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Introduction

The U.S. Bureau of Reclamation is currently in the process of evalu~
ating a number of water development projects in Southwest Colorado. As
a part of the planning process the Bureau has conducted a water quality
investigation, in cooperation with the UWRL, of the stream segments that
will be affected ty each project. The data collected in this study were
used to evaluate the water quality of each stream segment with respect
to various beneficial uses of water (agriculture, raw municipal wecter
supply, protection of the aquatic biota) and will provide a baseline by
which to assess the impact of each project. 1In addition, these déta will
be used.in the process of site location, design and operation planning
for reservoirs and other project features.

This report includes only the r:sults of the West Divide Project.1
Data were collected for three water quality stations associated with this
project:

Station #13: West Divide Creek

Station #20: Lower Colorado River at Silt, Colorado

Station #21: Upper Colorado River at Newcastle, Colorado

Water quality data were collected during the period May, 1977, through
August, 1978. -Ohe sample was collected and analyzed during each month,

except during June, 1977, when two samples were collected from some sites.

1Other projects included in this study are: the Dolores Project, the
Animas La Plata Project, the Mancos Project, the Dominguez Project, the
McElmo Creek Project and the San Miguel Project. The results of the water
quality study for each project are contained in individual reports.



The concentration of 49 water quality constituents was determined for each

sample at the UWRL (Table 1}.



Methods

Bottles to be used for sample collection were prepared at the UQRL
and sent to Colorado for sample collection via Greyhound bas. Three
sample bottles were used for each stétion. Water to be analyzed for non-
metallic constituents (plus calcium and magnesium) were ccllected in half
gallon Nalgene bottles. Two 500 ml polyethylene bottles vere used for
the collection of samples to be analyzed for metals. One of these was
reserved for the analyses of "total" metals and the other reserved‘for
the analyses of "dissolved" metals. All sample bottles were prepared
priér to shipment using a rinse with dilute HC1l followed by three rinses
with high quality distilled water. Prior to shipment, 1.5 ﬁi of 50 per-
cent HNO3 was added to each sample bottle reserved for the analyses of
"total" metals.

In Colorado the staff of the USBR or of the consulting firm cf A
and 5 Consultants, Inc. collected samples from each water quality station.
Samples were packed in ice for the return trip to the UWRL and shipped via
Greyhound bus. Samples usually arrived in Logan the following afterncon
and analyses were begﬁn immediately. Occasionally, samples were held in
transit longer due to inclement weather.

Upon receipt at the UWRL a portion of the sample reserved for the
analyses of non-metallic constituents and the entire sample reserved for
the analyses of dissolved metals was filtered through a 0.45 u "Millipore"
filter. Where necessary samples were filtered through a GF/C glass fiber

filter prior to filtration through the Millipore filter. Aliquots to be



used for the analyses of total Kjeldahl nitrogen, dissolved metals,
‘cyanide and N03/N02 were preserved as outlined in Table 2.

Immediately following sample coding and pre-treatment (filtration
and/or preservation), analyses were performed for total phosphorus,
orthophosphate, alkalinity, cyanide, nitrate and nitrite. On some
occasions the analyses of nitrate/nitrite and cyanide were postponed
‘until the following day. When this.was necessary the samples for N03fNO2
and cyanide were preserved.

The analyses of calcium, total hardness, sulfate, chloride, total
dissolved solids, total Kjeldahl nitrogen, hexavalent chromium and
fluoride'were completed within seven days using the methods listed in
Table 1.

The data obtained for each water quality station during this study
was subjected to statistical analysis to determine the means, maximum,
minimm, range, staﬁdard deviation and coefficient of wvariation for each
constituent. In addition the water quality data for each station was
compared to the proposed Colorado Water Quality Standards for agricultural
use, raw water supply and the protection of the aquatic biota (Appendix A).
This analysis was based on the number of times in which the concentration
of a constituent exceeded the proposed standard for that constituent with
respect to the number of times a detectable concentration of the con-
stituent was analyzed (Appendix D). 1In Tables 6 and 7 the comparison is
made on the basis of the total number of samples anaiyzed since for most
constituents if the concentration is below the detection limit of analysés
it is below the proposed standards. For some metals (cadmium, mercury,

silver, copper and zinc) the proposed standards for the protection of the



Table 1. Analytical methods used in water quality survey.

Analysis Units/Sensitivity Method

Non Metallic Constituents

Total hardness 1 mg/1 as CaCoO EDTA Titrimetric. S.M.

3 p. 202
pH pH electrode. S.M. p. 460
Total alkalinity 1 mg/1 as CaCO3 Potentiometric. S.M.
p. 278
Carbonate hardness 1 mg/l as CaCO3 Calculated from CaCO3
Bicarbonate hardness 1 mg/1 as CaCO3 - Calculated from CaCO3
Total dissolved solids 1 mg/l | Gravimetric. 5.M. p. 82
Chloride, dissolved mg/l, 2 place Titrimetric (HgNO,)
' 5.M. p. 304
Sulfate, dissolved mg/l, 2 place Turbidimetric (BaCl,)
: : S.M. p. 49¢
Fluoride, dissolved mg/l, 2 place Ion selective electrode
S5.M. p. 392
Cyanide, total ‘ mg/l, 2 place. Ion selective electrode
S.M. ~. 372
Phosphorus, total mg/l, 2 place | Persulfate digestlon
: S.M. p. 466
. Phosphate, ortho mg/l, 2 place A Ascorbic acid
: S.M. p. 481
Nitrogen, total organic mg/l, 2 place Kjeldahl. S.M. p. 437
Nifrate mg/l, 2 place Cadmium reduction (automated)
S5.M. p. 620

Metallic Constituents

Aluminum, total; pg/l, 3 place Atomic absorption (AA)
dissolved S.M. p. 152
Arsenic, total; pug/l, 3 place Atomic Absorption (Vapor

dissolved generation) S.M. p. 159



Table 1. Continued.
Analysis Units/Sensitivity Method
Barium,- dissolved2 ug/l, 2 place Atomic absorption
S.M. p. 152
Boron, dissolved mg/1l, 2 place Carmine. S.M. p. 290
Calcium mg/l, 2 place ' Titrimetric (EDTA)
S.M. p. 189
Cadmium, total; ug/l, 3 plézce Atomic abéorption (Flameless)
dissolved EPA p. 78
Chromium, dissolvedz ug/1l, 3 place Atomic absorption (Flameless)
EPA p. 78
Chromium, hexavalent ug/l, 3 place Colorimetric, S.M. p. 192
Copper, total; dissolved ug/l, 3 place Atomic absorption
S.M. p. 148
Iron, total; dissolved ug /1, 3 place Atomic absorption
S.M. p. 148
Lead, total; Zissolved ug /1, 3 place Atomic absorption (Flameless)
EPA p. 78 “
Magnesium, dissolved mg/l, 2 place Calculated from calcium
and total hardness
Manganese, total; ug /1, 3 place Atomic absorption
dissolved S.M. p. 148
‘Mercury, totalj; ug /1, 3 place Atomic absorption (Col&
dissolved vapor) S.M.p. 56
Molybdenum, total; g /1, 3 place Atomic absorption (Flameless)
dissolved EPA p. 78
Nickel, total; dissolved vg /1, 3 place Atomic absorption (Flameless)
EPA p. 78
Potas.sium, dissolved mg/l, 2 placé Flame photometric,
S.M. p. 234
Selenium, total; ug/l, 2 place Atomic absorption (Vapor
dissolved generation) S.M. p. 159
Silver, total; dissolved ug/l, 3 place Atomic absorption (Flameless)

EPA p. 78



Table 1. Continued.

Analysis Units/Sensitivity Method
Sodium, dissolved mg/l, 2 place Flame photometric, S.M.
p. 250
Zinc, total; dissolved ugfl, 3 place Atomic absorption, &S.M.
p. 148

1Sources of analytical methods:

S.M. = Standard Methods for Examination of Water and Wastewater.
- l4th Ed. (1975). APHA.
EPA = USEPA (1976a). Methods for Chemical Analysis of Water and
Wastes. V

2These analysis were not included in original contract. Analysis of these
constituents began in January, 1978.



Table 2. Methods of storage and preservation of samples used in the water

quality survey.

Storage

Constitutent Preservative
Metals1 3 ml 50% "mercury free"
HN03/1

TKN 0.8 ml conc. stoa/l

NO3—NO2 1 drop chloroform per
' 7 12 ml vials

CN pH adjusted to 12 with

ionic strength adjuster

Several months (refrigerated)
Max. of 7 days in dark amber
glass bottle (refrigerated)

Max. of 2 days in stoppered
vials (refrigerated) '

Up to 24 hours (refrigerated)

1Samplé bottles (500 ml) for "total metals" contained 1.5 ml HN03 when

shipped to field.



aquatic biota are below the detectipn limits of analyses. .Since there may
have been instances in which the concentration of one of these mefals was
less than the detection limit of analysis but still greater than the
proposed standard for the protection of the aquatic biota, the comparisdns
for these metals with the proposed standards in Tables 6 and 7 are enclosed

in parenthesis.
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Results

The water quality data collected during this study are presented in
Appendix B. Statistical analyses of these data, including the mean,
maximum, minimum, range, standard deviatidn and coefficient of variance
for each constituent are presented in Appendix C.

The sampling period for this study began in May, 1977, and ended
during August, 1978 (17 sampling rounds). Forty-four analyses were to
be performed on each sample between May, 1977, and December, 1977, and 49
analyses were to be performed on each sample between January, 1978,
through August, 1978. Thus, a total of 2,364 analyses were to be performed
for the three sampling stations associated with the West Divide Project.
During this study one sample (designated for non-metallic constituent
analyses) was not received, resulting in the omission»of 16 analyses (0.6
percent of the total). In addition to these, 16 analytical tests were
omitted throughout the study (0.6 percent of the total). Thus, 98.2 per-
cent. of fhe initially scheduled analyses were completed.

In order to check the reliability of these analyses, ion balances
were computed for each sample analyzed. The error in each ion Balance was

calculated as follows:

+n ~n ;
P A

% error =

The ion balance calculations for each sampling period are presented
in Table 4. A frequency distribution of the errors in the ion balances

for each water quality station is presented in Table 5 and Figure 1.
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Table 3. West Divide water quality survey - Missing parameter values.?

Analyses not performed

Reason for Omission

Sampling
Round AStatiqn
1 13,20
2 13
20
3 20
21
4 21
5 13,21
10 13,20,21
21
14 13,20,21

Hexavalent chromium

Alkalinity

Nitrite

Total cyanide

All non-metallic con-
stituents, plus calcium
and hex. chromium

Total nickel

Chloride

Fluoride; hex. chromium

TDS

Arsenic (tot.; diss.);
selenium (tot.; diss.)

Analysis omitted

Analysis omitted

Analysis omitted

Analysis omitted

Sample not
received

Analysis omitted

Analysis omitted

Analysis omitted

Analysis omitted

Analysis omitted

3When total hardness was not determined, magnesium concentration could not
be calculated. When alkalinity was not determined, inorganic carbon
species (HCO,, cog) could not be determined.
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Table 4. Ion balance calculations for the West Divide Project

STDS = Sum of the constituents (=g/2)

MTDS = Laboratory measured TS {=3/l)

sC = Sum of cations {(meq/i)

SA = Sum of anions (meg/i)

ADIFF = Absolute difference betueen SC and SA ({meq /%)
<ESY QIVIDE PROJECT ERR(Z) = (ADIFF}/(SC + 5i) x 100

* = Indicated date where one or mere constituents have not
STATIUN 13: rEST DIVIDE CrEeK been recorded.

- = Tndicates that the concentration was below detection limir.

* * ) * )

572777 o/16  &/730 T/19  RI24 9721 - 10219 L1718 12713 1718778 2715 3721 4718 5716 o/te 1719 e/
ca 4R, 0 LE 0,0 114,0 64,0 27,0 76,4 10E,0 g3, 0 94,0 82,0 S1,0 45,0 2%, 0 u,0 42,0 Su,6
"3 Gad, 0 T.0.0 23,5 2R .0 18,9 YN 31,0 in,0 uas,n 43,y 4, 14,9 3,0 2,0 [ ©,.0 32,0
b Je. b 3s,00 37,0 1v2,0 &S0 77,0 141,60 195,00 1S1,0 176,08 147.0 71,¢ 25,0 S,0 15,0 Gu,f L1s,0
" 2,0 2.0 5.0 5,0 a,4 11,0 €,5 2.8 b1 2.4 2.9 3.1 1.7 3,8 4,0 3.0 S.v
~cod 177,90 C.0 210,00 Sis,0 28%.0 379,0 629,00 429,0 48526 417,20 824,0 265,08 135,0 10&,0 1u0.0 14E,0 3le,0
cos 12,6 G, 0 [N 15,0 6,0 6,0 14,0 Iu,0 0,0 0,0. 12,0 0,0 0,A [ 16,0 0L0 2e,u
cL 29,9 5.0 3,0 -1.0 6,0 23,9 1,0 35,0 36,0 «1,0- 32,0 21,0 §5.0 @ =2,0 4.y &,0 3,0
504 62,0 46,0 to4,0 3030 83,9 18,0 139,0 . 199,n 177,0 148,00 171,9 58,0 24,0 7.0 43,0 26,0 t3i,v

8178 el,e 135,00 822,06 3173,4 515,30 T8I, 6 53,5 {031.6 wSu,l BKO,G 912,9 481.1 291,7 1%2,8 170,6 257,868 elz,u
#70s 134,83 2ez,0 59,0 94,0 ada,0 48,0 TEA,0 91,0 7630 FIL,0 Ti1,0 4360 {T71,0 112,84 teh,0 211.0 S7e,u
sC T.w32 4,387 10,231 16,4872 7,048 15,769 12,766 16,350 14,564 15,945 16,015 o,80% 3,023 1,426 0,755 3,710 ju,sld
$4 5,635 0,974 7,699 16,92R” 7,823 11,805 11,753 U390 13,7401 41,421 13,183 7,000 <,é11 Z.fee  %,2C¢ 3,712 9,us7
ADIFF $,997 3,413 2,532 9,457 0,380 1,036 1,012 1.959 6,827 4,524 832 0,19 1,188 €,339 2,453 0,002 G.Ye0
EFRI%) 15,051 03,865 14,122 1,357 2,024 4,596 4,128 6,373 2,922 16,530 3,061 1,405 14,005 6,998 ©1.90b 0,029 &.580

wWEST DIVIDE PROJECT

STATTIOK 209 LORER COLORADD AT SILT

5/25/7717 /1y a/3n 7/19  as24 9/21 13719 L1218 12713 (/18278 2715 3/21 asie /10 &/16 T/1Y  eldd
Ca 7.0 o3,0 70D es,d  TT,A Ty.e 90,0 10F,0 @10 72,8 &4,0  E4,0 62,0 &i,0 33,0 53,0  bU,G
g G, 16,v 19,0 12.¢ 10,0 12,0 16,0 B, 0 24,0 18,9 13,0 11,0 0,0 2,0 3,0 5,4 HI]
N& 182,39 73,0 124,06 129,90  F9,.0  Gb,0 151,00 ZIB,6 12,0 216.0 1710 184,y kb0 9,0 4.0 5,0 YY,0
ol d.0 3.9 5,0 4,8 5,0 S0 4,9 3,0 . 7.0 3.1 3.6 3.5 2.0 $,1 3,0 3,0 4,0
nEo3 116,011,000 136,00 119,06 122,0 117,0 141,09 1#7,0 131.06 120.0 128,0 127,08 116,0 172,50 A0 118,0 139,40
cod 2,0 8,0 n,o 1,0 3,0 16,0 6,0 21,0 0,0 0,0 0,0 9,0 6,0 3,0 AL 5,0 1¢,0
cL e, 0 115,00 1e8,0 178,90 14,0 1é80,0 161,90 206,00 €30,0 215,00 211,0 213,56 2lo.0 23,9 1.9 BULD Lhe 0
& 73,0 82,0 13¢é,0 91,5 1756 23,0 130,00 172,0 134,00 134,.C 130,50 126,u HF 0 43,0 e7,.0 e ,u  Inl,0

ST0§ 13,0 471,6 645,06 03,0 422,90 66D,0 39,5 903,80 VIS, Tha,t T&n,0 T0E,5 ®ob,n 2Y6.,1 205,85 334,06 o030
»T108 ° 452,08 5%0,0 95,6 572,60 518,00 Se3,0 Téb,0 526,0 0&1,6 Tio, 0 o37.0 681,80 350,00 213,u 102.6 2Be.u S82,v
14 £,623  7,54R 9,537 16,146 B,ocd  B.798 12,491 15,647 1¢,%13 14,547 12,776 11,45 &,701 2,862 2,368 .03y Y.223
§a 7,629 7,380 10,212 9,316 5,021 9,908 10,1868 15,009 12,151 11,375 11,219 11,172 10,262 4,9%9 3,293 5,304 9,3%¢
ADIFF 0,794 9,108 0,373 0,624 3,043 1,170 2,302 0,598 ¢,762 3,212 1,557 0,378 3,501 2,102 0,v32 v o0l G.529

ERRLY) 4,826 1,125 1,87¢ 4,255 26,621 6,235 10,152 1,953 3,042 12,372 b.8%0 1,228 20,500 20,723 16,870 0,715 1,751

(A



Ca
"G
NA

HEO3
cesl
cL
sna

5/25/77

87,0
13,0
94,0

504,0
430,0
R.604
7,690
6,914
5,610

Table 4. (cont'd); Ton balance calculations for the West Divide Project

*
6/16 /30
62,0 5,0

9,0 0,0
77.0 122,0
3,0 5,0
107,0 0.0
0,0 [

111,06 0,0

92,0 0,0

461,00 127,0
438,0 0,0
7.260 8,435
7,187 0,000
8,074 5,435
5,509100 000

STDS =
MTDS
SC

SA
ADIFF
ERR (%)
*

i

i

H

i

7718

61,0
14,0
128,46
4,9
118,90
0,9
174,40
88,0

$87,0
54,0
9,R66
9,101
0,765
4,034

Sum of the constituents (mg/L)
Laboratory measured TDS (mg/e)

AEST DIVIDE PROJECT

STATION 213

4ou,0
500,0
8,156
4,711
3,445
26,776

617,90
S02,0
9,075
10,315
1,289
6,667

f0/19

103,0
6,0
13303
4,8
a3, n
0,0
167,0
127,0

701,8
752.0
12,324
10,215
2,100
9,154

11715

101,0
12.0
240.,0
2.9
149,0
AyD
2830
174,0

967,9
818,0
16,541
14,706
1.R35
5,873

Sum of cations (meq/2)
Sum of anions (meq/2)

Absolute difference between SC and SA (meq/2)
(ADIFF)/(SC + SA) x 100
Indicated date where one or more constituents have not

been recorded.

12713 1718778

87,0
12,0
166,60

834,0
696,0
12,728
13,718
0,987
3,732

18,0
14,0
212,0
3.5
127,0
0,0
296,0
117,90

778,%
0,0
14,008
11,351
3,054

UPPER COLORADO AT MNEW (ASTLE

2715

80,0
74,0
172,0

785,9
665,0
17,635
11,036
6,600

11,856 23,019

3’21

- e e
LAV 4 w fe 3
T e A D D O
N
DO DDWO DD

4s1e

68,0
2,0
710
2.2
112,90
6,0
213,0
87,0

555,2
74,0
6,702

10,060
3,358

20,030

(1

5718 6715

43,0 15,0
6,0 2.
11,0 9,
4,7 3.
158,08 77,
0.0 a,
25,9 15,
43,0 49,

290,7 18a,0
223,0 170,0
3,238 2,379
4,761 2,927
1,523 0,544
19,036 10,322

Indicates that the concentration was below detc-tion 1limit.

Juo,0
273,0
4,618
5,537
0,919
9,045

573,0
52,0
q,019
9,047
0,028
0,156

£T
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Table 5. Frequency distribution of errors in the ion balances’
for the West Divide Project

Station 13: West Divide Creek Station 205 Jewer Colorado at Silt

Err(1) Number 2 of total Exr{Z} Husber I of goral
0~5 9 0.0 0~-5 8 47.1
5 - 10 2 16,3 A\:s - 10 3 17.6
10 - 15 2 15.3 10 - 15 2 11.8
15 ~ 20 2 14.3 V 15 - 20 1 5;9
>20 i 0 ] »20 3 1?;6
Missing Data 2 ‘ Missing Data 0
Total 17 ’ Total 37

Station 21: Upper Colorado ar Kew Castie

Err(2} Kurber I of total
0-5 s 333
e 5
10 ~ 15 2 13.3 .
' 15 ~ 20 1 &.7
>20 2 1133
AAAAA ;isaing Data ‘ 2
Total 12




Figure 1. Frequency distribution of errors in the ion balances for
the West Divide Project.

100%
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0-5 5-10 10-15 156-20 =20

_ % ERROR

B C. Upper Colorado River at New Castle.
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Discussion

The waters from the two water quality sfations on the Colorado River
are very similar to one another with respect to the concentrations of major
ions (Ca, Mg, K, Na, SOQ Cl) and the total concentration of dissolved
solidsk(See Tables C-2 and C-3). At both sites the mean TDS concentration
was just over 500 mg/l. The TDS did not exceed 1,000 mg/l at either
station at any time during this study.

The composition of water from West Divide Creek was similar to that
of the Colorado River at New Castle and 8ilt with respect to the concen-
trations of major ions and TDS, although the levels of some metallic con-
stituents were somewhat different in West Divide Creek than in the main
stem of the Colorado River (compare Tables 7 and 8 with Table 9).

For the two water quality stations on the Colorado the most frequently
exceeded of the proposed standards for raw water supply was that for total
cadmium. The total cadmium standard was exceeded during 41vpercent of the
sampling periods at 8ilt and during 29 percent of the sampling periods at
New Castle. The concentrations of several other metals exceeded the pro-
posed standards for raw water supply (Tables 7 and 8) but none except
cadmium exceeded the standards during more than two sampling rounds. The
water from West Divide Creek exceeded the proposed raw water supply for
total cadmium during 35 percent of the sampling periods. The most notable
difference between the main stem of the Colorado River and West Divide
Creek with respect to the proposed water supply standards is the number
of occasions on which the dissolved manganese standard was exceeded. In

the Colorado River the dissolved manganese standard was exceeded only once
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Table * . Constituents that exceeded the proposed Colorado Water
Quality Standards at West Divide Creek. (1)

Water Use N
Class 11
Parameter Water Supply Agriculture Aquatic Biota
(All metals "total :
unless specified) N/T(z) % N/T(Z) % N/T(Z) %
Aluminum - - - - 13/17 76
(dissolved) :
Barium 1/10 10 - - - -
Cadmium > 6/17 35 6/17 35 (11/17)  (65)
Copper(3) 0/17 0 0/17 0 (7/17) (41)
Iron - - - - 11/17 65
(total)
Lead o0/10 0 0/10 0 2/10 20
Manganese
(dissolved) 8/17 47 - - ~ -
Manganese - - 5/17 29 0/17 0
(total) '
Mercury(3) 3/17 18 - - (16/17) (94)
Silver(B) 0/17 0 - - (3?1?) (18)
Zinc(S) 0/17 0 0/17 0 (10/17) (59)
Total Cyanide 0/17 0 0/17 0 11/17 65
Nitrogen 0/17 0 0/17 0 1/17 6
(nitrite) ' .
Sulfate 1/17 6 - . - -
1)

Proposed Colorado Water Quality Standards in Appendix A.
(Z)N/T = number of samples exceeding standard compared with total
number of samples analyzed.

(3)Parenthesis indicate that the proposced standard was below the
detection limit of analyses.
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Table 7 . Constituents that exceeded the proposed Colorado Water
Quality Standards 1in the Lower Colorado at sitt, (1)

Water Use

Class II
Parameter“ o Water Supply Agriculture Aquatic Biota
(ﬁiie::tzizciggzg) N/T(z) % n/r? % n/¢? %
Aluminum - - - - 14/17 82
(dissolved)
Bar:um ' 1/10- 0 - - - -
Cadufum?) 7/17 41 7/17 41 (8/17) (47
copper ¢3) 0/17 0 0/17 0 (8/17) (4D
Iron - - - - 4/17 23
(total)
Lead 0/10 0 0/10 0 1/10 10
Manganese 2/17 12 - - - ~
(dissolved)
Mercury > 1/17 6 - - 15/17)  (88)
Selenium 1/17 6 1/17 6 0/17 0
Silver(3) 0/17 0 - - (3/17) (18)
zine® 1/17 6 1/17 6 (11/17)  (65)
Chloride 1/17 6 - - - -
Total Cyanide 0/17 0 0/17 0 11/17 65
Nitrogen 0/17 0 0/17 0 1/17 6
(nitrite) : '
(1)

Proposed Colorado Water Quality Standards in Appendix A,
(Z)NXT = number of samples exceeding standard compared with total
number of samples analyzed.

(3)Parenthesis indicate that the proposed standard was below the
detection limit of analyses.



(2)

number of samples analyzed.

(3)

detection limit of analyses.

Table'ﬁ . Constituents that exceeded the proposed Colorado Water(
Quality Standards in the Upper Colorado at New Castle.
Water Use
Class II
Parameter Water Supply Agriculture Aquatic Biota
(A1l metals "total"
unless specified) N/T(Z) 9 N/T(Z) 4 N/T(z) 9
Aluminum - - - - 13/17 76
(dissolved)
Cadmiun> 5/17 29 5/17 29 (9/17)  (93)
copper > 0/17 0 0/17 0 (7/17)  (41)
Iron - - - - 4/17 23
(total) .
Lead 0/10 0 0/10 0 2/10 20
Manganese 1/17 6 - - - -
(dissolved)
Manganese - - 2/17 12 0/17 0
(total)
Mercury () 1/17 6 - - (17/17)  (100)
Silver(3) 0/17 0 - - (2/17) (12)
Zinc(3) 0/17 0 0/17 0 (12/17) (71)
Chloride 2/17 12 - - - -
Total Cyanide 0/17 0 0/17 0 8/17 47
Nitrogen 0/17 0 0/17 0 1/17 6
(nitrite)
(1)

Proposed Colorado Water Quality Standards in Appendix A.

N/T = number of samples exceeding standard compared with total

Parenthesis indicate that the proposed standard was below the

1

19
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at New Castle and twice at Silt; whereas in West Divide Creek the dissolved
manganese standard was exceeded during nearly half (8 out of 17) of the
sampling periods. The standard for dissolved manganese was established
on the basis of the undesirable taste and brownish staining associated
with the use of waters containing high concentrations of dissolved manganese.
On this basis, the water from West Divide Creek woﬁld be less desirable
than water from the Colorado River as a source of municipal water supply.

The water from the Colorado River at 8ilt and at New Castle
exceeded the proposed agricultural use standard for cadmium during seven
and five sémpling periods, respectively., In addition, the agricultural
standard for total manganese was exceeded on two occasions in the Colorado
River at New Castle and the standards for total selenium and total zinc
were exceeded (once each) in the Colorado River at New Castle. Many of
the heavy metal standards were exceeded during the irrigation season.
The salinity of the Colorado River at these two stations never exqeeded
700 mg/1 during the irrigation season. This level of salinity would be
suitable for irrigation of all but the most sensitive crops ( NAS,1972).
The water from West Divide Creek exceeded the proposed agricultufal use
standard for total cadmium during six sampling periods and for total
manganese during five sampling periods. The standards for these metals
were.usually exceeded during the spring and summer months. The salinity
of West Divide Creek may limit its use for irrigating sensitive crops.
although the TDS never exceeded 1,000 mg/l during this study.

The water from the Colorado River exceeded many of the proposed
standards for the protection of the aquatic biota. Conéentrations of

dissoclved aluminum, total cadmium, total mercury, total zinc and total



21

cyanide at both sites exceeded the proposed standards for the protection
of aquatic biota during half or more of the sampling periods. The stan-
dards for several other constituents, including total copper, total iroﬁ,
total lead, total silver and nitrite were exceeded at both Colorado River
stations during one or more sampling periods (Tables 7 and 8). Algal
biocassays conducted using the Algal Assay Bottle Test (EPA, 1971) with
filtered water from the Colorado River at New Castle and Silt gave no in-
dication of heavy metal toxicity during November, 1977, January, 1978,
March, 1978, and May, 1978. Water from West Divide Creek also éxceeded
the proposed standards for the protecfion of the aquatic biota with re-
spect to numerous metals. Concentrations of dissolved alﬁminum, total
cadmium, total iron, total mercury, total zinc and total cyanide exceeded
the proposed standards during over half of the samples from West Divide
Creek. Concentrations of total copper, total lead, total silver and
nitrite also exceeded the proposed standards, but less frequently. Bio-

assays were not conducted on water from West Divide Creek.
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Table A-1 Proposed Colorado water quality standards:
Class II water supply. o

~Parameter ‘ Standard

Physical

D.0. (mg/%)! Aerobic?

pH ‘ : 5.0-9.0

Suspended solids and turbidity 3

Temperature X

TDS (mg/R) Y
Biological

Algae“ , Free of toxic and

. objectionable algae
Fecal coliforms (#/100 m) 1,000

Inorganics
Ammonia (mg/% as N)

Total residual chlorine (mg/%)
Cyanide (mg/%)

Fluoride (mg/%)

Nitrate (mg/? as N)

Nitrite (mg/% as N)

Sulfide as HyS (mg/4L)

Boron (mg/2)

Chloride (mg/l)

Magnesium (mg/%)

Sodium adsorbtion ratio :
Sulfate (mg/%) 250
Phosphorus (mg/% as P) Bioassay®

]

]

wu

HFNMOHFHRE WO MO
N e O
o o0

b

Toxic Metals (mg/L)
Aluminum
Arsenic
Barium
Beryllium
Cadmium
Chromium
Copper
Iron
Lead
Manganese
Mercury
Molybdenum
Nickel

Ln

.

.
oo

L]
=

(éoluble}

*

DOOWOOO

*

(solubie)

[ MV RS,
[

-

HMHOOOQOOMOOMMEOM

X = numerical limit generally not needed for protection of
classified use.

Y = limit may be required but there is insufficient data for setting
a general staundard.
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Table ‘-1 Continued.

Parameter Standards

Toxic Metals (mg/f)
Selenium
Silver
Thallium
Zinc

Voo
L et

Orgam‘.cs7 (%%)

Chlorinated pesticides®

Aldrin®
‘Chlordane®
Dieldrin®
DDT?

Endrin
Heptachlor9
Lindane
Methoxychlor
Mirex
Toxaphene

U o O e
o [ ]

Organophosphate pesticidess
Demeton
Endosulfan
Guthion
Malathion
Parathion

o e ke

Chlorophenoxy Herbicides
2, 4-D 100

2, 4, 5-TP : 10

PCB's!?® Y
Phenol 1

Radiologicall! (pCi/%)

Alphal®, 12 15
Beta'l, 12 50
Cesium 134 80
Platonium 15
Radium 226 and 228'2, 13 A 5
Strontium 90'2%, 13 8
Thorium 230 and 232 60
Tritium 20,000
Uranium (total, mg/l) 5
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1 e ‘

Where ‘lissolved oxygen levels less than the standard occur naturally,
a discharge shall not cause a further reduction in dissolved oxygen
in receiving water.

2An effldent shall be regulated to maintain aerobic conditions, and a
guideline of 2.0 mg/f dissolved oxygen in an effluent should be
maintained, unless demonstrated otherwise.

3Suspended solid levels will be controlled by Effluent Limitations
and Basic Standards.

“Free from objectionable and toxic algae. It has been well established
that heavy growth of some strains of blue-green algae, upon death and
degradation, may release one or more substances which are toxic to
humans and many other animals. Although no fixed numbers can be
recommended at this time, it is clear that streams, lakes and reservoirs
should not be permitted to bear heavy growth of algal blooms, nor
allow these blooms to disintegrate. Every effort should be made to
control algal growths to levels that are not hazardous.

*Fluoride limits vary from 2.4 mg/% at 12.0 C and below, to 1.4 mg/%
between 26.3 C and 32.5 C, based upon the annual average of the max~
imum daily air temperature (see National Interim Primary Drinking
Water Regulations for specific limitationms).

6Phosphorus standards are to be determined by an algal bicassay using
the method described in the latest edition of Standard Methods for
the Examination of Water and Wastewater.

7a11 organics, not on this partial list, are covered under Basic
Standards, Section 3.1., 1978 Colorado Water Quality Standards.

8Numerical limits in tables based on experimental evidence of toxicity.
No point source.discharges of organic pesticides shall be permitted to
state waters.

*The persistence, bicaccumulation potential, and carcinogenicity of
these organic compounds cautions human exposure to a minimum (EPA).

10Every reasonable effort should be made to minimize human exposure (EPA).

Concentrations given are maximum permissible concentrations above
naturally occurring or "background" concentrations except where
otherwise noted.

121¢ Alpha or Beta are measured in excess of 15 or 50 pCi/f respectively,
it will be necessary to determine by specific analysis the particular
radionuclide or radicnuclides responsible for the elevated level.
Particular radionucl:des should not exceed the limit given in the
table. If an elevated level of Alpha or Beta emissions is caused by
radionuclides, the D:visior should be consulted.

13 . e : ' .
Maximum permissible concentrations including naturally occurring or
background contributions.
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Table A-2 Proposed Colorado water quality standards (non-metallic):
Protection of Aquatic Biota,

Parameter

Cold Water Biota

Warm Water Biota

Physical
D.0. (mg/R)}

pH

Suspended solids
and turbidity

Temperature (°C)

DS (mg/L)

Biological
AlgaeS

Fecal coliforms

Inorganics
Ammonia (mg/f as N)

Total residual chlorine

(mg/2)
Cyanide (mg/2)
Fluoride (mg/%)
Nitrate (mg/% as N)
Nitrite (mg/f as N)

Sulfide as HzS (mg/)

Boron (mg/L)
Chloride (mg/%)
Magnesium (mg/%)

Sodium adsorbtion ratio

Sulfate (mg/%)

Phosphorus (mg/% as P)

Organics 7 (l%)

Chlorinated Pesticides®
Aldrin’®
Chlordane
Dieldrin®
DDT
Endrin
Heptachlor
Lindane
Methoxychlor
Mirex
Toxaphene

O‘\k&@’\

.0
.0 (s awnlng)2
.5 -

3

Maximum 20°C w/
3° increase"
Y

Free from objec-
tionable and toxic
algae

X

0.02 unionized'

ioassay6

0.003
0.01

0.003
0.001
0.004
0.001
0.01

0.03

0.001
0.005

5.0

6.5 - 9.0

3

Maximum 30°C w/
3° increase"

Y

Same as Cold
Water

X
0.10 unionized
0.01
0.005
X

X
0.5
0.002
undissociated
X
X
X
X
X
Bi

ioassay®

0.003

0.01
0.003
0.001
0.004
0.001
0.01
0.03
0.001
0.005
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Parameter

Cold Water Biota

Warm Water Biota

Organophosphate Pesticides®

Chlorophenoxy Herbicides

Demeton
Endosulfan
Guthion
Malathion
Parathion

2, 4-D
2, 4, 5-TP

PCB's

Phenols

Radiologicall® in (pCi/%)

Alpha (excluding uranium

and radiumll)

Beta (excluding Sr

Cesium 134

Plutonium 238, 239,

and 240

Radium 226 and 228

Strantium 90%!?

Thorium 230 and 232

Tritium
Uranium =(total)13

OHOOHK
o o

o
~

o

0.001

15
50
80

15

60
20,000

OHOOHK
o o

o
~

R

0.001

15
50
80

15

5

8
60
20,000

i
[

o
]

numerical limit generally not needed for protection of classified

use,.

limit may be required but there is insufficient data for setting

a general standard.

lWhere dissolved oxygen levels less than the standard occur naturally
a discharge shall not cause a further reduction in dissolved oxygen

in

receiving water.

2A 7 mg/% standard, during periods of spawning of coldwater fish,
shall be set on a case by case basis as defined in the NPDES permit
for those dischargers whose effluent would affect fish spawning.

3Suspended solid levels will be controlled by Effluent Limitations
and Basic Standards.
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"Temperature shall maintain a normal pattern of diurnal and seasonal
fluctuations with no abrupt changes and shall have no increase in
temperature of a magnitude, rate and duration deemed deleterious to
the resident aquatic life. (enerally, a maximum 3°C increase over
a minimum of a 4~hour period, lasting for 12 hours maximum, is deemed
acceptable for discharges fluctuating in volume or temperature.

Where temperature increases cannot be maintained within this range
using BMP, BATEA, and BPWITT control measures, the Division will
determine whether the resulting temperature increases preclude an
Aquatic Life classification.

SFree from objectionable and toxic algae. It has been well established

that heavy growth of some strains of blue-green algae, upon death and
degradation, may release one or more substances which are toxic to
humans and mary other animals. Although no fixed numbers can be
recommended at this time, it is clear that streams lakes and reservoirs
should not be permitted to bear heavy growth of algal blooms, nor

allow these blooms to disintegrate. Every effort should be made to
control algal growths to levels that are not hazardous.
6Phosphorus standards are to be determined by an algal bioassay using
the method described in the latest edition of Standard Methods for
the Examination of Water and Wastewater, American Public Health
Association. '

7AT1 organics, not on this partial list, are covered under Basic
Standards, Section 3.1., 1978 Colorado Water Quality Standards.

8Numerical limits in tables based on experimental evidence of toxicity.
No point source discharges of organic pesticides shall be permitted to
state waters.

®Aldrin and dieldrin in combination should not exceed 0.000003 mg/L.

%Concentrations given are maximum permissible concentrations above
naturally occurring or "background”" concentrations except where
otherwise noted. o

irg Alpha or Beta are measured in excess of 15 of 50 pCi/f respectively,
it will be necessary to determine by specific analysis the particular
radionuclide or radionuclides responsible for the elevated level.
Particular radionuclides should not exceed the limit given in the table.
If an elevated level of Alpha or Beta emissions is caused by radio-
nuclides, the Division should be consulted.

12Maximum permissible concentrations including naturally occurring
or background contribution.

135¢e Uranium in Table A-3for aquatic life limitations.
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Table A-3 Proposed Colorado water quality standards (metallicj:
Protection of Aquatic Biota.

Parameter Vater Hardness! - Cold and Warm Water Bio:a

0-100 100-200 200-300 300-400 over 400

Toxic Metals?
(mg/4)

Qo
v

(=
w

o=
wn

Aluminum (soluble)
Arsenic
Barium
Beryllium
Cadmium
Chromium
Copper
Iron

Lead?®
Manganese
Mercury
Molybdenum
Nickel
Selenium
Silver
Thallium
Uranium
Zinc

.
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o
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et
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o
CO0O0O0OHOHOHODOOXOO
o
o
CHOOOOMOHOHODOOHKMOO.

w

X = numerical limit generally not needed for protection of classified
use,

!Concentrations of total alkalinity or other chelating agents attri-
butable to municipal, industrial or other discharges or agriculatural
practices should not alter the total alkalinity or other chelating
agents of the receiving water by more than 20 percent. Where the
complexing capacity of the receiving water is altered by more than

20 percent or where chelating agents are released to the receiving
water which are not naturally characteristic of that water, specific
effluent limitations on pertinent parameters will be established. 1In
no case shall instream modification or alteration of total alkalinity
or other chelating agents be permitted without Commission authorization.

2Bioassay procedures may be used to establish criteria or standards for
a particular situation. Requirements for biocassay procedures outlined
in Section 3.1.10, Colorado Water Quality Standards, May 2. 1978.

3For bicassay lead concentration is based on soluble lead measurements
(1.e. non-filterable lead using a 0.45 micron filter).
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Table -4 Proposed Colorado water quality standards:
Agricultural Use.

Parameter o Standard

Physical

D.0. (mg/2)? Aerobic?

pH X

Suspended solids and turbidity 3

Temperature X

-TDS (mg/%) Y
Biological -

Algae" . Free of toxic and

' objectionable algae
Fecal coliforms (#/100 mf) ~ 1,000

Inorganics

Ammonia (mg/% as N) X
Total residual chlorine (mg/2) X
Cyanide (mg/%) 0.2
Fluoride (mg/R) X
Nitrate (mg/% as N) . 1003
Nitrite (mg/% as N) ‘ 10°
Sulfide as H S (mg/%) X
Boron (mg/Q,)2 0.75

Chloride (mg/%) X
Magnesium (mg/%) X
Sodium adsorbtion ratio X
Sulfate (mg/%) X
Phosphorus (mg/& as P) X

Toxic Metals (mg/%)
Aluminum
Arsenic
Barium
Beryllium
Cadmium
Chromium
Copper
Iron
Lead
Manganese
Mercury
Molybdenum
Nickel

s
d

* . L]
(S ol N OO =
et

OHMMOOMOOOONMOM

.
[N

numerical limit generally not needed for protection of classified
use. !
limit may be required but there is insufficient data for setting
a general standard.

»4
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4
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Table A-4 Continued.

Parameter

Standard

Toxic Metals (mg/l)
Selenium
Silver
Thallium
.Zinc

, e
P

Organics

Chlorinated Pesticides’

Aldrin®
Chlordane®
Dieldrin®
pDT®

Endrin
Heptachlor8
Lindane
Methoxychlor
Mirex
Toxaphene

Organophosphate Pesticides’

Demeton
Endosulfan
Guthion
Malathion
Parathion

Chlorophenoxy Herbicides
2, 4-D
2, 4, 5-TP

PCB's?

Phenol

Radiologicall? (pci/2)

Alphalls 12
Betalls 12
Cesium
Plutonium

Radium 226, and 22812

Strontium 9012
Thorium 230 and 232
Tritium

Uranium (total, mg/l)

N MO

o B

e

g

15
50
80
15

60
20,000
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1 .
Where dissolved oxygen levels, less than the standard, occur naturally,
a discharge shall not cause a further reduction in dissolved oxygen
in receiving water.

2An effluent shall be regulated to maintain aerobic conditions, and
a guideline of 2.0 mg/f dissolved oxygen in an effluent should be
maintained, unless demonstrated otherwise.

3Suspended solid levels will be controlled by Effluent Limitations
and Basic Standards.

“Free from objectionable and toxic algae. It has been well established
that heavy growth of some strains of blut-green algae, upon death and
degradation, may release one or more substances which are toxic to
humans and many other animals. Although no fixed numbers can be
recommended at this time, it is clear that streams, lakes and reservoirs
should not be permitted to bear heavy growth of algal blooms, or
allow these blooms to disintegrate. Every effort should be made to
control algal growths to levels that are not hazardous. '

5In order to provide a reasonable margin of safety to allow for
unusual situations such as extremely high water ingestion or nitrite
formation in slurries, the NO3~N plus NO,~N content in drinking
waters for livestock and poultry should be limited to 100 ppm or
less, and the NO,-N content alone be limited to 10 ppm or less.

5A11 organics, not on this partial list, are covered under Basic
Standards, Section 3.1., 1978 Colorado Water Quality Standards.

’Numerical limits in tables based on experimental evidence of toxicity.
No point source discharges of organic pesticides shall be permitted
to state waters. ‘

8The persistence, bioaccumulation potential, and carcinogenicity of
these organic compounds cautions human exposeure to a minimum (EPA).

’Every reasonable effort should be made to minimize human expoéure (EPA).

T

*%Concentrations given are maximum permissible concentrations above
naturally occurring or "background” concentrations except where
otherwise noted.

i1f Alpha or Beta are measured in excess of 15 or 50 pCi/% respectively,
it will be necessary to determine by specific analysis the particular
radionuclide or radionuclides responsible for the elevated level.
Particular radionuclides should not exceed the limit given in the
table. If an elevated level of Alpha or Beta emissions is caused by
radionuclides, the Division should be consulted.

! 2Maximum permissible concentrations including naturally occurring or
background contributions.
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Proposed Colorado water quality standards:
Recreational Use. ‘

Parameter

Standard

Class 1 Class 11
(Primary Contact) (Secondary Contact)

Physical

p.0.! (3 p.0.)

pH

Suspended solids and
‘turbidity

Temperature

DS (mg/R)

Biological

Algae"

Fecal coliforms

(#/100 ml)

Inorganics

Ammonia (%g as N)

Chloride (mg/R )
Cyanide (mg/R)
Fluoride (mg/%)

NO3 (mg/2 as N)

NO, (mg/f2 as N)
Sulfide as HzS (mg/L)
Boron (mg/R,)2
Chloride (mg/%)
Magnesium (mg/%)

SAR

Sulfate (mg/R)
Phosphorus (mg/f as P)

Toxic Metals (mg/R)

Aluminum
Arsenic
Barium
Beryllium
Cadmium
Chromium
Copper
Iron
Lead
Manganese
Mercury
Molybdenum
Nickel
Selenium

Aerobic?
6.5-9.0 X

X X
X X
X X

Free of objection~  Free of objection~
able and toxic able and toxic
algae algae '

200 1,000

) P bG B DG B Bd B B Bd D

wn
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Standard

Parameter

Class 1

Class II

(Primary Contact) {Secondary Contact)

Toxic Metals (mg/%)
Silver
Thallium
Uranium
Zinc

Organics6

Chlorinated Pesticides’
Aldrin®
Chlordane®
Dieldrin®
ppT®
Endrin
Heptachlor8
Lindane
Methoxychlor
Mirex
Toxaphene

Organophcsphate Pesticides’
Demeton
Endeosulfan
Guthion
Malathion
Parathion

.Chlorophynoxy Herbicides
2, 4~D
2, 4, 5-TP

~ PCB's’®
Phenol

Radiological
Alpha
Beta
Cesium 134
Plutonium 238, 239, and 240
Radium 226 and 228
Strantium
Thorium 23} and 232
Tritium
Uranium (total)
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X = numerical limit generally not needed for protection of classified
use.
Y = limit may be required but there is insufficient data for setting

a general standard.

lyhere dissolved oxygen levels, less than the standard, occur naturally,
a discharge shall not cause a further reduction in dissolved oxygen
in receiving water.

2An effluent shall be regulated to maintain aerobic conditions, and a
guideline of 2.0 mg/% dissolved oxygen in an effluent should be
maintained, unless demonstrated otherwise. ,

3Suspsended solid levels will be controlled by Effluent Limitations
and Basic Standards.

“Free from objectionable and toxic algae. It has been well established
that heavy growth of some strains of blue~green algae, upon death and
degradation, may release one or more substances which are toxic to
humans and many other animals. Although no fixed numbers can be
recommended at this time, it is clear that streams, lakes and
reservoirs should not be permitted to bear heavy growth of algal blooms,
nor allow these blooms to disintegrate. Every effort should be made
to control algal growths to levels that are not hazardous.

SPhosphorus standards are to be determined by an algal bioassay using
the method described in the latest edition of Standard Methods for
the Examination of Water and Wastewater, American Public Health
Association.

6A11 organics, not on this partial list, are covered under Basic
Standards, Section 3.1., 1978 Colorado Water Quality Standards.

Numerical limits in tables based on experimental evidence of toxicity.
No point source discharge of organic pesticides shall be permitted to
state waters.

3The persistence, biocaccumulation potential, and carcinogenicity of
these organic compounds cautions human exposure to a minimum (EPA}.

"Every reasonable effort should be made to minimize human exposure
(EPA). ,
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Table B~1. Water quality parameter codes.

A. METALLIC CONSTITUENTS B. NON-METALLIC CONSTITUENTS
(ug/1 unless noted) {mg/l unless noted)

101. Aluminium, Dissolved ' 201. Alkalinity, Total

102. Aluminium, Total 202, Arsenic, Dissolved (ug/l)

103. Barium, Dissolved 203. Arsenic, Total (ug/l)

104. Barium, Total 204. Bicarbonate Hardness

105. Cadmium, Dissolved 205. Boron

106. Cadmium, Total 206. Carbonare Hardness

107. Calcium (mg/1) 207. Chloride '

108. Chromium, Hexavalent 208. Cyanide

109. Chromium, Total 209. - Fluoride

110. Copper, Dissolved 210. Nitrogen, Nitrate

111. Copper, Total , 211. MHNitrogen, Nitrite

112, Hardness, Total . - 212, Nitrogen, Total Organic

113. 1Iron, Dissolved 213. Phosphorus, Ortho

114. Iron, Total ‘ 214, Phosptorus, Total

115. Lead, Dissolved 215. Sulfate

116. Lead, Total- 216. Total Dissolved Solids

117. Magnesium (mg/1)

118. Manganese, Dissolved
119. Manganese, Total

120. Mercury, Dissolved
121. Mercury, Total ‘
122. Molybdenum, Dissolved
123. Molybdenum, Total
124. Nickel, Dissolved
125. Nickel, Total

126. Potassium (mg/1)

127. Selenium, Dissolved
128. Selenium, Total

129. Silver, Dissolved
130, Silver, Total

131. ‘Sodium (mg/1)

132. Zinc, Dissolved

133. Zinc, Total
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Table C-1. Statistical analysis of the water quality data for West Divide Creek.
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Table C-2.

[ofs]e]3

101
. lo2
103
104
108
106
107
108
109
110
111
112
113
114
115
116
117
11¢é
ite
120
121
122
123
124
125
126
127
128
129
130
1314
132
133

201
202
203
204
20%
206
207
208
209
210
211
2t
213
214
215
216

COMSTITUENT
#rwwn GROUP Ay

ALUMINIUM, DISSOLVED
ALUMINIUM, TOTAL
BARIUM, DISSOLVED (UG/L)Y
BAPIUM, TOTAL (UG/L)
CADMIUM, DISSOLVED (uB/L)
CADMIUM, T1HTAL  (UG/L)
CALCTUM  (MG/L)
CHROMIUM, HEXAVALENT
CHRoMIUM, toTaL
COPPER, GISSOLVED (UG/L}
COPPER, TOTAL (UG/L}
HARD&ESS, TtnTAl A% CACN3
TRON, DISSGLVED  (uG/L)
IRON, TNTAL  (UG/L)

LEADs DISSOLVED (UG/L)
LEAD, TOYAL (UG/L)
MABNESTIUM  (MG/L)
MANGANFSE, DISSULVED
MANGANESE, TOTAL
MERCURY, 0OI18SOLVED  (UG/L)
MERCURY, TOTaL (Un/L)
MOLYRDFHUHM, UISSNLVED
MOLYBLEMUM, TOTAL
NICKEL, DISSOLVED
NICKFEL, TOTAL (uUG/L)
FOTASSIUM  (MG/L)
SELENIUM, DISSULVED
SELENMIUM, TOTAL
SILVFR, DISSOLVED
SILVER, TOTAL
S0DIUM (mG/L)
ZINC, DIS30LVED  (UG/L)
ZINC, TOTAL- (UG/LY

(uG/L)
UG /L)

(WesL)
(uesL)

(HG/L)

(ur /L)
(Ue/1)

s/L)
(U571 )
(uGsL)

(UGl
(uG/L)

(uG/L}
(UG sL)

«xhee GROUYP Ry

ALKALINITY, TOTAL AS CacO03
ARSENIC, DISSOLVED  (Us/L)
ARSENIC, TOTaL (UB/L)

(MG /L)

BICARBONATE HARDMESS AS LACOY  (MG/L)
RORON  (MG/L}

CARBONATE AaS CACDI  (MB/L)

CHLORIDE  (MG/L)

CYAMIDE (MGsLD

FLUDKTIDE  (n5h/L)

HITRUGEN, NITHATE  (MG/L)

NITROGEN, NITHITE  (MG/L)

NITROGEY, TOTAL ORGANIC
PHOSPHORUS, ORTHN  (MG/L)
PHOSPHORUS, TOTAL (MG/L)
SULFATE (MG/L)

TOTAL DISSOLVED SOLIDS

(MG /L)

MG /L)

#EST DIVIDE PROJECT

STATIOHN 2063 LOWER COLORADO AT SILT

ME AN VARTANCE S.D. cC NF v
HETALLIC COMSTITUENTS weakuse
263,2  ,5520E+0g 235.0 Ra,3
2406,8 ,P274E+0R G768 b 198,
{134,0 n, o.n 0,0
a41,2 L2425F+04 432 .4 111,46
3,5 L,5000E+0p 0,7 20,2
2h,3  {2{4E+04 I8 R 1%2,3
T1.7 L3231E403 1e,¢ 25,1
2.5 LJ1429E+01 1,2 [ N
0,0 0, n,e [\
0,0 0, 0,0 0,0
36,7 LB3IASE+0Y 28,9 78,9
223,06 JBULLE+0Y SR, 4 eh.2
57,1 L,2062E+0y 45,4 Te.n
24214 [3993E+08 5994 0 2h7.5
4,2 ,3200E+01 [ o h
12,9  6900F+02 a4 bk, 9
10,6 ,2337E+402 4. a4
23,1 L F269E 403 1A, 1 TH 4
63,9 ,P5G0E+0q 50,9 79,6
6,52 ,11%6E+0n 0,34 65,05
0,91 L1029F«0 1.0 141,59
15.2 LATI9E+D) R, 2 Su,3
42,5 LT1i9E+0n au 4 Tur, 7
$9.5 LJ3445E+0g SH,7 EE
1.4 L9RS57: 4071 1.1 aa g
4,0  LU6RE+NY 1.2 30,4
2.0 0, o0 t,n
Be7 1333E+03 11,9 133,2
0,0 0, o, n pL0
11,3 10338402 3,2 28,4
110,7  L3837E+uy4 61,4 56,10
34,7 10328404 32,1 Ye,.5
bbo R L 309{F .07 1788,7 2n3.7
NON=METALLTIL CONSTITUENTS sness

127,44 45346403 2143 10,7
0,0 0, [T n,n
2.0 0, no eLn
125,58 L37SAE.0% te 4 15,4
0,528 L4531E+0p 0,674 127 any
9.3 L,6307e+0p 7.7 R
152,48 Lb74BE+Ny A2 1 83,9
0,088 L 32%4E=0) 0,087 Y1R, nke
N.135  _a248F=0p A SR, KN
0,539 ,S6b64F+0p A P19, %10
64,6091 L PTNNE DY B,0165 1R1 snuid
1,34 L49%dg+iiy g.A% tran, %0
0,0N0898  _4640F =y G, nnRN 69, 840%
00,1038 L u4{nE=Qy -3 FITO N A
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Table C-3. Statistical analysis of the water quality data for the upper Colorado River at Newcastle.

KEST DIVIDF PRUJELT
STATION 2112 UPPER COLCRADD AT hbw CASTLF
COOE CONSTITUENT MEAN VARTANCE 8.0, ConE v Moy iy HAGE "

*xhax GROUP Ay METALLIC CONSTITUENTS x#dsx

161 ALUMINTUM, DTSSULVED (UG/L) 321,10 L1358E40e - 3ok, 5 114,8 1ann, nb, 1534, 15
10 ALUMINIUM, TOTAL (uGg/L) 2661, L1601FE+0R wnan 7 150,13 Th&or, 173, 1327, 17
103 dARIUM, DISSOLVED  (UG/L) 114,77 ,2543E403 15,49 13,9 143, 1rd, 29, 3
10 BARIUK, TOTAL  (UG/L) 3213 ,7201E+05 269,5 R3,% 778, ina, 674, 8
10% CADMIUM, DISSOLVED (UG/L) 5,0 0, o0 0 n, ", 0, n
106 CabMIUM, T1oTal  (UG/L) 1n,1 L1068F+03 10,3 1a2,% T, 3, 6, 1¢
107  CALCIUM  (MG/L) T1.9  (366TE+03 19,2 26, (R 35, HE, ik
108 CHROMIUM, HEYXAVALENT (UG/L) 3.5 LTT14E+0)y 2.8 Te,4 i, 2. B &
109 CHRg™IUN, toTal  (UG/L) 0,0 0, o0 ne " n, n, 0
110 COPPER, DISSOLVED (UG/L) 6,0 o, 0,0 o0 9 o, a, i
111 COPPER, TOTAL (UG/L) 34,6 L4303E+03 20,7 59,9 6h, 12, e, »
112 HWaApGhESS, TOTAL 45 CaCpd  (MG/L) 234,1  R63RE+OL 92,9 30,7 LR S84, a1, s
113 IKON, DISSOLVED (UG/L) 64,1 J1513E+04 8,9 ar, 7 tdn, in, 11, o
114 [RQN, TOTAL (UG/L) 2366,%  ,33m0E+08 5797,n 24%,0 DR 3a, 2a0m3, 47
115 LEaD, DIssOLVER (uG/sL) 1,3 L,3333E+00 [ 43,3 2. 1 t. 1
1t6 LE&D, TUTAL (UG/L) 11,4 ,133nk403 11,5 1nn,9 3, 2, 3, 7
147 MAGNESIUM  (MB/ZL) 13,1 ,2797E+0% 1R, T 127,14 74, . 2. 72, is
118  MANGANESE, DISSNLVFD  (UG/L) 22,6 ,PRURE+0% 16,9 7.7 72, 6, a6, 15
119 MANGANESE, TOTAL  (UG/L) 89,8 L,2130E408 145,99 167,60 SEN 22, 897, 17
120 MERCURY, DISSOLVED (UG/L) 0,73 L1173E+0¢ 0,34 4k, 87 1.6 0.3 1,3 13
121 MEPCURY, ToTAL  (UR/L) 1,11 7568E+00 0, A7 78,67 4,0 e, 3817
122 »CLYBDEHUM, DISSOLVED (U6/L) 15,5  (R207E407 S.7 Ik, 4 fb, 7e 19, 11
123 MOLYRDENUM, TOTAL (uG/LY 22,0 L1820E+403 13,53 61,3 LR 5, 94, 13
124 n1CKEL, DISSpLVED (UG/L) 75,0 o, G0 i, n 75, 7%, o, 1
125 NICKEL, TOTAL (uG/L) 49,% L 11{26E+04 33,6 Aa,N Sx, 6, AT, 9
126 POTASSIUM  (MG/L)Y 4,0 L1S59K5E+40 1.3 3,4 7, 2, &, 17
127  BELENTUM, DISSOLVEN  (UG/L) 0,0 0, 6,0 fr,n . 0, e, 0
125 SELENIUM, TOTAL (UG/0) 2.8 L2917F+01 1.7 LT S, 1. 4, 4
129 SILVER, DISSOLVED (HG/L) 05,0 6, ] [} . a, o, f
130 SILVER, TuTAbL (UG/L) 10,0 J20D0E+0y 1.4 fua,t 11, 9, Z, 2
131 S001UM  (MG/sL) 111.6 LU166E4¢0a 6U,5 57,8 2u4n, 9, 31, 17
132  zInC, DISSOLVED (uG/L) 21.0 LUBRSE+(3 an,9 99,7 k2, 5, 7e, 12
133 ZinC, toTAL  {UG/LY 251,58  LA4TI5E408 190 P7,1 T, 14, 156, 17
*akax GROUP Bg  MNONMETALLIC COMSYITUENTSE sewts
201 ALKALINITY, TOTAL A5 CACO3  (MG/L) 124.5 .3B6]Ee0y 19,7 135.4 toe, 7. “i. 1p
en2  ARSENIC, DISSOLYFD  (UG/L) 6,0 0, o0 o,n " 0, t, 0
203  ARSENIC, TOTAL (UG/L) 2.0 0, [ [t ry 2. o, 2
204 BICARHONATE HMARDNESS AS CACOZ  (MG/L)Y 124,11 ,3645E403% 19,1 16,4 {8m, 77, “1. 18
205 BORON  (MG/LD 5,543 PRAARE+N n,527? GR 9k 1,60 r,0s f.61 10
206  CARPRONATE 4§ CACO3  (MG/LY 6,0 0, 0,0 n,0 &, b, o, 1
207 CHLOMIDE  (MG/L) 165,77 L,6910F 404 ORI 1,7 R 13, 275, s
208 CYANIDE  (MG/L) = N,060 LU65TE=02 0,068 1T1%,7%9 N1 00t B, 1n ®
269 FLUQRICE (nG/L) ’ 0,121 ,6SHUE=0D - n,na e vQR G, Ae N, 04 fed% 12
210 NITROGEN, KITRATE (MG/| ) 0,279 L3510k« 6,189 nT Pk ? B TirS B+ b
211 MITPOGEN, NITRTTE  (MG/iL) 0,0NRE L 191tFeny O.AERR 1a% Zays 0, A s 001 [ONGER A R
212 NITROGEN, TOTAL ORGANIC  (MG/L) - . .72 (26B3E+0n s LN e v, bado b
213 PHDSPHORUS, ARTHO  (MGsL) D,0149 [ 1BRIF=(Y 0L,01%7 ERREY S 0, iy G, a0 Hehiuf o
214  PHOSPHORUS, TUTAL (ME/L) 0.1059 ,3492E=01 0,1R63  {76,5040 ", Tt G, e07 i,758 16
215 SULFATE (HMG/L) ‘ 100,4  ,1108E+0q 33,2 31,9 174, 43, 151, 16

216 TOTAL DISSOLVED SOLIDS (MG/L) S16,1  ,3B37E+08 185,9 LI aip, 170, fan, 1%

Yy
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Table D-1. Comparison of the water quality data for West Divide Creek

coCt

101
104
106

113
114
116

121
125

128

130

133

202

205
297
206

209
219
211

215

with the proposed Colorado Water Quality

CONSTITUENT STANDARD  30URCE
ALUMINTUM, DISSOLVED  (UG/L) 100,000 a3
BARIUY, TOTAL (UGZL) 1000,000 WAS
CAD¥IUM, TOTAL (UG/L) 10,000 Al

10,000 »S
0,u0n aRLY
1,000 Anie
S.000 AuP3
10,000 AR3d
: 15,000 ARGH
CHRORIUM, TOTAL (uG/L) 100,000 AG
50,000 8
160,000 [T
COFPER, YOYVAL (UG/L)} 200,000 Afy
1000,000 %5
10,000 ARLY
10,000 Ax12
10,000 2923
20,000 AR3L
un, 000 ARG
IKONs DISSOLVED  (UG/L) 3oa,00n s
TRoN, TOTAL  (UG/L) 1nro, 000 AR
LEALs TOTAL ({UG/L) 100,000 AG
50,000 w8
4,000 ALY
25,000 LRI2
50,000 4h23
100,000 tal3d
150,000 °  AHGS
HAGNESJUM  (MG/L) 125,000 wS
MANGANESE, DISSOLVED (UG/L) 50,000 Y3
MANGANESE, TOGTAL (UG/L) 200,000 AG
1000,000 Ak
MERCURY, TOTAL (UG/L) 2,000 wSs
0,050 4R
NICKEL, YOTAL (UG/L) 200,000 [3d
50,000 AbLY
1en,000 L3132
299,000 aa23
300,000 AHB3Y
. 400,000 Aagd
SELENIUM, TOTAL (uUG/L) 20,000 AG
10,000 WS
50,000 aK
SILVER, YOTAL (UG/L)} 50,000 S
0,100 AKLY
0,100 Apj2
0,150 4823
0,en0 Aald
0,250 ARGH
ZINC, TOTAL  (UG/L) 29049,000 AR
sepo, 000 "s
50,000 ABLY
50,000 AR{2
100,000 AB23
-300,000 At:34
600,000 AHGU
ARSENIC, DISSOLVED (UG/L) 196,000 &G
go, 000 wg
50,000 A9
BOPON  (MG/L) 750,000 AG
CHLOKIDE  (“46/L) 259,000 3
CYANIRE  (MG/L) a,20n AG
0,200 “5
1,008 114
FLUOHIDE  (MG/L) 2,410 nS
NITRCGEN, NETHATE  (~6/1) jan_900 AG
10,000 »S
NYITROGEN, HITRINF (MG/1L) 1a,000 AG
1,000 wg
n,050 apg
a,500 AR
SULFRIE  (MG/L) 250,000 3
SCUKCE CODESY A4 £ BUUATIC HlQTA
ARC & ATUATIC HIOTA (COLD)
APm g AWUATIC HIOTA (niGY)
ARLY ¢ AQUATIC RINYA (TOTAL WARDNESS)
ARI2 © AQUATTIC dl0TA (TUTAL YAUNNESS)
A¥28 v AGUATIC HJOTA (T 1AL HaeONESS)
AR & AQULTIC HIDTA (TOTAL AMANDNESS)
AMGY © AGUATIC FIOTA (TOTAL ~ARDNESS)
AL e AGRICULTUPE
W5 & CLASS 2 Raw wWATER SuPLY

WEST DIVIDE PROJECT

STATION 13y

HEST DIVIODE

CREEX

HUHREP
EYCEEDING

13

[
O D Dt e e OO

-

POCTODINNLENOOINDI=OODO IO DTULUISLSFOETIDIONOCHODM YNNI OTOO S HNW BT T -
>

DO DO O
-

LESS Tran 100)
1n0=-200)
200=3nuy
nheunuy

Gt ATEX YHAR 4O0N)

Standards.

NUMLFR OF
SAnPLES

PERCFNT
EXCELDING

81.2%
11,11
54,55
54,55
9,09
36,10
el.27
27,27
0,00
6,00
0,00
0,00
n 00
n,on
20,00
20,00
20,00
10,00
0,00
0,00
68,75
0,00
0,00
40,00
0,00
0,00
0,00 .
0,00
0,00
87,06
29,41
0,00
182,75
100,00
0,00
0,00
0,00
0,00
o,u0
0,00
0,00
0,090
0,00
0,00
0,00
313,33
0,00
bb,67
0,00
0,00
0,00
12,50
25,00
12,50
12,50
0,00
0,00
N,00
u,0n
0,00
n ot
0,00
0,0
100,09
u,00
0,00
0,00
¢, 00
n,00
to2h
0,00
5,63



Table D-2. Comparison of the wsater quality data for the lower Colorado
at Silt with the proposed Colorado Water Quality Standards.

#EST DIVIDE PROJECT

S3ATION 20y LO<ER gOLnORA0G 2T SILY

NUMEER NUPRER (F  PERCENT

CORE CONSTTTUENY SYANIIARD  SOURCE ExCEEDING SAMPLES EXCEEOING
105 ALUMINIUM, DISSNLVED  (UG/L) 180,008 AB 10 15 93,33
104 RARIUM, TDTAL  (UG/L) 1oeg 000 w$ H & 16,67
106 CaUMIUM, TuTil (UG/LY 10,000 AG 7 9 77,74
$6,100 "8 b % 77,18
6,400 apLy [ ] 6,00
1,000 ani2 3 ? 33,33
5,000 AR23 5 9 88 58
$0,000 ARZY ¢ g ¢.00
15,000 ABGH o 9 8,00
109  CHROHIUM, TOTAL (UG/L) ton, 000 AG o a 6,00
50,006 we [} [ 0,00
{no,nnp LR [ [4 [T
151 COPPER, TOTAL (ULsL) 2n0, 000 AG 0 9 6,00
1noe,n00 w8 n 9 0,00
10,000 ARLY 1 g 11,11
10,000 A2 1 9 331,33
10,000 AB2Y G [} aa, 04
20,000 AR3Y o 9 0,00
8y, 000 LuGa [ 3 5,00
113  IRON, DISSODLVED (UG/L) 36a,000 s & 11 n,00
114 IR0N, TOTAL  (UG/L) 1000,000 AB 4 17 23,53
116 LEAD: TOUTAL (UG/ALY 1pa auo 34 L b f, 00
50,000 [ ] [y g.0¢
4,608 ALt 1 ] is,67
25,800 4Rf2 o 6 o.00
50,000 4423 o & 6,00
!00,000 An3d o & e, 00
§50, 000 ARGH o & © 0,00
117 MAGHESIUx  (MG/L) 125,090 W§ L 17 D,00
118 MANGALESE, DISSOLYED (UG/AL) 50,000 L) 2 16 12,5
119 MANGANESE, TOTAL (6L 200,000 L6 o 17 n,00
) 1000,000 AN [ 17 o, o0
121 MERCURY, TRTAL  (UG/L) 2,000 we H 15 . (-1
. 6,050 Al 15 1% 1un, on
125 NICKEL, TOTAL  (UG/L) . 200,000 AG o 12 0,00
50,000 #5801 o 12 6,00
100,000 A312 o 12 o.un
200,000 g2y’ o 12 0,00
00,000 AR3H [ 12 0,09
- Lhop, 500 RRGH o 12 0,00
128 SELENTUM, TOTAL  {uG/L) 2u,000 AG H 3 34,33
1e,000 g H 3 33,33
50,000 Al 6 % 6,00
130 SILVER, TOVAL  (UG/L) 50,000 (31 ¢ 3 6,00
6 lun LRL Y [ 3 8,00
6,100 anie -0 3 N a0
0.150 AR2E 3 3 ton, 00
0,200 ARdY 0 X 0,00
0,250 AHGE [ 3 6,00
133 ZINCs TOTAL  tUG/L) 2000,000 AG 1 14 7,16
5000000 WS 1 14 T.14
50,000 118 ] 1 14 7.14
50,000 AR12 3 tu 21,43
jon,00n - ARZ2S 7 14 50,00
303,060 A3 o 14 iy O
o0n Lo LEGY n 14 a,00
202 #FSENIC, DISSOLVER  QUG/L) ton, 060 a6 4 " f,00
50,000 wg a [ B,00
) , 0,000 AR d o 0,00
208 BOPON  (KG/L) 150,000 AG @ 18 0,00
207 CLDRIDE  {9G/L) 250,600 5 t 134 S.R8
208 CYANIDE  (#6/L) n, 200 AG [ 11 0,00
6,200 S o 14 a.00
6,005 A8 1 1t 100,00
209 FLUORIDE (¥G/L) P.u00 s 0 13 0,00
210 NITROGEN, NITRBTF (MG/L) 106,000 46 o 17 0,00
10,000 NS [ 17 6,ur
211 NITROGEN, NITRITE (M6/L) 1o, 000 A 0 16 0,09
- 1,000 L) 0 16 0,00
0,050 ART 1 16 60,25
0,500 Afim 6 1h e,00
215 SULFATE {HG/L) 2Ea, N0 vy o 17 0,00

SOURCE CUDES, At ACUATIC RIDTA

L3119 AQUATIC RINTA (COLLY
ARW ARUATIC RIDTA (wsbmy
anpt AGUATTE GTOTA (TUTAL NARDUFSESE LFSS Iniv (00}

x
"
-
L
ABLP £ AQUATIC HI0TA (VTUTAL SARDNFSS) 1a0=8n0)
AR23 w ARHATIC MIPTA (1°TAL WAWDAESSS 2ra-3nf)
FR3G kO EQULTIC d1AT4 (101AL MARDNESS) 3nhedauw)
ARG ® ALISTIC BINTE [TuYAL wAQENI Y) Gl eTFE Yhiwn 400)
AG ® BGHTCULTUKF
w5 ® CLASS @ Raw wd¥ER SuPPLY



Table D-3. Comparison of the water quality data for the upper Co]orédo
River at New Castle with the proposed Colorado Water Quality

Standards.
wEST DIVIDE PROJECY
STATION 2%y UPPER CULURADU AT NEW CASTLE
NUMBER " NHHMBER DF PERCENT
£noe CONSTITUENT STant ARD  SOURCE ExCELDING SAwPLES ExCFEUING
101 sLumInius, DISSULVED (NGALD 100 008 [} 13 is BGet?
104  BaARTUM, TOTAL {UG/L) 1400 000 a8 1} B n,ob
1o Cal¥lur, T0TAL  (UG/LYD . §p. 000 134 5 12 43 .07
: 14, 600 ~5 -3 12 21,67
¢, 400 &Lt 0 i2 4,00
1.600 &nl2 4 12 33,33
5., 600 [E-F2 s 12 41,67
10,063 AM3G 0 12 8,00
. 15,000 aRGa -0 12 2,600
109 (HROMIUM, TOTAL (UG/L) 100,009 4G 14 L] 0,00
50,880 s [ ¢ 0,00
- {00,000 Ay a o .00
115 LOPPLR, TOTAL (UG/L} 206,000 11 o 8 N 00
100,000 ~8 4 & 8,00
tn,0n00 ABLY ] ] 12,50
10,000 rag2 2 8 &5,00
jo,000 ABP3 Lo 8 50,09
20,000 4938 a B a,00
40,000 &8GA [ & 8,00
113 IRDE, DISSOLVED  (UG/L) oo 000 s L4 10 0,00
114 IRon, YoTal  (UG/L) 1004y, 000 iR 4 17 23,53
116 LEAD, TOTAL (UG/L) jon,000 AG L] ¥ f.00
56,000 a8 ] 7 U.0¢
4,000 509 1 7 14,29
25,000 ra12 1 7 ta,e9
50,000 an2l L] 7 2,00
180,000 #334 L4 1 0,00
) 150,000 ABGH e 7 0,02
117 KAGNESIUr (MG/LY 125,000 LL] 9 16 0,00
138 wanGinNESE, DISSOLVED  (UG/L) 89,000 a8 1 15 b7
119 PARGANESE, TOTAL (UG/L) 2a0,000 4G 2 17 11,7
10008, 000 48 L} 17 0,00
121 HMERCHRY, TOTAL (UL/L) 2,009 wS $ 17, 5,49
0,050 ad 17 17 100,05
125  NICKEL, TOTAL  (UG/L) : aen,oe0 LI 0 L] 6,00
%0,000 ABL1Y 9 3 8,00
100,000 ARI2 L3 © n,00
200,000 AH2Y [ 9 0,60
In¢,n00 ARZY 9 9 a,00
409,000 ABGU o 9 G,00
128 SELENIUM, TOTAL (u6/L) 20,000 G 0 4 0,00
10,000 "3 [ 8 0,00
50,006 AR 8 ] .00
130 SILVER, T10TaL  (UG/L) 50,0090 L [J 2 o,00
¢, i00 aRLY o ? 0,00
0,100 ARY2 0 2 0,00
0,150 ARP3 2 ? 180,00
6,200 FYRY] [ 2 6,00
f,250 ApGY o 2 0,00
133 zInuC, YOYAL  (ug/ZL) annn _oto AR ¢ 17 a,00
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