  Where a - 1 . 0 0  occur s  in columns  
6 - 1 1 ,  t h e  d a i l y  r e c o r d  is i n c o m p l e t e .

s
E
Q M

0 Y

A
V

D E 
A R A p p l e b u r y  C r e e k

N N D E I A TIME OF DISCHARGE READING
U T A A L G
M H Y R Y E 2 4 6 8 10 12 14 16 18 20 22 24

j 1 u '2 4 77 : .  6 7 - l  . 0 7 - 1 . 0 0 - 1 . 0 0 - 1 . 0 0 -  I  .  U 0 - 1  . 0 0 - l . C O 0 . 0 . 6  4 0 . 6 4 r . 6 4 .1, K a
I Q 2S 7 7 0 .  7 6 6 , 6 a 3 . 6 4 0 . 6 4 0 . 3 0 0 . 3  7 0 . 3 4 0 .  7 3 0 .  pn C .  PO 0 . 7 ? 0 . 7 3 0 .  «C
3 o 2 6 7 7 0 . 7 4 5 .  pr, 0 ,  H.; 0 .  Pt> 0 . H O U .  HÜ 0 .  7 « 6 . 7 4 C . 3 4 0 . 7 4 0 . 6 4 ' . . 6 4 0 . 6 4
4 g 2 7 7 7 3 .  6S 3 . 6  1 u .  6 4 2 . 6 4 0 . 6 4 U . 3 4 0 . 6 4 0 . 6 4 0 .  6 4 3 . 6 4 0 . 6 4 c .  f  4 r  . p  4
S « 7 6 7 7 0 .  «1 0 . 7 4 :  . 7 4 2 . 3  4 0 . 7 4 0 . 3 4 0 . 3 4 0 . 3 1 u .  3 ' 3 . 3 n 0 .  HO " .  7 2 î  .  4P
h g 2 6 7 7 i  .  6 7 l . s o 1 . 4t> 1 . 7 1 l . l l 1 . 3 2 1 . 1 1 l . l l l . l l 1 . 2 1 2 . 6 6 3 .  1 1 2 . 1 7
7 g 31- 7 7 I  .  11 l  . S J 1 .  46 1 . 7 1 l . l l 1 .  11 1 . 0 ? l . O ? 1 . 0 ? 1 . C 2 0 . 0 1 C . 7 ? 3 . 7 3

H l ü 1 7 7 C.  H6 0 . 7  :> 3 . 7  2 0 . 7 2 0 . 7 2 0 . 7 2 0 . 7  2 0 .  HO c .  pn 0 .  PO O . P O 0 .  un O . P n
Q 1 0 ? 7 1 û .  40 c .  7 7 O . n O 0 . 3 0 0 . HO J . 4U 0 . 4 0 0 . 7 3 0 .  PC 0 . p n O . p n 5 . H J C . H f

1 0 10 7 7 7 .  no 3 . 7 4 0 .  un L . 7 0 O . P O 0 . 4 0 0 .  4 0 0 .  P f 0 .  on O . P O 0 ,  pn 0 .  PO 3 .  H'
1 1 10 4 7 7 0 . 0 . 7  3 C . H V 0 .  3 C û . 4 0 3 . MO 0 . 4 0 O . P O Û . P C û . ” (- O . H ? C . H g : . . 4 '
I  z 10 7 7 7 0 . 0 .  ° 0 0 .  nr) V . R C O . H G 3 . 4 0 0 .  H(J C .  HO 0 .  PC r .  PO 0 .  p : r .  en 3 . 4 "
1 3 t o 6 7 7 7 . n s 0 . 0 3 0 . 7 0 0 . 4 0 0 .  HO 0 .  HO 0 .  40 C.  PO 0 .  pn 0 .  PU 1 . 0  2 1.  4h 1 . 3  3
1 4 10 f 77 1 .  I H l . b ü 1 . 3 3 1 . 7 1 1 . 1 1 l . l l 1 . 1 1 1 . 0 2 1 . 0 ? 1 . 7 1 1 . 2 1 l .  11 l . l l
1 6 10 H 7 7 0 .  0 7 l . l l 1 . C 2 1 . 3 2 1 . 0 2 1 . 0 2 1 . 0 2 l . O ? n .  71 3 . 7 ? 0 .  7 3 0 . 7 ? 0 . 7 ?

! * • 10 g 7 7 0 . U 4 0 . 7 2 0 . 7  2 0 . 7 2 3 .  7 2 0 .  7 2 0 . 7  2 c. 7? 0 . 7 2 0 . 7 2 0 . 7 ? 1 . 0 2 1 ,  :  2
1 7 1 0 1 0 7 7 0 . 6 4 1 . 0 2 1 . 0 2 0 . 7 2 0 . 7 2 3 . 9 2 0 . 7 2 0 . 7 ? C .  3? C . 7 ? 0 . 7 ? 0 . 7 3 c .  ■»'
1 H 1 0 11 7 7 0 .  72 0 . 7 2 0 . 7 2 0 . 9 2 0 . 7 ? 0 . 9 2 0 . 7 2 0 . 7 ? 0 .  7? 0 . 7 ? 0 .  7 ? C . 7? 0 . 9 ?

l O 1 0 1 ? 7 7 3 .  7? 3 . 7 ? 3 . 3 7 0 . 7  2 0 . 7 2 0 . 7 2 ü .  9 2 0 . 7 2 3 .  7 2 0 .  7 2 0 .  9 2 0 .  7 2 0 .  9 2
2 0 1 0 1 3 7 7 0 . 7  2 0 . 7 2 0 . 7 2 0 . 7 2 0 . 7 2 3 . 7 2 3 . 9 2 0 . 7 ? 0 . 7 ? 0 . 9 ? 0 . 7 ? 0 . 9 ? 0 . 9 ?
2 1 10 1 4 7 7 0 .  7 2 3 . 7 2 0 . 7 2 0 . 7 2 0 . 7 2 3 . 7  2 0 . 7 2 0 . 9 2 n .  7? 0 . 7 ? 0 . 7 ? C .  7? c .  9 3

2 2 1 0 I  s 7 7 0 .  « 7 4 . 7 2 3 . 7 7 0 . 7 ? 0 . 7 2 0 . 7 2 0 . 7 2 0 . 7 ? 3 .  7 ? 0 . 0  2 c. h : C.  » r 6 .  pn,

2 3 1 0 1 6 7 7 0 . 7  2 0 . 7 2 C .  7? 0 . 9 2 3 . 7 2 3 . 7 2 0 . 9 2 0 . 9 2 C .  7? 0 . 7 2 0 . 7 3 c . 7 ? 0 . 7 3

2 4 1 0 1 7 7 7 0 .  7 2 0 . 7 2 ) . 7 ? 0 . 7 2 0 . 7 2 0 . 9 2 0 . 9 2 0 . 7 2 0 . 7 ? 0 . 7 2 0 . 7 ? c .  7 2 0 . 9  3

?*> 1 0 1 M 7 7 0 .  ?2 0 . 7 7 3 . 7 7 0 . 7 2 3 . 7 ? 0 . 7 2 C .  7 2 0 .  7 ? 0 .  7? 0 . 7 ? 0 . 7  2 c .  7 ? 1 .  9 3

2 6 1 0 1 g 7 7 0 .  7 2 0 . 7 2 0 . 7 2 0 . 7 2 0 . 7 2 0 . 7 2 0 . 7 2 0 . 7 2 0 . 7 ? 0 . 9 ? 0 . 9 ? r . o ? Û. 9?
2 V 1 0 2 0 7 7 3 .  72 0 . 7 2 0 . 7 2 0 . 7  2 0 . 7 2 J .  7 2 0 . 7 ? 0 . 7 ? 3 . 7 ? 0 . 7 ? 0 . 9 ? 0 . 7 ? C . 9 ?
7H 1 0 71 7 7 0 .  7 2 0 . 7 ? 1 . 7  7 0 . 7  2 0 . 9 2 0 . 7 2 0 . 7 ? 0 . 7 ? 3 . 7 ? 0 . 0 ? 0 .  7 ? c . 7 ? 0 . 9 ?

2 0 1 0 2 2 7 7 0 . 7  2 0 . 7 2 0 .  ' 2 0 . 7 2 3 . 7 2 0 . 7 2 U .  9? 0 . 9 ? 0 . 7 ? 0 . 7 ? 0 . 9 ? r . 7 ? 0 . 9 ?

3C 1 3 2 3 7 7 0 .  7.2 0 . 7  2 0 . 7 2 0 . 7 2 0 . 7 2 •J .  9 2 0 . 7 2 0 . 9 ? 0 . 7 ? ü . 9 2 C . 7 ? 0 . 9 ? 0 . 9 ?

31 10 7 7 0 .  7 2 0 . 7  7 C . 7 2 3 . 7 2 0 . 0  ? 0 . 7 2 0 . 7 ? 0 . 7 ? 0 .  9 ? 3 . 0 ? 0 .  9? c .  7 ? 6 . 9 ?

3 2 1 0 '27 7 7 2 .  10 0 . 7 0 0 . 7 7 0 .  4 0 0 . 7 2 0 , 7 2 1 . 1 1 2 . 0  2 3 . 3 7 3 . 3 7 3 . 6 H 3 . 6 4 3 . 1 1

3 3 10 2 6 7 7 1 . 6 3 2 . 3 3 2 . 0 2 1 . 3 7 1 . 6 7 1 . 4 6 1 .  4 6 1 . 3 3 l .  33 1 . 3 » 1 . 2 1 1 .  21 1 . 7 1
3 4 I  0 77 7 7 1 .  16 l  . 71 1 .  21 1 . 2 1 1 .  21 1 .  21 t .  1 6 1 . 1 6 1 .  1 6 l . l l 1 .  I l 1 .  I l 1 .  11
3 S 10 2H 7 7 1 . 1 1 1 . 1 1 1 . 1 1 1 . 1 1 1 . 1 1 1 . 1 1 l . l l 1 . 1 1 1 . 1 1 1 . 1 1 l . l l l . l l l . l l

3 6 1 3 2 7 7 7 1 .  11 1 . 1 1 1 . 1 1 l . l l 1 . 1 1 l . l l 1 . 1 1 1 . 1 1 1 . 1 1 1 . 1 1 l . l l 1 .  11 1 . 1 1
3 7 10 3 0 7 7 1 . 3 3 l . l l 1 . 0  2 1 . 3 2 1 . 0 7 1 . 0 2 1 . 0 3 1 . 0 ? 1 . 3 ? 1 . 0 2 1 . 0 ? 1 . 0 2 1 . 0 3

3 4 10 31 7 7 1 .  01 1 . C 2 1 . 0  2 1 . 0 2 1 . U 2 l . v / 2 1 . 0 2 1 . 0  2 1 . 3 2 0 . 7 4 0 . 7 H 0 . 7 4 0 .  9 4

3 7 11 1 7 7 1 .  27 1 - 0 2 1 .  46 1 . 3 3 1 . 2 1 1 . 2 1 1 . 2 1 1 . 2 1 1 . 3 3 1 . 3 3 1 . 3 3 1 .  3 3 1 . 2 1
4 0 1 1 2 7 7 I .  0 4 1 . 2 1 1 . 1 6 l . l l 1 . 1 1 l . l l 1 .  11 1 . 0 6 1 .  0 2 1 . 0 ? 1 .  0 ? 1 .  0 ? 1 . 0 3

4 1 1 1 •J 7 7 1 .  0 2 1 . 0 2 1 . 0 2 1 . 0 2 1 . 0 2 1 . 0 2 1 . 0  2 1 . 0 2 1 . 0 2 1 . C 2 1 . 3 2 1 . 0  2 l . Ù ?
4 2 11 4 7 7 1 . 0 2 1 . 0 2 1 . 0 2 1 . 0 2 1 . 0 2 1 . 0 2 1 . 0 2 1 . 0 ? 1 . 0 2 1 . 0 2 1 . 0 ? 1 . 0 2 ...l . : ?
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TIME OF DISCHARGE READING

8 10 12 14

1 . 4 6  1 . 4 f t  1 . 3  7 1 . 2 7
1 . 1 1  1 . 1 1  1 . 1 1  l . l l
1 . 1 1  1 . 1 1  1 . 1 1  1 . 0 6

16

1 . 2 1  
1 . 11 
1 . 0 6

18

.  71 

. 1 1
. 0 2

20

.  21  
.  11 
. 0 7

1 0 4

22 

.  1 5  

.  11
. 3  2

24

.  11 
. 1 1
. u 2

4 ft 11 H 77 I .  02 l . C ? 1 . 0 2 1 , 0 2 1 . 0 2 1 . 3 2 1 . 0 2 . 0 2 1 . 0 2 . C 2 . 0  2 .  :  2 .  C 7
4 / 11 9 7 7 1 . 3 ? 1 . 0 2 1 . 0 2 1 . 0 2 1 . 0 2 1 . 0 2 1 . 0 2 . 0 2 1 . 0  2 . 0 2 . 0 2 .  u 2 . 0 /
4 4 11 i n 7 7 1 . C 2 1 .  0 » 1 . 0  2 1 . 3 2 1 . 0 ? 1 . 3 2 1 . 0 2 . 0 2 1 . 1 ? . 0 2 . 0  ? . 0 2 . 3  7
4V 11 11 7 7 1 . C 2 l . r ? 1 . 3 2 1 . 0 2 1 . 0 2 1 . 0 2 1 . 0 2 . 0 2 1 . 0 ? . 0 2 . 3 2 . Ù2 . 1 7
5 0 11 1 ? 7 7 1 .  00 1 . 0 0 1 . 3 0 1 . 0 0 1 . 0 0 1 . 0 0 1 . 0 0 - . 0 0 - 1 . 0 C - . o c - .  OP - .  CP - . 0 '
S I 11 1 3 77 J .  on 9 . " 3 0 .  90 0 . 8 0 0 . 8 0 0 . 8 0 0 . 8 0 — . 0 0 - l . O P - . P C - . 0 0 - .  0 6 . GC
5 2 11 1 4 7 7 C .  6 9 3 , 6 0 0 , 6 0 0 . 6 0 0 . 6 0 0 . 6 0 - . C O - l . V P - . PC - . 0 0 - . 0 0 -
5 3 11 1 5 7 7 P.  43 C . H O 3 . 9 0 0 . 9 0 0 . 9 f t 0 .  8 0 0 .  HO - . 0 0 - 1 . 0 1 - . C O - .  3 1 «■> . o r - .  G 3
5 4 11 1 6 7 7 3 .  HO 9 . 9 3 0 .  8 9 0 . 8 0 0 . 8 0 0 .  80 3 .  HP - . o c - I . 0 0 - . CO - . o r - . C l - . 0 1
5 5 11 1 7 7 7 j . w n 3 .  “ 0 Û .  9C 0 . 8 0 0 . 8 0 0 .  80 0 . 8 0 - . o r -  1 .  C p - . CO - .Of t - .  CD “ . 0 3
5 6 11 1 4 7 7 0 .  hO 0 . 5 1 3 .  90 0 . 9 0 0 . 9 f t .7. 9-J 0 .  9 0 - .  OP - l . p p - . 0 0 - .  30 - .  0 . ’ - • D ^
5 7 11 1 0 7 7 0 .  HI, 9 .  5.9 c . 93 3 . 4 0 0 . 8 0 0 . 9 0 0 .  80 - . 0 " - 1  . C P - . 0 0 - . 3  0 - .  o c - . 0 1
5H 11 20 7 7 0 . 6 0 0 . 6  3 0 . 6 3 0 . 6 0 0 . 6 3 J . f t O 0 . 60 - . CP - I . Û O - . 0 0 - . CO - . C 6 - .  ;) 3
5Q 11 21 77 0 , 5  6. C .  1 ■ 0 . 8 ) 0 . 8 0 0 . 9 0 0.  80 0 .  Hf, - .  OP - 1 .  r o - . 0 0 - .  P 0 - . P C - . 0  "
6 0 11 22 7 7 1 .  j O l . O n 1 . 3 9 l . C O 1 . 0 0 I . 0 0 l . C O - . o r — l . C O - . 0 0 - . 0 . 1 - .  Oft - . 0  3.
6 1 11 5 7 7 7 1 .  00 l . C n 1 . 3 0 l . C O 1 . 0 c 1 . 0 0 1 .  CC - . 0 0 — l . O P - . C O - .  0 0 - .  r  p - . 3 "
6 2 11 2 4 77 1 .  40 I  . 40 1 .  43 1 . 40 1 . 4 0 1 . 4 0 1 .  40 — . 0 0 - l . C O - . 0 0 - . C P - . O P — . c r
6 3 11 2 5 77 1 .  HO 1 . 8 C I  .  90 1 . 9 0 1 . 8 0 i . 9 U 1 .  HC - . 0 0 — 1 . 0 0 - • CO - . 0 0 - .  OP - . 03.
6 4 11 2 6 7 7 3 .  33 7 .  CO 3 . 0 1 3 . 0 P 7 . 0 0 i. 0 0 3 .  CO - . C O - 1 .  o r - .C'ft - . 0 0 — .  c r - . C  '■
6 5 11 2 / 7 7 4 . 2 3 4 . 2 0 4 .  20 4 . 2 0 4 . 2 0 4 . 2 0 4 . 2 0 - . CO - l . O C - .Oft - - 0 1 - . 0 . ' — . 3 3
6f t 11 2 4 7 7 6 .  63 6 . 6 0 S .  60 6 . 6 0 6 . 6 0 S .  60 f t . 6 0 - .  PC -  1 .  np urn . CO - . c r - .  r -1 - .  03
6 7 1 I 2 0 7 7 4 .  40 H.  4,1 8 .  4 0 H.  40 8 .  40 9 .  40 H .  40 - . C P - l . O P - . CO — . 0 0 — . 0 0 - . c r
6 4 11 3C 7 7 1 0 . 0 0 1 0 . 0 0 1 3 . C U 1 C . 0 0 1 0 . 0 0 1 0 . 0 0 1 0 . 0 0 - . 0 0 - 1 . 0 0 - . 0 0 - . 3 0 - . 0 5 - . 0 3
6Q I  2 1 77 1 7 .  40 I  7 .  40 1 7 . 4 7 1 3 . 4 0 1 7 .  4P 1 7 .  4 0 1 3 .  43 « . 0 0 - l . c n - . 0 0 - .  01 - . 0 3 — . 0 3
7 0 I  2 2 7 7 1f t .  6 0 1 6 . 6 0 1 6 . 6 0 1 6 . 6 0 1 6 . 6 0 1 ft.  ftp 1 6 . 6 0 - . 0 0 - 1 . 0 0 - , 0 0 - . 0 0 - . C O - . 3 3
7 1 1 2 3 7 7 1 9 . 5 0 1 9 . sn 1 9 . 5 0 1 9 . 5 0 1 7 . 5 0 1 7 . 5 0 1 9 . s u •* . 0 0 - l . C O - . 0 0 - . 0 0 — .  0 0 - . 9 3
7 2 1 2 4 7 7 2 2 .  63 2 2 . 6 0 2 7 . 6 0 3 2 . 6 0 2 2 . 6 0 71. 6 0 2 2 .  60 - . 0 0 - 1 . 0 0 - . 0 0 - .  0 0 - .  0 0 - . Of t
7 3 1 2 5 77 2 1 .  40 2 1 .  40 2 1 .  40 7 1 . 4 0 21 .  40 ? l .  40 21 .  40 - . 0 0 - l . C O - . 0 0 - . pf t - . c r - . 0 3
7 4 ! 2 6 7 7 1 7 . 6 0 1 7 . 6 0 1 7 . 6 0 1 7 . 6 0 1 7 . 6 0 1 / . f t C 1 7 . 6 0 - . 0 0 - 1 . 0 f t - . 0 0 - . 3 0 - . 0 3 - . 0 3
7 5 1 2 7 7 7 1 4 .  40 1 4 . 4 0 1 4 . 4 0 1 4 . 4 0 1 4 . 4 0 1 4 .  4 0 1 4 .  40 - . 0 0 - 1 . 0 0 - . 0 0 - - O P - .  C" - . 0 3
7 6 1 2 w 7 7 1 4 .  60 1 4 .  60 1 4 . 6 0 1 4 .  60 1 4 .  6 0 1 4.  6 0 1 4 .  6 0 - . 0 0 - l . O P - . CP - . CC - . 0  3 - . 0 3
7 / 1 ? 0 7 7 1 5 .  60 1 5 . 6 0 1 5 . 6 0 1 5 . 6  0 1 5 . 6 0 1 D. f tO 1 5 . 6 0 - . CO - 1 . 0 c - . 0 0 - . 0 0 - .  C<) - . 0 3
7 4 12 l u 7 7 1 3 .  «3 1 7 . 5 0 1 3 . HU 1 3 . 9 0 1 3 . 8 0 1 3 . 8 0 1 3 . 8 0 - . 0 0 - 1 .  CP - . C P - . 3 3 - .  CP - . 0 3
7 0 1 2 11 77 1 2 .  40 1 2 .  20 1 2 .  20 1 2 .  20 1 2 .  20 1 ?.  20 1 2 .  20 - . 0 0 - 1 .  )P - . O P - . 0 1 - . o c - . 0 3
BO I  2 1 2 7 7 1 4 .  20 1 4 . 2 0 1 4 . 2U 1 4 . 2 0 1 4 . 2 0 1 4 . 2 3 1 4 . 2 0 - . 0 0 - 1  . 0 0 - . 0 0 - . 0 0 - . 0 0 - . 0 0
4 1 1 2 1 3 7 7 1 5 . 4 3 1 5 . 4 0 1 5 . 4 0 1 5 .  4Ü 1 5 .  40 1 5 . 4 0 1 5 . 4 0 — . 0 0 - 1 . 0 c - . CO - . OP - . 0 3 - . O P
4 2 1 2 1 4 77 1 4 .  49 1 9 . 4 3 1 9 . 4 0 1 9 .  40 1 8 .  40 1 9 .  40 1 9 .  40 - . 0 0 - 1 . 0 0 - . 0 0 - . 0 3 - . c r - . .J3
8 3 1 2 1 5 7 7 2 1 .  20 2 1 .  29 2 1 . 2 9 2 1 . 2 0 2 1 . 2 0 2 1 . 2 0 2 1  .  20 - . 0 0 - 1  . CP - . 0 0 - . 0 0 - . 0 3 - . o c
4 4 1 2 1 6 7 7 2 4 . 2 3 2 4 . 2 0 2 4 . 2 3 2 4 . 2 3 2 4 . 2 0 2 4 . 2 0 2 4 .  20 - . 0 0 - l . O P - .0 . 1 - . 0 3 - . 0 3 - . 0 3
4 5 1 2 1 7 7 7 2 1 .  7 0 - 1 . Û 3 2 1 . 7 0 2 1 . 7 0 2 1 .  7 0 2 1 . 7 0 2 1 . 7  0 - . 0 0 - 1 . 0 0 - . 0 0 - . o c - . 0 0 - . 0 3
4ft 1 2 1 w 77 U .  29 1 9 . 2 0 1 9 . 2 0 1 9 . 2 3 1 7 . 2 0 1 9 . 2 0 1 9 .  2(1 - . 0 0 - 1 . 0 0 - . 0 0 - . 0 0 - .  DO - . 0 1
4 7 1 2 1 0 7 7 1 7 .  23 1 7 . 2 3 1 7 . 1 0 1 7 .  7 0 1 7 .  20 1 7 .  20 1 7 .  20 - . 0 7 — l . O P - . 0 0 - . 0 0 - .  0 3 - . 0 3
4 4 1 2 2(1 77 1 5 . 0 0 1 5 . 9 0 1 5 . 0 0 1 5 . GO 1 5 . 0 0 1 5 . 0 0 1 5 . 0 : * . 0 0 - 1 . 0 c - . 0 0 - . 0 0 - .  0 3 - .  G V
4 0 1 2 21 77 1 2 .  59 1 2 . 9 0 1 2 . 9 1 ; 1 2 . 9 0 1 2 . 8 0 1 2 . 8 0 1 2 .  HO - . 0 0 - 1 . 0 0 - . 0 0 - . o c - . o r - .03.

9 0 1 2 2 2 7 7 1 2 .  “ 0 1 2 . HC 1 2 .  HO 1 2 . «C 1 2 . 9 0 1 ? . 8 0 1 2 .  8Ç - . OP - I .  oc - . 0 0 - .  CO - .  p i - .  D 1
9 1 1 2 2.3 7 7 1 4 . 2 0 1 4 . 2 0 1 4 . 2 0 1 4 . 2 0 1 4 . 2 0 1 4 . 2 0 1 4  , 2 P - . 0 0 - l . O P - . 0 0 - . 0 0 - . GO - . 0 3
9 2 I  2 24 7 7 1 5 . 4 9 1 5 . 4 0 1 5 . 4 0 1 5 . 4 0 1 5 .  40 1 5 .  4 0 1 5 .  40 - . 0 0 - 1 . 0 1 - .  0 0 - .  0 3 - .  0 0 - . 0 3
0 3 1 2 2 5 7 7 1 7 .  0 0 1 7 .  CP 1 7 . 0 9 1 7 . 0 0 1 7 . 0 0 1 7 . 0 0 1 7 . CO - . 0 0 - 1 . 0 0 - . 0 0 — . CO - . c u - . C "
9 4 1 2 2 6 7 7 1 4 .  0 0 1 4 . CO 1 4 . 0 0 1 4 . CC 1 4 . 3 0 1 4 . 0 0 1 4 . 0 0 - • 0 0 - l . C O - . CO - . o r — . 0 3 - . 0 3

0 5 1 2 2 7 7 7 6 .  43 6 . R .3 6 . 8 9 f t . o n 6 . 9 0 ft.  Hft f t .  HC - . 0 0 - 1 .  OP - . 0 0 - . 0 0 - .  oc - . 0 3
Oft 1 2 2 4 77 3 .  20 7 . 2 0 3 .  20 3 . 2 0 3 . 2 0 I .  20 3 .  20 - . C O - l . O P - . 0 0 - . 0 3 - . 0 0 - .Of t
9 7 I  2 2 0 7 7 4.  20 4 . 2 V 4 . 2 0 4 . 2 0 4 . 2 0 4 . 2 0 4 . 20 - . 0 0 - 1 . 0 0 - . 0 0 - . 0 0 — . 0 3 - .0-1

9 4 1 2 30 7 7 4 .  H3 4 . 9 0 4 . 9 0 4 .  80 4 .  80 4 .  Hft 4 .  HO - . Of t - 1 .  DP - . 0 0 - . 0 0 — .  GO - . 0 0

9 9 1 2 31 7 7 4 .  10 4 . 1 0 4 . 1 0 4 . 1 0 4 . 1 0 4 . 1 0 4 , 1 0 - . 0 0 - 1 . 0 0 - . 0 0 - . 0 0 — . CO - .Oft

1 0 0 1 1 7 4 3 .  23 7 .  20 1 . 2  0 3 .  20 3 . 2 0 7 .  20 3 .  20 - . 0 0 - 1 .  0 0 - . 0 0 - . 0 0 - . C 1 - . OP

1 0 1 I 2 7 4 2 .  60 2 . 6 3 2 . 6 0 2 . 6 0 2 . 6 3 2 . 6 0 2 . 6 0 - . CO - 1 . 0 f t - . 0 0 — . 0 0 — .  Oft - . 0 3

1 0 2 1 3 7 4 3 .  40 3 . 8 0 3 . 9 1 3 . 8 0 3 . 8 0 3 .  HO 3 .  HO - . 0 0 - l . O P - . 0 0 - . 0 0 - .  PC - . 0 3

1 0  3 I 4 7 4 5 .  ?3 s . 23 5 .  70 5 . 7 0 5 .  20 5 .  20 5 .  2P - . 0 0 - 1 .  0 0 - . 0 0 - .  0 0 - .  Oft - . 0 3

1 0  4 1 5 7 4 6 .  00 f t .  00 6 . 0 0 f t . 00 6 . 0 0 6 . 0 0 6 . OP - . 0 0 - l . C O - . 0 0 - .Ofti - .  3 0 — . 0 3

I  0*> I 6 7 4 7 .  20 7 . 2 0 7 . 2 3 7 . 2 0 7 . 2 0 7 .  20 7 .  20 - . 0 0 - l . O P - . 0 0 - . 0 0 — . 0 0 - .03,

I  Oft I 7 7 4 0 .  33 9 . 0 9 9 . 3 0 9 . 0 0 9 . 0 0 9 . 0 0 9 .  0 0 - . 0 0 - 1 .  0 0 - .  0 0 - . o r — . 0 0 - . 0 7

1 0 / 1 4 7 4 9 .  t o 9 . DO 9 . 0  3 9 . 0 0 9 . 0 0 9 . 0 0 9 . 0 2 — . 0 0 - l . O P — . CO - . 0 0 - . 0 0 - . 0 0

1 0 4 1 </ 7  8 9 .  03 9 . 0 0 9 . 0  0 9 . CO 9 . 0 0 9 . 0 0 9 .  CO - . 0 0 - 1 . 0 0 - . 0 0 - . 0 0 - . 0 0 - . 03 ,

1 0 ' / 1 1C 7 8 6 .  4 ) f t .  80 6 . 9 0 f t . 80 6. no ft .  80 f t .  HP - . 0 0 - 1 . 0 0 - . 0 0 - . 0 0 - . GO - . o r

1 1 0 1 11 7 4 5 .  43 5 . 4 0 5 . 4 0 5 . 4 0 5 . 4 0 5 . 4 0 5 . 4 G - . 0 0 - I  .  0 0 - . 0 0 - . 0 0 - . 0 0 - . 0 1

1 1 1 1 1 2 7 4 4 . 0 3 4 , 0 0 4 . 0 0 4 . 0 0 4 . 0 0 4 . 0 0 4 .  00 - . 0( 1 - l . O P - . 00 — . 0 0 - . OP - . OP
1 1 2 1 1 3 7 4 3 .  6 9 3 . 6 3 3 .  60 3 . 6 0 3 . 6 0 3 . 6 0 3 .  60 - . 0 0 - l . O P - , c o - . 0 0 - . 0 0 - . 0 1

1 1 3 1 1 4 78 3 .  10 3 . 1 0 3 . 1 0 3 . 1 0 3 . 1 0 3 . 1 0 3 .  10 3 . 1 0 3 .  10 - . 0 0 - . 0 0 - . 0 0 - . 0 3

1 1 4 , 1 .15.. 7H . . .  ilL.Sl , . 2 . 5 . 0 ? , M 2 .  6 0 2.60 2 . 6 0 2 .  60 I . 0 0 — 1 . 0 0 . 0 0 — .  0 0 - .  0 0 — . 0 3

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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A p p l e b u r y  C r e e k  

TIME ÛF DISCHARGE READING 

8  10 12 14 16 18 20

1 0 5  

22 24

l i b 1 16 7 4 2.  6 0 2 . 6 0 2 . 6  > 2 . 6 0 2 . 6 0 2.  6U 2 . 6 0 - 1 . 0 0 - l . O C . CO - 1 . 3  *'. - I .  v f - 1 . 3 '
1 1 6 1 17 7 4 2 . 6 0 2 . 6 0 2 . 6 0 2 . 6 0 2 . 6 0 2 . 6 0 2 . 6 0 - 1 . 0 0 - l . C O - . 0 0 - l . O C - 1 . 0 0 - I .  3c
1 1 7 1 1 4 7 4 2 . 6 ) 2 . 6 ? 2 . 6 * ) 2 . 6 C 2 . 6 0 2.  6 7 7 .  hC - l . C O - l . o o « . C O - l . O P - I .  0 0 — l . O P
I I H 1 1 9 7 4 2.  60 2 . 6 7 2 . 6 3 2 . 6 0 2 . 6 0 2 . 6 * . 2 .  6 0 - l . C O - l . C P _ . o c - 1 . 0 - ' - 1 . 0 0 - 1 .  j C
1 1 9 1 2 r 7 4 2 .  60 2 . 6 0 2 . 6 0 2 . 6 ^ 2 . 6 0 2 . 6 0 2 . 6 0 - l . C O - i . c r - . CC - 1 . 0 7 -  1 .  V V - I . o :
1 2 0 I 21 7 4 2 .  4.) 2 . 9 0 2 . 9 0 2 . 9 0 3 . 9 7 1 . 3 0 7 .  3.7 - 1 .  0 0 - l . C C - . C O - 1 . 0 7 - l . C P - 1 . 0 '
1 2 1 1 2 2 7 4 2 .  MO 2 . 9 0 2 . 9 7 2 . 9 0 2 . 9 0 2 .  30 2 .  3*7 - l . C O - l . O P - . CO - 1 . 0 7 - l . o o - I . O '
1 2 2 1 2 3 7 4 J .  37 3 . 7 0 3 . 0 0 3 . C 0 3 . 0 * 1 3 . 0 0 3 . VO - l . C O - 1 . 0 0 - . CO - l . O C - 1 .  o r — 1 • Ü r
1 1 ?4 7 4 9 .  37 7 . 0 7 3 . 0 7 3.CC. 3 .  0 0 3 . 0 7 3 . 0 0 - l . C O - l . O C - 1 . 0 7 - I .  CP - l . O P
1 2 4 1 2 5 7 4 2 .  6 ) 2 . 6 0 2 . 6 7 2 .  6 0 2 . 6 ? 2 .  67 2 .  60 - 1 . 0 * ’ - l . C C . 0 0 - 1 . 0 0 - 1 .  DC - l . O C
1 2 b 1 2 6 7 3 2 .  60 2 . 6 0 2 . 6 7 2 . 6 0 2 . 6 0 2 . 6 0 2 . 6 0 - 1 . 0 0 - 1  .  0( - .CO - l . p p - 1 .  0 r - l . V P
1 2 6 1 2 7 7 4 2 .  43 7 .  90 2 . 9 ) ? . 9 C 2 .  «>■' ■>. 4 0 2 .  HC - l . O P - 1 .  50 . 0 0 - l . p p - I .  0 0 - 1 .  C '
1 27 1 2H 7 4 2.  40 2 .  4 0 2 .  90 2 . 9 0 2 . 9 ( 7 7 . 3 0 2 .  30 - 1 . 5 0 - 1 . 7 0 - . CO - 1 . 0 7 - l . C C - I . c r
1 2 H 1 2 " 7 4 2 .  4 3 2 . 4 3 2 . 3 3 2 . 9 3 2 . 3 3 2 - 3 3 2 . H 3 2 . 8 3 - l . O C - . CO - 1 . 0 7 - I . O r - 1 . 3 P
1 2 9 1 3 0 7 4 2 .  4 ) 2 . 9  7 2 . 9 7 2 . 9 0 2 . 9 0 2 .  3 0 2 .  HO — 1 . 0 0 - l . O C «■ . 0 0 - 1 . 0 ' - 1 .  0 p - t . c n
1 3 0 1 31 7 4 3 .  37 » . 0 0 3 . 0 0 .3. Co 3 .  0 0 3 . 0 V 3 . 0 V - 1 . 0 0 - l . O P .  C V - l . O C - l . C C — l . O P
1 3 1 2 1 7 4 3 .  60 3 . 6  7 3 . 6 0 3 . 6 0 3 . 6 7 3 . 6  V 3 . 6 0 — l . C O -1 .o r. - . 0 0 - l . C P -  1 .  C P -  l . C  "
1 3 2 2 2 7R 5 .  Û7 5 . 0 7 5 . 0 0 5 . 0 0 5 . 0 0 5 . 7 0 5 .  0 0 - 1 . 0 0 - l . O C « . CO — 1 • OP - l . O P - l . O P
1 3 3 2 3 7 9 6 .  20 6 .  20 6 .  20 6 .  20 6 .  20 6 .  2U 6 .  20 - I .  0 0 - 1 .  OC — . P U - l . O C - 1 .  0 c - 1 . 7 '
1 3 4 2 4 7H 7 .  40 7 .  40 7 . 4 7 7 . 4 0 7 . 4 0 7 . 4 0 7 .  41 - 1 . 0 0 - 1  . 0 5 - .CO - 1  . O f - l . C O - l . O P
1 3 b 2 5 7 4 0 .  j o 9 . 0 7 9 .0(1 o . O O 9 . 0 0 9 . 0 0 9 . 0 C - 1 . 0 0 - I .  00 * .  CP - 1 . 0 0 - l . p p - l . O i *
1 3 6 2 5 7 4 1 0 .  70 1 0 . 0 0 1? . 0  0 1 0 . 0 0 1 0 . 0 0 1 0 .  JV 1 0 . 0 0 - 1 . 0 0 - 1 .  o r * . p p - 1 . 0 0 - 1 .  0 9 - 1  . Û '
1 3 7 2 7 7 4 1 0 .  70 1 0 . 3 0 1 0 . 0 0 1 0 . 0 0 1 3 . 0 0 1 7 .  JO 1 0 . 0 0 - 1  . CO - 1 , ‘j O - . 0 0 - l . O C - 1 . 0 0 - 1
1 3 4 2 H 7 4 9 .  OO 9 . 0 0 9 . ÜO 9 . 0 0 9 . 0 0 9 . 0 0 9 , 0 0 - 1 . 0 0 - l . O ' j - .o c - I . 0 0 - l . C P - I . O "
1 3 9 7 4 2 4 6 .  40 6 . 4 0 5 . 4 7 6 . 4 0 6 . 4 7 6 , 4 0 6 .  40 - 1 . 0 0 - 1 .  20 - . C O - l . O P - I .  o r - I .  tn
1 40 2 10 7 4 4 .  40 4 . 9 7 4 . 3 7 4 . 9 0 4 . 3 7 4 .  30 4 .  30 - l . C O - l . O C - . CP - 1 . 0 0 - 1 . 0 0 - 1 . 3 7
1 4 1 2 11 7 « 3 .  90 3 . 9 3 3 .  0 3 3 . 9 u 3 . 9 0 3 .  90 3 . 9 6 - l . O P - 1 . 0 0 - . CO - l . C C - l . C  J - l . C O
1 4 2 2 1 2 7 4 3 .  73 3 . 7 7 , 3 . 7 7 3 . 7* 7 3 . 7 0 3 .  7 0 3 . 7 6 ■>.79 3 .  OP — . 0 0 - 1 . 0 0 - 1 .  0 0 - 1 . 0 '
1 43 2 1 3 7 4 4 .  00 4 . 0  7 4 . 7 V 4 . 0 0 4 . 0 0 4 . 0 0 4 . C C - l . C O - l . C O - . 0 0 - 1 . 0 0 -  1 .  9 0 - l . C '
1 4 4 2 1 4 7 4 4 .  00 4 .  C 0 4 . 0 V 4 . 0 0 4 . 3 0 4 .  0 0 4 . 0 0 - l . C O - l . o o - . 0 0 - 1 . 0  0 - l . O P - l . O P
1 4 b 2 1 5 7 4 4 .  47 4 . 4 3 4 . 4 - ' 4 . 4 * ' 4 , 4 0 4 . 4 0 4 .  40 - 1 . 0 0 - 1 .  PO - - CO - l . O P - l . C O - l . O P
I  4 6 2 1 6 7 4 4 .  40 4 . 4  1 4 .  30 4 . 9 0 4 . 9 0 4 .  30 4 .  30 - 1 . 0 0 - 1 . 0 7 - . 0 0 - l . O P - 1 .  30 - l . O P
1 4 7 2 1 7 7 4 5 .  20 5 .  20 5 . 2 0 5 . 2 0 5 . 2 7 5 .  20 5 .  20 - 1 . 0 0 - 1 . 0 0 - . 0 0 - 1 . 0 0 - l . C O - l . C P
1 4M 2 1 H 74 5 .  67 5 . 6 3 5 . 6 0 5 . 6  0 5 . 6 0 5 .  6 0 5 . 6 0 - 1 . 0 0 - 1 .  0 0 - . 0 0 - 1 . 0 7 - l . C O - l . O P
1 4 9 2 1 9 7 4 6 . u 7 6 . 0 V 6 . 0 7 6 . Û O 6 . 0 0 6 .  0 0 6 . V V - l . C C - l . C P - . 0 0 - l . O C - l . C O - 1. V n
I b O 2 20 7 4 6 . 6 3 6 . 6 0 6 . 6 7 6 . 6 7 6 . 6 7 6 .  6 0 6 , 6 0 - l . p p - l . O C . CO - 1 . 0 0 - l . C C * - l . C C
1 5 1 2 21 7 4 7 . 7 7 7 . 0 7 / . C O 7 . 0  0 7 .  OP / .  00 7 . 0  7 - 1 . 0 0 - l . p p - .  00 - l . o o - 1 .  OP - l . O P
1 5 2 2 2 2 7 4 7 .  >'0 7 . 6 7 7 . 6 7 7 . 6 6 7 . 6 0 7 . 6 * 7 7 . 6 V - 1 . 0 0 - l . C O - . CO - 1 . 0 * 3 - l . c n - l . O * '
1 5 3 2 3 3 7 4 4 . 2  7 4 . 2  J H .  23 3 ,  26 3 . 2 0 3 .  20 M .  2V - l . C O - 1  . o c * . 0 0 - l . O P - l . O C - 1 . 0  )
1 5 4 2 2 4 7 4 H.  60 9 . 5 7 4 . 5 3 9 . 5 C 9 . SO 3 .  SO 3 .  5*1 — 1 • 9 0 - 1 .  CO - . CO - 1 .  OP - 1 .  PC - 1 . 0 ' *
1 b S 2 25 7 4 a .  I l 9 . 1 0 9 .  10 9 . 1 0 9 . 1 0 9 .  1') 9 . 1 0 - 1 . 7 P - i . o : .O'J - l . O C - l . O P - 1 . 0 '
1 5 6 2 26 7 4 9 .  20 9 . 2 ' a . 70 9 . 2 C 9 . 2 0 9 .  2 0 9 .  20 - 1 . 0 0 - l . O C .CO - l . O P - 1 .  c c - l . C '
1 5 7 2 2 7 7 4 1 0 . 2 0 10  . 2 0 1 C . 2 7 1 7 . 2 0 1 0 .  2*7 1 0 .  ÎU 1 0 .  20 - 1 . 0 0 - l . O P - .  00 - 1 .  0 0 - I . o : - 1 . 3 '
1 5 4 2 2H 7 4 1 1 .  0 0 1 1 . 0 0 1 1 . 0 0 1 1 .  CC 1 1 . 0 0 1 1 . 0 0 1 1 . 0 0 - 1 . 0 0 - l . O P - . CO - 1 . 0 7 - l . C C - 1 . 3 '
1 5 9 3 1 7 4 1 1 .  40 11 . 9 0 11 . 3 0 1 1 . 9 0 11 . HC 1 1 . 3 0 1 1 . 3 0 - 1 . 0 0 - 1  . 0 0 - . 0 7 - l . o o -  1 .  PCI - 1 . 0 '
1 6 0 3 2 7 4 1 2 .  43 1 2 . 4 0 1 2 . 4 0 1 2 . 4 0 1 2 . 4 0 1 2 . 4 0 1 2 .  4P — 1 . 0 0 — l . O C - .  CP - 1 . -■> 7 — 1.  C 7 - l . C P
1 6 1 3 7 4 1 3 .  23 i  .3. 20 1 3 .  20 1 3 .  25 I  3 .  20 I  1. 20 1 3 .  20 - 1 . 0 0 - 1 .  VO - . 0 0 - l . O P - l . C U - l . O P
1 6 2 3 4 7 4 1 4 .  20 1 4 .  20 1 4 . 2 0 1 4 . 2 0 1 4 . 2 0 1 4 . 2 0 1 4 . 2 0 - l . C O - l . C C - . 0 0 - 1  . VC - 1 . 0 0 - 1 . 0 '
1 6 3 3 5 7 4 1 5 . 2 0 1 5 . 2 0 1 5 . 2 0 1 5 . 2 0 1 5 . 2 0 1 5 . 2 0 1 5 . 2 0 — 1 . 0 0 - 1 . 0 0 - . 0 0 - 1 . 0 0 - I .  OP - l . O '
1 6 4 9 k 7 4 1 6 .  40 1 6 . 4 ) 1 6 . 4 0 1 6 . 4 0 1 5 .  40 1 6 .  40 1 6 .  40 - 1 . 0 0 - 1 . 0 0 - .  00 - 1 . 0 0 - 1 .  CP - l . O C
1 6 b 3 7 7 4 1 7 .  40 1 7 . H C 1 7 . 3 0 1 / . n o 1 7 . 8 0 1 7 . 3 0 1 7 . 3 0 - l . O C - l . C O - . 0 0 - l . C C - 1 .  e c - 1 . 3 P

1 6 6 3 H 7 4 1 9 .  UU 1 9 . 0 0 1 7 . 0 0 1 9 . 0 0 1 9 .  0 0 I ' . O O 1 9 .  09 - 1 . 0 0 - l . O P - . C P - 1 .  37 - 1 .  OP - 1. 3  r
1 6 7 3 9 7 4 1 9 .  6 0 1 9 .  6 7 1 9 . 6 0 1 9 . 6 0 1 9 .  6 0 1 9 .  6 0 1 9 .  60 - 1 . 0 0 - 1 . 0 0 " . 0 0 - l . O C - 1 . 0 0 - l . C C
1 6 4 3 10 7 4 2 0 .  27 2 0 . 2 0 2 7 . 2 0 2 0 . 2 7 2 0 . 2 0 2 J . 2 U 2 0 .  20 - l . C P - 1 . 0 0 - . 0 0 - l . O P - 1 .  0 0 —1 , 0 :
1 6 9 3

3
11 7 4 2 0 .  40 - 1 . 3 0 - 1 . 0 0 - 1  . 0 0 - 1 . 0 0 - 1 . 0 0 - 1 . 0 5 3 0 .  4 0 2 0 .  4*7 .  40 2 0 .  40 2*7. 4 7 7 0 .  47

1 7 0 1 2 7 4 2 0 .  27 2 3 . 4 0 2 0 .  40 20 .  40 2 0 . 4 3 2 0 .  40 2 0 .  40 2 0 . 4 0 2 0 . 4 7 . 4C 1 9 . 6 0 1 9 . 9 0 1 6 . 9 7

1 7 1 3 1 3 7 4 1 9 .  24 1 9 . 0 0 1 9 . 9 0 1 9 . 7 0 1 9 . 7 0 1 9 . 7 0 1 9 . 3 0 1 9 . 3 0 1 9 .  30 . 9 0 1 8 . 7 0 1 8 . 7 0 1 8 . 2 P

1 7 2 3 1 4 7 4 1 7 .  26 1 4 . 2 0 1 9 . 2 0 1 7 . 0  0 1 7 .  6 0 1 7 .  6 0 1 7 .  6 0 1 7 .  10 1 7 .  I P .  70 1 6 .  47 1 6 .  40 1 6 . 4 0

1 7 1 3 l b 7 4 1 4 . 5 4 1 5 . 3 7 1 3 . 3 0 1 4 . 9 0 1 4 . 9 0 1 4 . 9 0 1 4 . 5 9 1 4 .  I P 1 4 . 3 0 . 3 0 1 4 . 1 0 1 3 . 6 7 1 4 . 3 P

1 7  4 3 1 6 7 4 1 3 .  47 1 3 . 9 0 1 3 .  70 1 3 . 9 0 1 3 . 9 0 1 1. 9f, 1 3 .  7 0 1 3 .  3 0 1 3-  70 .  70 1 3 .  90 1 3.  9 7 1 4.  i n
I  7 b 3 1 7 7 4 1 9 .  0 3 1 4 . 5 0 1 4 . 9 0 1 5 .  30 1 5 . 5 0 1 6 .  40 1 3 . 2 0 1 » .  30 1 9 .  '(0 . 6 0 2 3 . 0 0 2 4 .  9 7 7 5 . 2 0

1 7 6 $
3

1 H 7 4 3 3 .  00 2 5 . 9  3 96 .  10 2 6  . 6 0 2 3 , 1 0 3 J . 9 0 3 1 .  10 3 5 . 1 0 3 7 . 4 0 . 30 3 8 ,  3*3 ) H .  30 3 7 .  7 7

1 7 7 1 9 7 4 3 / .  H H 3 7 . 7 3 4 / . 4 0 3 7 . 4 * 7 3 7 . 4 0 3 7 . 7 0 3 8 .  30 3 7 .  7 0 5 7 .  70 . 30 3 8 .  3 7 3 " .  1*1 S H . 3 7

1 7 4
1 7 9

3 2 0 7 4 3 9 .  4 4 3 4 . 9 7 ; | 3 . 4 0 1 9 . 6 0 3 3 . 3 0 3 9 . 6 0 3 9 . 6 0 3 9 . 6 0 3 3 .  HP IQ , 6 ' j 40 . 8 0 4 1 . 9 0 4 7 . 7 3

3 21 7 4 4 5 .  34 4 3 . 9 0 44  . 6 0 4 4 . 6 0 4 4 . 6 0 4 4 . 6 0 4 4 . 6 0 4 4 .  6Ü 4 4 . 6 0 45 . 3 0 4 6 . 7 0 4 7 .  5C 4 8 . 7 5

I R O  
1 4 1  
1 A2
1 4 3
1 4 4
1 4 5  
I  4 6

3 2 2 7 4 4 9 .  4 9 4 9 . 7 0 4 9 . 7 7 4 M . 7 0 4 9 . 0 0 4 9 .  0 0 4 9 .  0 0 4 0 .  CO 4 6 . 0 0 50 . 0 0 5 0 . 8 0 5 0 .  no 5 1 . 2 '
3 2 3 7 9 5 2 .  43 5 2 . 7 0 5 2 . 7 0 5 3 . 2 0 5 3 . 2 0 5 4 . 1 0 5 3 . 2 0 5 2 . 7 0 5 2 . 7 0 51 . 5 0 5 1  . 5 0 5 0 .  8 0 5 3 . 8 7
3 2 4 7 4 4 7 . 7 4 5 0 . 0  0 5 0 . 0 0 4 9 . 0 0 4 H . 7 0 4 3 . 7 0 4 7 . 5 0 4 6 . 7 0 4 5 . 7 7 4S . 70 4 5 . 0 0 4 4 .  60 4 3 .  4 3
3 25 7 4 4 0 .  9 2 4 3 . 4  7 4 2 . 7 0 4 2 . 7 0 4 2 . 7 0 4 1 .  9 0 4 1 .  20 4 0 .  80 .30. 50 JO .  60 3 8 .  80 3 8 .  HP 3 8 . 8 '

3 2 6 7 4 3 7 .  44 3 9 . 9 0 3 3 . 3 0 3 3 . 3 0 3 3 . 3 0 3 7 . 7 0 3 7 , 7 0 3 7 . 7P 3 7 .  10 J6 . 5 0 3 6 . 5 0 3 5 . 8 0 3 5 . 8 7

3 2 7 7 4 4 3 .  30 3 9 . 9 0 - 1 . 0 0 4 1 . 9 0 - 1 . 0 0 4 3 . 5 0 4 7 . 9 0 - l . C O - 1 . Ü V • 1 . 0 0 — l . O C - 1 .  00 - l . O P
3 5?.,Q.n.. ÈLiUJju» .  o a . 2 - 1 U 1 I L . - U . .  op. - z w i a .
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N N D E I A TIME OF DISCHARGE READING
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N H V R Y_ E 2 4 6 8 10 12 14 16 13 20 22 24

i  R7 3 3 9 7H 7 5 .  37 - l . C O - 1 . 0 0 - l . o o - 1  . 0 0 - l . C U - 1 . 0 0 7 4 . 7 ) 7 6 . 4 0 7 6  . 9 0 7 6 . 9 " 7 6 . 4 5 7 6 . v :
l a y .3 JU 7H 7 V .  7V 7 5 .  4 ' 7 5 . 4 0 7 5 . 0 5 7 4 . 5 ) «J .  20 HO .  20 HO.  20 BCi. 2 ) H I  .  3U H I . 3 3 4 2 .  4,-, H 3 . 5 9
1 oq 3 31 7H 9 7 .  95 9 4 . 7 ) 9 5 . 4 7 « 7 . 0 0 9 7 . 0 0 « 7 .  OC 9 H .  10 M H . I O 0 0 .  50 « 9 .  20 H9 .  2 : 4 9 . 2 ;: « 9 .
1 9 Ü 4 I 7 y 9 9 .  y 2 9 0 ,  7.5 9 9 . 7 1 9 V . 7 C 9 9 . 2 0 3 V . 2 C 9 9 .  20 H 9 . 2 0 H 9 .  ?r ) 9 . 2 C H H .  I " 4 P .  16 ■37.0 9
1 9 1 4 3 7H 7 V . 5  3 9 5 . 9 ) 9 5 .  9( « 4 . 7 0 9 4 .  10 9 2 . 4 0 9 2 . 4 ) H O . 2 ) 7 » .  57 7 6 .  40 7 3 .  HC 7 1 . 7 5 6 9 . 7 )
I t» 3 4 3 7P h i .  24 5 7 . 7 ) 5 5 . 5 ) 6 6 . 1 0 5 4 . 1 0 6 1 . 0 0 6 2 .  70 6 0 .  S ) 5 9 .  5.0 5 4 .  C ) 5 7 . 5 3 5 " .  90 5 5 .  C"
1 9  J 4 4 7H 4 9 .  j 5 5 3 .  20 5 1 . 5  J S ü . 9 6 5 0 . 0 0 4 9 .  JU 5 0 .  CO 4 B . 7 0 4 6 . 7 3 4 5 . 7 0 4 5 .  3 ) 4 3 . 4 : 4 7 . 7 )
1 9 4 4 5 7 5 i b .  7b 4 2 . 7 0 41 .  J() 9 1 . 2 ) 4 1 . 2 0 4 J . 9 U 3 9 . 5 ) 3 P . H 0 3 « .  «0 3 H . 3 0 3 9 .  30 3 7 .  76 3 7 . 7 '
1 9 5 4 "7y 3 5 . 4 1 3 7 .  4 ' 3 5 . 5  1 3 5 . s o 7 5 .  90 7 5 .  PC 3 b .  HO 3 5 .  «0 7 5 .  n 3 4 .  50 3 4 . 5 0 3 4 . 1 " 7 7 . 1 :
1 9 h 4 7 7 9 3 3 .  57 3 2 .  9 0 3 2 . 5 ) 3 3 . 1  ) 3 4 . 1 0 3 4 .  10 3 3 .  10 3 2 .  5 ) 3 2 . 5 0 3 2 . 5 6 3 1 . HO 3 1 . P ) 3 1 . 2 "
1 9 / 4 H 7rt 3 1 . 1 5 3 1 . 2 0 3 1 . 2 ) 3 1 . 2 0 3 1 . 2 0 3 1 .  2U 31  .  20 3 1 - 2 0 3 1 . 2 0 31 . ' 2ü 3 1 .  20 3 ) .  ' *0 3 0 .  9 -
I Q H 4 9 7 h 3 1 . 2 3 3 0 . Ob 7 3 .  V'J 3 0 . 0 ) 3 0 . 9 0 3 0 .  VO 3 0 .  VO 7 ) .  9 0 3 1 . 2 " n .  PO 3 1 .  HO 3 1 .  P" 7 1 .  H '
1 9 4 4 10 7 9 31 . 49 3 1 . = 0 31 .  SO 3 1 . 5 0 3 1 . 2 0 l l .  20 3 1 . 2 0 3 1 . 2 0 1 1 . 2 0 J1 .  or. 31 .  H3 3 1 . 9 0 31 .  19
3 0 Ü 4 11 7 9 3 3 . 2 7 3 2 . 5 ) 3 3 . 5 0 3 3 . 1 c 3 3 . 1 0 3 3 .  10 3 3 . 1 c 3 3 . 1 0 3 3 .  K 33 . 5 0 3 3 . 5 0 3 3 . Sv 3 4 . 1 0
3 0 1 4 1 2 7H 3 .  b 5 . 3 4 . 1 0 7 4 . 1 ) 3 4 . 1 » ) 7 4 .  10 3 4 .  10 3 3 .  SO 3 3 .  5 ) 0 7 .  SO 3 3 .  5C 3 3 . 1 ) 3 ) .  1 ) 3 3 . 1 '
3 0  3 4 I  3 7 9 3 2 .  91 3 3 .  10 3 3 . 1 ) 3 2 ,  « 0 3 2 . 9 0 3 3 .  1C 3 3 .  bU 3 2 . HO 3 2 .  50 32. <^0 .1 2 .  S') 3 7 . 5 5 3 2 . 5 '
3 0  j 4 1 4 7U 3 1 . 1 2 3 1 . 9 0 31 .  90 3 1 . 9 0 3 1 . 5 0 3 1 . 2 c .33 . 9 3 30  . 9 0 3 ) .  ) " 30 . 0 ) 3 0 .  9 ) 3 0 ,  V" 2 9 .  V"
3 0 4 4 1 5 7 9 3 9 .  4 ) 2 0 . 0 ) 2 9 . 9 b 2 v .  7 0 2 9 . 3 : ? V .  30 2 9 .  3 0 3 9 .  30 7 9 .  or, 3 0 .  30 3 1 .  20 3 1 .  2 : 7 9 .  V.'
3 0  5 4 1 5 7 9 3u .  11 2 V .  v r 3 7 .  VO 2 9 .  6»J 2 9 . 6 1 ) 7 9 . 6 0 2 9 . 6 3 3 2 . 5 0 3 0 . 9 " 3 0 . 3 0 2 9 . 9 : 2 9 .  r̂̂ 2 9 . sn
3 0 o 4 17 7 4 3 3 . 1 3 2 4 . 5 ) 2 9 . 3 0 2 9 . 3 0 2 7 . 3 0 2 9 . 3 0 2 9 . 3 0 2 9 . 3 ) 2 ° . 3 0 2H . 7 0 2 4 . 7  0 3 H . 7 7 2 R . 7 )
3 0 7 4 I H 7 9 2 / .  77 2 9 . 7 ; 2 9 . 4 0 2 H .  4C 2 9 . 1 0 >3.  1.) 7 7 .  " 0 2 7 .  «0 2 7 .  90 2 7 . Rf 2 7 .  H) 2 7 .  B.b 7 7 . 7 :
3 0 H 4 1 9 7 9 2 b .  53 2 7 . 2 ' 3 5 .  » ' 2 5 .  00 2 6 .  5 0 7 5 .  6 0 2 6 .  60 2 6 .  49 2 6 . 4 0 2 6 . 4 " 2 6 . 4 ) 2 6 .  46 2 6 . 4 9
3 0 4 4 2 0 7 9 3 h .  t>9 2 b .  4 ) 2 7 . 9 ) 2 6 . 4 ) 2 6  .  4C 7 6 . 4 ) 2 6 . 9 3 2 6 . 4 0 2 6 . 4 ) 2b . 4 ) 2 6 . 6  ) 2 7 . 2 ) 2 6 .  V :
3 1 0 4 21 7 9 2 h .  32 2 5 . 0 0 2 5 . 5 0 2 5 . 5 0 2 6 . 4 ) 7 5 . 4 0 2 6 . 4 0 2 6 .  4 ) 2 6 . 4 0 2 5 .  4 .) 2 5 .  « : 25 .  "■) 3 5 .  r :
3 1 1 4 2 3 7 9 2 5 .  2b 2 5 . PJ 2 5 . " ) 2 5 . 5 0 2 5 .  50 2 5 .  20 2 5 .  20 2 5 .  2C 2 5 .  20 2 4 .  CO 2 4 .  90 2 4 .  O'J 2 4 . 9 "
2 1 3 4 3 ' 7 9 2 4 .  3 / 2 4 . 0  ' 2 4 .  9.) 2 4 . 0 0 2 4 . 9 0 7 4 .  40 2 4 .  40 2 4 . 1 9 2 4 . 1 0 23  . 9 ) 2 3 . 6 ) 2 3 . 6 0 7 3 . 5 -
3 1  J 4 2 4 7 9 3 3 .  1 1 2 3 . ' 0 2 3 . 5 0 2 3 . 5 0 2 3 . 0 0 7 3 . 5 0 2 3 . vO 2 2 . 7 0 7 7 .  70 2 3 . 0 0 2 3 .  UO 2 7 . 7 9 2 2 . 7  '
3 1 4 4 2 b 7 9 2 2 .  95 2 2 . 7 - , 2 2 . 7 7 2 2 . 7 0 2 2 . 7 0 7 7 .  4 0 2 2 .  4 0 2 2.  7 0 2 2 .  70 2 3 .  CO 2 3 .  C 3 2 ) .  6 " 2 3 . 6 -
3 1 5 4 25 7 9 3 5 .  V I 2 3 . 0  0 2 4 .  10 2 4 . 1 0 2 4 . 4 0 2 4 .  9-' 26  . 4 ) 2 6 . 4 : 2 6 .  40 2 6 . 9 0 2 7 . 2  1 27 . - 4 ' ) 2 R . 4 9
3 1 5 4 2 7 7 9 3 3 .  31 2 0 . 7 ) 2 ».  VO 3 1 . 9 0 31 . 9 0 1 2 .  Sv 3 3 . 1 ) 3 4 . 1 c 3 4 . 1 0 3 4 . 5 0 3 5 . 1 0 3 5 .  00 3 6 . y '
3 1 7 4 ?H 7 9 4 0 .  79 3 7 . 4  b 7 5 . 0 0 3 9 .  BO 3 9 . 9 0 3 9 .  30 3 9 .  5) 4 0 .  « 0 4 0 .  03 4 1 ,  7C 4 1 .  6C 4 1 .  9(1 4 2 . 7 "
3 1 5 4 2 9 7H 4 4 .  30 4 3 . : » 4 3 .  4 J 4 3 . 9 0 4 4 . 5 0 1 1 . 6 0 44 . 60 4 4 . 6 0 4 4 . 6 0 4 1 . 6 3 4 4 . 6 0 4 4 .  6 0 4 4 . 6 0
3 1 V 4 3 0 7 9 4 4 . 4 2 4 3 .  9t', 47 .  PO 4 3 . 9 0 4 3 .  90 4 1 . 4 0 4 3 . 4 ) 4 3 .  40 4 3 .  «0 4 1 . 6 0 4 6 . 7 3 4 5 . 0 9 4 7 . 59.
3 2 0 5 1 7 9 4 5 .  45 4 6 . 7 1 ' 4 6 . 7 0 4 5 . 7 0 4 5 . 7 0 4 5 .  70 4 5 .  I ' l 4 6 . 7 0 4 6 .  7 ) 4 6 .  7 " 4 6 .  7 0 4 6 . 7 b 4 6 . 7 9
3 2 1 5 2 79 4 7 .  91) 4 6 . 7 0 4 7 .  10 4 7 . 1 0 4 7 . 5 0 4 / . S C 4 / .  9C 4 7 .  90 4 7 . 9 0 4 7 . or 4H. 7 ' b 4 H .  7 0 1.3 .  7-)
2 2 2 S J 7U 4 / .  fl? 4 9 . 7  1 4 9 . 7 0 4 9 . 7  c 4 9 . 7 ) 4 7 .  90 4 1.9) 4 7 . 5 0 4 7 . 1 ) 4 7 . 1 0 4 6 . 7 0 16.  70 4 b .  7 :
2 2. ' 5 A 79 4 4 . 0 4 4 5 . 7 r 4 5 . 3 ) 4 5 . 0 0 4 5 . 0 0 4 4 . 6 0 4 4 .  60 4 4 .  60 4 7 . 4 1 4 3 .  CO 4 2 .  7 5 4 7 . 7 0 4 1 .  V"
3 2 4 5 5 7 9 JV.  0 3 41 .  20 4 3 . 9 ) 4 0 .  PC- 4 0 . 0 0 3 9 . 5 0 J H .  HO 3 H .  30 3 9 .  30 3 H .  C 0 3 7 . 7 ) 3 7 .  4 - 3 7 . 1 '
3 2 5 5 f- 7 9 4 4 . 3 9 3 5 . 5 b 95 . 9 0 3b  .  90 3 5 . 1 0 3 4 . MU 3 S .  10 3 4 . 5 0 3 4 . 1 0 3 3 . l U 3 2 -  HO 3 2 .  s r 1 2 . 5 9

2 2 5 S 7 7 9 3 0 .  45 3 1 . P ) 3 1 . 2 0 3 0 . 9 0 30 . 9 0 3 Ü . 9 C 3 0 .  9 ) 3 0 .  30 2 9 ,  0,0 2 9 .  60 2 9 .  9 ) 79 .  90 2 9 .  3"
3 2 7 s H 7 9 3 7 .  f H 3 0 .  3 1 2 9 . 7 0 2 9 . 4 0 2 9 . 1 0 2 9 . I G 2 7 . HU 2 7 .  «C 7 7 .  2) 2 6 . 9 ) 2 6 . 9 " 2 6 .  6b 2 6 .  4 ;
2 2 5 b 5 7 9 2 5 . 7 5 3 6 . 4 ) 2 5 .  10 2 6 . 4 0 2 5 . 9 0 2b .  40 2 b . 5 U 2 5 .  20 2 5 .  20 2 5  . 2») 2 5 .  HO 2 5 .  BO 2 5 . 5 "

3 2 9 5 l o ­ 7 9 2 5 .  43 2 5 . 2 ) 2 5 . 2 0 2 5 . « 0 2 5 . 5 0 2 5 . 5 0 2 b .  50 2 5 .  20 7 5 .  20 2 5 .  7 ) 2 5 .  25 2 5 .  P7 2 5 .  « "

3 30 5 l l 7 9 3 5 .  79 3 5 .  90 2 5 .  4 ) 2 6 .  40 2 5 .  9 0 2 6 .  90 2 6 .  50 2 6 . 6 0 2 6 .  9) 2 6 .  9-3 2 6 . 9 0 2 7 .  2" 2 7 . H-

3 3 1 5 1 3 7 9 2 9 .  4M 2 7 . 5 ) 2 7 . 9 0 2 7 . 9 0 2 9 . 1 0 2 3 . 1 ) 2 H . 4 U 2 P . 4 0 2 H . 7 0 2 « . 7 C 2 9 . 3 0 2 9 .  36 2 V .  39!

2 3 2 5 1 3 7 9 3 4 .  V4 2 9 . 5 ' J 3 3 . 3 0 2 9 . 9 0 2 9 . 9 0 2 9 . VO 7 9 .  90 2 9 .  9 ) 7 0 . 5 ) 2 9 .  90 2 9 .  9" 29 .  90 3 " .  39
3 3  3 5 1 4 7 9 3 0 .  5 9 3 0 .  on 3 0 .  >0 3 0 . VC 3 0 . 9 0 3 J .  90 3 0 .  30 2 9 .  90 2 9 .  9(1 30 .  30 3 0 .  30 3 0 .  9(, l O . v r ,

3 3 4 b 1 5 7 9 3 1 .  30 3 1 . 2 0 3 1 . 2 0 31 . 2 0 3 1 . 2 0 3 1 . 2 0 31 .  20 - 1 . 0 0 - 1  .C'C - I  . 0 0 - l . a r - l . C C - I . c r
3 3 5 ■> I  >■ 7 9 3 5 . 3 7 2 5 . 2 0 2 5 . 2 0 2 6 . 2U 2 6 . 2 0 ? b .  20 2 5 .  20 - 1 . 3 0 - 1 . 0 0 — l . o o - 1 . 0 0 - l . C ) - 1 . 0 '
3 3 5 5 1 7 7 9 3 5 .  20 2 5 .  20 2 5 .  20 2 5 .  20 2 5 .  20 2 5 .  20 2 6 .  20 - 1 . 0 0 - 1 .  00 - 1 . 0 0 - 1 . 0 5 - l . O ' j - 1 . 0 "

2 3 / 5 1 H 7 9 2 b .  60 2 5 . 6 0 2 5 . 5 3 2 5 . 6 0 2 5 . 6 0 2 5 . 5 0 2 5 . 6 0 - 1  . 0 0 - 1 . 0 0 - 1  . CO - 1 . 0 0 - l . C O - l . O C
2 3 H b I V 7 9 2 4 .  20 2 4 . 2 0 2 4 .  30 2 4 . 2 c 2 4 . 2 0 2 4 .  20 2 4 .  20 - 1 . 0 0 - 1 . 0 0 - I  . 0 0 - 1 . 0 0 - l . O C - l . O '

3 3 9 5 20 7 9 2 3 .  20 2.7.  20 7 7 . 2 7 2 3 . 2 0 23 .  2 ) 7 3 .  20 2 3 .  20 - l . C O - 1 .  o r - l . C O - l . O C - 1 .  O'l - 1 .  on

3 4 0 5 21 7 9 2 4 .  10 2 4 . 1 ) 2 4 . 1 0 2 4 . 1 0 2 4 . 1 0 2 4 . 1 0 2 4 . 1 0 2 4 . 1 ) - 1 . 0 0 - I  . CO - 1 . 0 " - l . C U - I . c r

2 4 1 5 3 2 7 9 2 7 . 3 0 2 7 . 3 0 2 7 . 7 0 2 7 . 2 0 2 7 . 2 0 7 7 .  20 2 7 .  20 - l . C O - 1 . C 9 - l . C O - 1 .  3 0 - l . o o - l . C "
3 4 2 5 3 ' 7 9 3'».  00 2 V . 0 0 2 0 .  c ) 2 V . 0 P 2 9 . 0 0 2 ». 0 0 2 9 . 0 0 - 1 . 0 0 - l . o o - I  . c a - 1 . 0 9 - l . o u - t  . o r

3 43 5 ? 4 7 9 3 1 . 9 0 3 1 . vr, 31 .  " 0 3 1 . 9 0 3 1 . 9 0 31 .  30 31  .  HO - 1 . 0 0 - l . o o - 1 . 0 0 - I  . 0 5 - l . C O — 1 .  V C
2 4 4 b 25 7 9 3 3 . 0 0 3 3 . 0 0 3 3 . 0 V 3 3 . 0 0 3 3 . 0 0 .3 3 .  aC 3 3 . 0 0 - 1 . 0 0 — 1 .  0 0 - 1 . 0 0 - 1 . 0 ' ) - 1 . 0 0 - l . O C
2 4 5 b 2 6 7 9 3 0 .  0 0 3 0 . 0 0 1 0 . 0  0 3 U . C C 1 0 . 0 0 1 0 . u c 3 0 . 0 0 - l . C O - 1 .  00 - l . C O - 1 . 0 0 - l . C U - 1 . 0 '
3 4 5 5 2 7 7 9 3 7 .  9? 2 7 .  9.) 2 7 . 1 0 2 7 . y r 27  . 9 0 2 7 . HO 2 /  . HO - 1 . 0 0 - l . C O - l . O C - 1 . 0 5 - l . O C - 1 . 0 9

3 4 7 b 2H 7 9 3 7 . 3 0 2 7 . 2 0 27  .  30 2 7 . 2 0 2 7 . 2 0 2 7 .  2U 2 7 .  20 - 1 . 0 0 - l . o o - l . C O - 1 . 9 5 - I .  0 9 - 1 . '  r
3 4 H 5 2 9 7 9 2 5 .  9b 2 5 . 9 ) 3 5 . 9 ) 7 5 . 9 0 2 6 .  90 2 5 .  HU 2 5 .  HO - 1 . 0 0 - 1 . C 9 - l . C O - 1 . 0 " - 1 .  0 0 - l . C "
3 4 9 3 30 7 9 2 4 .  60 2 4 . 5 ) 2 4 . 6 0 2 4 . 6 0 2 4 . 6 0 2 4 . 6 0 2 4 . 6 0 - 1  . 0 0 - l . o o - I  .CO - 1 . 0 0 - l . C O - l . C '
2 5 0 5 31 7 9 3 3 .  HO 2 3 .  pb 2 3 . 9 0 2 J . 9 0 2 3 . 9 0 2 3 . 9 0 2 3 . HO - 1 . 0 0 - 1 . 0 0 - l . C O - 1 . 0 0 - l . C O - l . C "
2 5 1 5 I 7 9 3 2 .  20 2 2 . 2 0 2 2 . 2 ) 2 2 . 2 0 2 2 . 2 0 ? 2.  20 2 2 .  20 - I . ou - l . o o - l . O C - 1 .  0 0 - 1 .  uu - l . C "
3 5  3 5 2 7 9 2 0 .  40 2 0 .  40 2 0 .  40 2U .  40 2 3 . 4 0 2 0 . 4 0 2 0 . 4 0 - 1 . 0 0 - 1 .  0 0 - 1  . 0 0 - l . O C - l . c n - 1 . 0 9

2 5 3 •> 3 7 9 I V .  57 - 1  . 0 0 - l . C O - 1 . 0 0 - l . o o - I . ou - 1 . 0 0 1 9 . 9 0 1 9 . 7 0 1 9 . 7 0 1 9 . 7 0 1 9 . 7 0 1 9 . 3 "

2 5 4 5 4 7 9 1 9 .  V7 1 0 . 7 0 1 7 . 3 0 I V .  3 0 1 9 . 3 0 1 9 . 3 0 iM.ve I B . 7 0 1 p .  70 1 9 . 7 0 I B .  70 1 « .  7 5 1 H . 7 C
3 5  5 5 5 7 9 1 7 . 9 7 1 9 .  20 1 9 . 2 0 1 9 . 2 0 1 9 . 2 0 1 H . 2 U 1 /  . H O 1 7 . 6 0 1 7 . 6 0 1 7 . 6  3 1 7 . 6C 1 7 . 6 0 1 7 . 6 0
2 5 5 5 6 7 9 1 5 .  9(3 1 7 . 5 3 1 7 . 5 0 1 7 . 6 0 1 7 . 6 0 1 7 . 1 0 1 6 . 7 0 1 6 . 4 0 1 6 .  40 1 6 . 4 0 1 6 . 4 9 1 5 .  40 1 6 . 4 "
2 5 7
3&d_

5 7 7 9 1 5 .  57 1 5 . 4 0 1 5 .  10 1 5 . 0 0 1 5 . 0 0 1 5 . 0 0 l b .  SO 1 5 .  30 1 5 .  30 1 5 .  30 1 5 .  39 1 5 .  .3 5 1 5 .  .10

-Ji-,Ui_ JLlwiU-jU 5»ao - 1 5 .  3 0  1 4 . 9 0 1 4 . 1 0 1 4 , 1 0 1 4 .  1 0

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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TIME OF DISCHARGE READING

8 10 12 14 16 18 20

1 0 7

22 24

i*y<* 6 V 7 4 1 3 .  HO 1 4 . 7 ' ) 1 4 . 3 0 4 4 . 3 0 1 4 . 1 0 I  » .  9 0 1 3 . 7 0 1 3 .  30 1 3 .  30 1 3 . 3 0 1 3 .  7C 1.3.  7C 1 3 .  70
6 I t * 7 4 1 3 .  3 2 1 7 . 7 0 1 3 . 7 0 1 3 . 3 0 1 3 . 7 9 I  ».  7 0 1 3 . 7 0 1 3 .  3 0 1 7 .  1C 1 7 . 0 0 1 2 .  90 1 2.  o p 1 2 . 9 6
6 1 1 7 4 1 2 .  45 1 2 . 9 0 1 2 . 9 0 1 2 . 9 0 1 2 . 9 0 1 2 .  »'2 1 2 . 3 0 1 2 .  3 0 1 2 .  77 1 2 . 3 0 1 2 .  10 1 2 .  1 C 1 2 . 1 0

2 6 2 6 1 2 7 4 1 1 . 7 9 1 2 . 1 0 1 2 . 1 0 I  2 .  10 1 2 . 1 0 1 1 . 9 0 1 1 . 9 0 1 1 . 7 0 1 1 -  10 1 1 . 4 0 1 1 . 4Q 1 1 . 7 0 1 1 . 7 "
26.1 h 1 7 74 1 1 . 1 0 1 1 . 7 0 1 1 . 7 0 1 1 . 4 0 1 1 . 4 0 1 1 . 4 0 1 1 . 0 0 1 1 . 0 0 1 1 . CP I P .  40 1 " .  5 0 1 0 ,  SC I ' ' . 8 '
2 6 4 6 1 4 7 4 1 0 . 5 4 1 0 . 4 0 1 1 . 0 0 1 1 . 0 0 1 1 . 0 0 1 3 . 4 0 1 0 . 5 0 1 0 . 3 0 1 0 . 3 " 10  . 3 0 1 0 .  JO 1 0 .  3C 1 0 . 3 6
2 6 a 6 1 5 7 4 1 0 . 1 3 1 3 . 3 6 1 0 . 3 0 1C . 3 0 10 . 30 I Q .  3U 1 0 .  1C 9 .  9 9 9 .  9 9 9 .  0 9 9 .  9 9 0 . 9  9 0 .  no
2 6 6 6 1 6 7 4 0 .  61 9 .  OO 9 . 9 9 V.  9 9 9 . 9 8 9 .  9V 9 .  4 9 9 .  3 2 9 .  32 9 . 3 2 9 .  1? 5 .  32 9 .  32
2 6 7 6 1 7 74 4 .  96 9 . 3 7 9 . 3  2 9 . 3 2 9 .  32 7 . 3 2 8 . 8  3 8 . 6 8 4 . 5 3 4 . 6  8 B . 6 H 4 . 6  8 4 . 0 3
2 6 4 6 I  " 7 4 4 .  6 1 B . O l 8 . 8  3 4 . 8 3 4 . 4 9 4 . 8 3 8 . 5  1 4 . S 3 4 .  34 4 .  3 4 4 . 5  3 4 . 5 3 4 .  5 ■>
2 6 0 6 1 V 7 4 4 .  27 8 . 8  3 4 . S I 4 . S 3 4 . 5 3 4 .  5 3 4 .  38 8 . 0 4 7 .  93 7 . 0 3 7 . 9 3 7 . 9 3 4 .  C •'
27Ü 6 21/ 7 4 4 . 2 4 4 .  08 1 1 . 4 0 H . 3 B 4 . 3 4 4 . 3 8 7 . 9 3 7 . 7  8 7 . 7 4 7 . 6 3 7 . 5 » 7 .  7 8 7 . 7  4
2 7 1 6 21 7 4 7 .  60 7 , 7 4 7 . 7  4 7 . 7 4 7 . 7 4 7 . 7 4 7 .  37 7 . 7 4 7 . 6 3 7 .  37 7 .  37 7 .  37 7 .  37
2 7 2 6 2 2 7 4 7 .  36 7 . 3 7 7 . 3 7 7 . 6 3 7 . 7 4 7 . 7  8 7 . 3 / 7 . 1 6 7 . 1 b 7 . 1 6 7 . 1 6 7 .  l b 7 . 2 7
2 7 3 6 2:1 7 4 7 . 1 3 7 . 2 7 7 . 2 7 7 . 2 7 7 . 2 7 /  .  27 / .  27 7 .  1 6 7 . 0 5 6 . 6 3 7 .  " 5 7 .  r s 7 .  OS
2 7 4 6 2 4 7 4 5 .  OO 7 . 0  5 7 . OS 7 . 0 5 7 . 0  5 7 . 0 6 6 .  7 / 6 . 6 3 6 .  50 6 . 6  3 6 . 6 3 7 . 0 - 7 . 1 7
2 7 6 6 2 6 7 4 7 . 1 6 7 , 1 6 7 . 1 6 7 . 1 6 7 . 1 6 7 . 1 6 1 . 1 6 7 . 1 6 7 . 1 6 7 . 1 6 7 . 1 6 7 .  1 6 7 . 1 6
2 7 6 6 26 7 4 r. .  45 7 . 1 6 7 .  16 7 . 1 6 7 . 1 6 9 . 1 6 7 .  0 5 6 . 6 3 6 .  5f, 6 .  SO 6 .  5 2 6 .  6 3 6 . 6  3
2 7 7 6 2 7 7 4 6 .  30 6 . 6  1 6 . 6  1 6 . 6 3 6 . 6 3 6 . 6  3 6 . 6 3 6 . 1 1 6 . 1 1 b . 1 1 6 . 1 1 6 . 1 1 6 . 1 6
2 7 b 6 2 6 7 4 6 .  I  4 6 . 5 3 6 . 5 0 6 . 5 0 6 . 5 0 6 . 3 6 5 . 9 H 5 . 4 6 5 . 8 6 5 . 4 6 5 . 4 f 5 .  4 6 5 . 9 8
2 7 V 6 29 7 4 5 .  47 S . O H 5 . 9 4 5 . 9 4 5 . 9 4 5 . 4 6 5 .  7 » 5 .  3 4 5 .  3/1 6 . 1 1 6 .  3 6 s .  M6 5 .  46
2 « 0 6 30 7 4 5 .  6 2 5 . P 6 5 .  36 5 . 4 6 5 . 4 6 6 , 1 1 5 . 7 3 5 . 3  4 5 . 2 ? 5 . 3 4 5 . 3 4 5 . 4 6 5 . 4 6
2 B 1 7 I 7 4 3 . 6 9 5 . 7 3 5 .  3S 5 . 4 6 5 . 7 3 1 . 3 4 5 . 2 2 5 . 2  2 5 .  37 s . 72 6 .  1 1 S.  46 5 . 7 3
2 « 2 7 2 74 6 . 4  1 5 . 7 3 5 . 7  3 5 .  4 6 5 .  8 6 5 .  46 5 .  46 5 .  4 6 5 . 7 3 S . P 6 5 .  4 6 c . " 6 5 . 8  6
2 A 3 7 1 7 4 6 . 2 4 5 . 8 6 5 . 46 5 . 4 6 5 . 9 4 5 . 9 4 6 . 1 1 5 . 0 4 5 . 8 6 5 . 4 6 7 . 1 6 7 . 7 8 7 . ] S
2 0 4 7 4 7 4 6 . 5 3 6 . 5 0 6 . 5  3 6 .  1 6 6 . 3 6 6 .  11 6 . 1 1 7 . 0 5 7 . 5 5 6 . 6 3 6 .  6 3 6 .  SC 6 .  5 f
2 R 6 7 s 7 4 6 .  10 6 .  36 6 .  16 6 . 3 6 6 . 3 6 6 . 1 6 6 . 1 1 5 . 9 4 5 .  46 5 . 4 6 5 . 4 6 5 .  Ob 5 . 8 6
2 0 6 7 6 7 4 5 . 5 4 5 . 4 6 5 . 36 5 . 4 6 5 . 4 6 5 . 7 1 5 .  4 6 5 . 3 4 s .  2 7 5 . 2 2 5 . 3 1 S.  14 5 . 1 1
2 0 7 7 7 7 4 7 .  32 5 . 3 4 S .  16 5 . 4 6 5 . 7 3 S .  3/1 5 .  2? 5 .  2 2 5 . 2 2 1 2 .  1 0 1 4 .  9 0 1 0 .  K 7 .  7 8
2 8 4 7 H 7 4 6 .  45 7 . OS 6 . 5 0 5 . 3 6 6 . 1 1 5 . 9 8 5 . 8 6 5 .  46 5 . 4 6 5 . 8 6 4 . 3 8 7 . 0  5 h . S r
2 HV 7 V 7 4 S.  89 6 . 5 0 6 . 5 ) 6 . 5 0 6 . 3 6 6 . 1 1 5 . 9 8 5 .  4 6 5 .  16 5 . 3 4 5 . 3 4 5 . 3  4 5 . 3  4
2Q0 7 1 0 7 4 S.  20 5 .  46 s .  46 5 .  4 6 5 .  46 5 . 4 6 5 .  3 4 5 .  2 2 4,  9 0 4 . 4 7 4 .  8 7 4 .  47 1 . 9 0
2 9 1 7 1 1 7 4 4 . 8 / 4 . 9 9 5 . 2  2 5 . 2 2 5 . 2 2 5 . 2 2 4 .  B / 4 . 6 5 4 . 6 S 4 . 4 2 4 . 6 5 1.  f 5 I . 0 S

2 9 2 7 1 2 7 4 4 .  5 5 4 . 7 6 4 , 7 6 4 . 7 6 4 . 7 6 4 .  6 5 4 .  6 6 4 . 4 ? 4 .  3 7 1 . 3 2 4 . 3 3 1 . 1 ? 4 . 4 ?
29.1 7 1 :i 7 4 4 .  29 4 . 4 2 4 . 4  2 4 . 4 2 4 . 4 2 4 .  6 5 4 . 4 2 4 .  21 4 . 1 1 1 . 1 1 1 .  1 1 4 .  11 1 . 1 1
2 9 4 7 1 4 7 4 4 . 0 5 4 . 2 1 4 . 2 1 4 . 2 1 4 . 3 ? 1 . 3 2 4 . 2 1 4 . 1 1 3 . 7 9 9 . 6 V 3 . 7 9 3 . 7 V 3 . 9 :
2 9 6 7 I S 7 4 ». 96 3 . 9 0 4 . 1 1 4 . 1 1 4 . 1 1 4 . 1 1 3 . 7 9 3 . 5 4 7 .  54 3 . 4 3 4 . 4  2 1 .  1 1 1 . 1 1
2 9 6 7 1 6 7 4 4.  0 2 4 . 1 1 4 . I t 4 . 1 1 4 . 1 1 4 . 1 1 4 .  11 3 . 7 9 3 . 6 9 - 1  .CO — 1 . 0 0 - l . O C - l . C "
2 9 7 7 1 7 7 4 3 .  40 - l . C O - 1 . 0 0 - 1 . 0 0 - 1 . 0 0 - l . Q O - 1  . 0 0 3 . 4 0 3 .  4 0 3 .  40 3 .  4P 6 .  4,1
2 9 4 7 I  « 7 4 6 . 4 4 - 1 . 0 0 - 1 . 0 0 - 1 . 0 0 - 1 . 0 0 ».  7 9 3 .  54 .». 3 9 3.  3 7 3 .  29 3.  39 3 .  19 3 . 5 "
2 9 V 7 I V 7 4 3 .  47 3 . 5 8 3 . 5 8 J . 5 8 3 . 5 4 3 . 5 4 3 . 2 9 3 . 5 4 3 . 3 9 3 .  39 3 . 2 9 3 . 3  V 3 . 3 3

3 0 0 7 20 7 4 «. ^4 3 . 5 4 3 .  58 3 . 5 4 3 . 5 4 3 . 5 4 3 .  19 3 .  20 3 . 1 1 3 .  1 1 7 .  11 3.  1 1 3 .  2P
3 0 1 7 21 7 4 3 .  15 3 .  20 3 .  29 : i .  2 9 3 . 3 9 3 . 3 9 3 . 2 5 3 . 1 1 2 .  92 2 . 4 3 2 . 9  2 3 .  1 1 3 . 1 1
3 0 2 7 2 2 7 4 2 .  9 9 3 . 1 1 3 . 2 0 3 .  20 3 . 2 0 3 . 2 U 3 . 1 1 3 . 1 1 2 . 4 3 2 . 6 6 2 . 6  6 2 .  7 5 7 . 4 3
3 0  J 7 2 1 7 8 2 .  8 2 2 . 9 2 2 . 9 2 3 . 1 1 3 . 1 1 3 .  11 3 .  11 2 . 7 5 2 . 5 4 7 . 1 9 2 .  4 9 2 .  5 8 2 . 6 6

3 0 4 / 2 4 7 4 2 .  5 9 2 . 7 5 2 . 7 5 2 . 4 3 2 . 8 3 2 .  43 2 . 7 5 2 . 5 4 2 . 4 1 2 . 3  1 2 . 3 3 2 . 3 3 2 . 4 !
30S 7 2 S 7 4 2 . 6 3 2 . 7 5 2 . 7 5 2 . 4 3 2 . 4 3 2 . 4 3 2 . 7 5 2 . 5 4 2 .  41 2 .  33 2 . 3 3 2.  33 7 . 4 0

3 0 6 7 2 6 7 8 V.  41 7 . 4 9 2 . 5  4 2 .  6 6 2 . 6 6 2 .  6 6 2 .  49 2 . 3 3 2.  17 2 .  C9 2 . 1 7 2 . 2 5 2 .  13
3 0 7 7 2 / 7 4 2 .  2 9 2 . 4 1 2 . 4 1 2 . 4 9 2 . 4 9 2 . 4 9 2 . 4 9 2 . 3 3 2 . 1 7 2 . 0 2 2 . 0 ? 2 . 0 2 2 . 0 "
3 0 b 7 2 4 7 4 2 .  46 2 . 1 7 2 . 2 5 2 . 3 3 2 . 3 3 2 . 4 1 2 . 3 3 2 . 2  5 2 . 1 9 2 . 4  3 2 . 6 6 2 . 7 5 2 .  7 8

3 0 9 7 29 7 4 2 .  46 7 , 6 6 2 . 6 6 2 . 6 6 7 , 6 6 6 6 2 . 5 4 2 .  54 2.  33 2 .  17 2 . 0 9 2 . 1 7 2.  ?s
3 1 0 7 3C 7 4 2 .  u9 2 , 0  9 1 . Y 4 1 . 4 7 1 . 9 4 2 .  J 2 2 . 0  9 2 . 1 7 2 . 1 7 7 . 3 5 2 . 2 5 2 . 3  3 2 . C 2
3 1 1 7 31 7 4 1 .  88 1 . 8 7 1 . 7  3 1 . 7 3 1 .  4 0 1 . 8 7 1 . 9 4 2 . 0  2 2 . 0 2 2 . 0 V 2 . 0 9 2 . 0 2 1 . 3 3

312 H 1 7 4 1 .  86 1 . 7  » 1 . 5 9 1 . 5 9 1 .  6 6 1 . 7 3 1 .  4 0 1 . 4 7 1 . 0 4 2 . 0 2 2 . 0  2 1.  4 7 1 . 7 3

31  3 4 2 7 8 I .  6 1 1 . 6 6 1 . 5 9 1 . 5 9 1 . 3 3 7 . 3 4 1 . 7 3 1 . 8 0 1 . 4 0 1 . 4 7 1 . 8 7 1 . 9 4 1 . 8 6

3 1 4 M 3 7 4 1 . 6 1 I  .  46 1 . 46 1 . 4 6 1 . 5 2 1 . 5 9 1 . 6 6 1 . 7  3 1 . 7 3 1 . 4 0 1 . 8 0 1 .  5 9 I .  4 6
3 1 S M d 7 4 I .  SO 1 . 3  1 1 . 3  1 1 . 4 6 1 .  4 6 1 .  4 6 1 . 5 9 1 . 5 0 1 . 6 6 1 . 7 3 1 .  66 I .  4 6 1 . 3 3
3 1 6 H S 7 4 1 .  35 1 . 2 1 1 .  21 - 1 . 0 0 - l . O P - l . o o - 1 . 0 0 - l . O P 1 . 40 1 .  40 1 . 4 0 1 .  49 l . - i r
3 1 7 d 6 7 4 1 .  35 1 .  4 6 1 . 5 9 I  . 5 9 1 . 5 9 1 . 4 6 1 .  2 7 1 . 1 5 l . l l 1 . 1 5 1 . 2 1 1 .  27 1 . 3 3
3 1 4 H 7 7 4 1 .  2 8 1 . 3 9 I  .  4 6 1 . 5  2 1 . 5 2 1 .  39 1 .  2 1 1 . 1 1 1 . 0 6 1 , 1 1 1 .  15 1.  2 1 1 . 7 7

3 1 9 4 K 7 4 1 .  2 4 1 . 3 9 1 . IV 1 .  4 6 1 .  4 6 1 . 3 3 1 . 1 5 1 . 0 6 1 . 0 6 l . C A 1 . 1 1 1 . 1 5 1 . 2 7

3 2 0 b V 7 b 1 . 1 8 1 . 3 3 1 . 3 » 1 . 3 3 1 .  3 9 1 . 2 1 1 . 0 6 1 . 0 2 1 . 0 2 1 . C 2 1 . 1 1 1 . 1 5 1 . 2 1

3 2 1 H 1 0 7 4 1 . 1 1 1 . 2 7 1 . 3  1 1 . 3 3 1 .  2 7 1 .  15 1 . 0 2 0 . 9 2 P.  9? 0 .  0 4 1 . 0  2 1 . 0 6 l . l l
3 2 2 H 1 1 7 4 0 .  9 7 1 .  2 1 1 . 2 1 1 . 1 5 1 . 1 5 1 . 0 2 0 . 9 4 0 . 9 2 0 .  40 0 . 7 7 0 . 7 7 0 .  4P 0 . 9 ?

3 2  3 4 1 2 7 4 0 .  9 5 1 . 0  2 1 . 0 6 1 . 1 1 l . l l 1 . 1 5 I  . 0 2 0 . 0 ? 0 . 4 0 J . 7 7 0 . 7 7 0 .  4P 0 . 9 7

3 2 4 H 1 3 7 4 1 .  84 l . C  2 l . l l l . l l 1 . 1 5 1 .  1 5 1 . 5 9 1 .  6 6 1 . 5  1 I .  33 4 . 6 5 3.  11 3 .  26

3 2 5 4 1 4 7 4 1 .  7 9 3 .  2 9 2 .  41 I . H 7 1 . 7 3 1 . 6 6 1 . 5 9 1 . 5 9 1 . 5 2 1 .  46 1 . 4 6 1 . 4 6 I  .  4 6

3 2 6 4 1 5 7 4 1 . 5 6 1 , 5 2 1 . 5 2 1 . 5 9 1 . 5 9 1 . 5 9 1 . 4 6 1 . 3 9 1 . 3 9 1 . 3 9 1 . 3 9 1 . H 7 2 . 0  2

3 2 7 4 1 6 7 4 1 . 6 4 1 . 8 7 1 . 7 3 1 . 7 3 1 . 7 3 1 . 7  1 1 .  7 3 1 . 6 6 1 .  5 0 1 .  59 1 . 5 9 1.  59 1 .  6 6

3 2 H H 1 7 74 1 .  6 9 1 . 6 6 1 . 6 6 1 . 7 3 1 . 7  3 1 . 7  3 1 . 6 6 1 . 7  3 1 . 6 6 1 . 6 6 1 . 6 6 1 . 6 6 1 . 7  3

3 2 9 b 1 4 74 I .  60 1 . 7 , 3 1 . 7 3 1 . 7 3 1 . 7 3 I  . 6 6 1 . 5 9 1 . 5 2 1 . 4 6 1 . 4 6 1 . 4 6 1 . 5 2 1 . 5 9

3 30 .7JÎ- . ..J. . - 40 - 1 . 4 0 . -JUufU- 1-..&0 - - X.âü . . - i . a t L , ,SX.C-Û-_ - u . a a . rl-jac
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N N D E I A TIME OF DISCHARGE READING
U T A A L G
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J 3 1 H 20 7H 1 .  25 - l . î "  - .  3u - 1 . 0 0 - l . o o - 1 .  UO - 1  .  0 0 1 . 3 3 1.  27 1 . 2 1 1 . 2 1 1.  21 1 . 2 7
S3i H 21 74 l .  37 1 . 3 3 . 3 3 1 . 3 9 1 . 3 9 l .  46 1 . 3 9 1 . 3 3 1 .  27 1 . 2 1 1 . 1 5 1 . 1 5 1 . 2 1
J 3 i « 22 7 4 1 .  43 1 . 2 7 . 2 7 1 . 3 3 1 . 3 3 l .  J 9 1 . 3 3 1 . 5 9 1 . 6 6 1 . 5 0 1 .  4 6 1 . 4 ' 1 . 4 6
3 3 4 H 23 79 1 .  ?7 1 . 4 5 .  *5 1 . 4 5 1 . 4 6 1 . 5  2 1 .  46 1 . 3 * 1 .  27 1 .  27 1 . 7  1 1.  21 l .  27
3 3 5 H 24 74 1 .  : 4 1 . 7 ' .  33 1 . 3 9 1 . 3 9 1 .  39 1 . 3 ’ 1 . 2 1 l . l l 1 . C 6 l . l l l . l l 1 . 1 6
3 3 h H 25 7 4 1 . 1 4 1 . 2 1 . 2 1 1 . 2 7 1 . 2 7 l .  27 1 . 1 5 l . O f t 1 . 2 2 1 . 0 2 1 . 7 2 1 . 0  6 1 . 1  :
3 3 7 H 2f 74 l .  57 l . l l . 1 5 1 . 1 5 1 . 2 1 1 . 2 1 l . l l 1 . 1 1 1 . 5 2 2 .  09 1 .  47 1.  6 2 i .  35
3 3 4 H 27 7 4 l .  24 J . .39 .  3 3 1 . 3 3 1 . 3 3 1 . 3 3 1 . 3 * 1 . 2 1 1 . 1 5 1 . 1 1 l . l l 1 . 1 1 l . l l
3 3 4 H 2 5 7 4 1 . 1 4 1 . 1 5 . 21 1 . 2 1 1 . 2 1 1 .  27 1 . 2 1 1 . 1 5 1 .  11 1 . C 6 1 . 0 2 1 . C 6 1 . 0 6
3 4 0 H 2 " 7 4 1 . 1 7 t . 11 . 1 5 1 . 1 5 1 .  15 1 . 2 1 l .  15 l . l l l . 1 . C 2 1 , 0 ? t .  r  7 1 .  0 6
* 4 1 H 31 7 4 1 . 1 1 1 . 0 5 . 1 1 1 . 1 1 1 . 1 5 1 . 1 5 1 . 1 1 1 . C 6 1 . 1 5 1 . 1 1 l . l l l . l l 1 . 1 1
3 4 2 4 31 7 4 1 . - 5 1 . 2 1 . 21 1 . 2 1 1 .  21 1 . 2 1 1 . 1 5 0 . 9 4 0 .  97 0 .  46 0 . 4 6 .1. 46 } . 9 0
34 3 9 1 7 4 1.00 1 . 0 5 . 11 1 . 1 1 l . l l l . l l 1 .  0 6 C . 9 4 0 .  3? 0 .  46 0 .  46 c. 46 ' . g o
3 4 4 g 2 7 4 1 . 1 4 1 . 0  2 . 36 1 . C 6 1 . 0 6 1 . 0 6 0 . 9 2 1 . 1 1 1 . 3 3 1 . 2 7 1 . 2 7 1 .  27 1 . 2 7
3 4 5 9 3 7 8 l .  36 1 . 3 3 . * 9 l  . 46 1 . 5 2 1 . 5 2 l  .  52 1 . 5 2 1 .  19 1 .  21 1 . 1 5 1 . 1 5 1 . 1 5
3 4h u 4 7 4 1 .  24 l . ? l .  ?7 1 . 3 3 1 . 3 3 l .  30 1 .  39 1 . 3 3 1.  91 l . l l 1 .  1 l 1.  1 1 1 . 1 1
3 47 g r. 74 1 .  23 1 . 1 5 . 2 1 1 . 2 7 1 . 2 7 1 . 3 3 1 . 3 3 1 . 2 7 1 . 1 5 1 . 1 1 1 . 1 5 1 . 2 1 1 . 9 7
3 4 4 g ft 7 4 1 . 40 1 . 3 3 .  3 9 1 . 4 6 1 . 4 6 1 . 4 6 1 . 46 1 . 3 9 1 . 3 3 1 . 7 7 1.  21 1 . 2 1 ! .  »■’
3 4 0 g 7 7 4 2 .  33 2 . 6 5 . 5 3 1 . 9 4 1 . 7  3 1 . 7  3 1 . 7  3 1 .  40 1 . 7  3 1 . 6 6 1 . 6 6 2. 3 * 2 . 4 9
3 5C g ft 7 » 1 . 7 1 2 . 2 5 . 0  2 1 . 3 7 1 . HO 1 .  40 1 . 8 0 1 . 5 9 1 . 5 2 1 . 4 5 1 . 4 6 1 .  46 1 . 4 6
3 5 1 g 0 7 » 1 . 5 7 1 . 5 7 . 5 ? 1 . 5 9 1 . 5 9 1 . 5 9 1 .  59 - l . o o - l . C C - l . C O - l . O : - l . O C - l . O C
* 5 2 g 10 7 4 1.  23 l  .  20 . 2:3 1 . 2 0 l .  20 1 .  20 1 .  20 - 1 . 0 0 - l . C O - 1  . 0 0 - l . o o - l . O C - 1 . 0 0
3 5 3 g I t 74 1 .  40 1 . 4 0 . 4 0 1 . 4 0 1 . 40 1 .  40 l .  4P - l . O P - 1 . 0 0 - l . C O - 1 . 0 0 - i .  c r - l . O P
3 5 4 g 1 7 74 0. 50 O. OC .40 0 . 4  0 3 . 8 0 J .  40 0. MO - 1 . 0 0 — 1 . 0 0 - l . C O - l . p p - 1.  oc - l . O "
3 5 5 Q 1 3 7 4 1 .  UO l . C O . 0 0 l . O P 1 . 3 0 1 . 0 0 l . O P - l . o o - l . C C - l . C O -1 . j  9 - 1 . 0 0 - 1 . 0
35f t g 1 4 7 4 1 .  uu t  . 0 0 . OU l . o o 1 . 0 0 l . o o 1 . 0 0 - 1 . 0 0 - 1 . 0 0 - l . C O - l .  PC - l .  Op - l . O "
* 5 7 g 1 5 7 4 1 .  UO l . o o . uO 1 . 0 3 l . ü O 1 . 0 0 l . C O - 1 . 0 0 - 1 . 0 0 - l . C O - l . O P - l . O P - l . O C
3 5 » g 1 6 7 » 0 .  40 -1.00 - .00 - 1 . 0 0 - 1 . 3 0 -  l  .  J 0 - 1  . c o -1 .o r - l . C ’ 0 . 4 C 0 . 3 9 p .  49 0, HP
* 5 0 9 1 7 7 4 3 .  04 0 .  05 . 4 5 0 . 4 6 0 . 9 2 1 . 3  2 0 . 9 9 0 . 9 4 0.9 9 3 .  “ 4 0 .  9 4 p.  0 2 ' . 9 »

3ftO g IH 7 4 1 . 1 2 0 . 9 4 .94 1.11 1 . 1 1 1 . 1 5 1 . 1 5 1 . 1 5 1 . 1 5 1 . 1 5 1 . 2 1 1 . 1 5 1 . 1 5
3 b i g 1 9 7 4 1 . 1 2 1 . 1 5 . 1 5 1 . 1 5 1 . 1 5 1 . 1 5 1 .15 1.15 1 . 1 5 1 . 1 5 1 . 2 1 0 .  OU 1.11
3 5 2 g 20 7 4 l . l l l . l l .11 1.11 l . l l 1 .  15 1 .  15 1.  15 1. Il 1. 11 1. 0 6 t .  0 6 1 . 9 6

3f t3 g 21 7 4 l .  ÜH l . l l . 1 1 1 . 1 1 1 . 1 1 1 . 1 1 1 . 1 1 1 . 1 1 l . û f t 1 . 0 2 1 . 0 2 l . C  2 1 . 0  2
3 6 4 g 27 7 4 1 . 0 1 1 . 0 6 . 0 5 1 . 0 6 1 . 3 6 l . l l 1 .  oft 1 . 0 2 P .  9 H 0 . 9 2 0 . 9 2 c . 9 ? r , . 9 H
3 6 5 g 2 3 7 4 3 . 9 5 1) . 9 4 . 9 4 0 . 9 » 1 . 0 2 1 . 0 2 1 . 0 2 0 .  94 9. 9 7 0 .  46 0 .  H f t r. Rft 0 . 9 ?

366 g 24 7H — 0 . 9 2  . .92 0 , 9 » T l . o o -JL.OO - i . o e - 1 . 0 0 . - 1 . 0 ( 1 . rl.OO - 1 . 0 0 -l.O?
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s A
E V
0 M

0 y
D E 
A R

N N D E I A
U T A A L G
M H Y R I _ i _ 2 4

1 9 2 4 7 7 0 .  29 - l . o o - 1 . 0 0
2 9 2 b 77 0 .  33 3 . 2 4 3 . 7  7
3 y 2' ' 7 7 0 .  35 0 . 4 3 3 . 3 4
4 9 7 / 7 7 0 .  n 3 . 3  1 0 .  3 3
S 9 2 " 7 7 0 .  M 0 . 2 9 0 . 2 9
6 9 2 « 7 7 O . n ) 0 , 6 1 o . n o
7 y 30 77 0 .  Hb I .  27 l . l l
8 1 0 I 7 7 3 . 6 4 3 .  66 0 . 6 5

9 13 2 7 7 0 .  6  1 .3 .6  I 0 . 6 6

1 0 10 TI 77 0 .  b6 0 . 5 7 7 . b 7
1 1 10 a 7 7 0 . 6 4 3 . 5  2 3 . 5 1
1 2 10 5 7 7 3 . 6 7 0 . 5 7 0 . 5 7
1 3 10 7 7 3 . 7  2 0 . 5 7 0 . 5 7
1 4 1 ) 7 7 7 I .  3 4 1 . 5 2 1 . 5 J
I S 10 H 7 I 0 . 9 4 1 . 2 7 1 .  27
l 6 13 9 77 3 .  n ) 0 5 .  " 0
1 7 I  3 10 7 7 3 .  n i 0 .  n ) O . n o
1 4 10 11 7 7 0 .  no 0 .  no 3 .  no
1 4 13 1 2 7 7 0 .  P3 o . n o O . n j
20 10 1 3 77 3 .  7 0 O . n o O . n o
21 10 14 7 7 3 .  76 0 . 7 5 3 . 7 5
2 2 13 1 b 7 7 3 . 7 2 0 . 7 5 0 . 7 ]
2 3 1C 1 6 77 Û.  43 0 . 6 5 3 . 6 h

2 4 10 I  7 7 7 0 . 1 3 0 . 1 3 0 . 1 3
2 b 10 I  6 7 7 0 . 1 3 C .  1 3 3 . 1 3
2 6 1 3 1 9 7 7 0 .  12 0 . 1 3 0 . 1 3
2 7 10 21' 7 7 0 .  3 9 0 . C 9 0 . 3 9
2 4 I  3 21 7 7 0 .  J > 0 . C 9 ■ 3 . 0  9
2 4 10 2? 7 7 0 .  11 0 . 0  9 0 . 0  9
30 I  3 73 7 7 0 .  13 0 . 1 3 0 . 1 4
3 1 13 2 4 7 7 0 .  1 3 O . l - I 0 . 1 3
3 2 I  3 >5 7 7 1 . C 6 0 . 1 5 3 .  20
3 3 13 76 7 7 1 .  3 9 1 . 9 4 I  . 6 6

3 4 10 2 / 7 7 1 .  17 1 . 2 7 1 . 7 /
3 b 13 2H 7 7 3 .  «'4 1 . 3  7 3 . 9 3
3 6 13 7  9 77 0 .  n i C .  H 6 3 .  4 6

3 7 10 iC 7 7 3 . 6 4 0 . 7 b 0 . 7 b
3 8 10 31 7 7 0 .  M 0 . 6 1 0 . 5 1
3 4 11 1 7 7 0 .  6 9 C .  51 0 . 6 ]
4 0 1 1 2 7 7 0 .  Ob 0 . 9 2 3 .  46
4 1 1 1 .3 7 7 3 .  Pb O . S b 3 . 4 6
4 2 11 4 7 7 3 .  H6 0 . 0 6 3 .  4 6
4 3 11 s 7 7 0 .  9 4 0 . 8 6 Û . 45
4 4 11 6. 7 7 3 .  9U 1 . C 6 1 . 3  2
4t> 11 7 7 7 3 .  94 0 . 9 6 3 . 9 2
4 6 1 1 n 7 7 0 .  H2 0 .  46 3 . 4 b
4 7 11 9 7 7 0 .  7 j Ü . 7 5 0 . 7 5
4rt 11 10 77 0 .  6H 0 . ' ’ 5 3 . 7 5
4 9 11 11 7 7 0 .  6 6 C . 6 6 0 . 5 5
SO 11 I  2 77 3 .  6b 3 . 6 6 0 . 6 5
5 1 1 1 1 3 77 0 .  6H 0 . 6 5 3 . 5 5
5 2 1 1 I  4 77 0 .  no C .  n .i 0 . » 3
b 3 11 1 6 7 7 0 .  h 3 C . n j V . no
54 11 1 6 77 0 .  no O . m 0 .  no
5 b 11 Î  7 7 7 J .  HO o . n o O . n o
b6 1 1 1 M 7 7 o . n o 0  .  no 3 . HO
5 7 11 1 9 7 7 3 .  no 0 . 9 3 o . n o
5 8 1 1 20 7 7 0 .  HO o . n o :  .  nr,
ny 11 21 7 7 0 . H:l 0 . n o 0 . HO

6 0 11 2 2 7 7 0 -  no 0 .  no 3 . 4 7
6 1 11 2 3 7 7 1 . 40 1 . 4 0 1 .  40
6 2 11 7 4 7 7 3 . 3 3 3 . 0 6 7 . 3  3
6 3 11 2 5 7 7 6 .  30 6 . 0 C 6 . 0 0
64 11 2 6 77 1 3 . uO 1 0 . 0 0 1 3 . 3 0
6b 1 1 7 7 7 7 1 4 .  30 1 4 . 0 0 I  4 .  0 0
66 11 2 8 7 7 I H .  CO i n . C O 1 8 . 0 0
6 7 11 2 9 77 2 3 .  07 2 3 . 0 0 2 1 . 0 3
6 8 11 30 7 7 2 7 .  3 0 2 7 . OC 2 7 . 0 0
6 9 1 2 1 7 7 3 2 . 0 0 3 2 . 0 0 J 2 . 0 0
7 0 1 2 2 77 3 7 .  40 3 7 . 4 0 7 7 . 4 3
7 1 1 2 .3 7 7 i H . 59 JR. 5C i n . 50
7 . i  J .2 - . A - Z i - 7 L W & _ , 3 2 . j a .

s t e e p  Creek  

TIME or DISCHARGE READING
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0 , 
0 ,

- 1 . 0 0  
U . 2%
■T.TR
" . 3  * 
0 . 3 3
0 .  R f
1 . 0 ?
0.Ak 
U.hh
0 .*5 7 

.*'1 

.S7
U.S7
1. 1h
1 .IS 
0 . HO  
0- HO
Ü . H C  
■J.HO 
3.no 
U.7S 
Ü.7S o.nh 

,13  
, 1 3  
, 1 ? .on
: n 

. 0 9  
. i 3 

0 . 1 3
J .  ?9

1.S2 
1 . 2? 
0.0? 
C .  « 6  
2.7S 

.Al 
, 6 1  
. « 2  > n h
, A6 
. H 6

?, 
Ij < 
0 . 
0 , 

0 . 

0 , 
V

0 
0 , 
0 . 
3 . 
0 , 
3,
0 . 9  2 
0."? 
J . «6 
0 . 6 6  
0 . 7 6  
3 . 6 6  
0 . 6 6  
3.66 
O . n y  
3 . no  
O . n o  
0 .  no 
0 - n o  
o . n o  
O . n c  
o . n o  

0 .  no
1 . 4 0
3 . 0 0
6 . 0 0  

1 0 . 0 0
1 4 . 0 0
1 4 . 0 0  
2 3 .  30
2 7 . 0 0
3 2 . 0 0  
3 7 . 4 0  
IN . SO

JUL»âJQL

8 10 12 14 16 18 20 22 24

- l . O C - 1 . 0 0 - 1  .  CO - l . O C C .  29 : .  29 0 . 2 9 .  2 9 , 7 . 2 0
0 .  2 9 3 . 2 9 U . 3 1 0 . 3 3 0 .  33 0 . 3 3 0 - 3 H .  43 C . 4 3
0 .  2 4 1.  3 8 0 .  38 0 . 3 ? C.  2 3 p .  33 0 . 3 3 .  ?9 7 .  yr.
3 . 3 3 3 . 3 3 0 .  33 0 . 3 3 0 . 7 9 1 . 2 9 3 . 2 9 .  7'- r . 2 0
3 . 3 3 3 .  3 i 0 . 3 3 0 . 3 3 0 . 3 3 C . 3 3 0 . 3  3 .  3 3 0 . 5 7
3 . 8 5 3 . 8 5 0 . 6 1 0 . 6 ] 0 .  61 0 .  6 1 0 .  8 6 . 11 1 .  39
3 . 9 7 3 . 8 5 0 . 8 0 o . n o C . 7 5 3 . 6 6 C . 5 5 . 6 6 0 . 6 5
0 . 6 6 0 .  5 6 0 .  6 b 0 . 6 5 9 .  61 0 . 6 1 C.  51 .  51 61
0 . 6 6 0 . 5 1 0 . 6 1 C . f t 0 .  5 7 0 . 5 7 0 . 5 7 .  5 7 : . 5 7
3 . 5 - ’ o . b 7 0 . b f 0 . 5 7 C . 5 7 C . 5 7 0 . 5 2 . 5 7 0 . 5 ?
3 . 5 1 0 . 5 1 0 .  5 7 0 .  5 7 0 .  5 7 0 . 6 ? 0 .  5 7 . 5 7 0 .  C7
7 . 5 7 j . b 7 J . b f C . 5 7 0 . 5 7 3 . 5 7 0 . 5 7 .  5 7 0 . 5 7
0 . 5 7 J . b / 0 . 5 7 0 . 5 7 C.  5 7 0 . 5 1 0 . 5  6 .  15 1 . 6 6
1 . 4 6 I ,  39 I .  27 1 . 7 7 1 . 1 5 1 . 2 7 1 . 2 7 .  27 1 . 7 7
l . l l 1 . 0 2 0 .  8 5 C .  0 6 C . 8 6 0 . 9 6 •? . 4 5 . 9 6 ’ . 8 f
3 .  nc 0 . 8 0 J .  8 6 O. f l C 0 .  70 ,9. PR 0 . 8 ’ .  99 0 .  no
0 .  no 0 .  HU 0 .  HiJ 0 .  nc 0 .  H'l 0 .  90 0 . 9 3 .  95 C . 4 *
3 , 8 0 3 . 8 0 3 . HU o . n o 0 . 7 C 0 . 9 9 0 . 4 9 . 47 0 . 8 ’
o . n o 0 .  80 3 . HO o . n o o . n o O. P O 0 . 4 9 . 9 0 3 .  no
3 . 5 0 ■3. 80 0 .  80 0 .  PR 0 .  PC Ü .  PO C . 7 5 .  7 5 ? . 7  =
3 . 8 0 3 . 8 0 3 . 7 5 0 . 7 5 Ç . 7 5 0 . 7 5 C . 7 5 . 7 5 ? . 7 5
3 . 7 5 0 . 7  b C . 7 5 9 . 7 b C . 7 5 3 . 6 5 0 . 5 6 . 6 5 0 . 6 '
3 . 6 6 0 .  5 b 5 . 3 3 C.  3 3 0 .  3 3 0 . 1 ) 0 . 1 3 .  1 J 0 .  1 3
3 . 1 3 0 .  I  3 0 . 1 3 0 . 1 3 0 . 1 3 0 . 1 3 0 . 1 3 . 1 3 0 . 1 3
0 . 1 3 3 . 1 3 Ü . I  3 P . 13 0 . 1 3 0 . 1 3 0 . 1 3 . 1 3 0 . 1 3
0 . 1 3 0 .  17 C . 1 3 0 . 1 3 0 . 1  ? 0 . 0 9 0 . 3 ® . 0 9 1 . 0 9
3 . 0  9 3 - 0  V Ü . 0  9 O . C R 0 . 0 9 0 . 0  9 O. OC .  C9 o . : «
9 . 0 9 0 . 0 9 0 . 9 5 C . 0 9 0 . 0 9 0 . Ç 9 0 .  on . ■? 9 c . :  9
0 . 0 9 0 . 0 9 0 .  0 9 - l . O C - 1 . 0 0 0 . 1 3 0 .  I  7 .  1 ) 0 .  I  7
0 . 1 3 C.  1 3 0 . 1 3 C . 1 3 0 .  I  3 0 . 1 3 0 . 1 3 .  1 3 0 . 1 3
0 . 1 3 C . 1 3 0 . 1 3 C . 1 3 0 . 1 3 0 . 1 3 0 . 1 3 .  13 0 . 1 3
0 . 2 9 U.  3 3 C.  38 0 .  51 1 .  1 I b .  r,o 2 . 4 1 .  4 9 3 . 3 3
1 . 3 9 1 .  27 1 . 1 b 1 . 7 7 1 .  77 1 . 27 1 .  27 .  77 1 . 2 7
1 . 2 7 1 . 1 b 1 .  l b i . i n 1 . 1 5 1 . 1 5 1 . 1 5 . 0 2 1 . 0 7
0 . 9  2 V .  8 5 0 .  8 5 0 .  Hf C .  P5 0 .  9 6 0 .  9 5 .  96 0 . P 6
0 . 8 0 J .  89 0 .  HC 0 .  HO 0 .  Pf O . P O C.  no .  no r  , 7 5
0 . 6 5 3 . 6 b Ü . 6 6 C . 6  5 ? . 6 6 0 . 6 6 0 . 6 6 .  6 5 0 . 5 1
0 . 6  1 0 . 5 1 0 . 6 1 0 . 6 1 C . 6 1 0 . 6  1 C.  6 ] .  6 1 7 . 5 1
0 .  61 U.  61 0 .  61 0 . 6 1 0 . 6 1 0 . 7 b C .  9 6 . 9 2 R.  9 2
1 . 0 2 1 . 0 5 1 . 9 6 1 . 0 2 1 . 0 2 0 . 9 2 0 . 0 2 .  85 0 . 8 6
0 . 8 6 0 - 8 6 0 . 8 5 C . P 6 0 .  « 5 9 .  96 C .  8 6 . 9 5 R . R f
0 . 8 6 0 .  8h 3 .  8 6 0 .  P5 0 .  86 0 .  96 0 . H 6 .  P6 R .  86
3 . 8 5 3 . 8 5 3 . 8 5 C . 9 6 C . 9 6 1 . C 2 1 . 1 1 . 1 1 1 . 1 1
3 . 8 6 0 . Mb J . 8 6 C . H 6 0 .  8 6 0 .  H5 0 .  H6 .  P5 b . P 6
1 . 0 2 1 .  0 2 1 .  C2 0 . 6 2 9 .  9 2 0 .  92 C.  86 .  86 n ,  8 6
3 . 8 6 J .  8 6 0 .  HO 0 . 3 0 0 . 3 ? O. P O C. p" ) .  80 0 . 8 0
3 . 6 6 0 . 6 0 0 . 7 5 9 . 7 5 0 . 7 5 0 . 7 5 0 . 7 5 .  7 5 C . 7 5
0 . 6 6 0 . 6 5 0 .  6 6 0 . 5 5 0 . 6 6 , 7 . 6 5 C.  6 6 . 6 5 0 . 6  6
3 . 6 6 3 . 6 6 3 . 6 6 0 . 5 6 C .  6 6 0 . 6 5 0 . 6 6 . 6 5 0 .  5 f
3 . 6 6 0 . 6 6 3 . 6 5 0 . 6 6 0 . 5 5 0 . 6 6 0 . 5 f . 6 6 0 . 5  6
0 . 6 6 0 . 6 6 0 .  70 0 . 7 6 0 .  7 0 0 .  79 - 1 .  09 - . 0 0 - 1 . 3 0
0 .  no 0 . 8 0 0 .  HR - 1 . 0 0 - 1  . 0 0 - l . C O - l . O C - . C O - 1 . 0 0
3 . 8 0 3 .  80 0 . 8 0 — 1 . 0 0 - 1 . 0 0 - 1 .  CO - I . c r , - .  CC - l . C ?
O . n n 0 .  HC 0 .  8 0 - l . C C - l . C O - l . C O - I .  0 0 - .  CO - l . o o
0 . 8 0 O . n o 0 .  HO - l . C O - l . C C - l . C O - l . C " - . 0 0 - 1 . 0 0
3 . 8 ? 0 .  80 0 .  HC - 1 . 0 0 — 1 .  0 0 - 1  .  Cu - l . O C - .  0 0 - 1 . 0 ?
O . n n 0 . 8 0 0 .  no - 1 . 0 0 - I .  oo - l . O C - 1 . 0 0 - . 0 0 - l . O C
0 . 8 0 3 . 8 U 3 . 8 0 - l . O C - 1 .  oc - l . C O - l . O C - . C O - l . O C
3 . 8 0 9 .  HO 0 . 8 0 - 1 . 0 0 - l . C O - l . o o - 1 . 0 0 - .  00 — 1 .  u “

O. HO 3 .  HC 0 .  80 - 1 . 0 0 - 1 . 0 0 - l . C O - 1 . 0 0 - . 0 0 - l . O C1 .  4 0 1 . 40 1 .  40 - 1 . 0 0 - 1 . 0 0 - l . C O - 1 . 0 0 - . 00 - 1 . 0 0
3 . 0 0 3 . 0 0 3 . 0 0 - l . C O - l . C O — 1 . 0 0 - 1 . 0 0 - .  6 0 - 1 . 0 '
6 . 0 0 6 . 0 0 6 . 0 0 - 1 . 0 0 - 1 . 0 0 - 1  . 0 0 - 1 . 0 0 - . 0 0 - l . C C

1 0 . UO 1 0 . OU l U  . 0 0 - 1 . 0 0 - 1 . 0 0 - l . C C - 1 . 0 0 - .  CO - l . O C
1 4 . 0 0 1 4.  0 0 1 4 .  0 0 - 1 . 0 0 - l . C O - l . C C - 1 . 0  J - . o c - 1  . 0 0
18.00 1 8 . 0 0 1 8 . 0 0 - 1 . 0 0 - 1 . 0 0 - l . C O - 1 . 0 0 - . 0 0 - l . O C
2 3 . 0 0 2 3 . 0 0 2 3 . 0 0 - 1 . 0 0 - 1 .  0 0 - l . C O - 1 . 0  9 — . CC - l . o o
2 7 . 0 0 2 7 . 0 0 2 7 . 0 0 - 1 . 0 0 - 1 . 0 0 - l . C O - l . C C - .  0 0 - 1 . 0 0
3 2 . 0 0 3 2 . 0 0 3 2 . 0 0 - 1 . 0 0 - 1 . 0 0 - l . C O - l . O C - . C C - l . O C
3 7 . 4 0 3 7 .  4 0 3 7 .  4 3 - 1 . 0 0 - 1 . 0 9 - l . C O - 1 . 0 0 - . oc - 1 . 3 '
j n . 5 0 3 8 .  bO JH, 50 3 H . n o - l . C O - l . C O - 1 . 0 0 - . C C - l . O C
azuia. j l Z - J t Û . - r . l . a O - . ^ x ^ a o .=0-110. - _=Z.L,C,
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TIME OF DISCHARGE READING

1 10

M H Y R Y_JE 2 4 6 8 10 12 14 16 18 20 22 24
I 2 s 77 40.07 40.C 0 43.00 40.PO 40.00 1). UO 40.OP « . QO .00 -1.00 -1.00 -I. 09 -l.pp74 I 2 7 7 3b. 00 3b. 0 ) 15.'JO 36.00 .35.00 35.00 35.00 • • 00 - .9? -1.00 -1.00 -l.oo -l.J?7b 12 7 77 34. iO 34.03 34.0? 34.00 34.00 34.00 34.00 wm • 00 - • JO -l.CO -1.00 -l.OP -1.0?7b I 2 h 77 3 3. b.) 33.bO 33.67 3 3.60 33.60 33.6? 3-». ‘•0 - .00 .. . -l.CP -l.oo -l.C? -1.0?

I t I 7 4 77 30. JO 30.0 0 10 . 0 ' 30.0 0 30.00 •3'J. 00 30 . 0 U — • oo - . 30 -l.oo -1.00 -l.CC -I.cr74 1 2 10 77 2b. 00 2b.03 25.0 J 25.00 25.00 25.00 25 .00 — .00 .cr -1 .CO -1.30 -1.0? -l.C'74 12 1 I 77 21. 80 21.4) 21.87 21.80 21. «0 21.80 21 . 8 0 - • 00 . OP -i.ro -i.p? -l.OP -1.0?'40 I 2 I 2 77 22. bO 23. bj 22.63 2 2.60 22.67 2 2. 60 22. 60 - • oc - . 00 -l.C) -1.00 - 1. oo -l.J?A1 12 13 77 24. bO 24.bJ 24.6 ) 24.60 24.60 24.60 24.60 - • CO « .00 -l.OP -l.OC - l.CC -1.0?
fl i I 2 1 4 77 2b. 00 2b. 0 7 26.30 26.0 0 26.09 2b.on 26.UO .00 - .Ù? -l.CO -l.OP -1.9? -1.9'fl < 12 lb 77 27. 00 27.0 0 27.0 7 27. CO 27.00 27.00 27. OO - .0^ - . )0 -l.CO -1.99 -1. 9) -l.O'A4 I 2 lb 77 2b. hO 25.00 25.60 25.60 25.60 25.60 2 5.60 - .00 • .yp -l.OC -1.90 -l.OP -1.0?
flb 12 17 77 24. *0 24.4.) 24.47 24.40 24.4? 24. 40 24. 40 - .00 - . C9 -1.00 -1.0: -1. 00 -1.0?
flt> I 2 1 M 77 21. “0 21.4.3 21 .8(1 21.80 21.80 21.80 21 . HO - • CC - .on -l.OP -l.OC - 1. C': -1.0?
HI I 2 IV 7 7 17. 40 1 7.80 10.87 lO.flC 19.80 17.HU 17.80 - • OC .oc -l.OP -1.00 -1. c? - 1. 0 r
A4 12 20 77 14. 43 lfl.40 18.40 18.40 18.40 18. 40 IH. 40 .0^ . 9? —1.00 — 1,00 -l.CP -l.CPA4 1 2 21 7 7 lb, 40 lb.47 16.HO lb.HO 16.MO 16, HU 16.80 - .or - .09 -l.OC — 1.00 -l.OC -1.0 9
40 I 2 22 77 1 J. 00 17.00 17.00 17.00 17.00 17.UV 17.00 - .CC - .CO -1.00 -1.09 -I.uc -l.CC
4 i 1 2 2’ 77 14. 00 14.00 18.3? 18. 00 18.00 18.00 18. OC - • or - .00 -l.CO -1.00 - 1 .  oc -l.C?
Oi 12 24 77 14. bO 18.63 13.60 18.60 18.60 18.6U 18 .60 - .00 - .OP -l.CO -l.C: -1.0') -1.0?
9i 12 2 b 77 14. SO Ifl.bO 1 8 . 5 7 18.5U 18.50 lH.su IH. bC - .00 .0? -l.pp -1.90 -I.cr -l.O?'
04 I 2 2b 77 17. 2 7 17.2) 17. 20 17.20 17.20 17. 2U 17. 20 • .00 - .00 -l.CO -l.OP -l.OC -1.09Ob 12 2 7 77 12.47 12.Hr 12 .80 12.80 12.80 12. 80 12. HO - .00 - .pp -1.00 -l.CP -I. CC -l.C 'Ob 1 2 2 4 77 4. 0? A.07 7.03 <*.00 7.00 7. 00 7.09 .00 - . 09 -l.OC -l.C' -1. 09 -1.0'
07 I 2 20 7/ b. 20 6 . 2 0 6.27 6.20 6.20 6.20 6.29 - .00 . CC -l.CP -1.9? - 1 . j 0 -1.9'04 1 2 3 0 77 4. 47 4.4J 4.80 4.flO 4.89 4. 80 4 . H? - .00 - .CP -l.CO -1.9' -l.CC -1.0?
OO 12 31 77 3. 73 3.70 3.70 3.7? 3.70 3. 70 3. 7? - .OP -1.00 -l.OC -l.CO -l.C'

lOO 1 1 74 J. 27 3.2) 3.27 3.20 3.20 3.29 3.20 - .00 * .00 -l.CC -1.00 -1.9? — 1. y P
101 1 2 7H 2. "7 7.4'' 2.8? 2.«7 2. 80 ■*. «0 2. 80 - - 00 . CC -l.oo -l.C" -l.CO -1.0?
10^ 1 3 74 2. 7 0 2.7 1 2.7? 2.70 2.79 2. 70 2.7 0 • .0^ - .oc -1.00 -1.9' -l.CP -l.or
10 j I 4 7H 4.47 4.4J 4. 40 4.4: 4.40 4. 40 4.40 - - .99 -l.CO -1.0: -l.oo -1,0?
104 1 S 74 b. CO 6.0' 6.0 7 6.CC 6.0? 6.0.9 6. 00 .00 .  OP —1.00 —1.0? -l.C' -l.O'
10b 1 b 7H 7. JO 7.00 8.00 8.00 7.00 •*.0? 7.00 - • 00 - .0? -l.oo —l.OP - 1, on -l.CP
10b 1 7 7H 11.40 11 .40 11.40 11 .40 11.40 11.40 11.40 <- .CO - .CO -l.CC - I . oc -l.CC -l.or
107 1 A 74 1 2. 40 1 2. 40 1 2. 4? : 2. 4 0 1 2. 40 1 ». "0 12. 40 * • CO . o r —l.C) —1.00 -l.OC -l.C'
104 1 u 74 11. uO 11.00 11.00 11 .CO 11.00 11.UO 11 .00 - .00 - .or -l.C: -i.uc -l.CP -l.C?
104 1 10 74 4 .  b j 4. 60 8.60 8.60 8 . 6 ? 8. 60 8. be - .  00 - .  zr, -l.OC -l.OC -1.00 -1.9'
110 1 11 7 4 b .  70 6,70 6.70 6.70 6.70 6. 7U 6.7 0 mm .00 mm .00 -l.CO -l.OC -1.0? -1.0'
111 1 17 74 b. 00 5.00 5.00 5.00 5.00 5.00 b.OU - .00 •m. .00 -l.OC -1.00 -l.oo -1.0?
11 ? 1 1 7 74 3. 47 3 . 4 - 3.8) 3.8? 3.80 3.80 3. 80 - .00 . on -1.0 0 -l.OP -l.CO -l.C'
11 J 1 1 « 7 4 3. 27 3. 20 3.2) 3. 20 3. 20 3. 20 3. 20 • 2C * .UP - l . o o  - 1 . 0 ? -1.90 -1.0'
114 1 lb 7 4 2. bl) 2.61 2.60 2 .60 2.60 2.6U 2.60 - • OC - .00 -1.00 -l.OC -1. oc -l.O?
lib 1 lb 74 2. 37 2.30 2.3) 2.30 7. 30 7. 30 2. 3? - .0^ *■ .  00 -l.OC -I.)? -l.OP -1.0?
lib 1 17 74 2. 27 2. 20 2. 20 2.20 2. 20 2. 20 2. 20 - .CO - .CO -1.00 -1.00 -1.00 -1.0 1
117 1 14 74 ?. 20 2.23 2.20 2.20 2.20 2. 20 2.20 - . o r - .CP -l.OC -1.90 -1.C9 -l.or
I I H 1 10 74 2. 30 2.37 2.3: 2.30 2.30 2. 30 2. 30 - • CC - .  CC -1.00 -1.00 - I . o : -1.6''
114 1 20 74 2. 30 2. 3) 2. 30 2. 30 2. 30 2. 30 2. 30 - • CO - .oc -l.CO -l.O? -l.oo -1.0?
120 1 21 74 2. 40 2.47 2.40 2.40 2.4) 2. 40 2 . 4 ? - .CO .00 -l.CC -1.3C - 1 . 0 0 -1.0?
121 1 22 74 2. 40 2.40 2.40 2.40 2. 40 2. 41) 2. 4P * .00 . OP -1.00 -1.JP -1. 9? -1.0'
122 1 23 74 2. SO 2.bO 2.SC 2.50 2.59 2. 50 2. 50 - . 0 0 - .CC -l.C? -l.OP -l.CO -1.09
12 j 1 24 78 2. bO 2.6 ) 2 .60 2.6) 2 .60 2.60 2.60 - . o r . 0 0 -1.00 — 1.00 -l.CO -l.C?
124 1 2 b 74 2 .  bO 2.6) 2 .  61, 2. 60 2.60 2.60 ?. 69 - . 0 0 - . 0 0 -1.00 -1.0? -l.CP -1.0'
I 2b 1 2b 7 4 2. 70 2.7? 2.70 2.7C 2.70 2. 70 2. 70 - • CO - . 0 0 -l.CO -1.90 -1.00 -l.OP
120 1 2 7 7 4 2.8) 2.80 2.80 2.80 2.80 2.8 0 2.8(1 - .CC • . cn -1.00 -1.0? - 1. 0 0 -I.o:
127 1 2 4 74 3.00 3.07 1 . JO 3.00 3.00 3.00 3.00 . 0 0 - . 09 —1.00 —l.oo -I.cr -l.OC
124 1 2 0 7 4 3 .  17 3. 20 3. 2" 3. 20 3. 20 3. 20 3. 20 .11 — . o c -1.00 -l.'JO -1.00 -1.C1
120 1 30 78 3. OP 3.07 3.00 3.00 3.3? 3. JO 3.00 - . 0 0 - .09 -1.00 -1.00 -l.OC -l.or
1 30 1 31 74 2 . 4 ) 2 . 7 0 2 .80 2.70 2.70 2. *0 2.70 - . (If) - . 0? -1.00 -1.90 -1.09 -l.OP
171 2 I 74 4.07 3. 00 3.0 7 3. 00 3.00 3. U'l 3.0 0 - .00 - . 0 0 -l.CO -1.00 -1.9C -l.OP
132 2 2 78 .3. 40 3.HP 3. 80 3.«0 3.80 3.80 3.80 - . 0 0 - . 0 0 -l.CO -1.00 -l.CO -l.OC
1 33 2 3 7 8 b. 10 5.10 5.10 5.10 5.10 5. 10 5.10 * .cn * .90 —1 * 0 ?  — 1 * 0 ? — 1.00 -l.oo
1 34 4 74 4 .  07 8.3) « . 0 0 4 . 0 0 8.00 8 . 0 0 fl. 0 0 - .CC - . 00 -1.00 -1.09 - 1 .  OC -l.JP
1 3b 2 b 74 12.Ü0 12.60 12.00 12.00 12.00 12.00 12.00 - • on - . 0 0 — l.CO —l.oo — 1.00 -1.0?
13b 2 b 74 1 4. 00 14.63 14.00 14.00 14.00 14.00 14.00 • .00 — .un -l.CO -1.00 -1.00 -l.CO
1 37 7. 7 74 lb. 70 15.70 15.7? 15.7C 15.70 15.70 15.70 • 0 0 - . 0 0 -1.00 -1.0 0 -1. oc -l.OC
134 2 H 74 14. HC 14.A3 14. 3(1 14.80 14.80 14. HO 14 . HC - .00 . 0 0 -1.00 -1.00 -l.oo -l.O?.
1 JO 0 74 11.00 11.00 11.00 11.00 11.00 11.00 11.00 - . 0 0 - .GO -l.CU -1.00 -I. 00 -1.00
1 40 2 10 74 7. 4) 7.«7 7.83 7.8 0 7.89 7.80 7. HC - . 00 - . 00 -1.00 -1.00 - 1. oc -I. or
1 41 2 11 7 4 b. bO 5.60 5.60 5.60 5.60 5.60 5.60 - . 0 0 - .CO -1.00 -1.90 -1. CO -1.0?
142 2 12 74 4. 4b 4.3.) 4 . 30 4.30 4.40 4. 50 4.55 . f»n .65 -l.oo -1.09 -1.00 -l.CP.
143 2 13

J4.
74
ia_

3.AC 3.A7 3.80 
.. /UaSL—4U0jQ— -4*0 « -

3 . « P 3.80
..A^USL.

3. 80 
1.J.LL

3. HO
-

-00
l^S L . :

.  0? -1.09 -l.OP -1.09 -1.0?
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S t e e p  C r e e k  

TIME OF DISCHARGE

8 10 12

READING

14 16 18 20

n i

22 24

1 4b 2 1 5 7 8 4 .  40 4 . 4 0 4 .  40 4 . 4 0 4 . 4 0 4 .  4 0 4 .  40 - l . o o - l . C C - l . C O - 1 . 0 0 - 1 .  0 0 - l . u C
1 4 0 2 1 7 8 4 .  87 4 . 8 0 4 . 8 0 4 . 8 0 4 . 8 " 4 .  8 0 4 .  80 - l . o o - 1 .  OP - 1 . 0 0 - 1 .  00 - 1 .  OP - 1 . 0 )
1 4 7 2 1 V 7 8 5 .  20 5 . 2 0 5 .  20 5 . 2 0 5 . 2 0 S .  20 5 .  2C - 1 . 0 0 - 1 . 0 0 - l . C O - 1 . 0 0 - 1 . 0 0 - 1 . 0 "
1 4 0 2 1« 78 5 . 6 0 5 . 6 0 5 . 6 0 5 . 6 0 5 . 6 0 5 . 6 0 5 . 6 0 - l . C O - 1 . 0 0 - l . C O - 1 . 0 0 - 1. cn - 1 . 0 1
1 4 9 >. 1 9 7 8 5 .  O ' 6 . 0 0 6 . 0  1 6 . OP 6 . 0 0 6 .  0 0 6 .  CC - 1 . 0 0 — 1 . 0 0 - 1 . 0 0 - 1 . 0 0 - l . C P - l . o r
1 5 0 I 20 7 8 6 .  4C 5 . 4 0 6 .  10 6 .  4P 6 . 4 0 6 .  40 b .  40 - 1 . 0 0 - 1 . 0 0 - 1  . 0 0 - 1 . 3 0 - l . o o - 1 . 0 "
1 5 1 2 21 7 8 7 . 0 0 7 . 0 C 7 . 0 0 7 . 0 0 7 . 0 0 7 . 0 0 /  . 0 0 - 1 . 0 0 - 1 . 0 0 - 1 . 0 0 - 1 . 0 0 - l . O P - l . o r
1 5 ^ 2 2 2 7 8 7 .  4(1 7 . 4 C 7 . 4 0 7 .  4 0 7 .  4 0 7 .  4 0 7 .  4 0 - 1 . 0 0 - I .  0 0 — 1 . 0 0 - 1 . 0 0 - 1.  oc - l . O "
1 5 3 2 23 7 8 8 .  0 0 8 . 0 0 8 . 0 0 8 . 0 0 8 . 0 0 8 . 0 0 8 . 0 0 - 1 . 0 0 - l . O P - 1 . 0 0 - 1 . 3 P - 1 . 0 2 - l . O C
1 5 4 2 2 4 7 8 8 .  60 H . 6 P 3 . 6 0 8 . 6 C 8 . 6 0 8 . 6 0 8 . 6 0 - 1 . 0 0 - l . C C - l . C O - 1 . 0 0 - l . C P - 1 . 0  n
1 5 5 2 25 7 8 9 ,  20 9 . 2 0 9 . 2 0 9 . 2 0 9 . 2 0 9 .  20 9 .  20 - 1 . 0 0 — 1 . 0 0 - l . o o - 1 .  0 0 - 1 -  OP - l . O P
1 5 0 2 20 7 8 9 . 1 1 9 . 6 1 9 .  60 9 . 6 0 9 .  6 0 9 .  60 9 .  60 9 . 6 0 - 1 . 0 " - I  . CO - l . C C - l . O C - t  . o c
1 5 7 2 2 / 7 8 1 0 .  40 1 0 . 4 0 TO .  40 1 0 . 4 0 I J  . 4 0 1 0 . 4 0 10 . 4 0 - 1 . 0 0 - l . O C - 1  . 0 0 - 1 . 0 0 -  l . o o - 1  . 0 0
1 5 8 2 2 8 7 8 1 1 . 6 0 1 1 . 6 0 1 1 . 6 0 1 1 . 6 0 1 1 . 5 0 1 1 . 6 0 1 1 . 6 0 - 1 . 0 0 - 1 . 0 0 - l . c n — 1 . 0 0 - 1 . 0 0 - 1 . 0 "
1 5 9 3 1 7 8 I  2 .  80 1 2 . 8 0 1 2 . 8 0 I  2 .  « 0 1 2 .  8 0 1 2 .  80 1 2 .  80 - 1 . 0 0 - 1 .  CO - l . C O - l . O C - l . C O - l . o r
1 5 0 3 2 7 8 1 4 .  0 0 1 4 . 0 0 1 4 . 0 0 1 4 . 0 0 1 4 . 0 0 1 4 . 0 0 1 4 . 0 0 - l . o o - 1 . 0 0 - 1  . 0 0 - 1 . 0 0 - l . C C - 1 . 0 "
1 6 1 i J 7 8 1 5 .  40 1 5 . 4 0 1 5 . 4 0 1 5 . 4 0 1 5 . 4 0 l 3 .  40 1 5 . 4 0 - 1 . 0 0 - 1 . 0 0 — l . C O - l . O C -  1 .  OP - l . G "
1 5 2 3 4 7 8 1 6 .  60 1 6 . 6 0 1 6 . 6 0 I  6 . 6 0 1 6 . 6 0 1 6 .  6 0 1 6 .  6 0 - l . C O - 1 -  00 - l . C O - l . O C - 1 .  0 0 - l . O P
1 5 3 3 5 7 8 1 8 .  ÙU 1 8 , 0 0 1 3 . 0 0 1 8 . 0 0 1 9 . 0 0 1 8 , 0 0 1 8 . 0 0 - 1 . 0 0 - 1  . 0 0 - 1  . 0 0 - 1 . 0 0 - l . o o - l . O C
1 5 4 3 0 7 8 2 1 . 0 0 2 1 . 0 0 2 1 . 0 0 2 1 . OC 2 1 . 0 0 2 1 . 0 0 2 1 . 0 0 - l . C O - l . O C - 1  . 0 0 - 1 . 0 0 - 1 .  OP - l . O P
1 5 5 7 7 7 8 2 6 .  40 2 6 . 4 1 2 6 . 4 0 2 6 . 4 0 2 6 .  40 2 6 .  40 2 6 .  4 0 - 1 . 0 0 - l . C O - 1 . 0 0 - 1 .  0 0 - l . C O - l . o r
1 6 0 3 H 7 8 2 7 .  0 0 2 7 . 0 0 2 7 . 0 0 2 7 . 0 0 2 7 . 0 0 2 7 . 0 0 2 7 . 0 0 - 1  . 0 0 - l . O C - 1  . CO - 1 . 0 0 - l . O C — l . v l
1 6 7 3 9 7 8 2 5 .  00 2 5 . 0 0 2 5 . 0 0 2 5 . 0 0 2 5 . 0 0 2 5 . 0 0 2 5 . 0 0 - 1 . 0 0 - 1 . 0 0 - 1  . CO - 1 . 0 0 - I .  00 - l . C P
1 6 3 3 I P 7 8 2 7 .  40 2 7 .  41 2 7 .  4U 2 7 .  40 2 7 .  40 2 7 .  40 2 7 .  40 - 1 . 0 0 - 1 . 0 0 - 1 . 0 0 - 1 . 0 0 - 1 . 0 0 - 1 . 0 "
1 6 9 3 11 7 8 2 1 . 7 8 - 1 . 0 0 - 1 . 0 0 - l . O C - 1 . 0 0 - 1 . 0 0 — 1 . 0 0 2 2 . 2 0 2 1 . 7 0 2 1 . 7 0 2 1 . 7 0 2 1 . 7 0 2 1 . 7 "
1 7 0 3 1 2 7 8 21 .  38 2 1 . 7 0 2 1 . 7 0 2 1 . 7 0 2 1 . 7 0 2 1 . 7 0 2 1 . 7 0 3 1 . 7 0 2 1 .  20 2 1 . 2 0 2 0 .  90 2 0 .  9 0 2 1 .  4 0
1 7 1 3 1.3 7 8 1 9 .  3 4 2 0 . 2 0 1 9 . 9 0 1 9 , 7 0 1 9 . 7 0 1 9 . 7 0 1 9 .  30 1 9 . 3 0 1 9 . 3 3 1 8 . 9 0 1 8 . 7 0 1 8 . 7 0 1 8 . 7C
1 7 2 3 1 4 7 8 1 7 .  18 1 8 . 2 0 1 8 . 2 0 1 7 . 8 0 1 7 . 6 0 1 7 .  40 1 7 . 1 0 1 7 . 1 0 1 6 .  90 1 6 . 9 0 1 6 . 4 0 1 6 .  40 1 6 . 2 0
1 7 3 3 1 5 7 8 1 5 .  0 7 1 6 . 0 0 1 6 . 0 0 1 5 . 7 0 1 5 . 3 0 1 5 .  1 0 1 4 . 9 0 1 4 . 9 0 1 4 .  90 1 4 . 7 0 1 4 .  7 0 1 4 .  ->P 1 4 .  3 "
1 7 4 3 16 7 8 1 3 .  93 1 4 . 1 0 1 4 . 1 0 1 3 . 9 0 1 3 . 9 0 1 3 . 9 0 1 3 .  9 0 1 3 . 9 0 J 3 . 9 0 1 3 . 9 0 1 3 . 9 0 1 3 . 9 0 1 3 . 9 0
1 7 5 3 1 7 7 8 1 5 . 2 0 1 3 . 9 0 1 4 . 1 0 1 4 . 1 0 1 4 . 3 0 1 4 . 7 0 1 4 . 7 0 1 4 . 9 0 1 5 .  30 1 5 - 7 0 1 6 .  20 1 6 .  90 1 7 .  60
1 7 6 3 1 8 7 8 2 2 .  7 7 1 8 . 7 0 1 9 . 7 0 2 0 . 9 0 2 1 . 7 0 2 2 .  20 2 2 .  20 2 2 .  7 0 2 3 .  60 2 3 .  90 2 4 .  40 26 . so 2 7 . 0 "
1 7 7 3 1 9 7 8 3 5 .  80 3 0 . 9 0 3 1 . 3 0 3 2 . 8 0 3 5 . 9 0 3 6 . 0 0 36  . 8 0 3 7 . 4 0 3 7 .  4" 3 7 . 4 0 3 7 .  40 3 7 .  40 3 7 . 7 0
1 7 8 3 20 7 8 4 0 .  78 3 8 .  ->0 3 8 .  8 0 ? 9 .  3 0 40 . 0 0 4 0 . 8 0 4 0 .  80 4 1 .  20 4 1 .  60 4 1 . 6 0 4 1 .  6 0 4 7 .  7C 4 7 .  7P
1 7 9 3 21 7 8 4 5 .  46 4 3 . 4 0 4 4 . 6 0 4 5 . 3 0 4 5 . 3 0 4 6 .  30 4 5 . 0 0 4 5 .  30 4 5 . 7 0 4 5 . 7 0 4 5 . 7 0 4 6 . 7 0 4 7 . 5 0

1 9 0 3 2 2 7 8 5 0 . 9 8 4 8 . 7 0 4 9 . 0 0 4 9 . 5 0 5 0 . 0 0 5 0 . 8 0 5 0 . 8 0 5 1 . 2 0 5 1 . 5 0 5 1 . 9 0 5 1 . 9 0 5 2 .  7C 5 3 . 7 0
1 8 1 3 2 3 7 8 5 6 . 1 6 5 5 . 0 0 5 5 . 0 0 5 5 . 5 0 5 5 . 9 0 5 7 . 0 0 5 6 .  30 5 6 .  3 0 ■^6. 30 5 7 . CC 5 7 . 0 0 5 6 .  3C 5 6 .  30
1 8 2 3 2 4 7 8 5 7 .  3 9 5 7 . CO 5 7 . 0 0 5 8 . 0 0 5 8 . 0 0 5 8 . 0 0 5 8 . 0 0 5 0 . 0 0 58 .  on 5 7 . 5 0 5 7 . 0 0 5 6 .  30 5 5 . 3 0
1 8 3 3 2 5 7 8 5 3 .  53 5 5 . 5 0 5 5 . 0 0 5 5 . 0 0 5 5 . 0 0 5 3 . 7 0 5 3 . 7 0 5 3 .  20 5 2 . 7 0 5 2 . 7 0 5 2 . 7 0 5 1 .  9C> 5 1 - 2 "
1 8 4 3 2 6 7 8 4 7 .  1 4 5 0 .  80 5 0 . 8 0 5 0 . 0 0 4 9 . 5 0 4 9 . 5 0 4 7 . 9 0 4 3 .  40 4 4 .  5 0 4 6 . 7 0 - 1 . 0 0 3 0 .  3 0 - l . o r
I  8 5 3 2 / 7 8 4 8 .  7 0 4 2 . 7 0 5 0 . 0 0 - 1 . 0 0 4 9 . 5 0 5 0 .  40 5 0 . 9 0 - l . C O - l . C O - 1 . 0 0 - 1 . 0 0 - 1 . 0 0 - l . o r
I  8 6 3 2 8 7 8 7 5 .  00 7 5 . 0 0 7 5  . 0 0 7 5 . 0 0 7 5 . 0 0 7 5 . 0 0 7 5 . 0 0 - 1 . 0 0 - 1 . 0 0 — 1 .  0 0 - l . O C - 1 . 0 0 - 1 . 0 0
1 8 7 3 2 9 7 8 7 8 .  50 7 8 . 5 0 7 8 . 5 0 7 8 . 5 0 7 8 . 5 0 7 8 . 5 0 7 8 .  5 0 - 1 . 0 0 - 1 .  0 0 - 1 . 0 0 - l . O C - 1. on - l . O "
1 8 8 3 30 7 8 8 4 .  00 8 4 . 0 0 8 4 . 0 0 8 4 . 0 0 8 4 . 0 0 8 4 . 0 0 8 4 . 0 0 - 1 . 0 0 - 1 . 0 0 - 1 . 0 0 - 1 . 0 0 - l . C O - l . O C
1 8 9 3 31 7U 8 8 . 6 0 8 8 . 6 0 8 3 . 6 0 8 8 . 6 0 8 8 . 6 0 8 8 . 6 0 8 8 . 6 0 - 1 . 0 0 - 1 . 0 0 — 1 . 0 0 - l . O P - 1 .  OC - i . o n
1 9 0 4 1 7 8 8 0 .  01 8 9 . 0 0 8 9 . 0 0 8 9 . 0 0 8 9 .  0 0 8 9 .  0 0 8 9 .  0 0 - 1 . 0 0 - 1.  oc - I .  oc - 1 .  0 0 - 1 .  0 0 - 1 . 0 0
1 9 1 4 2 7 8 8 5 .  7 3 - 1 . 0 0 - 1 . 0 0 - 1 . 0 0 - 1 . 0 0 - l . o o 8 7 .  50 0 7 .  5 0 8 7 . 5 0 8 7 . 0 0 8 5 . 3 0 m .  50 8 1 . eC
1 9 2 4 3 7 8 7 0 . 7 8 7 9 . 6 0 7 7 . 3 0 7 5 . 3 0 7 3 . 9 0 7 1 . 1 0 6 9 . 2 0 - 1 . 0 0 - l . C O - 1  . 0 0 6 5 . 1 0 6 3 .  7 0 6 1 . 9 0

1 9 3 4 4 7 8 5 4 .  6 6 6 0 . 5 0 5 9 . 5 0 5 8 . 0 0 5 6 . 3 0 5 5 .  5 0 5 5 . 0 0 5 3 .  7 0 5 1 . 9 0 5 1 .  20 5 0 -  80 5 7 .  7 0 5 0 .  8 0
1 9 4 4 5 7 8 4 4 .  5 8 4 9 . 5 0 4 8 .  70 4 7 . 1 0 4 6 . 7 0 4 5 .  30 4 4 . 6 0 4 3 .  8 0 4 3 . 0 0 4 2 . 7 0 4 1 . 6 0 4 1 .  20 4 0 . 8 0
1 9 5 4 0 7 8 3 7 .  45 4 0 . CO 3 9 . 3 0 3 8 . 8 0 3 8 . 8 0 3 7 . 7  0 31  . 4 0 3 6 . 8 0 3 6 . 5 0 3 6 . 1 0 3 6 . 1 0 3 8 . 0 0 3 6 . 1 0

1 9 6 4 7 78 3 3 . 6 4 3 6 . 1 0 3 5 . 8 7 3 4 . 0 0 3 4 .  10 3 3 .  5 0 3 2 .  80 3 3 . 5 0 3 2 .  50 3 2 . 5 0 3 2 . 5 0 3 8 .  5 " 3 3 . 1 0
1 9 7 4 H 7 8 3 1 . 9 4 3 2 .  80 3 2 .  5 0 3 2 . 5 0 31 .  8 0 3 1 .  50 3 1 . 5 0 3 1 .  20 3 1 . 2 0 3 1 . 5 0 31 .  8 0 3 2 .  8 0 3 7 . 5 0

1 9 8 4 y 7 8 3 2 . 0 1 3 2 . 5 0 3 2 . 5 0 3 2 . 5 0 3 2 . 5 0 3 1 . 8 0 3 1 . 5 0 3 1 . 8 0 3 1 . 0 0 31 . 8 0 3 1 . 8 0 3 1 . 8 0 3 1 . 8 0

1 9 9 4 1 0 7 8 3 2 . 6 8 3 1 . 8 0 3 1 . 8 0 3 1 . 8 0 3 1 . 8 0 3 1 . 8 0 3 1 .  HO 3 2 .  ‘=0 3 2 .  80 33 . * =0 3 4 .  1 0 3 4 .  i n 3 4 . 5 0

2 0 0 4 11 7 8 3 5 .  7 2 3 4 .  8 0 3 5 .  80 3 5 . 8 0 3 5 .  8 0 35- ,  80 3 5 .  80 3 5 .  80 35.  no 3 5 .  00 3 5 .  80 3 5 .  PO 3 5 . 0 0

2 0 1 4 1 2 7 8 3 5 .  8 8 3 5 . 8 0 3 5 . 8 0 3 5 . 8 0 3 5 . 8 0 3 5 . 8 0 3 5 . 8 0 3 5 . 8 0 3 5 . 8 0 35  . 8 0 3 6 . 1 0 3 6 .  10 3 6 . 1 0

2 0 2 4 1 3 7 8 3 5 . 6 4 3 6 . 1 0 3 6 . 1 0 3 6 . 1 0 3 6 .  10 3 6 . 1 0 3 5 .  80 3 5 . 8 0 3 5 .  8 0 3 5 . 1 0 3 5 .  1 0 3 4 .  80 3 4 .  3 0

2 0 3 4 1 4 7 8 3 3 . 1 9 3 4 . 5 0 3 4 . 1 0 3 4 .  10 3 3 .  5 0 3 3 .  1 0 3 2 .  80 3 2 .  80 1 2 .  80 3 2 .  00 3 2 .  80 3 2 .  50 3 2 . 5 0

2 0 4 4 1 5 7 8 3 1 .  05 3 1 . 8 0 3 1 . 5 0 3 1 . 5 0 3 1 . 2 0 3 0 . 9 0 3 0  . 9 0 3 0 . 9 0 3 0 . 3 0 3 0  . 3 0 31 . 5 0 3 0 .  90 3 0 . 9 0

2 0 5 4 1 6 7 8 3 1 .  0 6 3 0 . 9 0 3 0 - 9 0 3 0 . 9 0 3 0 . 9 0 3 0 . 3 0 3 0 . 3 0 3 2 . 5 0 3 1 . 5 0 3 1 . 5 0 3 1 . 2 0 3 0 .  9 0 3 0 . 9 0
2 0 6 4 1 7 7 8 2 9 .  4 7 3 0 . 3 0 3 0 . 3 0 2 9 . 9 0 2 9 . 6 0 2 9 . 6 0 2 9 .  30 2 9 .  30 2 9 .  30 2 9 .  30 2 9 .  30 2 8 .  7 0 2 8 . 7 0

2 0 7 4 1 8 7 8 2 8 .  0 0 2 8 . 4 0 • 2 8 . 4 0 2 8 . 4 0 2 8 . 1 0 2 8 . 1 0 2 7 . 8 0 2 7 . 8 0 2 7 . 8 0 27 . 8 0 2 7 . 8 0 2 7 . 0 0 2 7 . 8 0

2 0 8 4 1 9 7 8 2 6 .  6 3 2 7 . 2 0 2 7 . 2 ) 2 6 . 9 0 2 6 . 6 0 2 6 . 6 0 2 6 . 4 0 2 6 . 4 0 2 6 . 4 0 2 6 . 4 0 2 6 .  4 0 2 6 .  6 0 2 6 . 4 0

2 0 9 4 20 7 8 2 6 .  7 4 2 6 . 9 0 2 6 . 6 0 2 6 . 6 0 2 6 - 6 0 2 6 . 6 0 2 6 .  60 2 6 .  4 0 2 6 .  40 2 6 .  60 2 7 .  8 0 2 6 .  9 0 2 6 .  90

2 1 0
2 1 1

4 21 7 8 2 6 .  1 8 2 6 . 6 0 2 6 . 4 0 2 6 . 4 0 2 6 . 4 0 2 5 . 8 0 2 5 . 5 0 - 1 . 0 0 - 1 . 0 0 - l . o o - 1 . 0 0 - 1 . 0 0 - 1  . 0 0
4 2 2 7 8 2 4 .  6 9 2 4 . 9 0 2 4 . 9 0 2 4 . 4 0 2 4 . 4 0 2 4 .  40 2 4 . 4 0 2 4 . 4 0 2 4 . 9 0 2 4 . 9 0 2 4 . 9 0 2 4 . 9 3 2 4 . 9 0

21 2 4 2 3 7 8 2 3 .  07 2 4 . 1 0 2 3 . 9 0 2 3 . 9 0 2 3 . 6 0 2 3 , 6 0 2 3 . 6 0 3 2 .  7 0 2 2 .  40 2 2 . 4 0 2 2 .  20 2 2 .  2 0 2 2 . 2 0
2 1 3 4 24 7 8 2 1 . 1 2 2 1 . 7 0 2 1 . 7 0 2 1 . 4 0 2 1 . 2 0 2 1 .  20 2 0 . 9 0 2 0 . 9 0 2 0 . 9C 2 0 . 9 0 2 0 . 9 0 2 0 .  9 0 2 0 . 9 0

2 1 4 4 2 5 7 8 2 0 .  84 2 0 . 9 0 2 0 . 9 0 2 0 . 9 0 2 0 . 4 0 2 0 .  20 2 0 . 2 0 2 0 . 2 0 2 0 . 4 0 2 0 . 9 0 2 1 . 2 0 2 1 . 7 0 2 2 . 2 0

2 1 5 4 2 6 7 8 2 3 .  5 3 2 2 . 2 0 2 2 .  20 2 2 . 2 0 2 2 . 2 0 2 2 .  20 2 3 .  6 0 2 3 . 6 0 2 3 .  op 2 4 . 4 0 2 4 .  90 2 5 . 5 0 2 5 .  5C

2JL6. 7 H— 2 7 - . - f l a . ^ s ^ a v . 2 5 u . ; x o , 26,J5U 3 0 . 3 0 ?0,3,Ç

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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TIME OF DISCHARGE 

8  10 12

READING

14 16 18 20

n e

22 24
ill 4 2 8 78 3 0 .  87 30  .  30 30 .  31 3 0 . 3 0 3 0 . 3 0 3 0 .  30 3 0 . 3 0 3 0 . 3 1 3 0 . 1 0 31 . 5 0 3 1 . 5 0 3 1 .  »L 3 1 - HO
2 1 S 4 2 9 7 8 3 2 .  7 2 3 1 . 8 0 3 1 . 8 0 3 1 . 8 0 3 1 . 5 0 3 1 .  5 0 3 1 .  20 3 1 . 2 0 ■’ 1 .  5 0 3 5 .  I C 3 5 ,  10 3 5 .  10 7 5 .  11
2 1 9 4 30 7 8 3.4.  30 3 5 . 1 6 - 1 . 0 0 - l . C O - 1 . 0 0 - 1 . 0 0 - 1 . 0 0 3 0 .  30 f t l .  53 3 1 . 8 0 3 2 .  HO 3 4 .  ftC 3 6 . HC
2 2 0 5 I 7 8 3 b .  bb 3 8 . 0 0 3 9 . 0  0 3 8 . 8 0 37  . 4 0 3 6 . 8 0 3 6 . 1 7 3 5 . 8 0 3 5 . ftf 35  . 8 0 f tS. f tO 3 5 .  ftc 3 5 .  pr
2 2 1 5 2 7 8 3 1.  97 3 5 . ft) 35 . 81 3 5 .  1.1 1 4 . 8 0 3 1.  80 3 4 .  51 3 4 . 0 4 3 4 .  Of 3 4 . 8 0 1 4 .  ft.i 3 4 .  p i 7 4 .  H,
2 2 2 5 3 78 3 2 . 9 2 3 4 .  10 4 4 .  10 3 1 . 1 1 3 3 . 5 0 3 3 . 1 0 3 2 .  ft'7 3 2 , 5 1 3 2 . 5C 3 2 . * ^ 0 3 2 . 5 0 3 1 .  ft" 3 1 . 5 '
2 2 J b 4 7 8 3 9 .  31 3 1 . 5 0 31 .  2 " 3J  . 9 0 30 . 9 0 3 7 . 9 0 3 0 . 3 0 3 0 . 3 1 7 9 . "C 29 . 6 0 2 9 . 6 1 2 " .  30 2 9 . 3 1
2 2 4 S 5 7 8 2 7 .  2 9 2 8 . 7 0 2 8 . 4 0 2 8 . 1 0 1 7 . 8 0 2 7 .  80 2 7 .  20 2 6 .  90 2 * .  6 0 2 6 .  6 0 2 6 .  40 2‘. 41 t * .  4 1
2 2 b b b 7 8 2 5 .  1 7 2 6 .  43 2 5 .  80 2 b .  5 0 2 4 .  90 2 4 .  90 2 4 .  90 2 5 . 8 0 7 5 .  CC 2 4 . 9 1 2 4 . 9 1 2 4 .  4C 2 4 . 1 '
2 2 6 S 7 7 8 2 3 .  45 2 3 . 9 1 7 3 . 6 0 2 - 3 . 6 0 7 3 . 0 0 2 2 . 7 0 23 . 6 3 2 3 . 0 0 2 3 . 0 0 23  . 0 0 2 4 . 7 1 2 1 . 6 7 2 3 . 6 1
ill 3 M 7 8 2 2 . 0 3 2 3 . 0 0 2 2 . 7 0 2 2 . 4 0 2 2 . 2 0 2 2 . 2 0 2 1 . 7  0 2 1 . 7 0 2 1 . 7 1 2 1 .  7 0 2 1 . 7 1 2 1 . 7 ) 7 1 . 7 0
2 2 H 5 9 7 8 2 1 .  28 2 1 . 7 0 2 1 .  10 2 1 . 2 0 2 1 .  2 0 2 0 .  90 2 0 .  90 2 0 .  40 2 0 .  40 2 1 . 2 0 2 1 . 7  7 2 2 .  21 2 2 . 2 1
2 2 V b l u 7 8 2 1 .  5 2 2 2 .  20 2 1 . 7 0 7 1 . 7 0 2 1 . 4 0 2 1 . 7 0 2 1 . 2 0 2 0 . 9 0 20 . 9 0 21 . 2C 2 1 . 4 0 2 1 . 7C 2 2 . 2 "
2 3 0 b 11 7 8 2 1 . 8 5 2 2 . 2 0 2 2 . 2 0 2 2 . 7 0 2 2 . 2 0 2 1 . 7 0 21 . 7 0 2 1 . 4 1 2 1 . 4 0 2 1 . 4 1 2 1 .  4 0 1 1 .  7 " 2 " .  71
2 3 1 5 1 2 7 9 2 1 . 4 5 2 1 . 7 0 2 1 . 7 1 2 1 . 7 0 2 1 . 4 0 2 1 .  40 2 1 .  20 2 1 .  2 0 2 1 .  21 2 1 .  40 2 1 .  40 21 .  40 2 1 . 7 1
2 3 2 5 13 7 8 2 0 .  9 2 2 1 . 7 0 2 2 . 7 0 2 1 . 4 0 2 D .  90 2 7 .  Vu 27 . 2 0 2 0 . 2 0 20 . 4 0 20 . 4 0 2 0 . 9 0 2 0 .  90 2 0 . " 1
2 3 3 S 1 4 7 8 2 0 .  81 2 0 . 9 0 20 . 9 0 2 0 . 9 0 2 0 . 9 0 2 0 .  40 2 0 . 2 0 2 0 . 2 0 2 0 .  40 2 0 , 9 0 2 1 . 2 0 2 1 . 4 0 2 1 . 4 1
2 3 4 5 1 5 7 0 2 1 . 0 5 2 1 . 4 0 2 1 . 4 3 7 1 . 4 0 2 1 . 4 0 2 1 . 4 0 2 1 .  "0 2 1 . 1 0 2 2 .  21 2 2 .  41 7 3 .  61 2 2 .  77 2 2 .  4 '
2 3 b 5 1 6 7 8 2 1 . 8 9 2 2 . 4 3 2 2 .  40 2 2 . 2 0 2 2 . 2 0 2 2 . 2 0 2 2 .  2C 2 1 . 7 1 2 1 . 7 0 21 . 4 0 2 1 . 4 0 2 1 . 4 0 2 1 . 4 1
2 3 6 5 1 7 7 9 2 0 .  83 2 1 . 2 0 2 1 . 2 0 2 0 . 9 0 2 J . 9 0 2 0 .  " 0 20 .  4*7 2 0 . 4 1 2 0 .  40 2 0 . 9 0 2 0 . 9 0 2 C .  90 2 0 . 9 1
2 3 7 5 I  « 7 8 2 0 .  7 9 2 0 . 9 0 2 1 .  20 7 1 . 4 0 2 1 . 4 0 2 1 .  20 20 .  90 3 0 . 9 0 2 0 . " 3 2 0 .  40 2 0 .  70 20 .  2C 1 9 .  9 '
2 3 4 b 19 7 8 1 9 .  20 1 9 . 7 0 1 9 . 7 0 1 9 . 7 0 1 9 . 3 0 1 9 . 3 0 1 9 . 3 0 1 8 . 9 0 1 8 . 9 0 1 8 . 9 0 1 f t . 9 0 1f t .  9 0 1 8 . 0 1
2 3 9 S 20 7 8 1 8 . 4 7 1 8 . 0 0 1 8 . 7 0 1 8 . 7 0 1 8 . 7 0 1f t .  2 0 1 8 . 2 0 1 8 . 2 0 1 8 . 2 0 1 8 .  20 1 8 . 2 0 1 » .  7 0 1 f t . 7 '

2 4 0 5 21 7 8 1 8 . 3 ? 1 f t .  20 1 8 .  20 1 f t .  2 0 1 8 . 2 0 1 8 .  20 I H .  20 1 8 .  21 1 P.  20 1 8 .  20 1 H . 7 C 1 8 . 7 0 1 H .  7 '
2 4 1 b 2 2 7 8 1 9 .  3 9 1 f t .  70 2 0 . 2 0 1 9 . 7 0 1 9 . 7 0 1 9 . 3 0 I V .  3 0 1 9 . 3 1 1 9 . 3 C 1 9 . 3 0 1 9 . 3 1 1 9 . 3 0 1 9 . 3 '
2 4 2 b 2 1 7 8 1 9 .  5 4 1 9 . 3 0 1 9 . 1 0 1 9 . 3 0 1 9 . 3 0 1 9 . 7 0 20  .  20 1 9 . 9 0 1 9 . 7 1 1 9 . 7 0 1 9 . 7 0 1 9 . 9 0 1 9 .  9 '
2 4  3 5 2 4 7 9 2 1 . 4 3 1 9 . 7 0 1 9 . 7 0 1 9 . 7 0 1 9 . 7 0 2 0 . 8 0 20 ,  "'J 2 1 . 2 1 2 2 .  2P 2 2 .  70 2 3 .  0? 2 7 . 6 1 2 ft. 91
2 4 4 5 2 5 7 8 2 b .  5 9 2 3 . 9 0 2 4 , 1 0 2 4 . 9 0 2 4 . 9 0 2 4 . 9 0 2 5 .  20 2 5 . 8 0 2 6 . 4 1 2 6 . 6 0 2 6 . 6 0 2 6 .  90 7 6 . 9 1
2 4 b b it 7 8 2 7 .  13 2 7 . 2 0 2 7 . 2 0 7 7 . 8 0 2 7 . 8 0 2 7 . 8 0 2 7 . HO 2 7 . 8 0 2 7 . 8 0 2 7 . 8 0 2 7 . 8 0 2 7 .  80 2 7 . 8 1
2 4 6 5 2 7 7 8 2 6 .  6 5 2 7 . 2 1 27 .  20 2 7 . 2 0 2 6 . 9 0 2 6 .  60 2 6 .  41 3 6 .  4 1 ? 6 .  4C 2 6 .  41 2 6 .  4.7 2 6 .  40 7 6 .  4"
2 4 7 S 28 7 9 2 5 . 1 7 2 5 . 8 3 2 5 .  HO 7 5 . 8 0 2 5 . 2 0 2 4 . 9 0 2 4 . 9 0 2 4 . 9 0 3 4 . OC 2 4 . 9 0 2 4 . 9 0 2 4 . 9 7 7 5 .  2"
2 4 4 5 2 9 79 2 4 .  7 4 2 5 .  20 2 5 . 2 0 2 4 . 9 0 2 4 . 9 0 2 4 . 9 0 2 4 . 9 0 2 4 .  40 2 4 .  40 2 4 . 4 0 2 4 .  40 2 4 .  41 2 4 . 9 '
2 4 9 5 30 7 9 2 4 .  4 6 2 4 . 0 1 2 4 . 9 1 2 4 . 9 0 2 4 . 9 0 2 4 .  90 2 4 .  40 2 4 . 1 1 2 4 .  1C 2 4 .  10 2 4 . 1 7 2 4 .  10 2 4 .  K ,
2 5 0 S 31 7 8 2 3 . 7 7 2 4 . 1 0 2 4 . 1 0 2 4 . 1 0 2 3 . 9 0 2 1 . 9 0 2 3 . 6 0 2 3 . 6 1 2 3 . 6 0 2 3 . 6 0 2 3 . 6  7 2 f t .  60 2 3 . 6 1
2 5 1 b 1 7 9 2 2 .  21 2 3 . 0 0 2 3 . 0 0 2 3 . 0 0 2 2 . 7 0 2 2 .  40 2 2 . 2 0 2 1 . 7 0 2 1 . 7 0 2 1 . 7 0 2 1 . 7 0 2 1 . 7 0 2 1 . 7 1
2 5 2 6 7 7 8 2 0 .  « 3 7 1 . 7 0 2 1 . 7 1 2 1 . 7 0 2 1 . 4 0 2 1 . 2 0 2 0 . 9 0 2 0 . 4  7 2 0 .  2C 2 0 .  70 2 0 .  70 2 0 .  20 7 0 .  21
2 5 3 6 3 7 8 1 9 .  25 2Ü .  29 20 .  20 1 9 . 9 0 1 9 . 7 0 1 9 . 7 0 1 H . 9 0 1 8 . 9 0 1 8 . 7 0 1 8 . 7 0 1 W . 7 0 1 8 . 7 0 1 8 . 7 9
2 b 4 6 4 7 8 1 8 . 0 1 1 f t . 7 0 1 f t . 7 0 1 8 . 7 0 1 8 . 7 0 1 8 . 7 0 1 8 . 2 0 1 7 . 8 0 1 7 ,  60 1 7 . 4 0 1 7 . 1 0 1 7 .  1C 1 7 .  41
2 5 5 b 5 7 8 1 6 .  83 1 7 . 4 0 1 7 .  4 0 1 7 . 4 0 1 7 . 4 0 1 7 .  40 1 7 . 1 0 1 6 .  1 0 1 6 .  70 1 6 .  CC 1 6 .  0 0 1 6 .  20 1 6 .  2"
2 5 6 6 b 7 8 1 5 .  51 1 6 . 2 0 1 6 . 2 0 1 6 .  20 1 6 . 2 0 1 6 , 0 0 1 5 . 7 0 1 5 . 1 0 1 4 . 9 0 1 4 . 9 0 1 4 . 9 0 1 4 .  9 0 1 4 . 9 1
2 5 7 6 7 7 9 1 4 .  37 1 4 . 9 0 1 4 . 0 0 1 4 . 9 0 1 4 . 9 0 1 4 . 9 0 1 4 . 3 0 1 4 . 1 0 1 3 . 9 0 1 3 . 9 0 1 3 . 9 0 1f t .  9 1 1 3 . 9 1
2 5 H 6 8 7 9 1 3 .  4? 1 3 . 9 0 1 3 .  90 1 7 . 9 0 1 3 . 9 0 1 3 . 9 0 1 3 .  7C 1 3 .  3 0 1 2 .  90 1 2 .  90 1 7 .  91 1 7 .  90 1 2 . 9 1
2 5 9 6 9 7 9 1 2 .  40. 1 2 .  9 0 1 2 .  9 0 1 3 . 1 0 1 3 . 1 0 1 2 .  90 1 2 .  30 1 2 . 1 0 1 1 . 9 0 1 1 . 9 0 1 1 . 9 0 1 1 . 9 0 1 1 . 9 1
2 6 0 6 l u 7 8 1 2 .  1 0 1 1 . 9 0 1 1 . 9 0 1 1 . 9 0 1 2 . 1 0 1 2 . 3 0 1 2 . 7 0 1 2 . 3 0 1 2 . 3 C 1 2 . 1 0 1 1 . 9 0 1 1 . 1 0 1 1 . 9 0
2 6 1 6 11 7 9 1 1 . 3 9 1 1 . 9 0 1 1 . 9 9 1 1 . 9 0 1 1 . 7 0 1 1 . 7 0 1 1 .  40 1 1 .  40 1 1 .  21 1 1 .  OC 1 1 . 0 0 1 0 .  »0 1 0 . 8 1
2 6 2 6 1 2 7 8 1 0 . 3 5 1 0 . 8 0 1 0 . 8 0 1 0 . 8 0 1 0 . 8 0 1 0 .  80 1 0 . 3 0 1 0 . 1 0 1 0 . 1 9 1 0 . 1 0 9 . 9 9 9 . 0 9 9 . 6 6
2 6 3 6 1 3 7 8 9 . 4 1 9 . 9 9 9 . 9 9 9 . 9 " 9 . 9 9 8 . 6 6 9 . 4 9 9 .  3 2 9 . 1 6 H. f t f t ft.  83 p.  ft ft ft.ftft
2 6 4 b 1 4 7 8 8 . 6 3 8 . 6 f t ft , H I 8 . 8 . 3 8 . 8  3 ft. 6ft ft. 5ft 8 . 5 f t P.  5ft » .  = 3 8 .  5ft ft. 5 ? » .  5 ft
2 6 5 6 1 5 7 8 8 .  1 9 8 . 5  3 8 . 5  < f t . 5 3 8 . 5 3 8 . 5 3 8 . Oft 8 . 0 f t 7 . 9 3 7 . 7 f t 7 . 9 3 7 . 9 f t 7 . 9 f t
2 5 6 6 1 6 7 9 7 .  63 7 . 9 3 7 . 9 3 7 . 9 3 7 . 9 3 7 . 9 3 7 . 7  8 7 . 6 f t 7 .  37 7 . 2 7 7 . 2 7 7 .  27 7 . 2 7
2 6 7 6 1 7 7 9 7 .  07 7 . 3 7 7 .  37 7 .  37 7 . 3 7 7 .  27 7 .  1 6 7 . 0 5 6 .  7 7 6 .  77 6 . 7 7 6 . 7 7 6 . 7 7

2 6 H 6 I H 7 8 6 .  98 6 . 7 7 7 . 3 b /  . 1 6 7 . 3 b b .  1 1 6 . 7 7 6 . 7 7 6 . 7  7 6 . 7 7 6 . 7 ^ 6 . 7 7 7 . 1 6
2 6 9 b 1 9 7 8 6 .  85 7 . 2 7 7 . 1 6 7 . 1 6 7 . 1 6 7 . 1 6 7 .  16 6 .  7 7 6 .  5 6 6 .  50 6 .  57 6 .  5 0 6 . 7 6

2 7 0 b 20 7 8 6 .  16 6 . 3 6 6 .  36 6 . 5 0 6 . SC 6 .  50 6 .  36 5 , 9 8 5 .  86. 5 .  Pb 5 . H 6 5 .  Pb 5 . 8 6

2 7 1 b 21 7 8 5 .  89 5 . 8 6 5 . 8 6 5 . 8 6 5 . H 6 5 . 9 f t 5 . 8 6 5 . 9 8 5 .  86 5 .  86 5 .  8 6 5 .  86 5 . 8 6

2 7 2 6 2 2 7 8 5 .  5 8 5 . 8 5 5 . 8 6 5 . 8 6 5 . 8 6 5 . 9 f t 5 .  8 6 5 .  4 6 P.  3 4 5 .  72 5 .  27 8 .  2 2 5 .  2 7
2 7 3 b 2 3 7 8 5 . 0 9 5 . 2 2 5 . 2 2 5 . 3  4 5 . 3 4 5 . 4 b 5 . 2 7 4 . 9 9 4 .  87 4 . 8 7 4 . 8 7 4 .  8 7 4 . 8 7

2 7 4 b 2 4 7 8 1 . 8ft 4 . 8 7 4 . 8 7 4 . 9 9 4 . 9 9 4 . 9 9 4 . 8 7 4 . 7 6 4 .  6 5 4 . 6  5 14.  7 6 4.  9 9 5 . 7 ? '

2 7 b 6 2 5 7 8 5 .  1 ft 5 . 7 2 4 .  9 9 4 . 9 " 5 . 2 2 5 .  22 5 .  22 5 .  2 2 5 .  22 5.  22 5 .  2 2 5 .  22 5 . 2 7

2 7 6 b 2h 7 8 4 . 7  3 4 .  9 0 4 . 99 4 . 9 9 4 . 9 9 4 . 9 9 4 . 8 / 4 . 7 6 4 . 6 5 4 . 4 2 4 . 4 2 4.  12 4 .  3 7

27  / 6 2 7 7 8 4 .  13 4 . 3 7 4 . 3 7 4 . 3 2 4 . 3  2 4 . 3 2 4 .  21 4 .  11 4 .  01 ft.  90 3.  9 0 ft. 91 ft. 9 1

2 7 H 6 28 7 8 3 .  76 3 . 9 0 3 . 9 0 3 . 9 0 3 . 9 0 4 . 0 0 3 .  90 3 . 6 9 ft. 5 8 3 . 5 8 3 . 5 8 ft. 5 8 3 . 5  8

2 7 9 6 2 9 7 8 3 .  50 3 . 5 f t 3 . 5 f t 3 . 5 f t 3 . 6 9 3 . 6 " 3 .  1 8 3 .  3 9 3 . 3 9 f t . 6 9 3 . 6 9 ft. 6 9 3 . 6 9

2 6 0
2**1

h 30 7 8 3 .  8 7 3 . 7 9 3 . 9 3 4 . 0 0 4 . 1 1 4 .  21 4 .  11 3 .  90 3 .  6 9 ft. 6 9 ft. 6 9 ft. 6 9 7 . 6 9

7 1 7 8 3 .  5 3 3 . 6 9 3 . 6 9 3 . 6 9 3 . 6 9 3 . 4 8 3 .  4ft 3 .  39 3 . 2 9 3 . 2 9 3 . 2 9 3 . 9 0 3 . 4 9

252 7 2 7 8 3 .  70 3 . 4 8 3 . 4 8 3 . 5 H 3 . 7 9 3 . 7 9 3 . 7 9 3 . 7 9 3 . 6 9 3 . 6 9 3 . 7 9 3 . 7 9 f t . 6 9

2 « 3  
2 6 4

7 3 7 8 4 .  23 3 . 7 9 3 . 7 9 3 . 9 0 3 . 9 0 3 . 9 0 3 .  9 0 3 . " 0 3 .  6 9 5 .  22 5 . 2 2 4.  7 6 4 .  4 2

7 4 7 9 4 .  80 4 . 6 5 4 . 7 b 4 . 7 6 4 . 6 5 4 . 6 b 4 . b b 5 . 2 2 4 . 9 9 4 . 7 6 4 . 7 6 4 .  8 7 4 . H 7

2 9 5 7 •; 7 8 4 .  42 4 . 8 7 4 . 7 6 4 . 7 6 4 . 6 5 4 . 6 b 4 -  42 4 .  1 2 4 .  21 4 .  11 4 . 1 1 4 .  11 4 . 1 1
2 8 6  
2 8 7

7 6 7 9 3 .  70 4 . 0 0 4 . 0 0 4 .  0 0 4 . 0 0 4 . 0 0 3 .  6 9 3 . 5 8 3 .  48 3 .  39 ft. 3 9 ft. 48 3 .  3 9
7 7 7 8 5 .  10 3 . 3  9 3 . 3 9 3 . 3 9 3 . 4 8 3 . 4 f t 3 . 3 9 3 . 2 " • 3 . 2 0 8 . 0 8 9 . 1 6 9 . 1 6 7 . 7 8

2 H Ü ■ J . - -----6-216- 5 3 r . 5.2J&-. . - 6 , -Go­— S—e a -----
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TIME

8

S t e e p  C r e e k  

: OF DISCHARGE

10 12

READING

14 16 18 20

1 1 3

22 24

Z AP / 9 7R b .  1 2 5 . 4 5 5 .  46 5 . 4 6 5 . 4 6 5 .  4b 4 , 9 9 4 . 7 6 4 . 6 5 4 . 6 5 4 . 6 5 4 .  4? 4 . 1 2
2 9 0 7 1C 7 4 3 .  97 4 . 3 ? 4 . 2 1 4 . 1 1 4 . 2 1 4 .  21 4 . 1 1 3 . 9 0 3 . 7 9 3 . 6  9 3 . 6 9 3 . 6 9 3 . 6 3
2 9 1 7 11 7H 1 .  44 3 . 6 9 3 . 5 4 3 .  54 3 .  5 8 «.  6 9 3 .  44 3 .  3 9 .3. ?9 3 .  2C 3 .  20 3.  2 9 3 ,  7 3
2 9 2 7 12 7 4 3 . 1 0 3 . 2  3 3 . 2 9 3 . 2  9 3 . 2 9 1 . 2 9 3 . 6 1 2 . 9 ? 2 . 9 ? 2 . 9 ? 2 . 9 ? 3 .  C l 3 . U  1
2 9 3 7 1 3 7 4 2 . 4 5 3 . 0 1 3 .  ; l 3 . C 1 3 . 0 1 3 .  01 2 .  9 2 2 . 7 5 2 . 6 6 2 . 6 6 7 . 7 5 ?.  7 5 7 . 7 8
2 9 4 7 11 7R 2.  5 7 2 . 7 S 2 . 7  b 2 . 7 5 2 . 7 5 2 .  7 5 2 .  5 4 2 .  41 ? .  41 2 . 3 3 2 .  41 ?.  4 9 2 . 4 3
2 9 b 7 I S 7 4 2 .  43 2 . 4 9 ? .  19 2 . 4 9 2 . 4 9 2 . 4 1 2 .  25 2 , 1 7 ? . ? 5 2 . 4 1 2 . 4 1 7 .  7 5 2 . 5 8
2 9 6 7 1 6 7H ? .  5 2 2 . 5 4 2 . 5 4 2 . 5 6 7 . 7 5 2 . 4 3 2 .  7 5 ? .  66 2 . 4 9 2 .  4 9 2 .  49 • ' . 5 8 3 . 5 8
2 9 7 / 1 7 7 4 2 .  43 2 . 5 4 2 . 5 4 2 . 5 4 2 . 5 8 2 . 5 4 2 .  4 9 2 . 3 3 2 .  25 2 . 7 5 2 . 2 5 2 .  33 2 . 4 1
29 r t 7 1 4 ?R 2 .  25 2 . 4 1 2 . 4 1 2 . 4 1 2 . 4 1 2 . 4 1 2 . 2 5 2 . 5 9 2 . 0 9 2 . 0 2 2 . 0 9 7 . 1 ^ ?.. 25
2 9 9 7 1 9 7 4 2 . 1 1 2 .  17 2 . 1 7 2 .  17 2 .  1 7 2.  17 2 . 6  9 2 . 0 ? 1 . 9 4 2 . 0 2 2 . 0 9 2.  17 2 . 1 7

JOO / 20 7 4 2 .  10 2 . 1 7 2 . 1 7 2 . 1 7 2 . 1 7 2 . 0 7 2 . 0 2 2 . 0 9 2 .  32 2 . 0 2 2 . 3 2 2 .  i )9 2 . 1 7
3 0 1 7 ? l 7 4 2 .  12 ? . C 9 2 . 0 9 2 . 0 2 2 . 0 9 i .  0 9 2 .  17 2 . 1 7 2 .  f 2 .  17 2 .  1 7 2.  17 2 . 9 ?
30  2 7 22 7 4 1 . 7 7 1 . 9 4 1 . 9 4 1 . 9 4 1 . 9 4 1 . 4 7 1 . 7  3 1 . 5 2 1 . 5 2 1 . 5 9 1 . 6 6 1 . 7 . 3 l . ' K
3 0 3 7 2.3 7 4 1 .  51 1 . 4 0 1 . 4 0 1 . 4 0 l  . 4 0 1 . 6 6 1 . 5 9 1 . 5 9 1 .  46 1 .  46 1 . 3 9 I .  4 b 1 . 5 3
3 0 4 7 2 4 7 4 1 . 4 4 1 . =  ? l  . 5 9 1 . 6 6 1 . 6 6 1 . 6 6 I .  6 b 1 . 5 ? 1.  27 1 . 1 5 1 . 1 5 1.  1 5 1 .  27
3 0 b 7 7,5 7 4 l . U  2 1 . 4 6 1 . 1 5 1 . 1 5 1 . 1 5 1 . 1 5 1 . 1 5 l . l l 0 . 8 6 0 . 8 0 0 . 6 6 Ç . 7 5 ' .  36
3 0 b 7 2 5 7 4 0 .  49 0 .  4 6 0 . 9 2 1 . 0 2 1 . 0 2 1 . 0 2 1 . 0 2 0 . 8 6 0 . 8 0 0 . 7 5 0 . 7 5 C .  80 ( . 8 f
3 0  7 7 7 7 7H .  MS 0 . 4 6 0 . 9 2 1 . 0 2 1 . 0 2 1 . 0 2 1 . 0 2 0 . 8 6 C.  7 5 C . 6 6 0 .  66 0 . 6  s
3 0 4 7 2 4 7 4 1 . 0 2 C .  40 0 .  46 0 . 9 2 0 . 9 2 1 . 0 2 1 . 0 ? 0 . 8 6 1 . 0 6 1 . 2 7 1 . 1 5 1 . 1 5 1 . 2 7
3 0 9 7 2 9 7 4 1 .  3 3 1 .  27 1 . 2 7 1 . 3 9 1 . 4 6 1 . 4 6 1 .  46 1 . 4 6 1 . 7 7 1 . 1 5 1 . 1 5 1 .  77 1 . 3 9
3 1 0 7 30 7R 1 . 2 ? 1 . 4 5 l  .  46 1 . 4 6 1 . 4 6 1 .  4b 1 .  27 1 . 1 5 1 . 0  7 7 . 9 ? r .  9? I .  " ? 1 . 1 1
3 1 1 7 31 7 4 1 .  0 0 1 . 1 5 1 . 1 5 1 . 1 5 1 . 1 5 1 . 1 5 1 . 1 1 l . C ? 0 . 4 6 0 .  80 0 . 8  3 1 . 8 6 0 , 8 6
3 1 2 4 1 7 4 0 .  90 1 . 0 2 1 . 0  2 1 . 0 6 1 . 1 1 1 . 1 1 1 . 0 2 C . 8 6 0 . 0 5 0 . 6 6 0 . 6 6 7 . 7 5 0 . 4 2
3 1 3 R 7 7 4 J .  4 ) 3 . 4 6 0 . 4 6 0 . 9 ? 1 . 0 2 J .  9 2 C .  46 0 .  80 6 6 0 . 6  6 0 ,  6 6 C.  6 6 c .  7 6
3 1 4 4 1 7 4 0 .  7 5 0 . 0 0 0 .  4 6 0 . 4 6 0 . 8 6 ? .  4 6 0 .  40 0 . 6 6 0 . 6 6 0 . 6 6 . 7 . 6 6 C .  6b 0 . 6 6
3 1 b tJ 4 7 4 0 . 7  3 0 . 7 5 0 .  HO 0 . 8 6 0 . 8 6 0 - 8 6 0 . 6 5 C . 6 6 0 . 66 7 . 6  6 0 . 6 b f  .  6 5 0 . 6  6
3 1 b 4 5 7 4 0 . 6 5 0 . 6 5 0 . 6 6 0 . 7 5 0 . 7 5 0 .  6 6 0 .  6 6 0 . 6 6 0 .  61 C . 6 1 0 .  6 1 0 .  51 2 .  64
3 1 7 4 5 7 4 0 .  71 G . 7 5 0 .  40 0 . 4 0 0 . 4 6 0 . 4 6 U .  40 0 . 6 6 0 .  61 2 .  5 7 0 .  57 C.  61 C . 6 1
3 1 4 4 7 7 4 0 .  6 6 0 . 6 6 0 . 7 5 0 . 4 0 0 . 8 0 0 . 8 0 0 . 6 6 0 . 6 1 0 . 5 7 U . 5 2 0 . 5 2 C.  5 7 0 . 6 1
3 1 9 4 H 7 R Û.  5 9 0 . 6 1 0 . 6 6 0 . 6 6 0 . 6 6 0 .  6 6 0 . 6 1 0 .  5 7 0 .  5 7 0 . 4 3 0 . 5 ? C.  5? C.  5 7
3 20 R a 7 4 0 .  bb 0 . 6 7 0 . 6 1 0 , 6 6 0 . 6 6 0 ,  6 6 0 .  61 0 . 5 2 0 . 4 1 0 . 4 3 3 . 4 3 0 . 5 2 0 . 5 ?
3 2 1 4 10 7 4 0 .  5 0 0 . 5 7 O . b l 0 . 6 1 0 . 6 1 0 . 6 1 U . 5 7 0 . 5 2 G . 3 8 0 . 3 8 0 . 3 8 C .  38 0 . 1 3

3 2 2 H 11 7 4 0 .  37 0 . 5 ? 0 . 5 7 0 . 6 1 0 . 6 1 0 . 6 1 0 . 5 2 0 -  33 0 .  20 0 . 1 3 0 . 1 3 r .  1 3 0 . 1 3
3 2 3 4 1 7 7 4 0 .  20 0 . 1 ? C .  1 6 0 .  16 C .  29 0 .  3 3 U .  33 0 .  ? 9 0 .  16 0 .  1 7 0 .  1 3 7 . 1 3 C . I O
3 2 4 4 1 3 7 4 0 .  bO 0 . 1 1 0 . 1 3 0 . 1 6 0 . 2 0 0 . 2 9 0 . 3 3 0 . 3 8 0 . 5 7 C . 5 7 0 . 5 ? 1 . 1  1 1.59
3 2 5 4 11 7 4 1 . 3  9 2 . 3 9 1 . 7 3 1 . 1 5 1 . 0 6 0 . 9 2 0 . 4 6 0 . 4 6 0 .  46 0 . 8 0 0 . 8 6 0.  6 7 1 . 2  3

3 2 b 4 1 5 7 4 I . C 3 1 . C 6 l . l l 1 . 1 1 1 . 1 1 1 . 1 1 1 . U 6 l . C  2 0 .  9? 0 . 9 2 C . 9 ? C.  9 2 l . l l
3 2 7 4 15 7 4 1 .  14 i . : 7 1 . 2 7 1 . 1 5 1 . 1 5 1 . 1 5 1 . 1 5 1 . 1 5 1 . 1 5 1 . 1 5 1 . 1 5 1 .  15 1 . 3 7
3 2 4 4 17 7 4 1 . 2 7 1 . 2 7 1 . 2 7 1 . 2 7 1 . 2 7 1 . 2  7 1 . 2 7 1 . 2 7 1 . 2 7 1 . 2 7 1 . 2 7 1 . 2 7 1 .  ?7
3 2 9 H 1 4 7 4 1 .  1 9 1 . ' ’ 7 1 . 2 7 1 . 2 7 1 . 2 7 1 .  27 1 .  27 1 . 1 5 1 .  11 1 . C 6 1 . 0 6 1 . 1 1 1 . 1 5
3 3 0 4 1 9 7 4 1 . 1 0 1 . 1 5 1 . 1 5 1 . 1 5 1 . 1 5 1 . 1 5 1 .  15 1 . 0 6 1 . 0 2 0 . 9 2 - l . O C - l . C O - I . c r

3 3 1 4 2U 7 4 0 .  5  7 - 1 . 0 0 - 1 . 0 0 - l . O C - 1 . 0 0 - l . U U - l . C O 0 . 8 0 0 . 7 5 0 . 6 5 0 . 6 1 0 .  61 0 . 6 1

3 3 2 R 71 7 4 0 .  6 9 0 . 6 1 0 • 6 6 0 . 7 5 0 . 8 0 0 .  80 0 . 4 C 0 .  8 0 0 .  6 6 0 . 6 1 0 .  61 C.  61 0 . 6 1

3 3 3 4 22 7 4 0 .  40 0 . 6 1 0 . 6 6 0 . 7 5 0 . 7 5 0 .  7 5 0 . 7 5 0 . 7 5 1 . 0 2 7 . 9 2 0 . 8 6 C.  8b 0 . 8  6

3 3 4 4 7 3 7 4 0 .  42 0 . 4 6 0 .  46 0 . 8 6 0 . 8 6 0 . 4 6 0 . 9 2 0 . 8 6 C .  80 0 . 7 5 0 . 6 6 3 .  7 5 0 . 4 0
3 3 5 4 2 4 7 4 0 .  73 0 . 7 5 0 . 4 0 0 . 8 0 0 . 8 0 0 . 8  6 0 .  4 6 C.  80 0 . 6 6 0 . 6 1 0 . 6 1 C.  61 0 . 6 1

3 3 6 4 25 7 4 0 . 6 4 0 . 6 6 0 . 6 6 0 . 7 5 0 . 7 5 0 .  HU 0 . 7 5 0 . 6 1 0 . 5 7 0 . 5 2 0 . 5 2 0 . 5 2 0 . 5 ?

3 3 7 H 2 b 7 4 0 . 7 7 0 . 5 7 O . b l 0 . 6 1 0 . 6 1 0 . 6 1 0 - 6 l 0 . 6 1 0 . 6 1 1 . 0 2 1 . 2 7 1 .  11 1 . 0  2
3 3 4 R 7 7 7 4 0 . 7 3 0 . 9 2 0 . 9 ? 0 . 4 6 0 . 8 6 0 .  8 0 0 . 7 5 0 . 6 1 0 .  61 0 . 6 1 0 .  6 1 0 .  6 1 O . b l

3 3 9 4 24 7 4 0 . 6 4 0 . 6 1 0 . 6 6 t .  6 6 0 .  40 0 .  HO 0 .  HO 0 . 7 5 G . 6 6 0 . 6 1 0 . 5 7 r .  6 1 0 . 6 1

3 4 0 4 2 9 74 0 . 6 4 0 . 6 1 0 . 6 6 0 . 6 6 0 . 7 5 J .  7b 0 , 4 0 U . 6 6 0 . 6 1 0 . 5 7 0 . 5 2 0 .  5 7 0 . 5 7
3 4 1 4 3 0 74 0 . 6 2 0 . 6 1 Û . 5 1 0 . 6 1 0 . 6 1 0 .  6 6 0 . 6 6 0 . 6 1 0 .  61 0 . 6 1 0 .  6 1 C.  6 1 0 .  61

3 4  2 R 31 7 4 0 .  6 4 0 . 6 6 0 .  6 6 0 . 7 5 0 . 7 5 0 .  7 5 0 . 7 5 0 . 6 6 0 .  57 0 . 5 2 0 . 5 2 C.  6 7 r  . 5 7

3 4 3 9 1 74 0 .  5 9 0 . 5 7 0 . 6 1 0 . 6 1 0 . 6 1 0 . 6 b D . 6 6 0 . 6 1 0 . 5 7 0 . 5  2 0 . 5 2 0 . 5 2 0 . 5 3

3 4 4 9 2 74 0 .  53 0 . 5 7 O . b l 0 . 6 1 0 . 6 1 0 . 6 1 0 .  57 0 . 5 2 C.  43 0 . 3 8 0 . 3 8 0 .  3 8 9 .  3 8

3 1 5 9 .3 7 4 ü .  4 2 0 .  4 3 0 .  4 3 0 . 5 2 0 . 5  2 0 .  5 2 w .  5 2 0 .  4 3 C .  3 8 0 .  33 0 . 3 3 0 . 3 3 0 . 3 3

3 4b 9 4 7 4 0 .  33 0 . 3 3 C . 3 3 0 . 3 8 0 . 3 8 0 . 3 8 0 . 3 4 0 . 3 3 Ç.33 0 . 7 9 0 .  20 0 .  ? 9 2 . 2 9

3 4 7 9 5 7 4 0 .  32 0 . 2 9 0 .  3 3 0 . 3 3 0 . 3 3 0 . 3 3 0 .  3 3 0 . 3 3 0 .  3 3 0 .  29 0 .  ?9 c .  3 3 0 .  33
3 4 4 9 6 7 4 0 .  40 0 .  3 3 0 .  3 4 0 . 3 4 0 . 4 3 0 . 4 3 0 .  43 0 . 3 8 0 . 3 3 7 . 3 3 0 .  3.3 0 .  38 0 . 6 1

3 4 9 9 7 7 4 0 .  7 3 0 . 4 6 0 .  40 0 . 6 6 0 .  61 0 .  61 0 . 6 1 0 . 6 6 0 . 6 1 0 . 6 1 0 . 6 1 1 . 0 2 1 . 1 1

1 5 0 0 4 7 4 0 .  43 0 . 9 2 0 .  4b 0 . 8 6 0 . 4 5 0 .  4 6 0 .  4 6 0 .  4 0 0 .  40 0 . 7 5 0 . 7 5 C.  8 C 0 .  HO

3 5 1 9 9 7 4 0 .  76 C . 9 6 0 . 4 6 0 . 8 6 0 . 8 6 0 . 4 6 0 .  4 6 0 . 8 0 0 . 6 6 0 . 6 1 0 . 6 1 0 . 6 1 C . 6 6

3 5 2 Q 10 7 4 0 . bb 0 . 6 6 0 . 5 6 0 . 6 6 - 1 . 0 0 - l . U U - 1  .  0 0 — 1 . 0 0 — 1 . 0 0 — l . O C - 1 . 0 0 - 1 .  CC - l . O C

3 5 3 9 1 1 7 4 0 .  60 0 , 6 0 0 . 6 0 0 . 6 0 0 . 6 0 Ü . 6 U 0 .  60 - 1 . 0 0 - 1 . 0 0 - 1 . 0 0 - 1 . 0 0 - 1 .  0 0 - l . O C

3 5 4 9 1 2 7 4 0 .  40 0 . 4 0 0 . 4 0 0 . 4 0 0 . 4 0 0 . 4 U 0 .  40 - 1 . 0 0 - 1 . 0 0 - 1 . 0 0 - l . o o - 1 . 0 0 - 1  . 0 0

3 5 5 9 1 3 7 4 1 .  27 — 1 . 0 0 - 1 . 0 0 - 1 . 0 0 - l . o o - 1 . 0 0 - 1 .  0 0 — 1 . 0 0 I .  27 1 .  77 1 .  2 7 I .  2 7 1 . 2 7

3 5 6 9 1 4 7 4 1 . 2 2 1 . 2 7 1 . 2 7 1 . 2 7 1 . 2 7 1 . 2 7 1 . 2 7 1 . 2 7 1 . 1 5 1 . 1 5 1 . 1 5 1 .  1 5 1 . 1 5
3 5 7 9 1 b 7 4 1 . 0 9 1 . 1 5 1 . 1 5 1 . 1 5 1 . 1 5 1 . 1 5 1 . 1 5 1 . 1 1 1 . 0 2 1 . 0 2 1 . 0 2 1.  0 2 1 . 2  7
3 5 4 9 1 5 7 4 3 .  9 S l . l l 1 . 0 2 1 . 0 2 1 . 0 2 - 1 . U 2 1 . 0 2 0 . 9 ? C.  46 0 .  8 6 0 .  8 6 0 .  8 6 0 . 4 6

3 5 9 9 17 7 8 0 .  9 0 0 . 4 6 0 . 4 6 0 . 9 2 0 . 9 2 0 . 9 2 0 . 9 2 0 . 9 2 0 . 9 ? 0 . 9 2 0 . 9 2 0 .  8 6 0 . 8 6

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



s
E

A
V 1 1 4

Q M 0 E S t e e p  C r e e k
0 y A R

N N 0 E I  A TIME OF DISCHARGE READING
U T A A L G
M H Y R Y E 2 4 6 8 10 12 14 16 18 20 22 24

i 6 0 .a. LU 73 1 . 0 6 0 , 8 6  . .a , û & i . , 0 6 . J.Lb6. l . l l ------U-15, - ^ l . l S 1 .1 1 1 - 4 1 1 - 1 1
4 19 TH I .  14 1 . 1 1 1 . 1 4 1 . 1 4 1 . 1 4 1 .  1 4 1 . 1 4 1 . 1 4 1 . 1 4 t . i s 1 . 1 1 1 . 1 4 1 . 1 4

3 6 ^ 9 2 t 7 4 1 .  l 1 - 1 6 1 . 1 4 1 . 1 4 1 . I S 1 . 2 / 1 . 2 / 1 . 2 7 1 . 1 4 1 . 1 b 1 . 1 4 1 . 1 4 1 . 1 4
3 6 3 9 21 7 4 1 . 1 3 I . I S 1 . 1 4 1 . 1 4 1 . 1 4 I ,  14 1 .  I S 1 . 1 4 1 . 1 1 1 . 0 6 l . r > 6 1 . 1 1 1 . 1 1
3 6 4 9 2? 74 I .  v4 1 . 1 1 l . l l l . l l I .  11 l . l l l . l l 1 . 0 6 1 . 0 2 0 . 9 2 0 . 9 2 ' . 9 2 1 . 0  2
3 6 b 9 23 7M J. 96 1 . C 2 1 . 0  2 1 . 3 2 1 . 0 6 1 . 0 6 1 . 0  2 1 . 0 2 0 . 9 6 0 . 0 6 0 . 9 6 0 . 9 6 0 . H6
3 6 6 9 2 a 7 4 J .  46 0 . 4 6 0 . 4 6 g .  4 6 3 . 4 6 - 1 . 0 0 - 1  .  0 0 - 1 . 0 0 - 1  .  30 - 1 . 0 0 — 1 . 0 0 - 1 . 0 0  - 1 .  U6
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Appendix V 

P re c ip i ta t io n  Data

The following data is taken from the p re c ip i ta t io n  oaqe s t r ip
chart records. The data ind icate the beginning and end of storm events
in which the recorder was working' properly (columns 2 and 4 ) .  In
ad d it io n ,  the time of maximum p re c ip i ta t io n  and to ta l p rec ip i ta t io n  fo r
each storm event in cm. o f  water are shown (columns 3 and 5) .

Beginning Time of Time at Total
of  storm maximum end of preci pi ta t ion
event p r e c i p i t ­ storm in cm. of

Date ation event water

9 /23 /77 2 1 : 0 0 1 : 0 0 4:00* 1.4
9 /29 /77 19:30 20:30 24:00 1.9
10/6/77 2 1 : 0 0 23:00 2 :0 0 * 1 . 0
10/25/77 1 2 : 0 0 16:00 24:00 4 .0
11/1/77 14:00 15:30 16:30 . 8
11/2/77 4:00 4:20 6 : 0 0 .5
3 /14 /78 18:00 2 2 : 0 0 1 : 0 0 * . 8
4 /4 /7 8 15:00 15:15 15:45 . 6
4 /7 /7 8 14:00 16:00 18:00 1 . 0
4 /1 1 /78 2:30 2:45 3:15 .3
4 /1 5 /78 19:45 2 0 : 0 0 20:30 . 6
4 /16 /78 12:45 13:00 14:00 .9
4 /2 0 /7 8 1:40 2 : 0 0 2:30 . 2
4 /2 0 /7 8 19:00 19:30 20:40 . 8
4 /2 6 /78 11:30 12:15 13:00 1 . 0

4 /3 0 /7 8 17:00 18:00 6 : 0 0 * 1 . 8

5 /6 /7 8 14:30 15:15 16:00 . 6

5 /7 /7 8 2 0 : 0 0 20:45 2 1 : 0 0 .9
5 /12 /78 0:15 0:30 0:45 .3
6 /1 8 /7 8 23:30 24:00 1 :0 0 * .4
6 /29 /78 19:00 19:30 2 0 : 0 0 .3
6 /30 /78 1 1 : 0 0 11:15 1 1 : 2 0 .3
7 /1 /7 3 2 2 : 0 0 22:15 22:30 .5
7 /15 /78 19:30 19:45 2 0 : 0 0 .4
7 /28 /78 13:00 14: 15 15:30 . 2

8/13 /78 13:00 13:30 14:00 .4
8 /1 3 /7 8 20:45 2 1 : 0 0 21:30 1 . 8

8 /1 5 /7 8 23:20 24:00 1:30* .4
8 /2 2 /78 15:00 15:15 15:30 .3
9 /6 /7 8 22:45 23:00 1 :0 0 * 1 . 2

9 /7 /7 8 2 0 : 0 0 21:15 23:00 . 8

9 /1 8 /7 8 4:00 7:00 1 2 : 0 0 . 8

*  indicates that  storm continued into following day
11 5
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Ap p e n d i x  V I  

St r e a m Wa t e r  Data

The d a t a  t h a t  f o l l o w s  i s  a l i s t i n g  o f  t h e  p e r t i n e n t  p h y s i c a l  

and c h e m i c a l  i n f o r m a t i o n  a s s o c i a t e d  w i t h  each w a t e r  sample  

c o l l e c t e d  f rom A p p l e b u r y  and S t e e p  C r e e k .  The hour o f  c o l l e c ­

t i o n  i s  r ounded t o  t h e  n e a r e s t  even who l e  h o u r .  A i r  and w a t e r  

t e m p e r a t u r e s  a r e  i n  d e g r e e s  C e l s i u s .  D i s c h a r g e  i s  t h a t  o b ­

s e r v e d  a t  t h e  t i m e  o f  s a mp l i n g  and i s  g i v e n  in l i t e r s  per  

s e co nd .  S p e i c f i c  c o n d u c t i v i t y  i s  r e p o r t e d  in umho/cm.  A l l  

e l e m e n t  c o n c e n t r a t i o n s  f o r  w a t e r  samples a r e  r e p o r t e d  in  

p a r t s  per  b i l l i o n  ( p pb) .

1 1 6
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Appl ebury  Creek
I 17

s n 
a u m w

C
h

m m 0 y h t a t a S C
P b n d e 0 a e t  e r P 0
1 e t a a u i ni e m 9 e n

J'. h 2̂ r r r  P r  P e c d eH U Fe Ça K t in Ma Cu ! i i T i Zn

/ T O 9 2 4 7 7 16 9 6 . 0 0 . 7 o 16 0 7 . 3 . 5 9 - 2 5 2 1 4 1 5 1 6 6 6 3 1 1 7 87 06 - 4 - 2 5 1 2 7
2 7 1 18 8 77 14 10 4 . 5 0 . 9 8 150 7 . 6 .  5 7 - 2 5 2 0 2 3 3 1 6 5 0 2 3 4 4 5 7 4 3 - 4 - 2 5 - 5 0
2 7 2 1 0 21 7 7 10 2 4 . 0 0 . 7 7 1 5 2 7 . 5 1 . 0 5 - 2 5 1 9 3 4 7 1 6 2 4 2 2 0 7 6 3 0 6 - 4 - 2 5 2 0 7
2 7 3 I P 21 77 24 0 3 .  a 0 . 9  2 1 5 5 7 .  4 .  81 - -£5 1 9 8 7 7 1 6 1 5 2 6 0 4 1 0 6 3 0 - 4 - 2 5 - 5 C
2 7 4 15 2 2 7 7 2 - 1 3 . 8 0 . 9  8 1 5 5 7 . 6 . 8 9 - 2 5 2 0 6 0 0 1 6 1 0 2 6 3 5 7 0 6 2 -  4 - 2 5 99
2 7 5 l o 2 2 7 7 16 6 1 .  Ô 0 .  86 1 48 6 . 9 .  92 - 2 5 2 0 6 0 9 16 33 2 5 3 0 1 0 5 6 3 - 4 - 2 5 71
27 b 1 1 5 77 12 6 3 . 0 1 . 0 6 1 4 0 7 .  I . 5 9 -  /  5 1 9 3 6 5 1 6 3 3 2 5 0 9 0 4 2 2 — 4 1 4 3 81
2 7 1 I t 20 77 11 - 1 5 0 . 0 0 . 6 0 1 7 4 7 . 8 . 7 7 - 2 5 2 5 3 4 1 1 8 0 1 3 4 1 9 7 4 5 5 - 4 - 2 5 03
27B 1 2 3 7 7 12 5 3 . 5 1 9 .  5 0 9 3 7 . 8 . 7 2 1 6 4 1 2 8 4 6 1 6 4 7 1 4 9 6 6 2 6 5 - 4 - 2 5 6 4 2
2 7 4 1 2 17 77 10 7 2 . 0 2 1 . 7 0 1 28 8 . 1 2 . 5 2 1 4 7 1 4 6 4 4 1 5 5 3 2 2 5 5 51 34 11 88 13 - 5 0
2 8 0 12 31 7 7 12 - 1 2 0 .  u 4 . 1 1 1 4 3 7 . 8 . 4 6 3 6 1 5 8 5 0 1 4 0 4 2 3 8 8 7 8 4 6 6 19 5 1 9 0
281 1 1 4 7 8 16 5 1 . 5 3 . 1 1 1 5 8 7 . 8 2 .  27 32 1 5 6 6 8 1 4 0 1 2 2 97 7 4 4 4 5 26 5 1 5 9 7
2 8 2 1 2 9 7 8 14 - 1 0 . 0 2 . 8 3 14 0 7 . 8 . 7 6 - 2 5 1 6 6 6 3 1 5 0 0 2 5 5 6 7 2 8 9 - 4 49 - 4 ic e
2 8 3 ;> 12 78 16 - 7 0 . 2 3 . 6 9 1 4 « 7 . 9 .  30 - 2 5 7 0 9 7 8 1 3 1 0 9 3 5 8 6 9 -  4 6 0 - 4 77
2 8 4 2 2 6 7 8 1 2 35 1 . 0 9 . 1 6 1 32 7 . 8 . 6 8 - 2 5 1 6 2 5 4 1 541 2 3 7 5 6 5 6 6 - 4 62 - 4 - 5 C
2 85 3 11 7 8 12 4 3 . 1 2 0 .  20 1 4 0 7 . 2 .  93 48 1 7 2 4 4 1 6 2 3 2 5 3 2 6 2 3 0 - 4 19 - 4 98
2 8b 3 2 o 7 8 1 2 14 4 . 2 3 7 . 9  0 12 0 7 . 6 .  38 9 6 1 4 6 6 3 1 5 0 3 2 2 9 6 6 3 9 4 21 73 - 4 02
28 7 t 2 6 78 16 17 4 . 3 3 8 .  20 1 20 7 . 4 1 . 0 5 64 1 4 0 9 4 1 5 3 0 2 3 6 2 7 9 5 4 1 4 87 8 82
2 8 3 1 2 6 7 8 18 4 4 . 2 3 8 .  HO 12 0 7 . 3 .  87 1 1 4 1 5 1 9 6 15  47 2 4 0 0 7 6 7 9 7 58 - 4 - 5 0
2 8 9 3 2 6 7 8 20 2 4 . 0 3 8 . 5 0 1 2 0 7 . 4 1 . 6 7 121 1 5 6 2 4 1 5 9 8 2 6 7 7 63 2 4 7 91 e 69
2 9 0 I 2 6 7 8 24 0 4 . 0 3 9 .  30 120 7 . 3 1 . 0 0 1 6 8 1 4 9 7  2 1 5 4 6 2 5 3 9 8 3 1 6 10 1 5 0 9 - 5 0
29 1 1 2 7 7 8 2 1 4 . 3 3 9 .  90 1 2 0 7 . 5 . 9 3 1 2 6 1 3 9 8 8 1 5 1 2 2 3 0 2 8 9 1 8 9 101 6 - 5 0
2 9 2 3 27 78 6 - 1 3 . 9 4 1 . 12 0 7 . 6 . 6 2 1 3 3 1 3 5 9 7 1 5 1 5 2 2 5 1 7 0 8 0 9 06 1C - 5 0
2 9 3 1 2 7 7 3 10 2 4 . 0 4 j .  5 0 12 0 fc. I 1 . 3 8 1 6 5 1 4 3 6 2 1 5 2 9 2 5 1 2 6 3 1 6 10 1 4 6 11 - 5 0
2 9 i 1 2 7 7 8 1 2 7 4 . 0 4 7 . 9 0 12 0 7 . 4 . 9 6 1 8 9 1 3 9 9 0 1 5 3 0 2 3 3 0 7 8 3 4 7 11 0 7 - 5 0
2 9 5 4 9 7 8 12 11 4 . 5 3 0 .  90 1 3 0 7 . 7 .  88 10 3 1 1 3 3 2 1 4 4 0 1 3 3 4 7 7 5 7 12 1 6 0 - 5 0
2 9 6 1 1 5 7 3 12 14 4 . 0 2 9 .  30 90 7 . 8 . 9 0 66 1 0 2 6 5 1 3 4 3 1 6 0 0 6 6 5 0 11 1 2 9 - 5 0
2 9 7 4 2 7 7 8 1 1 9 5 . 2 2 5 . 2 0 89 7 . 9 .  85 76 1 C 3 6 9 1 3 8 7 1 6 5 9 8 4 9 0 11 1 4 2 - 5 0
29b 1 30 7 8 1 4 15 6 . 0 4 3 .  5 0 7 0 7 . 0 2 . 4 1 1C4 7 6  20 1 2 0 3 1 0 7 7 8 2 9 0 10 1 0 4 11 3
2 9 9 5 7 7 8 1 2 15 5 . 0 30 .  90 95 7 . 4 .  7 9 68 7 6 4 6 1 20 0 1 1 1 5 7 8 9 1 15 1 7 2 - 5 0
3 0 0 5 1 3 7 8 12 15 6 . 5 2 9 .  90 79 7 . 5 .  49 5 0 8 1 6 3 1 2 3 5 1 0 7 7 2 6 1 9 - 4 9 4 - 5 0
301 5 21 7 8 14 18 7 . 5 2 4 .  10 6 8 7 . 4 .  41 34 8 8 0 8 1 2 7 4 1 0 4 9 2 9 9 6 - 4 1 15 6 0
3 0 2 5 2 8 78 12 15 6 . 3 2 7 . 2 0 82 7 . 3 . 5 0 37 9 9 5 8 1 2 9 8 1 2 1 1 2 7 4 3 - 4 1 3 5 - 5 0
3 0 3 6 3 7 8 1 2 17 7 . 0 2 0 .  20 85 7 . 3 .  31 26 1 0 0 5 9 1 3 3 4 1 3 6 2 3 9 4 9 5 131 - 5 0
3 0  1 6 1 1 73 12 14 6 . 5 1 2 .  5 0 95 7 . 3 .  46 - i  5 1 1 1 0 2 1 3 9 4 1 5 6 2 3 8 9 5 11 1 7 3 - 5 0
3 0 5 5 1 « 78 12 26 8 . 0 A . 38 10 0 7 . 4 . 6 9 - 2 5 1 2 3  30 1 4 3 8 1 7 3 0 6 5 7 4 9 1 9 7 - 5 0
3 0 6 5 2 4 78 10 1 4 8 . 8 6 . 9 1 111 7 . 2 .  4 2 - 2 5 1 3 3 6 4 1 5 7 7 1 9 6 3 7 8 7 1 9 1 9 0 - 5 0
3 0 7 5 2 4 78 14 10 9 . 0 9 . 6  3 110 7 . 7 . 8 1 3 8 1 5 0 0 4 1 4 7 3 2 9 4 7 5 4 5 3 - 4 67 60
3 0 8 6 2 4 7 8 16 20 9 .  1 6 . 6 3 110 7 . 3 . 7 4 - 2 5 1 4 0 3 9 1 5 1 5 1 951 3 5 2 0 7 44 - 5 0
3 0 9 '• 2 4 7 8 20 20 9 .  0 6 . 5 3 11 0 7 . 2 . 8 3 -   ̂5 1 4 0 6 1 1 5 0 0 2 0 2 4 39 21 17 1 0 8 - 5 0
3 1 0 ■> 2 4 7 1 24 3 8 . 1 7 .  27 1 1 0 7 . 2 . 4 4 - 2 5 1 4 7 3 1 9 9 3 1 9 7 7 4 0 0 6 11 1 2 6 - 5 0
31 1 6 2 5 7 8 2 9 7 . 8 7 .  2 7 11 0 7 . 2 . 7 0 - 2 5 1 3 9 4 3 9 9 7 2 0 8 7 5 9 8 3 10 1 4 5 75
3 1 2 6 30 7 8 24 10 9 . 2 5 . 3 4 1 1 8 7 . 7 . 7 5 - 2 5 1 4 7 6 9 1 0 9 7 2 2 1 9 8 5 3 4 10 12 9 60
3 1 3 7 1 7 3 6 7 9 . 5 5 . 7 3 12 0 7 . 7 . 8 3 -  2 5 1 4 0 2 0 1 0 2 9 2 1 9 6 7 5 1 3 13 1 1 8 66
3 1 4 7 1 78 8 B 8 . 0 5 . 7 3 1 1 9 7 . 8 . 6 4 30 1 5 1 2 3 1 0 4 3 2 2 3 3 5 2 2 1 8 1 1 2 60
3 15 7 1 78 10 18 8 .  2 5 .  7 3 1 1 5 7 . 8 1 . 0 7 - 2 5 1 5 0 1 0 1 0 5 4 2 1 3 4 4 5 0 3 9 1 33 - 5 0
3 1 6 7 1 7 8 12 25 8 . 3 5 . 7 3 11 7 7 . 1 . 6 9 5 1 1 5 5 9 4 1 0 1 5 2 1 4 2 0 2 3 2 0 1 3 7 - 5 0
3 1 7 7 1 7 8 14 24 9 . 7 5 . 7  ) 11 5 7 . 1 1 . 7 1 - 2 5 1 5 6 7 1 1 0 3 5 2 1 1 5 4 8 1 0 7 94 - 5 0
3 1 3 7 1 7 8 16 19 9 . 9 5 .  1 0 11 5 7 . 2 . 6 0 44 1 5 5 7 2 1 0 9 4 2 2 3 9 5 1 7 3 14 1 6 3 1 30
3 1 9 7 1 7 8 18 19 9 . 8 4 .  99 11 8 7 . 2 1 .  24 33 1 6 0 6 9 1 1 2 4 2 1 9 9 4 3 1 5 11 1 5 6 11 1
120 7 1 7 8 20 1 8 1 0 . 0 5 . 1 0 11 5 7 . 8 . 8 2 - 2 5 1 5 7 4 3 9 8 1 2 2 0 9 5 5 7 9 11 1 1 5 1 0 2
3 21 7 1 7 8 2 2 15 9 .  8 5 .  1 0 117 7 . 2 ,  83 - 2 5 1 5 4 9 5 1 0 2 0 2 1 5 2 5 0 0 2 10 141 00
3 2 2 7 2 7 3 1 2 18 9 .  1 5 . 7  3 11 5 7 . 7 . 7 1 32 1 6 3 4 7 1 0 0 3 2 1 2 3 5 8 9 2 12 1 9 2 1 0 6
3 23 ; 9 78 16 27 1 0 . 8 5 . 4 6 1 1 3 7 . 5 1 . 6 4 - 2 5 1 6 1 5 9 1 0 5 7 2 1 0 6 4 3 1 6 12 2 0 0 75
3 2 4 7 1 6 7 8 1 2 2 5 1 1 . 0 3.  6 9 1 2 5 7 . 9 . 90 - 2  5 1 5 9 1 2 1 0 0 1 2 0 0 4 50 50 10 1 5 8 - 5 0
3 25 7 1 9 7 8 12 I ' l 9 .  0 3 . 6 9 12 3 7 .  1 . 6 0 - 2 5 1 7 0 2 9 1 0 0 0 2 3 7 4 9 5 1 6 13 1 8 8 99
3 7 6 7 2 9 7 8 12 24 1 1 . 5 2 . 5 8 15 0 7 . 8 1 . 0 1 - 2 5 17 0 9 1 1 1 6 1 2 4 1 0 5 8 9 4 10 1 6 4 -  4 87
32  7 8 1 1 7-1 1 4 33 1 0 . 7 1 . 0 0 1 14 7 . 3 . 6 4 — 2 ■) 1 9 8 8  4 1 1 0 4 2 8 0 3 0 3 0 4 9 1 6 3 1 2 7

32 8 3 20 7 8 1 4 24 9 .  8 1 .  33 1 33 7 . 7 . 6 0 59 1 8 7 5  2 1 2 9 5 2 7 6 2 6 2 6 1 77 2 1 9 1 4 4

7 7 7 8 1 4 21 8 . 9 1 . 3 3 1 36 7 . 5 . 7 9 - 2 5 1 8 4 3 8 1 1 6 4 2 6 9 3 7 5 3 1 14 1 9 3 - 5 0
3 29

7 1 3 7 8 1 4 11 8 . 7 l . l l 1 29 7 . 4 1 . 0 3 - 2 5 1 9 8 0 3 1 4 8 1 3 0 5 4 6 6 2 0 -  4 - 2 5 1 4 4
; 1 6 7-3 1 6 11 7 . 2 0 .  9 8 13 0 7 . 5 . 6 0 J l 1 9 3 4 7 1 0 1 0 2 5 6 6 7 5 5 4 1 9 2 0 6 - 5 0

o 1 8 7 8 10 7 4 . 2 0 . 9 8 131 7 . 5 . 7 9 - 2 5 1 8 4 0 9 1 0 6 3 2 5 9 9 8 1 3 1 12 1 9 3 - 5 0
1 1 8 7 8 1 4 10 4 .  8 0 .  9 8 I  10 7 . 5 .  40 - 2 5 I B  46 2 1 0 3 8 2 5 5 0 7 7 6 9 1 3 1 2 0 — 50

33  2
I  8 7 3 1 6 8 5 . 5 0 .  98 1 29 7 . 5 . 6 1 - 2 5 1 8 0 5 9 1 1 3 2 2 7 0 4 7 2 1 0 15 2 1 4 61

3 33 , J 1 8 78 1 8 6 5 . 5 0 . 9 8 1 36 7 . 8 1 . 0 4 28 1 7 8 9 4 1 0 7 5 2 6 4 8 6 4 5 7 14 2 0 5 61
3 3 4

7 1 H 7 8 20 4 5 . 6 1 .  0 2 1 30 7 . 7 . 7 0 - 2 5 1 8 2 6 3 1 0 7 7 2 6 1 0 6 7 3 7 16 1 9 5 93
3 35

f) 1 8 7 8 24 3 5 .  4 1 . 0 2 13 0 7 . 0 1 . 9 9 28 1 7 8 0 2 1 1 0 3 2 7 0 7 0 5 1 6 21 2 4 5 11 - 5 0
3 36

7 1 9 7 8 8 2 4 . 5 1 . 2 1 13 0 7 . 7 3 . 5 0 - 2 5 1 0 0 2 1 1 0 9 4 2 5 8 6 6 8 5 1 14 1 0 2 73
3 3 7

1 9 7 8 10 2 4 . 3 1 . 2 1 130 7 . 7 1 .  39 - 2 5 1 7 7 9 4 1 0 9 7 2 6 4 7 8 6 0 0 23 2 6 5 7 - 5 0
3 38  
3 3 9 9 2 4 7 8 14 26 7 . 0 0 .  8 0 1 30 7 . 5 1 . 4 7 -  <5 1 7 5 4 3 1 0 9 4 2 5 9 9 9 9 9 5 18 1 8 8 7 - 5 0
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S t e e p  C r e e k 1 1 8

s n
.3 U 
n  m

m
0 y h t

P b n d e 0 a e
1 e t a a u i m
e r t, V r r r  P

361 '1 2 4 77 1 6 3
3 6 2 10 8 77 14 9
36  1 19 21 7 7 22 6
3 6 4 15 21 77 21 1
165 1 9 22 7 7 2 - 1
36b 1-' 22 7 7 10 5
3 6 7 11 5 77 14 6
368 11 20 77 14 - 1 6
3 6 9 12 3 7 7 14 b
3 7 0 12 17 77 12 - 5
371 12 31 7 7 1 1 - 1 3
3 7 2 1 1 4 7 0 1 4 6
3 7 3 1 2 9 7 8 14 - 5
3 7 4 2 1 2 7 8 18 - 1 0
3 7 b 2 2 6 7 0 1 4 9
3 7 6 3 11 7 0 14 5
377 1 2 6 7 0 14 y
3 7 8 1 2 6 70 1 6 8
3 7 9 i 2 6 7 0 18 2
3 8 0 1 2 6 7 0 22 2
3 8 1 ♦ 27 7 8 2 0
30 2 1 27 7 0 4 - 1
3 8 3 ( 27 7 0 0 0
3 8 4 3 2 7 70 10 3
38b 1 27 7 0 12 y
3 06 I 9 7 8 14 9
3 8 7 1 15 7 0 14 15
3 8 8 1 2 2 7 8 14 6
3 8 9 1 30 78 1 4 15
3 9 0 5 7 7 8 12 14
3 71 5 1 3 7 0 1 2 15
J 9 2 ■> 21 7 8 1 1 1 7
3 9 3 1 28 7 8 14 16
3 9 4 > 3 7 8 14 1 9
3 9 5 6 11 7 8 1 4 14
3 9 6 6 1 8 7 8 14 26
3 9 7 5 2 4 78 14 2 5
3 9 8 6 2 4 7 8 16 21
399 6 2 4 7 8 18 20
4 0 0 6 24 7 8 20 1 6
4 0 1 6 2 4 78 2 2 9
4 0 2 6 2 4 7 8 24 8
4 0 3 6 2b 7 0 ? 8
40  4 6 3 0 7 8 24 10
4 0 5 7 1 7 8 4 8
4 0 6 7 1 7 0 8 H
4 0 7 7 1 7 8 10 17
4 0 8 7 1 78 12 20
4 0 9 7 1 78 14 22
4 1 0 7 1 78 1 6 18
411 7 1 7 8 10 17
4 1 2 ■j 1 7 8 20 16
4 1 3 7 1 7 8 22 14
4 1 4 7 2 7 8 12 19
3 5 7 7 9 7 8 16 28
3 5 6 ■ 7 1 6 7 8 14 2b
4 1 b ■t 1 9 7 8 12 19
3 5 8 7 29 7 8 1 2 24
116 8 1 1 7 8 1 6 30

4 1 7 9 20 7 8 14 24
4 1 8 •t 2 7 7 0 14 13
4 1 9 ') 1 6 7 8 16 10
4 20 1 1 8 7 8 10 7
4 21 9 1 8 7 8 1 4 H

4 2 2 9 1 8 70 1 6 7
423 7 1 H 7 4 18 5
4 2 4 7 1 8 7 8 20 3
4 2 b 6 1 0 7 0 24 3
4 2 6 9 1 9 7 8 d 1
4 2 7 9 1 9 7 8 12 2
4 2 8 7 2 4 7 8 14 1 9

w
a
t
e
r

6 . 1 
S.5 
-1 . 0  
4. J

4 . 0
3.5 
1 .  0 
1
1 . 0  
1.'  ̂
1 . 0  
3 . 1
3.  S
4 . 0  
3 .  S
3 . 1
3 . 0
3 .  ■>
3 . 2
3 . 2
3 . 8
4 . 0
4 . 0
5 .  2
• i .O
4 .  S
0 . 0
6 . 0  
6 . 0
6 . ■> 
6 . 1  
7 . ‘ i
8 . 2  
B .1

1 2 . 0  
B . 3
7 . 9  
0 . 0
7 . b  
8 . 0  
B. C
7 . 6  
8 . 0  
8 . 2  
8 . 4  
9 .  0 
9 .  1
9 . 0
8 . 9  
8.3
9 . 9  

L 0 . 6
8 . 9  

1 1 . 0
9. (1  
9 .  2
8 . ‘i 
7. 3
3 . 1  
6 . 1 
6 - 0  
6 .  2 
6 . 0
6 . 1  
b .  5 
b - b  
7 . 1

d
1
s
c
h
a

■ r 
9e

0 . 2 1  
0 . 8  0 
0.0 7 
0.13 
0.13 
0. 1 3 
0. 40 
0. 3 7 

38.10 
24. 40 
3. 90 
3. 20
3. 11
4. 6 5  
9.16

21.90
43. 10
44. 5 0 
-16. 7 0 
33. 80 
42. 70 
50. 00 
49.50 
50. 4 0 56. oy 
31. 50 
10. 60 
2 1. 90 
30. 30
23. 60 
2 0 . 2 0 
14. 20
24. "3 
18. 90 
11.40
6. 77
4.5 1 
4.87 
4. 5 3
4.5 3 
4.65 
4. 76 
b .  10
3.58
3.58 
3. 58
3.58 
3.48
3.2 9 
3. 29
3.2 7 
3. 2 7 
3. 2 9 
3.79 
4.50 
2.70 
2.0 7 
1 . 40 
0 . 20 
0.7 5 
0.61 
0.36 
0.3 6 
0.7 2 
0- 9 2  
0 . 3 6  
1. 0b
1.02 
0. 9 3 
1 . 0 2  
0.71

C d PH U Fe Ça K Mo ri  s f j i  Ni TÇ Zn

1 9 0 7 . 5 2 . 5 7 30 2 7 8 9 5 1 7 5 5 2 9 7 9 8 3 0 2 1 2  - 2 5 - 4 86
17 0 7 . 7 .  00 3 4 2 2 9 8 5 1 3 0 0 2 4 9 2 . 4 8 8 5 - 4  - 2 5 - 4 77
1 7 5 7 . 1 1 . 9 9 45 23  91 1 1 2 7 9 2 5 8 4 6 5 3 1 5 - 2 5 e 1 0 1
1 7 7 7 . 2 1 . 3 9 27 2 4 1 0 0 1 2 4 8 2 6 0 6 6 C4 0 6 - 2 5 - 4 71
1 7 9 7 . 7 1 . 0 3 42 2 4 5 2 6 1 3 0 4 27 19 5 6 C 9 5 - 2 5 6 1 3C
1 76 7 . 1 1 . 5 3 39 2 3 4 7 2 1 1 7 3 2 5 9 0 8 0 1  1 1 0  - 2 5 6 1 20
1 60 7 . 7 . 0 6 2 6 2 1 0 9 7 1 2 3 4 2 3 6 9 3 8 0 4 8 41 - 4 41 3
1 5 3 7 . 9 1 .  38 41 2 0 8 5 8 1 0 2 0 2 3 2 5 6 0 3 2 - 4  - 2 5 - 4 3 54

92 7 . 9 . 4 3 2 4 6 1 0 7 7 6 1 0 7 3 1 2 7 3 3 0 3 5 3 - 2 5 1C 6 6
6 0 7 . 7 . 6 4 3 3 3 1 2 3 9 1 1 3 7 5 1 2 9 4 3 6 6 1 0 - 2 5 e I CO

- 9  3 8 . 4 . 5 6 o 2 1 4 7 1 0 7 8 6 1 5 3 6 4 9 3 1 - 4  - 2 5 - 4 68
l 10 7 . 9 . 8 1 34 1 8 0 4 7 9 5 3 1 3 1 0 4 8 3 1 - 4  - 2 5 - 4 - 5 0
1 2 0 8 . 1 . 8 4 32 1 0 3 7 3 9 1 7 1P17 3 7 5 7 — 4 - 2 5 - 4 4 3 6
12 0 7 . 7 . 7 3 33 1 6 8 9 2 7 9 3 1 5 9 1 3 5 5 2 - 4  - 2 5 - 4 - 5 0
110 7 . 3 . 8 3 68 1 6 4 0 2 8 4 9 1 5 6 0 3 6 4 9 5 - 2 5 9 1 0 2
1 0 0 7 . 2 . 9 0 7 7 1 4 6 4 9 0 45 1 5 0 0 3 1 8 1 - 4  - 2 5 5 - 5 0

00 7 . 8 . 6 7 3 1 5 1 1 4 2 4 9 2 2 1 3 2 7 2 6 0 2 7 - 2 5 1C - 5 C
80 7 . 5 . 0 1 3 5 0 1 1 9 7 2 9 5 3 1 3 8 8 3 2 1 8 2 3  - 2 5 19 - 5 0
00 7 . 5 .  5 0 68  0 1 1 5 9 9 9 5 1 1 36 4 2 3 3 3 1 0 - 2 5 32 - 5 0
80 7 . 4 .  40 2bo 12117 . 9 26 1 3 8 9 3 6 2 1 21 - 2 5 25 12 5
80 7 . 3 . 9 0 3 1 2 1 1 7 9 9 9 0 7 1 3 6 6 2 8 0 5 8 - 2 5 10 1 0 4
00 7 . 5 . 6 4 33  3 1 1 7 5 2 9 4 9 1 160 2 7 4 2 9 - 2 5 5 11 8
00 7 . 5 . 7 H 2 6 6 1 1 2 9 9 9 5 1 1 3 6 4 2 6 4 6 7 - 2 5 12 1 20
80 7 . 6 . 2 5 27 9 1 1 0 2 0 9 6 7 1 2 6 0 3 1 8 3 1 1 - 2 5 13 1 0 9
HO 7 . 5 . 6 5 5 6 9 1 1 1 1 1 9 5 1 1 2 8 9 2 661 6 - 2 5 12 1 13
70 7 . 5 . 3 8 2 6 4 1 0 3 7 1 9 8 0 1 2 0 0 2 8 6 4 7 - 2 5 7 - 5 0
70 7 . 7 . 4 3 27 5 9 9 8 7 8 5 9 1 1 4 6 2 4 9 3 1 2  - 2 5 18 76
7 0 7 . 7 . 5 2 2 4 0 1 0 5 2 7 1 0 0 3 1181 3 3 0  4 9 - 2 5 1C - 5 0
0 2 7 . 3 . 45 1 0 1 8 6 2 6 8 0 3 9 5 6 3 2 7 3 17 - 2 5 1 1 - 5 0
66 7 . 2 . 1 9 12 5 9 1 9 1 7 6 9 9 6 8 2 6 3 9 13 - 2 5 15 - 5 0
7 2 7 . 3 . 2 2 12 5 1 0 1 1 4 8 32 1 0 3 4 28 9 7 7 - 2 5 6 - 5 0
65 7 . 2 . 1 9 1C4 1 0 3 7 4 7 5 7 1 0 5 9 3 0 9 4 7 - 2 5 ? - 5 0
70 7 . 1 .  37 166 1 0 8 8 2 7 4 5 1 1 1 7 26 31 8 - 2 5 - 4 - 5 C
75 7 . 1 . 4 7 65 1 1 4 1 5 8 9 0 1 1 9 4 2 8 5 4 5 - 2 5 5 - 5 0
00 7 . 1 . 5 2 49 1 2 7 0 1 8 8 8 1 2 8 9 3 0 9 3 11 - 2 5 - 4 - 5 0
90 7 . 4 .  46 46 1 4 9 6 0 9 0 5 1 5 4 7 3 0 0 1 1 0  - 2 5 S - 5 0

10 0 8 . 4 .  30 33 1 6 5 0 5 9 7 0 1 6 5 7 2 9 7 6 8 - 2 5 12 - 5 0
1 0 0 7 . 3 . 41 - 2 b 1 6 3 8 8 1 0 3 4 1 6 5 3 3 9 0 8 9 - 2 5 14 - 5 0
120 7 . 3 .  47 22 3 1 9 0 3 0 1 4 7 7 1 5 5 3 3 8 1 7 2 4  - 2 5 1C - 5 C
I dO 7 . 3 . 5 4 36 1 7 1 7 9 1 0 1 7 1 8 3 5 4 2 1 3 1 4  - 2 5 10 - 5 0
100 7 . 3 . 7 8 28 1 7 3 6 3 1 0 1 1 2 0 1 0 4 8 6 9 11 - 2 5 5 — 50
10 0 7 . 3 .  23 42 1 7 1 8 1 9 9 0 1 9 9 2 6 1 2 1 11 - 2 5 - 4 - 5 C
1 0 0 7 . 2 . 6 1 44 1 7 1 8 3 1 0 3 2 1 8 9 8 61 2 1 17  - 2 5 21 - 5 C
1 1 0 7 . 8 . 8 4 44 1 9 3 1 8 1 1 5 2 2 1 7 2 6 5 0 2 1 2  - 2 5 17 - 5 0
110 7 . 6 . 7 9 5 0 1 9 0 8 6 1 1 4 6 2 1 4 3 4 5 4 0 2 1  - 2 5 14 - 5 0
111 7 . 6 .  48 81 1 9 0 0 2 1 0 5 5 2 1 2 3 - 3 5 0 0 1 2  - 2 5 18 - 5 0
1 10 7 . 3 . 32 64 1 8 5 2 3 1 0 4 0 1 9 9 6 6 9 9 1 1 4  44 21 - 5 0
110 7 . 3 .  6 5 73 1 8 8 2 7 1 1 0 0 2 0 4 1 4 6 4 7 17  - 2 5 16 - 5 0
1 0 9 7 . 2 . 4 4 bO 1 8 8 1 3 1 1 7 5 2 0 1 6 5 1 9 4 9 - 2 5 13 - 5 0
1 10 7 . 2 . 7 5 101 1 8 6 8 5 1 1 5 7 2 0 4 4 5 5 1 7 1 4  - 2 5 18 - 5 0
1 09 7 . 7 . 7 2 5 3 1 8 9 7 1 1 1 9 4 2 0 0 9 55  2 1 17 - 2 5 13 - 5 0
110 7 .  H 1 . 2 4 53 1 8 6 0 2 1 0 9 4 1961 3 8 3 2 11 - 2 5 18 - 5 0
1 1 0 7 . 8 . 9 3 44 1 8 9 2 8 1 1 8 8 1 9 8 9 5 8 4 8 2 0  - 2 5 19 - 5 0
1 38 7 . 7 1 . 0 5 40 1 8 5 2 2 1 1 5 9 1 8 9 1 7 2 6 5 3 7  - 2 5 13 - 5 0
10 5 7 . 4 . 80 43 1 6 7 1 6 1 1 1 1 1 8 7 0 6 6 1 0 5 - 2 5 7 - 5 0
12 5 7 . 6 . 7 9 - 2 5 1 8 4 0 4 1 1 3 0 1 9 6 0 5 8 9 1 — 4 —25 5 - 5 0
1 28 7 . 2 . 6 5 - 2 5 2 1 4 0 3 1 2  44 2 2 3 0 3 6 7 0 9 - 2 5 12 - 5 0
1 5b 7 . 7 .  84 39 2 1 5 9 6 1 3 8 5 2 3 3 6 6 8 6 7 7 - 2 5 9 65
171 8 . 0 2 . 5 2 36 3 0 1 5 8 1 5 7 5 2 9 4 6 5 9 5 8 11 - 2 5 20 - 5 0

15  3 7 . 0 1 .  48 6b 25  26 3 13 46 2 5 8 8 6 8 2 7 14  37 26 - 5 0
1 5 6 7 . 5 1 . 1 9 29 2 6 5 6 2 1 4 9 8 2 5 8 4 6 0 6 7 10  - 2 5 17 - 5 0
1 4 8 7 . 6 1 . 1 6 - 2 5 2 4 9 3 1 1 3 9 2 2 4 6 5 5 5 7 8 9 - 2 5 14 - 5 0
1 45 7 . 7 1 . 7 0 49 2 5 2 6 7 13 8 7 2 6 5 1 7 2 1 0 19  - 2 5 22 - 5 0

1 41 7 . 6 . 9 6 49 2 7 0 7 5 1 3 7 7 2 8 7 7 9 3 9 0 1 4  - 2 5 1 9 - 5 0
1 45 7 . 6 1 . 4 2 37 2 6 2 2 6 1 3 7 5 2 7 5 0 6 9 9 3 1 3  - 2 5 25 - 5 0

1 50 7 . 6 1 . 5 7 35 2 6 0 7 0 1 4 1 4 2 7 4 5 7 7 5 6 1 1 - 2 5 21 - 5 0
14 5 7 . 7 1 . 8 5 42 2 6 9 9 6 1 5 1 4 2 9 1 2 7 1 5 6 18 - 2 5 25 - 5 0
1 19 7 . 7 1 . 5 6 6 8 2 5 9 9 0 1 4 2 3 2 6 9 9 7 3 7 2 1 4  27 19 — 50
1 45 7 . 8 1 . 3 1 52 2 5 7 8 7 1 3 9 4 2 7 6 7 8 7 3 6 1 2  - 2 5 20 - 5 0
1 4 3 7 . 6 1 . 5 3 48 2 5 8 4 9 1 3 5 4 2 8 0 5 7 3 1 9 16  5 6 26 - 5 0
1 4 0 7 . 7 3 . 0 3 35 2 5 9 9 3 1 4 3 5 2 8 0 0 8 4 6 4 17  - 2 5 19 - 5 0
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