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Introduction

The U.S. Bureau of Reclamation is currently in the process of
evaluating 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 wifh the UWRL, of the stream segments that
will be affected by 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 water
supply, protection of the aquatic biota) and will provide a baseline by
which to assess the impact of each project. In addition, these data will
be used in the process of site location, design and operation planning
for reservoirs and other project features.

This report includes only the results of the water quality study of
the Mancos River, associated with the Mancos Project.1 Water quality data
were collected during the period from May, 1977; through August, 1978.

One sample was collected and analyzed during each month except during
June, 1977, in which two samples were collected from some sites. The
concentration of 49 water quality constituents was determined for each

sample at the UWRL.

1Other projects included in this study are: the Dolores Project, the
Animas La Plata Project, the Dominguez Project, the West Divide 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.



Methods

Bottles to be uéed for sample collection were prepared at ihe UWRL
and sent to Colorado for sample collection via Greyhound bus. Three
sample bottles were used for each station. Water to be analyzed for non-
metallic constituents (plus calcium and magnesium) were collected in half
gallon Nalgene bottles. Two 500 ml polyeﬁhylene bottles were 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
prior to shipment using a rinse with dilute HC1 followed by three rinses
with high quality distilled water. Prior to shipment, 1.5 ﬁl 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 c¢f A
and S Consultants, Inc. collected samples from each water qualigyvstation.
Samples were packed in ice for the return trip to the UWRL and shippéd via
Gréyhound bus., Sampleé usually arrived in Logan.fhe following afternoon
and analyses were begun 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 NO3/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 NO3/N02
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, maxiﬁum,
minimum, range, standard deviation and coefficilent of variation 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 (Apbendix A).
This anal&sis 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 analyzed since for most
constituents if the concentration is below the detection limit of analyses
it is below the proposed standards. Fdf some metals (cadmium, mercury,

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



Table 1. Amnalytical methods used in water quality survey.l

Analysis Units/Sensitivity Method

Non Metallic Constituents .

Total hardness 1 mg/l as CaCO3 EDTA Titrimetric. S.M.
, ‘ p. 202
pH pH electrode. S.M. p. 460
Total alkalinity 1 mg/T as CaC0, " Potentiometric. S.M.
p. 278
Carbonate hardness 1 mg/l as CaC03 Calculated from CaCO3
Bicarbonate hardness 1 mg/l as CaCO3 Calculated from CaCO3
Total dissolved solids 1 mg/1 . Gravimetric. S.M. p. 82
Chloride, dissolved mg/l, 2 place Titrimetric (HgNO3)
' S.M. p. 304
Sulfate, dissolved mg/1l, 2 place Turbidimetric (BaClp)
S.M. p. 496 -
Fluoride, dissolved mg/1l, 2 place Ion selective electrode
S.M. p. 391
Cyanide, total mg/l, 2 place Ion selective electrode
‘ S.M. p. 372
Phosphorus, total mg/l, 2 place Persulfate digestion
' S.M. p. 466
Phosphate, ortho mg/1l, "2 place Ascorbic acid
S.M. p. 481
Nitrogen, total organic mg/1l, 2 place Kjeldahl. S.M. p. 437
Nifrate mg/1l, 2 place Cadmium reduction (automated)
: 5.M. p. 620

Metallic Constituents

Aluminum, total; ug/l, 3 place Atomic absorption (AA)

dissolved o S.M. p. 152
Arsenic, total; pe/l, 3 place Atomic Absorption (Vapor

dissolved , generation) S.M. p. 159



Table 1. ‘ontinued.
Analysis Units/Sensitivity Method
Barium,~dissolved2~- ug/l, 2 place . Atomic absorption . ..
S.M. p. 152
Boron, dissolved - mg/l, 2 place Carmine. S.M. p. 290
Calcium mg/l, 2 place Titrimetric (EDTA)
5.M. p. 189
Cadmium, total; ng/l, 3 place Atomic abéorption, (Flameless)
dissolved EPA p. 78
Chromium, dissolvedz ug/1l, 3 place Atomic absorption (Flameless)
EPA p. 78
Chromium, hexavalent ug/1l, 3 place Colorimetric, S.M. p. 192
Copper, total;‘ dissolved ug/1l, 3 place Atomic absorptidn
S.M. p. 148
~ Iron, total; dissolved ug/l, 3 place Atomic absorption
S.M. p. 148
Lead, total; dissolved 1e /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, total; g /1, 3 place Atomic absorption (Cold
dissolved vapor) S.M.p. 56
Molybdenum, total; wg /1, 3 piace Atomic absorption (Flameless)
dissolved EPA p. 78 :
Nickel,‘ total; dissolved ug /1, 3 place "Atomic absorption (Flameless)
EPA p. 78
Potassium, dissolved mg/l, 2 place 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. lontinued.

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

1Sc:urces—; of analytical methods:

S.M. = Standard Methods for Examination of Water and Wastewater.
14th Ed. (1975). APHA,

EPA = USEPA (1976a). Methods for Chemical Analysis of Water and
Wastes.

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



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

Constitutent Preservative Storage

Metalsl 3 ml 50% "mercury free" Several months (refrigerated)
HNO5/1

TKN 0.8 ml conc. H2804/1 Max. of 7 days in dark amber

glass bottle (refrigerated)

NO3—N02 1 drop chloroform per Max. of 2 days in . stoppered
12 ml vials vials (refrigerated)

CN pH adjusted to 12 with Up to 24 hours (refrigerated)

ionic strength adjuster

ISample bottles (500 ml) for "total metals" contained 1.5 ml, HN03 when
shipped to field.



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

in parenthesis.



Results

The water quality data obtained during this study are presented in
Appendix B. Statistical amalyses of these data, including the mean, stan-
dard deviation and coefficient of variance for each parameter are presented
in Appendix C,

This water quality study included 17 sampling periods (one each month,
except for June, 1977, in which tw0.samples were collected from some sites).
No samples for the Mancos River were received during June, July or August,
1977, and August, 1978. In addition, 16 analyses were omitted pecause a
sample bottle was cracked in transit during the December, 1977,’sampling
round. Finally, 8 analyses were omitted at the UWRL.

Iﬁ order to check the reliability of thesg analyses, an ion balance
was computed for each sample analyzed. The error in each ion baiance was

computed as follows:

+n -n
% error = IZM+n~'ZM l x 100 oY
IM - M

The ion balance calculations for each sampling period arelpresented in
Table 4. The frequency distribution of errors in the ion balances was cal-
culated for each water quality station (Table 5 and Figure 1). The error
in the ion balances for this station was less than 10 percent duringAEO per-
cent of the sampling periods in which all the analyses required for the ion
balance calculations were completed. For three samples thé ion balances were
over 20 percent. For two of the samples (3/21/78 and 5/18/78) an erratic

endpoint was noted in the alkalinity titration. In addition, both of these
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Table 3. Mancos River water quality study - missing parameter values. 2
Bampling . Reason for
Round Analyses not performed Omission
1 Hex. chromium, Boron Analysis omitted
2-5 All No samples
sent
7 All No samples
" sent
8 Hex. chromium Analysis omitted
9 All non-metallic constituents, Sample bottle
plus calcium and hex. chormium broke in
transit
12 Dissolved nickel Analysis omitted
15 Selenium (total; diss); Analysis omitted
Arsenic (total; diss.)
17 All No samples

received

%When total hardness was not determined, magnesium concentration could

not be caluclated.
species (HCO;

When alkalinity was not determined, 1norganlc carbon
CO“) could not be determined.
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Table 5. Frequency distribution in the errors in the ion
balances for the Mancos River.

Station 16: Mancos River

Err(%) Number %Z of total
0 -5 1 10
5 - 10 4 40 '
i
10 - 15 1 10 , ;
15 - 20 1 10 ;
>20 3 30 i
i
i
Missing Data 7
Total 17

12



Figure 2. Frequency distribution of errors in ion balance for the

Mancos water gquality study.
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14
samples were noted as being "extremely turbid." These observations indi-
cate that the suspended matter (probably clay) in the samples reacted as
"alkalinity" and resulted in an unreasonable ion balance. Clays can absorb
cations (i.e., hydrogen ions added in the alkalinity titration), so such
an explanation may be reasonable. In both cases the sum of anions term
was much greater than the sum of cations term, adding support to this

explanation.
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Discussion

The water quality of the Mancos River is extremely variable, as
characterized by a range in TDS concentration from 339 mg/l to 5,612 mg/l
(mean = 1,831 mg/l). The TDS was below 500 mg/l only during the spring of
1978. The concentration of sulfates and total hardness was correspondingly
high. Sulfate concentration rangedAfrom 114 to. 2,204 mg/l (mean = 837
mg/1l), and the total hardness ranged from 167 to 2,887 mg/l as CaCO3
(mean = 1,047 mg/1).

The concentration of several heavy metals exceeded the proposed
Colorado Water Quality Standards for raw water supply, although none ex-
ceeded the proposed standards during more than half of the sampling periods.
Specifically, the concentrations of barium, total cadmium, total chromium,
total lead, total mercury and total selenium exceeded the proposed standards
during one or more occasions. The concentration of these metals usually
exceeded the proposed standards during March through May of 1978, réflecting
the increase in suspended solids concentration usually associatéd with spring
runcff. Iﬁ.addition to these metals, the concentrations of sulfate, magnesium,
and dissolved manganese exceeded the proposed water supply standards through-
out most of this study. The rationale for standards for these constituents
is not dlrect toxicity but undesirable effects associated with their pres-
ence. Manganese in water supplies may cause an undesirable taste and result
in the staining of sinks and laundrv (EPA, 1976). Sulfate in high concen-
trations has a cathértic effect on some people, particularly those not
accustomed to high concentrations of sulfate in their water supply (EPA,

1976) . Magnesium also has a cathartic effect when present in high



Table ( . Constituents that exceede the proposed Colorado River
Quality Standards in the Mancos River. 1

Water Use
Class IT _
Parameter Water Supply Agriculture Aquatic Biota
{All metals "total"
unless specified) N/T(z) g N/T(z) v N/T(z) y

Aluminum - - - - 11/11 100

{dissolved)
Barium 2/10 20 - - - -
cadmium >’ 1/11 9 1/11 9 (2/11)  (18)
Chromium 2/10 20 0/10 0 0/10 0
copper 3’ 0/11 - 0 0/11 9 (6/11) (55)
Iron - - - - 5/11 45

{(total)
Lead 1/10 10 1/10 10 1/10 10
Magnesium 3/11 27 - - - -
Manganese 5/11 45 - - ~ -

(dissolved)
Manganese - - 4/11 36 1/11 9

{total) ;

3 _

Mercury 1/11 9 - (9/11) (82)
Nickel - - 1/11 9 2/11 18
Selenium 1/11 . 9 0/11 0 0/12 0
silver () 0/11 0 - - (2/11)  (8)
zinc ) 0/11 0 0/11 0 (4/11)  (36)
Total Cyanide 0/11 0 0/11 0 6/11 55
Sulfate 8/11 73 - - - -

(1)Pr0posed Colorado Water Quality Standards in Appendix A.
(2)N/T = number of samples exceeding standard compared with the
number of samples analyzed.

(B)Parenthesis indicate that the proposed standard was below the
detection limit of analyses.
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concentrations. Finally, the Mancos River is extremely hard. This level
of hardness (ave. > 1,000 mg/l as CaCO3) is undesirable since very hard
waters tend to cause scaling in pipes and require more soap for cleaning
than do soft waters. No undesirable health effects have been associated
with high total hardness, per se.

The high TDS of this river may be undesirable with respect to its use
for irrigation water. Except during the spring of 1978 the TDS of the
Mancos River was over 1,000 mg/l. The use of water having a TDS of 1,000 -
2,000 mg/1 for irrigation may have adverse effects on many crops (NAS,
1972). The effects of using this water for irrigation would depend on the
concentration of specific ions (especially sodium), the types of soils
being cultivated, specific crops being irrigated and the intensity of
irrigation. As noted in Table 6, the standards for several toxic metals
were exceeded during this study. As noted earlier, those metals usually
exceeded the proposed standards during the spring. During the irrigation
season the concentrations of these metals were usually below the proposed
standards.

The proposed standards for the protection of the aquatic biota were
exceeded by several constituents. The standards for dissolved aluminum,
total mercury, total copper, and total cyanide were exceeded during err
half the sampling periods. The standards for total cadmium, total ironm,
total lead, total manganese, total nickel, total silver and total zinc were

exceeded on one or more occasions.



APPENDIX A

Proposed Colorado Water Quality Standards
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Table A-1 Proposed Colorado water quality standards:

Class II water supply.

Parameter Standard
Physical
D.0. (mg/%)? Aerobic?
pH 5.0-9.0
Suspended solids and turbidity 3
Temperature X
TDS (mg/L) Y

Biological
ﬁlgae“

Fecal coliforms (#/100 m%)

Inorganics
Ammonia (mg/% as N)

Total residual chlorine (mg/l)

Cyanide (mg/%)
Fluoride (mg/2)
Nitrate (mg/% as N)
Nitrite (mg/& as N)
Sulfide as H,S (mg/L)
Boron {mg/%)

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

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

Free of toxic and
objectionable algae
1,000

.
%]

.
[N

w

NOHE“OND
oo

Ll i
N WU
W o

250
Bioassays

- . @ L]
QOO WODOO [ R o)
S\.ﬂm Ut e un

(éoluble)

3

(soluble)

-

N*‘:POOGHOOMHON

X = numerical l1imit generally not needed for protection of

classified use.

Y = limit may be required but there is insufficient data for setting

a general standard.



Table A-l1 Continued.
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Parameter

Standards

Toxic Metals (mg/R)
Selenium
Silver
Thallium
Zinc

Organicsj (%%)

Chlorinated pesticidesB

Aldrin”
Chlordane’
Dieldrin®
ppt?

Endrin
Heptachlor9
Lindane
Methoxychlor
Mirex
Toxaphene

Organophosphate pesticides8

Demeton
Endosulfan
Guthion
Malathion
Parathion

Chiorophenoxy Herbicides

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

PCB's!®
Phenol

Radiological®® (pCi/%)
Alphal I’ 12
Betall, 12
Cesium 134
Plutonium

Radium 226 and 228!'2»

Strontium 90%2, 13
Thorium 230 and 232
Tritium

Uranium (total, mg/%)

W oo
L
U

O e rd e

»
(2]

(=]
(o]

rdord rd vl

15
50
80
15

60
20,000
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Where uissolved 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.

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 limitations).

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.

7All'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.

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

1°Every reasonable effort should be made to minimize human exposure (EPA).

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

127¢ 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 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 i1s caused by
radionuclides, the Division should be consulted.

1 3Maximum permissible concentrations including naturally occurring or
background contributions.
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Table ..~2 Proposed Colorado water quality standards (non-metallic):

Parameter

Cold Water Biota

Warm Water Biota

Physical .

D.O0. (mg/%)?

pH

Suspended solids
and turbidity

Temperature (°C)

TDS (mg/L)

Biological

Algae®

Fecal coliforms

Inorganics

Ammonia (mg/f as N)

Total residual chlorine
(mg/L)

Cyanide (mg/%)

Fluoride (mg/2)

Nitrate (mg/% as N)

Nitrite (mg/% as N)

Sulfide as HzS (mg/2)

Boron (mg/)

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

Sodium adsorbtion ratio
Sulfate (mg/L)
Phosphorus (mg/% as P)

Organics7 (%%)

Chlorinated Pesticides®

Aldrin?®
Chlordane
Dieldrin®
DDT

Endrin
Heptachlor
Lindane
Methoxychlor
Mirex
Toxaphene

6.0
7.0 (spawming)2
6.5 - 9.0

3

Maximum 20°C w/
3° increase”
Y

Free from objec~
tionable and toxic
algae

X

0.02 unionized
0.002
0.005
X
X
0.05
0.002

undissociated
X

X
X
X
X
B

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

0.002
undissociated

X
X
X
X
X
B

ioassay6

0.003
0.01

0.003
0.001
0.004
0.001
0.01

0.03

0.001
0.005
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Table A-2 Continued.

Parameter Cold Water Biota Warm Water Biota

Organophosphate Pesticides®

Demeton 1 1

Endosulfan 0.003 0.003

Guthion 0.01 0.01

Malathion 1 1

Parathion 0.04 0.04
Chlorophenoxy Herbicides

2, 4-D Y Y

2, 4, 5-TP Y Y
PCB's " 0.001 0.001
Phenols 1 1
Radiologicall? in (pCi/)

Alpha (excluding uranium :

and radium'?) 15 ' 15

Beta (excluding gr?0 11 50 . 50

Cesium 134 80 80

Plutonium 238, 239,

and 240 15 . 15

Radium 226 and 228 5 ' 5

Strantium 9012 8 8

Thorium 230 and 232 60 60

Tritium 20,000 20,000
Uranium (total)?? . - _

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.

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

20 7 mg/2 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 wsould affect fish spawning.

3Suspended solid levels will be controlled by Effluent Limitations
and Basic Standards.
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l“‘I‘aszmperatl.lrc-: 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. Generally, 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.

5Freeft:mnobjectionable 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.

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.

A11 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.

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

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

111f Alpha or Beta are measured in excess of 15 of 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 radio-
nuclides, the Division should be consulted.

1 2Maximum permissible concentrations including naturally occurring
or background contribution.

'3see Uranium in Table A-3 for aquatic life limitations.
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Table A-3 Proposed Colorado water quality standards (metallic):
Protection of Aquatic Biota.

Parameter Water Hardness! - Cold apd Warm Water Biota
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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 chelarting
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.

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

3For biocassay lead concentration is based on soluble lead measurements
(Z.e. non—-filterable lead using a 0.45 micron filter).
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Table A4 Proposed Colorado water quality standards:
- Agricultural Use.

Parameter Standard

Physical

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

pH ' X

Suspended solids and turbidity 3

Temperature X

DS (mg/L) Y
Biological ‘

Algae"” - Free of toxic and

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

Inorganics
Ammonia (mg/f as N)

X
Total residual chlorine (mg/%) X
Cyanide {(mg/%) 0
Fluoride (mg/) X
Nitrate (mg/% as N) , . 100°
Nitrite (mg/f as N) L 10°
Sulfide as H S (mg/%) X
" Boron (mg/%)? 0
Chloride (mg/%) X
Magnesium (mg/%) X
Sodium adsorbtion ratio X
Sulfate (mg/&) X
Phosphorus (mg/L as P) X

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

»
ot

[ued

L]
NQO O =

Q%MPPN‘OOOOMOM
R b

*
N

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.
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Parameter

Standard

Toxic Metals (mg/%)
Selenium
Silver
Thallium
Zinc

Organicss’ (%%)

Chlorinated Pesticides’

Aldrin®
Chlordane
Dieldrin®
pDT®
Endrin
Heptachlor8
Lindane
Methoxychlor
Mirex
Toxaphene

8

Organophosvhate 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 90%2
Thorium 230 and 232
Tritium

Uranium (total, mg/%)

o v et e 1 g v

rd rd v vl Vg

w4 v

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/% dissolved oxygen in an effluent should be
maintained, unless demonstrated otherwise.

3Suspended solid levels will be controlled by Effluent Limltations
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.

fA11 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).

3Every reasonable effort should be made to minimize human exposure (EPA).

1¢concentrations given are maximum permissible concentrations above
naturally occurring or "background” concentrations except where
otherwise noted.

111§ Alpha or Beta are measured in excess of 15 or 50 pCi/2 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.

12 Maximum permissible concentrations including naturally occurring or
background contributions.
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Table \~5> Proposed Colorado water quality standards:
' Recreational Use.

, Standard
Parameter Class 1 Class 1I1-
: (Primary Contact) (Secondary Contact)

Physical

D.o.? C%? D.0.) Aerobic? Aerobic?

pH 6.5-9.0 X

Suspended solids and

- turbidity X X
Temperature X X
TDS (mg/L) X X
Biological

Algae" Free of objection-  Free of objection-
able and toxic able and toxic
algae algae

Fecal coliforms
(#/100 m?) - 200 1,000

Inorganics o
Ammonia 61% as N)

Chloride (mg/2)
Cyanide (mg/%)
Fluoride (mg/%)

NO3 (mg/f as N)

NO, (mg/f as N)
Sulfide as HyS (mg/l)
Boron (mg/%)?
Chloride (mg/)
Magnesium (mg/%)

SAR

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

3 D4 b4 DA B D b B DA DS BE e

ioassay5

=]
P
Q
[
1]
o
w
<

Toxic Metals (mg/2)
Aluminum
Arsenic
Barium

" Beryllium
Cadmium
Chromium
Copper
Iron
Lead
Manganese
Mercury
Molybdenum
Nickel
Selenium

Pepd DA DA DG M Bd D4 pd Dd D4 M M
PB4 D4 pd pd DA DADE BE B B B M
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Standard

Parameter

Class 1

Class 1I

{Primary Contact) (Secondary Contact)

Toxic Metals (mg/R)
Silver
Thallium
Uranium
Zinc

6

Organics

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

Organophosphate Pesticides’
Demeton
Endosulfan
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 230 and 232
Tritium
Uranium (total)

P obd bd

W el ] e e

< ord g g

o

BEPd DDA bd bd Dd e e

P MM

r g v el g d

i oed g g g

e

Pa P bd b DB M M
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X = numerical limit generally not needed for protection of classified

use.
Y = 1limit 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.

2An effluent shall be regulated to maintain aerobic conditions, and a
guideline of 2.0 mg/2 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
recomnended 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.

5Phosphorus 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. '

8The persistence, bioaccumulation 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
(ug/1 unless noted)
101. Aluminium, Dissolved

102. Aluminium, Total
103. Barium, Dissolved
104. Barium, Total

105. Cadmium, Dissolved
106. Cadmium, Total

107. Calcium (mg/l)

108. Chromium, Hexavalent
109. Chromium, Total

110. Copper, Dissolved
111. Copper, Total

112. Hardness, Total

- 113. 1Iron, Dissolved

114. TIron, Total

115. Lead, Dissolved

116. Lead, Total

117. Magnesium (mg/l1)
118. Manganese, Dissolved
119. Manganese, Total
120. Mercury, Dissolved
121. Mercury, Total

122. Molybdenum, Dissolved

123. Mplybdenum, Total
124. Nickel, Dissolved
125. Nickel, Total
126. Potassium (mg/l)
127. Selenium, Dissolved
128. Selenium, Total
129. Silver, Dissolved
130. Silver, Total
131. Sodium (mg/1)
132. Zinc, Dissolved
133. Zinc, Total

B. NON-METALLIC CONSTITUENTS
(mg/1 unless noted)

201. Alkalinity, Total

202, Arsenic, Dissolved (ug/l)

203. Arsenic, Total (ug/l)

204, Bicarbonate Hardness

205. Boron

206. Carbonate Hardness

207. Chloride ) '

208. Cyanide

209. - Fluoride

210. Nitrogen, Nitrate

211. Nitrogen, Nitrite

212. Nitrogen, Total Organic

.213. Phosphorus, Ortho

214. Phosphorus, Total
215. Sulfate

216, Total Dissolved Solids
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ALUMINIUM, TOTAL
BaRIUM, DISSOLVED (UG/L)
BARIUM, TOTAL (UG/L)Y
CADMIUM, DISSOLVEDRD (UG/L)Y
CaBMIUM, TOYEL (UG/L)
CALCIU  (MGsL)
CHEOMIUM, HEXAVALENT
CHRO™IUM, TOTAL
COPPER, DISSOLVED (UG/L)
COPPER, TOTAL (UG/L)
HARDHESS, TOTAL A5 CaALD3
IRON, LISSOLVED (uUB/L)
120N, TOTAL  (UG/ZL)

LEAD, DISSOLVED  (uG/LY
LEAD, TOTAL (UG/L)
MAGKESTIUM  (MG/L)Y
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uG /L)y

ug /L)
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APTENDIX D

Comparison of Water Quality Data with the

Proposed Colorado Water Quality Standards
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Table D~1. Comparison of water quality data for the Mancos project with
- the proposéd Colorado Water Quality Standards.

HAKCOS PROJELY

STATIO0N {bt HAKRCOS FIVEX

ARUATIC BIOTa (TOTAL KARDNES®E Gt ATew TWak 400)
ACRILLLTURE
CLASS 2 Riw wATtR SUPPLY

ARGH
AG
(2]

NUFRBER niEER NF PENCERT
4114 CONSTITUE T STANDAKD  SOUNCE EVCEERING  SARPLES E1CttLING
101 ALUMINIUM, DISSOLVED  (uGsL) 100,000 aH 11 '] 166,00
104 BARIUM, TOTAL  (UG/L) 1000,060 W& 2 Q 22,22
100 CADMIUM, TOTAL  (UG/L) 10,000 34 1 Q 1.1
10,000 wE i g 11.11
L u00 (118 ) o q 0,08
f,000 AR12 1 9 11,11
5,000 AB23 1 9 11,48
10,0600 an3a B 9 6,00
. 15,000 AAGH ¢ 9 00
109 CKRUMIUM, TCTAL (UG/L) 100,000 G a 3 0.00
50,000 5 2 3 bb,07
, - 100,000 b L 3 (S 1)
111 LOoPPER, TOTAL (ULG/L) 205,000 AG 1 10 19,00
1606,0060 w§ o 19 0,00
10,000 Aubt o 10 N, 00
10,000 Ani2 1 10 10,00
10,000 £R23 H 10 19,00
20,0600 L334 a Y 0,00
60,000 AHGU a 10 a0 o0
193 IRDN, DISSOLVED (UG/LI 300,000 w§ ] v 0,00
384 IRUN, TuYal  {UG/L) 100n,000 ik s 1 45,48%
1t LE&D, TOVAL  {UGsL) : 100,000 At 1 [ 16,67
50,000 N§ i & 16,67
4,800 319 0 & 6,00
25,000 sutp § [ 1o,67
50,000 ARZ2Y [ 6 [ ]
100,000 5a34 0 L] ¢, 00
150,000 anga 0 [ 0,00
117 MAGRESIUM  (MG/L) 125,000 33 3 10 30,00
118 HMANGANESF, DISSOLYER  (UG/L) $0,000 ws 13 11 45,45
118 HANGANESE, TOTAL (UG/LY 200,060 F 1 4 11 315,36
1000,000 AR H 11 Q.00
121 MERCURY, TOTAL (uGc/L) 2,000 WS H L] 1,11
n,050 ) 9 9 100,00
12% NICKEL, TOTAL (UG/L) 2¢n, 000 Al 1 10 10,00
50,000 ARLY 4 10 0,60
106,000 Auge 1 10 10,609
200,000 ARZ3 0 10 0,00
300,000 ARZH [d 10 0,00
a0, 000 ARGL 1 10 10,00
128 SELENIUM, TOTAL  {uG/L) 20,000 AG o G 6,00
10,000 ws 1 4 25,00
. 50,000 AR [ 4 0,00
130 BILVER, YOTAL (UG/L) 50,000 " o a 6,00
9,100 ARLY ] 4 0,00
0,100 Ante N ] 25,00
6,150 AR2X o 4 0,00
0,200 Au3a [ a 6,00
‘ 0,250 ARBU e ] 50,00
13%° 2INCe TOTAL  (UG/L) 2un0,000 AG .0 11 0,00
) 5090,000 w5 n 3] 0,00
50,000 ABL1 -0 11 0,00
50,000 L8112 i i1 %, 09
100,000 AB2S 1 11 g,09
300,000 AR3A 0 1 0,00
600,000 ApGd 2. 11 18,18
202 ARSENIC, DISSOLVED (UG/L) . 00,000 A @ o 0,00
50,000 LT3 o 0 4,00
51,000 I3 @ L} 0,00
20% BDRON  (RG/L) 150,600 AG 0 Y 4,00
20T CHMLORIDE  {MG/1L) 250,000 ®$ ] 9 0,00
208 CYANJOE  (KG/L) 8,200 a5 o & 0,00
0,200 w5 0 [ 0,00
¢, n05 A 6 & 100, 06
209 FLUDRIDE (HG/L) 2. 400 WS 0 b a,00
210 NITROGEN, NITRATE (MG/L} - 106,600 56 4 10 0,60
10,0060 w5 [} io n,00
211 NITROGEN, WITRITE  (MG/L) 10,000 113 0 j6 0,00
1,000 S [ 10 0,00
a,050 AnC @ 10 [ )
n,500 AR L} 1o 0,00
215 SULF&TF  (HMG/L) 290,008 HE 8 10 8y,00
SOURCE COOLSy A ow ALUATIC mI0A
ARC & AQUATIC B1014 (CULD)
KRw ¢ AIATIC RIOTR (sak)y
ARLY & ALUATIC RIGTA (TUTEL HERONESSS LFSS Tuaw funy
ARTD ® ACUATIC HIOTA (TOVAL WARDKESS) lor«200)
AMPL 3 AGUATIC Higia (TUYAL HagBnE8S) 2nan«=300)
Ax¥a g EQUATIC BIOTA (T0T4L wauNNESS) 3n0eddi)
t 3
®
»
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