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ABSTRACT

A limnological evaluation was conducted for the offstream Ridges
Basin Reservoir proposed by the Bureau of Reclamation in southwest
Colorado. The study required the determination of existing water
quality in the source river and use of the information to predict the
algal standing crop, hypolimnetic oxygen deficit, Secchi disk trans-
parency, and retention of metals in the proposed reservoir.

A water quality study was conducted between May 1977 and August
1978. Samples were collected from the Animas River, which will
provide the inflow to the proposed reservoir, and from the La Plata
River, which will receive discharge from the reservoir. Samples were
analyzed for 49 water quality constituents. The data were used to:
evaluate the quality of water in both rivers with respect to the
proposed Colorado Water Quality Standards for raw water supply,
agricultural use, and the protection of the aquatic biota.

A phosphorus loading model was evaluated and used to predict the
summer standing crop of chlorophyll a that will occur in the reger~
voir. A computer model was used to simulate the rate of depletion of
oxygen in the hypolimnion during the summer stratification period.
The retention of iron, zinc, lead, and copper was predicted by using a
simple mass balance model together with existing data on the retention
of metals in lakes. ' )

The standing crop of chlorophyll a in the reservoir will be
between 5 and 13 mg/mJ during the summer. The average Secchi disk
transparency will be about 1.9 m. The oxygen concentration in the
hypolgmnion will probably drop to between 5 and 6 mg/l by the end
of the stratification period. Between 92 and 99 percent of the iron,
30 to 85 percent of the zinc, 86 to 95 percent of the lead and 0 to 85
percent of the copper entering the reserveoir will be retained. Many
of the proposed standards for metals were exceeded in both- rivers
throughout most of the study period. The concentration of total
metals was correlated with peak flows that occur during the period of
spring runoff. The actual values of the limnological parameters

- will vary with changes in the hydrologic regime of the reservoir.
These predictions do not apply to the period of initial filling

and stabilization.
Control of the hydrologic regime by manipulating the inflow

Eumping strategy was suggested as a means of controlling the inflow of
oth nutrients and metals into the reservoir.
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INTRODUCTION

Background

The quality of water in a reservoir is
determined by the quality of the inflow water
and by bio Ogica% and physical processes
occurring within the reservoir. Both must be
examined in order to predict the quality of
water that will be stored in a proposed
reservoir.

One of the most important processes that
affect the quality of water stored in a
regervoir is the production of algae. Since
excessive algae production has a detrimental
effect on the quality of stored water, it is
generally desirable to have very little
production of nuisance algae (i.e., blue~
greens) in reservoirs. Undesirable conse-
quences associated with increasing levels of
algae production include: 1) a decrease in
the concentration of dissolved oxygen in the
hypolimnion, 2) a loss in community species
diversity, accompanied by an increase in the
predominance of populations of blue-green
algae, 3) taste and odor problems associated
with blooms of blue-green algae, 4) a change
in the composition of fish populations
from game fish (trout, bass) to rough fish
(carp, bullheads); and 5) the occurrence of
skin rashes among swimmers (Porcella and
Bishop 1975).

The processes of sedimentation and
chemical grecipitation also affect the
quality of water stored in reservoirs.
Considerable clarification of the inflow
water occurs in reservoirs as the result
of a reduction in water velocity, and the
water leaving a reservoir is usually much
less turbid than the inflow water (Churchill
1957, Hannon and Young 1974), Chemical
precipitation resulting from evaporation, or
changes in temperature and biological activ-
ity, may decrease the loading of some dis-
solved substances between the inflow and the
outflow of a reservoir. These processes may
result in the accumulation of heavy metals,
nutrients, and other constituents in the
sediments.

Finally, dﬁring the early life of a
reservoir, there is often a period of stabi-
lization during which the decay of inundated

organic material and the leaching of plant’

nutrients and other chemicals from soils and
vegetation have a profound effect on the
quality of stored water. The decay of
inundated organic material may result in a

larger oxygen demand in the hypolimnion
during the period of initial filling and
stabilization of a reservoir than in itsg
later life. The leaching of materials from
newly inundated soils and vegetation may
result in an increase in the loading of
dissolved constituents of a stream that
has been recently impounded. Bolke and
Waddell (1975) observed such a phenomenon in
the Colorado River following the formation of
Lake Powell.  Gould (1954) and Howard (1954)
(both cited in Neel 1963) observed a similar
increase in the loading of dissolved solids
in the Colorado River following the filling
of Lake Mead. The release of plant nutrients
from inundated goils and vegetation may be
responsible for the peak in algae production
observed in some newly formed reservoirs
The extent and duration of the stabilization
period is probably dependent on the nature of
the bed material and the morphology and
hydraulic characteristics of the reservoir.
The stabilization period may last up to 10
years for some reservoirs (Table 1).

Objectives of Study

The objectives of this research were to
conduct a detailed study of existing water
quality in the Animas and the La Plata Rivers
in the vicinity of the proposed Animas-La
Plata project and to make a limnological
evaluation of the proposed Ridges Basin
Reservoir. The limnological evaluation was
to predict: 1) the trophic status of the

_reservoir after stabilization, 2) the extent

of oxygen depletion in its hypolimnion, . and
3) the retention of heavy metals in the
reservoir. . The predictions made in this
study are applicable to the Ridges Basin
Reservoir following the stabilization period.
Additional study would be necessary to
evaluate the water quality of the reservoir
during the period of initial filling and
stabilization. .

Project Description

The Animas-La Plata Project will be a
multiple purpose water resource development
located on the Upper Colorado River Basin in
southwest Colorado and northwest New Mexico.
The project will supply 1.48 x 108m3 (120,300
ac~-ft) of water per year for irrigation
and 9.7 x 10-7m3 (78,750 ac-ft) of water
for municipal and industrial use in Durango,
Colorado, Aztec and Farmington, New Mexico,
and surrounding communities. .



Table 1. Length of stabilization period for water quality parameters in new reservoirs.

Time to
Parameter Equilibrium Type Reservoir Source
(yrs.)
Algae Production 8-10 Eastern Water Supply Whipple (1933)
Hypolimnetic
Dissolved Oy 9-10 Eastern Water Supply Purcell (1939)
Taste and Odors
Hs8 1 TVA Reservoirs Churehill (1957)
3 Eastern Water Supply Purcell (1939)
Fe, Mn
8-9 Eastern Water Supply Purcell (1939)
Biodegradable
Substances 10~15 Unspecified Fair et al. (1958)
0 Western Flood, Power
DS and Irrigation Soltero et al. (1973)
0 Eastern Flood Control
(Small) Williame (1978)
Hardness and 2 Migsouri River Flood
Alkalinity Control Neel (1963)

The central feature of this project and
the object of this study is the Ridges Basin
Reservoir, located southwest of Durango,
Colorado {(Figure 1). The reservoir will be
operated as an offstream, pumped storage
reservoir., Inflow to the reservoir will be
supplied from the Animas River via the
Durango pumping station., Stored water will
be released back to the Animas River for
municipal and industrial use in New Mexico
(4.6 x 107m3/yr) (37,400 ac-ft/year) and in
Durango, Colorado (1.1 x 107m3/yr or 8,850
ac-ft/year). An additional 152,800 ac-ft/
year will be released through the Dryside
Canal to supgly water for irrigation and for
municipal and industrial uge in the La Plata
River Basin, A detailed flow schematic of
the project is presented in Figure 2, The
results of a USBR monthly hydrologic simula-
tion of resgervoir storage volumes, inflows,
and outflows is presented in Appendix A.

The reservoir will be roughly triangular
in sfape (Figure 3) and will cover 9.0 x
106m¢ (2,230 acres) at full capacity of
3.45 x 105m3 (280,000 acre-feet). The reser-
voir will have an average hydraulic residence
time of about 1.6 years (based on total
capacity and projected average supply).

The rockfill and earth dam forming the
reservoir will rise 93.6 m (307 ft) above the
streambed and will have a crestlength of
518 m (1700 ft). The inlet from the Animas
River will enter the reservoir in the north-
west corner at an elevation of 2117 m (6945
ft). The outlet for the New Mexico municipal
and industrial supply will be located near
the damsite at an elevation of 2035 m (6677
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WATER QUALITY SURVEY

ANIMAS-LA PLATA PROJECT

During the period May 1977 to August
1978, an intensive program of water quality
analysis was conducted on water samples
obtained from stream segments associated with
the proposed Animas-La Plata Project. The
purposes of this survey were to 1) evaluate
the current water quality of these stream
segments with respect to the proposed Colo-
rado Water Quality Standards, 2) provide
information on the quality of waters that
will be used to fill the Ridges Basin, and 3)
provide a data base by which to assess the
impacts of the project on the water quality
downstream from the major project features.

The four sampling stations studied were:

Station #4: La Plata River at the Colorado-
New Mexico Border

Station #8: La Plata River at Farmington,
New Mexico

Station #14:
Colorade

La Plata River at Hesperus,

Station #22:
Colorado

-Animas River at Durango,

The locations of these water quality stations
are shown in Figure 1

Samples were collected monthly by USBR
personnel and shipped to the Utah Water
Research Laboratory for analysis. Standard
Methods {APHA 1975) and USEPA (USEPA 1976a)
protocol were followed in the sample collec-
tion process and the analytical techniques
for determining the constituents present.
Forty-nine chemical parameters were deter-
mined for each of the 16 sampling periods.
The raw data obtained in this survey are
presented in Appendix B. The results of the
water quality study were compared with the
proposed Colorado Water Quality Standards
for each of the four water quality stations.
The results of the comparison study are on
file at the UWRL Library.



PREDICTION OF TROPHIC STATUS FOR

THE PROPOSED RIDGES BASIN RESERVOIR

Introduction

Highly productive eutrophic waters are
generally undesirable for most uses, There-
fore, it is desirable to be able to predict
the level of algal productivity that will
occur in a newly formed body of water, and,
if necessary, take measures to prevent ex-
cessively high levels of algal productivity.

A phosphorus loading model, developed by
Vollenweider (1968, 1969, 1975, 1976), was
ugsed to predict algal production that will
occur in the Ridges Basin Reservoir. The
validity of predictions generated by this
model was tested using data collected by the
National Eutrophication Survey (USEPA 1977)
for 40 lakes and reservoirs in the Inter-
mountain West.

Application of Vollenweider's
Phosphorus Loading Model to
Existing Lakes and Reservoirs

Vollerweider's (1976) phosphorus loading
model can be used to predict the mean summer
epilimnetic concentration of chlorophyll a
(a common indicator of algal productivity) im
a lake uging variablees that are independent
of interactions occurring within the lake.
According to this model, the mean summer
epilimnetic concentration of chlorophyll
a ([chl. al]) can be predicted from the
equation: 0.91

L qg
[1+/§7?]

8

[chl. a] = 0.367 (1)

where
Lp = areal phosphorus loading, g/m2/ytr
qg = water load, m/yr (m3/yr/m2)

z mean depth, m

In order to test the claim by Vollen-
weider (1976) that this model can be used for
lakes throughout the temperate zone to
predict the mean summer epilimnetic chloro-
phyll a concentration, its predictions for 40
lakes and reservoirs in Colorado, New Mexico,
Utah, and Wyoming were compared with data
collected in the National Eutrophication
Survey (NES) and reported in the National
Eutrophication Working Papers (USEPA 1977).
The methods used in the National Eutrophi-
cation Survey are presented in USEPA (1973a).

These working papers were used to compile
data on mean depth (Z), areal phosphorus
loading (Lp), areal water load S?s) mean
concentratibn’ of chlorophyll a (chl. a), and
the ratio of total soluble inorganic nitrogen
to orthophosphate (TSIN:OP) for each lake and
reservoir (Table 3). The chlorophyll a data
presented in column 8 of Table 3 are the
average of all the epilimnetic zone sampling
stations for the particular date. The
chlorophyll a data in column 9 is the mean of
all the sampling periods for each lake. The
values in column were considered to be the
mean summer epilimnetic concentration of
chlorophyll a for each lake.

Equation 1 is plotted in Figure 4 along
with its 99 percent confidence intervals’
determined as suggested by Vollenweider
(1976), The symbols used in plotting indi-
cate the status of nutrient limitation for
each reservoir. A completely shaded circle
indicates that phosphorus was the limiting
nutrient during all sampling periods, a
half-filled cirecle indicates that nitrogen
was limiting during some sampling period(s)
and that phosphorus was limiting at other
times, and an unshaded circle indicates that
nitrogen was limiting during all sampling

eriods. Phosphorus was considered to be

imiting whenever the ratio of TSIN:0P was
greater than or equal to 11.3:1, based on a
weight ratio (Greens et al. 1975).  Data
points for 6 of the 40 water bodies were
omitted from Figure 4. Viva Naughton Reser-
voir (#26), Ute Reservoir (#34), Steinaker
Reservoir (#13), and Blue Mesa Reservoir
(#18) were omitted because the estimates of
phosphorus loading for these water bodies
were considered by the author(s) of the
respective working papers to be -unreliable.
Lake DeSmet (#27) was omitted because two
major tributaries that mormally flow into
the lake were being diverted at the time of
eampling in order to allow counstruction of a
dam that would increase the volume of the
lake. Starvation Reservoir (#16) was omitted
because it was still filling during the
gsampling period and therefore may not have
reached equilibrium, a prerequisite for use
of Vollenweider's model. Thus, 34 points
actually appear in Figure 4.

Table 4 presents additional data for
each of the 34 lakes and reservoirs plotted
in Figure 4. These data were also taken from
the National Eutrophication Survey Working
Paper Series. Lakes and reservoirs in this
table are separated into three groups.



Table 3. Data for 40 lakes and reservoirs in the intermountain west used in the test of
Vollenweider's model.?

Ip o b

. chl. a Mean Chl. o
p -
{mg /,fa Jyx) q8 2z Lp/qs Sampling Conce:tration Conce:tration Plotting
* .
Lake and Location 10 (m/yry (w) (1« 3/g g) I)atg TSIN:OP (mg/m®) (mg/m®) Number
Minerville Res, 1.45 7.71 5.6 102 5/8 0.5:1 4.7
Beaver Col, Ut, 8/12 0.5:1 19.8 33.6 ) 1
9/25 2:1 76.3
Pelican L. 0,13 0.76 3.0 57 5/13 411 1.4
Uninta Co., Ut. 8/7 16:1 4.7 . 6.5 2
9/23 20:1 13.3
Piute Res. 2.03 15.49 10.1 73 . 5/9 36:1 17.3
Piute Co., Ut, ' 8/13 . l4:1 15.7 26.7 3
9/24 7:1 47.0
Sevier Bridge Res. 0.75 4,45 6.5 76 5/12 >4431 7.5
Juab and Sanpete 8/12 »44:1 20.5 18.2 4
Co., Ut. . 9/24 >44:1 26.7
Panguitch L. 0.36 - 4.94 6.4 34 8/13 10:1 19.6
Garfield Co., Ut. ] ) 9/25 6:1 72.4 30.7 5
Otter Creek Res. 0.61 -~ 5.20 6.3 56 5/9 <731 14.6
B Piute Co., Ut, 8/13 <7:1 12.1 11.8 6
9/25 8.7
Utah L. 0.51 2.11 2,1 121 5/12 26:1 14.0
Utah Ca., Ut. 8/8 7:1. 106.5 72.0 7
9/19 3l1:1 95.6
Willard Res. 0.21 2.79 5.9 31 5/14  6:1 10.4
Box Elder Co., Ut, ' 8/6 4:1 7.1 7.6 8
9/23 11:1 5.3
Fish L. 0.05 0.66 25.9 10 8/12 8:1 20.1
Sevier Co., Ut. 9/25 8:1 4.8 12.5 9
Tropic Res. 0.40 20.21 3.0 14 5/8 18:1 17.0
Garfield Co., Ut, ‘ 8/14 5:1 9.4 9.2 10
9/25 13:1 1.2
Joe's Valley Res. 0.70 19,13  16.3 18 5/13 4:1 2.1
B Emery Co., Ut, 8/12 4631 3.8 2.5 11
9/24 45:1 1.6
Pineview Res, 0.72 20.55 24,7 17 5/14 >17:1 9.0 .
Weber Co., Ut. : - 8/7 »17:1 3.7 5.8 12
9/23 >17:1 4.4 :
Steindker Res. 0.11 7.82 14,0 6 5/13 431 4.1
Uintah Co., Ut. 8/7 12:1 2.4 2.6 13
: 9/22 17:1 1.7 .
Deer Creek Res. 2.47 36,08 19.9 39 - 5/12 >16:1 7.4
Wasatch Co,, Ut, 8/11 12:1 1.3 9.1 14
9/19 20:1 18.5
Moon Lake 0.52 37.07 14,1 9 8/11 >23:1 2.8
Duchesne Co., Ut, 9/23  »23:1 2.6 2.7 15
Starvation Res. 2.70 16.65 19.9 78 5/13 8:1 4.0
Duchesne Co., Ut, 8/11 13:1 9.3 5.7 16
9/24 8:1 3.7



Table 3. Continued.

Ip

o2 . hl. a®  Mean Chl. o© o
L
(mg /Tafyr) 9y 8 /94 Sampling Concentration Concentration Ploteing
Lake and Location *10 (m/yr) (@ (1 +j?""7a q.a.) Date TSIN:OF (nmg/m®) (mg/m®) Number
Echo Reservoir 2.50 41,2 15.3 38 5/12 <10:1 10.9
Summit Co., Ut. 8/7 18:1 4.5 7.0 17
. 9/18 <10:1 5.5
Blue Mesa Res. 2.66 41,27 31.1 35 8/26  <10:1 4.9
Gunnison Co., CO. 9/29 <10:1 8.7 6.8 18
Dillon Res. 0.61 24,06 24,6 13 8/25  >18:1 2.3
Summit Co., CO. 10/9 >18:1 4.0 3.2 19
Cherry Creek L. 1.53 2.44 5.2 26 8/22 <9:1 - <8,7
Arapahoe Co., CO. 10/9 <9:1 11.9 23.3 20
Barker Reservoir 0.59 30.15 8.3 13 5/7 16:1 4.8
Boulder Co., CO. 8/26 10:1 3.7 5.3 21
10/10 7:1 7.5
Seminoe Reservoir 2.91 28,00 25.6 53 5/19 19:1 2.2
Carbon Co., Wy. 8/27 11.1 2.2 2.5 22
' 10/16 '17:1 3.2
Boyson Res. 3.56 16.28 10.4 122 5/19 13:1 10.6
Fremont Co., Wy. 9/2 10:1 6.7 6.6 23
10/17 8:1 2.4
Big Sandy Res. 1.20 7.99 5.8 81 5/ <4:1 5.3
Subletter and : 9/2 <4:1 3.6 4,3 24
Sweetwater Co.'s, Wy. 10/16 <431 4,1
Woodruff Narrows '6.02 ' 31.68 4.9 136 5/16  3:1 6.1
Reservolr 8/7 7:1 3.3 13.0 25
Uinta Co., Wy. 9/18 5:1 31.2
10/16 6:1 11.3
Viva Naughton Res. 0.67 21.21 8.9 ° 19 8/5 <8:1 18.6 .
Lincoln Co., Wy. 9/18 <811 34,0 25.1 26
10/16 <8:1 22.6
Lake DeSmet 0.07 0.94 12.8 16 5/22 5:1 4.7
Johnson Co., Wy. 8/29 5:1 10.0 11.1 27
10/15 13:1 18.7
Keyhole Res. 0.46 1.05 6.5 126 5723 12:1 6.2
Crook Co., Wy. 8729 14:1 7.5 7.8 28
10/15 13:1 9.6
Ocean L. 0.26 1,77 4.2 58 5/19 3:1 5.0
Fremont Co., Wy. 9/2 10:1 5.4 7.5 29
10/16 14:1 1z2.1
Roulder L. 0.68 25.93 12,2 16 B/27 13:1 2.5
Sublette Co., Wy. ‘ 9/17 18:1 2.5 2.5 30
Freemont L. 0.12 10.88  24.4 8 8/28 22:1 4.6
Sublette Co., Wy. 10/11 20:1 3.0 3.8 31
Navajo Reservoir 2.50 25.20 33.3 46 4/30 15.1 2.3
Arculeta Co., Co. and 8/18 10.1 1.6 2.2 32
San Juan and Rio Arriba 9/30 8:1 2.7
Co,, N.M.
Alamogordo Res. 1.52 5.03 8.1 133 5/1 6:1 2.1
DeBaca and Guadalupe 8/20 18:1 7.3 5.9 33
Co.'s, N.M. 10/2 25:1 8.2
Ute Reservolr 0.66 5.96 8.9 51 5/2 C 411 1.6
Quay Co., N.M. 8/20 10:1 4,0 3.2 34
10/2 15:1 4.1



Table 3. Continued.

Ip "‘ ‘ ' ' chl. b Mean Chl. o©
(mg ijgjyr) 9 z L [qe Sampling Concentration Concentration Plotting
Lake and Location *10~ {m/yr) (m? (1 45 §7q8) Date TSIN:OP (mg/m®) (mg/m®) Number
L. McMillan 1.05 9,77 2.1 73 5/1 17:1 10.8
Eddy Co., N.M. 8/20 6:1 12.0 14.1 35
' 10/2 3:1 18.7
Elephant Butte Res. 17,35 8.39  18.3 835 s/2 <3i1 7.4
Sierra and Socorro ’ 8/19 <3:1 9.5 6.8 36
Co., N.M. 16/3  <3:l 3.4 0
El Vado Res. 2.67 20.91 18.3 66 5/5 11:1 2.0
Rio Arriba Co., N.M 8/19 5:1 2.0 2.2 37
10/1 5:1 2.6
Pagle Nest Lake 0.27 2,23 9.9 39 5/6 <1:1 15.8
Colfax Co., N.M, 8/21 <1:1 4.0 13.9 38
10/7 <1:1 21.9
Conchas Res. 0.29 4,15 11.8 26 5/1 6:1 1.5
San Miguel Co., N.M. 8/21 9:1 5.5 3.3 39
10/2 23:1 2.8
Bluewater L. 0.08 1,54 6.7 17 5/5 11:1 2.3
McKinley and Valencia 8/19 12:1 5.1 3.9 40
Co.'s. N.M, 10/1 19:1 4,2
Data from National Eutrophication Study Working Papers (EP4, 1977).
Chl. ¢ 1s mean for all stations for each date. (Chl. a) determined from 4.6 m integrated sample
® Mean Chl. ¢ data 1s mean of all sampling dates.
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Figure 4. Mean chlorophyll a concentration vs. phosphorus loading for 34 intermountain. lakes
and reservoirs, :
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Table 4.. Additional data for NES lakes and reservoirs.? .

o Rutrient d
Lake or Regerveir Mean Depth b Macrophytea Turbidity Limitation 5.D. _Yolume Comments
and Plotting Number (m) (yr.) X = noted X = noted N = nitrogen (m) (x10P i )
) (Based on xx = deuse xx = heavy P phosphorous .
outflow) o = nét o = not N/P = mixed
noted noted

Reservoirs whose measured (chl. a) within 99% limits (2=17)

Otter Creek (6) 6.3 1.4 4 o N 1.2  64.8 Greyish
water in

/e Hay
. N

Utah L. (7) 2.1 2.5 xx ° 0.2 832.6 Algal scums
Willard Res. (8) . 5.9 - 3.3 ° N 1.1 240,5

N/P
Ocean L. (29) 4,2 4.4 ° ° / 0.6 103.6  Milky green

A in Sept.

Bluewater L. (40) 6.7 3.8 ° N7E (med) 0.5 47.4

N/P

L. McMillan (35) 2.1 0.2 ° ° / (med) 0.3 48.6  Water levels
fluctuate;
salinity
problens

N
Eagle Nest L. (38) 9.9 5.3 0 e (med) 1.1 97.9  blooms in
/ Aug. & Oct.

Barker Rea. (21) 8.3 0.3 0 0 N/P 2.1 14.2

Pineview Res, (12) 13.4 0.7 x o P 1.7 135.6

Echo Res. (17) 15.3 0.4 ° © N/P 1.3 91.3

P .
Deer Creek (14) 19.9 0.6 x ° 1.7 192.3  Clumps of
. algae at
gurface in
Sept.

Moon Lake (15) 14,1 0.4 o [ P 3.1 44,1

Dilion Res. (19} 24,6 1.3 o o P 8.1 313.8

Fremont L. (31) 24.4 2.5 o o P 13,2 493.7 )

Minersville Res. (1) 5.6 0.7 o o N 1.4 22.5 Algal blooms
in Aug. and
Sept.

Piute Res. (3) 10.1 0.7 [ o N/P 0.4 101.5

Sevier Bridge Res.(4) 6.5 1.6 x o P 1.3 291.1 Algal bloom
in May

Lakes in which measured (chl. @) greater than upper limit of prediction (n =4)

Panguitch L. (5) 6.4 2.2 XX o N 1.9 32.1 Algal blooms
all three
sampling
periods .

Tropic Res. (10) 3.0 0.2 XX o N/P 1.8 2.2 Algal bloom
in August

Fish L. (9) 25.9 58.5 X 12.9 262.1

Cherry Creek L. (20) 5,2 3.6 b o 0.8 16.8 Possible

) bloom at
station 2
in August

1"



Table 4, Continued'.

. eb ) Nutrient
Lake or Reservoir Mean Depth 173 Macrophytes  Turbidity Limitation
and Plotting Number (m) {yr.) % = noted x = noted N = nitrogen 4 yolum
{Based on xx = dense xx = heavy P = phosphorous é;_;‘“‘?;;li'
outflow) o = not o = not - {m) (x10Pw®) Comments
noted noted N/P = mixed T
Lakes in which measured (chl. a) below lower limits of prediciton (n=13)
Boulder L. (30) 12.2 0.5 o S P 3.5 85.8
Joe's Valley Res. (11} 16.3 0.9 ] o N/P 2.5 77.1 Some algae
in August
Boysen Res. (23) 10.4 0.7 o ° N/P 0.8 935.3 Clumps of

Algae noted
in Sept. and

. Oct.
Big Sandy Res. (24) 5.8 0.7 o XX N 0.3  48.4 Silt affects
trout pop.
Woodruff Narrows Res. 4.9 0.2 [ o N 0.8 34,6
(25)
Conchas Res. (39) 11.8 3.0 0 N/P (med) 1.2 456.6
El Vado Res. (37) 18.3 0.9 o XX N (ned) 0.9 239.9 Algal bloom
in Oct.
Elephant Butte Res, 18.3 2.2 o XX N (med) 0.6 2,707.5 8.D.
(36) transparencie
low
Alamogordo (33) 8.1 1.7 o X N/P (med) 0.9 150.6
Navajo Res. (32) 33.3 1.4 ) o N/P 1.5 2,108
Keyhole Res. (28) 6.5 15.2 [+] o P 1.2 246.5 Algal bloom
‘ in Cct.
‘Seminoe -Res. (22) 25.6 0.9 o xx N/ 1.3 1,248.5
Pelican L. (2) 3.0 36.8 XX o N/P 1.6 20.9 Bloom in
Sept.

8gource: NES Working Papers (EPA, 1977).

b@h = hydraulic residence time (V/Q).

8p considered to be limiting when TSIN:OP > 11.3:1 (by weight).

dugag" ndicates median secchi disc- reading (not a true mean).
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Group l: Lakes and reservoirs whose
plotting position in Figure 4 lies above the
upper 99 percent confidence limit calculated
by Vollenweider (1976) (n = 4).

Group 2: Lakes and reservoirs whose
plotting position lies within the 99 percent
confidence interval calculated by Vollen-~
weider (1976) (n = 17).

Group 3: Lakes and reservoirs whose
plotting position lies below the lower 99
percent confidence limit calculated by
Vollenweider (1976) (n = 13).

Data on the presence of macrophytes were
taken from the text of the appropriate
working papers and are qualitative assess-
ments. The presence of macrophytes is
recorded as follows.

o = the presence of macrophytes was
either not mentioned or noted as the "absence
of macrophytes."

x = the presence of macrophytes was
noted in the working paper but was not
described as being dense or covering large
areas of the lake.

xx = the presence of macrophytes was
noted in the working paper as being 'dense”
or 'covering large areas of the lake."

Similarly, a qualitative assessment of
the turbidity in each water body was noted in
the text of each working paper. In Table 4
turbidity for each lake is noted as follows:

o = turbidity not noted.
x = "heavy" turbidity.
xx = "very heavy" turbidity.

In some cases the text of the working paper
suggested that turbidity may limit algae
growth.

The type of nutrient limitation for each
lake is noted in Table 4 as follows.

N = nitrogen was limiting during all
three sampling periods (i.e., TSIN:OP always
less than 11.3:1).

N/P = nitrogen was limiting during some
sampling periods and phosphorus was limting
during other periods.

P = phosphorus was limiting during all
three sampling periods (i.e., TSIN:0OP always
greater than 11.3:1).

The mean or the mean of the medians of
the Secchi disc readings for each lake is
presented in column 7 of Table 4. In most
cases the mean Secchi disc reading for each
sampling period was presented in the appro-
priate working paper for each sampling
period. For these lakes the number in column

13

7 is the mean for all sampling periods.
In a few cases, only the median Secchi disc
reading was recorded for each sampling
period. In these cases, the number in column
7 is the average of the medians 'and is
indicated as such.

Figure 4 reveals that for many of these
lakes the measured values for chlorophyll a
is not within the confidence intervals
established by Vollenweider. The measured
concentration of chlorophyll a for these
lakes fell within the 99 percent confidence
interval for prediction values only half (50
percent) of the time. Thirty eight percent
(n = 13) had measured chlorophyll a concen-
trations less than the lower 99 percent
confidence limit for predicted values, and
12 percent (n = 4) had measured chlorophyll a
concentrations higher than the upper 99
percent confidence 1limit for predicted
values.

Some of the discrepancy between the
actual and predicted concentrations of
chlorophyll a for these water bodies can be
attributed to data error. The value used for
"measured mean epilimnetic chlorophyll a
concentration” was the average for all
stations and sampling dates for each body of
water. The number of sampling periods ranged
from two to four for each water body. Since
the chlorophyll a concentration of a lake
may vary by an order of magnitude or more
throughout the growing season, an estimate
based on relatively few observations is
likely to be in error. Although error
due to insufficient sampling should be
random, there may be some negative bias in
the measured chlorophyll a means since the
earliest sampling data in the NES study was
in May. Temperate zone lakes typically have
maxima in chlorophyll a concentrations in
the spring (following turnover) and in the
late summer: the earlier peak may have been
misgsed for many of these lakes, resulting in
a negative bias in the mean chlorophyll a
data. 1If a negative bias was real the fit of
the survey lakes to Vollenweider's model
would probably be improved if more complete
data were available.

Further inspection of Figure 4 and Table
5 reveals several possible reasons for the
discrepancy between the observed and pre-
dicted values for chlorophyll a concentra-
tion. For the water bodies whose measured
chlorophyll a concentration fell within
Vollenweider's 99 percent confidence limit
(Group 2), 76.4 percent were phosphorus
limited (i.e., TSIN:OP > 11.3:1) for at least
one sampling period, and 35.2 percent were
phosphorus limited throughout the sampling
period. For the lakes in Group 1 (measured
values of chl. a above Vollenweider's 99
percent confidence limit) only 25 percent
were phosphorus limited at any time and none
were phosphorus limited throughout the entire
season. For water bodies in Group 3 (mea-
sured chl. a concentration below Vollen-
weider's 99 percent confidence limit) 69.2
percent were phosphorus limited for at least



Table 5.

confidence intervals of Vollenweider's model.

Comparison of characteristics of lakes and reservoirs falling above, within, and below

Measufed
(chl. a) 5
) in 3 8.D. Depth Volume 8 Macro~
Lake P Always N Always  Mixed Nut, mg/m in m inm in h phytes  Turbidity
Group? - Limiting ILimiting Limitation {mean) (mean) {mean) wd x 106 (yr.) Noted Noted
Group 1 0.0 75.0% 25,0% 18.9 4.4 10.1 78.3 16.1 100% 0.0
(n = 4&)
Group 2 35.2% 23.5% 41.2% 15.5 2.2 10.6 184 .4 1.9 21.0% 0.0
(n = 17)
Group 3 15.4% 30.8% 53.8% 5.1 1.3 13.4 658.4 5.0 8% 38.5%
(n = 13) ’
aGroup 1: Lakes in which mean chl. a concentration for sampling pericd abeve upper 99% confidence limit of
Vollenwelder's model.
Group 2: Lakes in which mean chl. a concentration for sampling period within 99% C.I.'s of Vollenweider's
model,
Group 3: Lakes in which mean chl. a concentration for sampling perlod less than lower 99% confidence limit

for Vollenweider's model.

bMean of §.D. readings is actually mean of means and/or medians.

ings were calculated in the original working papers--these medians are used as means.

100

For some lakes only the median 8$.D. read-

limited and free of macrophytes and turbidity.
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part of the year and only 15.4 percent were
phosphorus limited throughout the entire
sampling period. Furthermore, 75 percent of
the survey lakes for which phosphorus was
limiting throughout the sampling period (n =
8) fell within Vollenweider's %9 percent
confidence interval. These data suggest that
Vollenweider's model may be applicable only
to lakes that are phosphorus limited for at
least part of the growing season.

In addition, the information in Table 5
also suggests that Vollenweider's model may
not be applicable to water bodies whose
water is highly turbid and whose phyto-
plankton production is limited by light
penetration. For sutrvey lakes whose measured
chlorophyll a concentrations were below
Vollenweider's lower 99 percent confidence
limit, 38.5 percent (n = 5) were described in
the respective working papers as being
"turbid" or "highly turbid" (vs. 0 percent
for both Group 1 and Group 2 lakes). Fur-
thermore, the Secchi disc data for Group 3
lakes (¥ = 1.3 m) is less than that for Grou
1 lakes (X = 2.2 m) or Group 2 lakes (X = 4.
m), even though the mean chlorophyll a
concentration is lower for this gfoup (5.1
mg/m3 ve., 18.9 mg/m3 and 15.5 mg/m3, respec-
tively, for Groups 1 and 2). This limitation
to Vollenweider's model is probably because
light penetration limits algae growth in
lakes with high turbidity. Unfortunately,
since quantitative data on the concentration
of inorganic suspended solids is not avail-
able for the NES lakes, it is impossible to
determine the upper limit of suspended solids
thgtlwould preclude the use of Vollenweider's
model.

"Finally, the data in Table 5 suggest
that Vollenweider's model may not be appli-
cable to lakes that support macrophyte
populations. All of the lakes in Group 1 had
growths of macrophytes during the sampling
period of the National Eutrophication Survey,
while only 21 percent of those in Group 2 and
8 percent of those in Group 3 were observed
to have macrophyte growths. Thus, Vollen-
weider's model seems to underestimate chloro-
phyll a when macrophytes are present. This
observation is surprising in view of the fact
that macrophytes are commonly considered to
inhibit phytoplankton growth through light
limitation and possibly by the secretion of
antibiotic compounds (Wetzel 1975). On the
other hand, rooted macrophytes can act as a
nutrient 'pump" by adsorbing phosphorus from
the sediments and releasing it to the over-
lying waters (Wetzel 1975). If this occurs,
macrophytes would act to increase the phos-
ghorus concentration in the overyling water

y increasing the residence time of phos-
phorus in the water column. Since Vollen-
weider's model assumes that the relative
residence time of phosphorus is a function of
the areal water load (Vollenweider 1976), any
mechanisms that acts to increase the relative
residence time would cause Vollenweider's
model to underestimate the total phosphorus
concentration in the lake. It is possible
that by increasing the concentration of
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phosphorus in the water, macrophytes may, in
some cases, actually promote algal growth.
The position of the lakes in which macro-
phytes occur in Figure 4 suggests that thi
phenomenon may be occurring. ) :

From this section it can be concluded
that the application of Vollenweider's 1976
model to phosphorus-limited lakes im the
intermountain west is valid unless: 1) the
lake is highly turbid and algal productivity
is limited by light penetration; 2) phos-
phorus is not the limiting nutrient for at
least part of the year; 3) the lake supports
dense growth of macrophytes.

When water bodies having growths of
macrophytes, high turbidity, or nitrogen
limitation throughout the sampling period
were omitted from this analysis, the fit
between observed and predicted values of
mean summer epilimnetic chlorophyll a concen-
tration was improved considetagly (Figure 5).
For the remaining 13 water bodies, 61 percent
of the observed mean chlorophyll a concentra-
tions were within Vollenweider's 99 percent
confidence intervals (r2 = 0.49).

Application of Vollenweider's
Phosphorus Loading Model to
the Ridges Basin Reservoir

Vollenweider's pheosphorus loading model
(Vollenweider 1976) as described above, was
used to predict the average summer epi-
limnetic concentration of chlorophyll a in
the Ridges Basin Reservoir. -

Calculation of the annual phosphorus
loading into the reservoir was based on data
of total ghosphorus concentration determined
on a monthy basis by the Utah Water Research
Laboratory (Appendix B) and data of inflows
into the reservoir were obtained from the
USBR hydrologic simulation (Appendix A).

The annual period used for this analysis
began in September 1977 and ended in August
1978. The phosphorus loading analysis was
performed using phosphorus data for the
Animas River since nearly all of the inflow
into the reservoir will be obtained from the
Animas River. The inflow data used for this
analysis are based on the average simulated
monthly inflow for a 48-year period (1929-
1977). Actual monthly data on inflows for
the study period were not available because
the USBR did not -simulate the hydrologic
regime for 1978, Data on phosphorus concen-
trations and flow rate for the inflow water,
together with calculations of the monthly
phosphorus loading into the reservoir are
presented in Table 6.

Data on average surface area and average
volume for the Ridges Basin Reservoir were
obtained directly from the USBR planning
study for the reservoir (USBR 1978). The
overflow rate, qg, was based on the average
annual inflow as determined by the USBR
hydrologic model and the average annual
precipitation at the Durango Weather Station
(USBR 1978).



Table 6., Phosphorus loading for the proposed

Ridges Basin Reservoir.

Total P2 Inflowb Loading. of pc

(mg/%) (1000 A.F.) (1000 Kg)
Sept., 1977  0.010 8.0 98.4
Oct. 0.014 10.6 182.5
Nov. 0.008 7.1 69.9
Dec. 0.004 4.5 22.1
Jan., 1978 0.017 3.6 75.3
Feb. 0.011 3.3 44.6
March 0.008 6.1 60.0
April 0.039 13.4 642.7
May 0.338 20.4 8,481.1
June - 0.037 24,4 1,110.4
July 0.028 19.0 654.4
August 0.024 12.7 374.9
ANNUAL TOTAL 133.1 10,816.2
2 PWRL data
b

From USBR hydrologic simulation for ayverage year.

[+

3
Loading = Total P (-‘%) % Inflow (1000 A.F.) x 1230

LI
A.F.

Based on these data (Table 7) and
Vollenweider's (1976) model the mean summer
epilimnetic concentration of chlorophyll a in
tge Ridges Basin Reservoir was calculated to
be 7.9 mg/m3 (99 percent C.I. 5-13 mg/m3).
This prediction indicates that the Ridges
Basin Resgervoir will be mesotrophic, ac-
cording to the trophic status classification
outlined by Wetzel (19875). This predicted
value for mean epilimnetic chlorophyll a
concentration was used to predict the average
Secchi disc transparency. Carlson (1977) has
found that Secchi disc transparency can be
predicted from the relationship:
n $.D. = 2.04 - 0.68 in (chl, a)

......

where 5.D., = Secchi disc reading, in m
and (chl. a) is in mg/m3, taken near the

surface,

Carlson (1977) found the regression coeffi-
cient (rl) for this relationship to be 0.93
(n = 147). Using the predicted value for
the mean chlorophyll a concentration and
Equation 2, the mean Secchi disc transparency
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in the Ridges Basin Reservoir was calculated
to be 1.9 m (6.2 ft). The chlorophyll a
concentration used in this caleculation was
the mean value for the entire epilimnion
and may be somewhat different (probably
lower) than the concentration of chlorophyll

a '"near the surface.”

Table 7. Calculation of the mean summer epi-
limnetic chlorophyll a concentration
in the proposed Ridges Basin Reser-

voir.

Annual loading of phosphorus® 10,816.2
1000 Kg
6_3°
~Ave. area, 10 m 7.8685
8§ 3¢
Ave. volume, 10 m 2.5815
Mean depth, 1in m (Z)d 32.8
8 3@ .
Average annual inflow 10 m 1.637
Areal loading of phosphorusf 1,370
mg/u?/yr (Ly)
Areal water loading m/yr (qs)g 21.27
L /q
B S 28.73
(L +7Y2/q)
Predicted mean summer epilimnetich 7.79 1
concentration of chlorophyll a, (5-13)

mg/m3

aSee Table 5.

bFrom Animas-La Plata project description,
January, 1978, ("ave. pool. area").

USBR,
“Calculated using ave. pool area and area-volume
output from USBR computer simulation.
dMean depth = mean volume + mean area.

Cprom Appendix A, Table 23 .

Lp = Total P loading ¢ ave. surface area.
g ave, inflow + ave. precipitation
g ave. area
0.91
h L /qg
(Chl. a) = 0.367 | —B2—2
1+ Y/ 77q)

i99 percent C.I.

The accuracy of the predicted concentra-
tion of chlorophyll a in the proposed Ridges
Basin Reservoir depends on the validity of
several assumptions that were made in using

Vollenweider's (1976) model:



1. Vollenweider's model is based on the
assumption that a lake is a continuously
stirred tank reactor (CSTR) in which the

~effective hydraulic retention time is equal
to the theoretical hydraulic retention time.
While this assumption is never entirely true,
the demonstrated reliability of this model
(Vollenweider 1976) indicates that departures
from this assumption are not seriously
violated for most lakes. If serious short
circuiting occurs in a lake, the model
may not produce accurate estimates of the
epilimnetic chlorophyll a concentration. In
the Ridges Basin Reservoir some short cir-
cuiting may occur as a result of the fact
that the position of the outlet to the
Dryside Canal (70.1 m from the bottom) is
located at approximately the same elevation
as the inlet (82.3 m from the bottom).
However, considering that the outlet and
inlet are located at opposite ends of the
reservoir and that the reservoir will be
dimictic and have a hydraulic residence time
of 1.6 years, it seems reasonable that its
effective hydraulic residence time will be
close to its theoretical residence time.
Thus, the use of Vollenweider's model seems
valid with respect to hydraulic consider-
ations.

2., 1In developing this model, Vollen-
weider found that the relative residence time
of phosphorus with respect to water could be
predicted from the hydraulic residence time
and was independent of trophic status.
However, as pointed out in the previous
section, the relative residence time of
ghosphorus, and hence algae growth, may

e increased when macrophytes are present
since rooted macrophytes may act as a nutri-
ent pump. It was demonstrated that when
macrophytes are present, Vollenweider's model
may underestimate the actual chlorophyll a
concentration in the epilimnion. In the
Ridges Basin Reservoir, the growth of rooted
macrophytes should be minimal due to the
large drawdown 21,3 m (70 ft) and an increase
in phytoplankton growth as the result of
nutrient release by macrophytes is not
expected..

3. The slope of the line that describes
the relationship between the phosphorus
loading term and the concentration of chloro-
phyll a (Figure 4) was determined in Vollen-
weider's model on the basis of an empirically
determined relationship between the spring
(turnover) concentration of total phosphorus
and the mean summer concentrations of chloro-
phyll a in the epilimnion. Predictions of
chlorophyll a using Vollenweider's model are

thus based on the assumption that phosphorus-

is the limiting factor in determining the
standing crop of phytoplankton. Although the
strength of the relationship between total
phosphorus concentration at turnover and the
summer standing crop of chlorophyll a has
been demonstrated by Sakamoto (1966) and
Dillon and Rigler (1974a), other factors,
such as other nutrients, turbidity or toxic
materials, may limit phytoplankton production
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in lakes. In particular, the relationship
between total phosphorus concentration at
turnover and summer phytoplankton production
may not be valid when other nutrients,
particularly nitrogen, are limiting. 1In the
previous section it was concluded that for
water bodies that are nitrogen limited
throughout the growing season, Vollenweider's
model does not produce accurate estimates
of the mean chlorophyll a concentration,
Although the ratio of total soluble inorganic
nitrogen to orthophosphate in the Ridges
Basin Reservoir is not known, the ratio of
TSIN:OP in the Animas River was found to be
very high during four out of five sampling
periods in which bioassays were conducted
(Table 8). These data indicate that phos-
phorus is likely to be the limiting nutrient
in the Ridges Basin Reservoir and thus
support the validity of using Vollenweider's
model to predict the chlorophyll a concentra-
tion in the reservoir.

Table 8. Nitrogen: phosphorus ratios for the
Animas River at Durango.

Orthophosphate Ammonia Nitrate + TSIN:OP?

Date
(mg/2 P) (mg/% N) Nitrite .
(ng/2 N)'
September 8, 26 56 122 7
1977
November 29, <1 26 190 >216
1977
January 9, 2 99 150 125
1978
March 8, 1978 2 48 182 115
May 10, 1978 1 24 100 124

a
TSIN = NO3 + NO2 + NH3
OP = Orthophosphorus

Ratio of TSIN:OP on wt:wt basis

In water bodies that are highly turbid,
light may limit the growth of phytoplankton,
and Vollenweider's model may overestimate
the actual concentration of chlorophyll a in
the epilimnion, as demonstrated earlier.
Although suspended solids were not measured
in this study, the water from the Animas
River generally appeared to be fairly clear
except during the period of spring runoff.
This observation, plus the fact that the
hydraulic retention time of the reservoir
(1.6 years) should be long enough to allow
clarification of the inflow water, support
the contention that phytoplankton growth
in the Ridges Basin Reservoir will not be
limited by allochthonous turbidity.



Finally, the presence of toxic materials
may limit phytoplankton growth. Algal
biocassays conducted using water from the
Animas River showed that growth without the
addition of EDTA was only 10 to 40 percent of
that expected on the basis of the nutrient
composition of the water. The addition of
EDTA, a known metal chelator, resulted in 80
to 100 percent of the expected growth. These
data indicate that heavy metal toxicity was
limiting the growth of algae in bioassays.
The heavy metal most likely responsible for
this toxicity is dissolved zinc, which was
present at concentrations up to 150 yg/l in
the Animas River. Greene et al. (1975) have
demonstrated that dissolved zinc in the range
of 3-121 ug/l were toxic to algae in Long
Lake, Washington. It is likely that dis~-
solved zinc will inhibit the growth of algae
in the Ridges Basin Reservoir and the reser-
voir may have a lower standing crop of
chlorophyll a than predicted by Vollen~
weider's model. To some extent the toxicity
of zinc may be mitigated by the development
of repistant strains of algae (Hutchinson and
Stokes 1975) and by the precipitation of
zinc in the reservoir.

4. The validity of predictions made
using Vollenweider's model requires that the
lake be in equilibrium with respect to the
movement of phosphorus. During the period of
initial filling and stabilization, this
aggumption is probably not valid, since
phosphorus may be released from the inundated
soils and vegetation. Several authors
(Neel 1963, Purcell 1939) have asserted that
the algal productivity of reservoirs declines
following initial filling. Data to supfort
the hypothesis of an early peak in algal
productivity can be found in Purcell (1939),
Whippel (1933), Barton and Johnson (1978) and

Lake Tahoe Area Council (1971). They show
various measures of algal %roductivity
(microscopic cell counts, l4¢ figation,

Secchi disc transparency, etc.) to decrease
with time after the initial filling. On the
other hand, some reservoirs apparently
do not have a period of high initial pro-
ductivity. Wright and Soltero (1973) found

an increase in chlorophyll a concentration

in Yellowtail Reservoir between 1968 and 1969
(filling began in 1965), Williams (1978)
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found no obvious trend of increase or de-
crease in algae standing crop or Secchi disc
transparency for Raystown Reservoir, Pa.,
between 1974 and 1976 (filling began in
October 1973). Thus, some reservoirs do not
appear to go through an initial period of
relatively high algal productivity, As
suggested by Whipple (1953), the mnature of
the reservoir bottom is probably an important
factor in determining whether there will be
an initial period of high productivity
following the initial filling.

If the Ridges Basin Reservoir has an
early peak in algal productivity due to
potential release of nutrients from inundated
s0il and vegetation, it may develop eutrophic
characteristics prior to tge establishment of
equilibrium conditions. Inhibition of algal
growth by heavy metals may prevent an early
peak in algal productivity.

Finally, this prediction of trophic
status was based on specified conditions for
the loading of phosphorus and the hydraulic
regime. The actual chlorophyll a concentra-
tion in the epilimnion may vary with changes
in the phosphorus loading or pumping strategy
from year to year.

1f it becomes necessary to control the
growth of phytoplankton in the Ridges Basin
Resgervoir, the most reasonable management
strategy may be to take advantage of the fact
that this reservoir is an off-stream reser-
voir whose inflows can be controlled by
simply altering the pumping regime. For
example, 1f the current average hydrologic
regime were altered by interchanging the
inflow for April with that of May, the
phosphorus loading for the two~month period

- would be decreased from 9123 kg to 6550 kg, a

decrease of 25373 kg. This reduction of
phosphorus loading would result in a decrease
in the mean summer chlorophyll a concentra-
tion in the epilimnion from 7.9 mg/m3 to
6.0 mg/m3, A management .strategy to reduce
algal productivity could be based on an
attempt to pump water into the reservoir
when the phosphorus concentration in the
Animas River is relatively low and to avoid
pumping during periods of very high phos-
phorus concentration.



DEPLETION OF HYPOLIMNETIC DISSOLVED OXYGEN

Introduction

The extent to which oxygen is depleted
in the hypolimnion during the period of
summer stratification is an important aspect
of the environmental quality of lakes.
During this period, the thermocline forms a
diffusion barrier that limits the vertical
movement of dissolved substances, including
oxygen, The oxygen pool in the hypolimnion
is utilized during the stratification period
by biological respiration, nitrification, and
other inorganic oxidation reactions. A
decrease in the concentration of hypolimnetic
dissolved oxygen throughout the summer
ugually occurs. When the stratification
is distinct and the inputs of oxidizable
materials are sufficiently large, the .hypo-
limnion may become anoxic.

Most beneficial uses of stored water are
adversely affected by this decline in oxygen
concentration. Populations of fish and fish
food organisms are especially susceptible to
decreases in oxygen concentrations. For this
reason the proposed Colorado Water Quality
Standards specify a minimum dissolved oxygen
concentration of 6.0 mg/l (7.0 mg/l gor
spawning) for the protection of a cold water
biota and 5.0 mg/l for the protection of a
warm water biota, In addition to the direct
impact on fisheries, large decreases in the
concentration of dissolved oxygen in the
hypolimnion may result in the accumulation of
anaerobic decomposition products including
methane, ammonia, hydrogen sulfide and
organic acids in the hypolimnetic water.
The presence of these compounds is particu-
larly undesirable with respect to municipal
water supply and recreationmal water use.
Finally, low concentrations of dissolved
oxygen in the hypolimnion may cause the
resolubilization of metal precipitates. The
resolubilization of manganese and iron is
highly undesirable with respect to municipal
water supply since the presence of these
metals gives drinking water an unpleasant
taste and causes staining of sinks and
clothing. The resolubilization of heavy
metals such as lead, cadmium, and zinc
may be more important. These metals may be
toxic to both humans and the aquatic biota.
The resolubilization of heavy metals is a
potential problem in the Ridges Basin Reser~
voir due to the high concentrations of heavy
metals in the Animas River.

In view of the severity of problems that
may result due to an oxygen depletion in the
hypolimnion, a prediction of the dissolved
oxygen concentrations that will occur in the
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Ridges Basin Reservoir would be useful. This
section is an attempt to model the behavior
of oxygen in the hypolimnion of the Ridges
Basin Reservoir. Since much of the input
data used in this model was obtained from a
thermal simulation of the reservoir performed
by the USBR, a brief description of the USBER
thermal simulation precedes the section on
model development.

USBR Temperature Simulation

The USBR Durango Field Station simulated
the thermal regime of the Ridges Basin
Reservoir using a modified version of the
Uu. S. Corps of Engineer/Water Resources
Engineers temperature simulation model for
the period May 1 - August 28, 1977. The
development of this model is discussed in the
U. 8. Corps of Engineers (1975) and by
Burdick and Parker (1971).

The hydrologic data used in this simula-
tion were obtained from the USBR operational
study of Ridges Basin Reservoir and USGS
flow data for the Animas River. Data on
water temperature in the Animas River were
obtained by the U. S. Fish and Wildlife
Service. Meteorological data were obtained
from the USBR Kroeger Demo. Farm located 4.5
miles southwest of the reservoir site. Since
only total radiation data were available,
data on short wave radiation were generated
using the data on total radiation and data on
cloud cover (Reg. Leech, USBR Durango Field
Office),

The results of the USBR temperature
simulation are presented in Appendix F.
Thelr diffusion coefficients are largest in
the area of the thermocline, although this is
exactly the oposite of what should occur.
Sartoris (1978) shows that minimum effective
diffusion occurs at the thermocline and the
maxima occur in the hypolimnion and near
the surface. Furthermore, calculation of
gravitational stability, E, using the density
data from this model as describe% by Sartoris
(1978) do not give the same values as those
found in the column titled "stability" in
the USBR temperature simulation.

These observations suggest that an error
was made in running this model. Conversa-
tions with Jim Sartoris (USBR Engineering
and Research Center) and Reg. Leech (USBR
Durango Field Office) support this conten-
tion. The simulation of hypolimnetic dis-
solved oxygen described in the following
pages utilized the output from the USBR
thermal simulation.



Model Development

In order to predict the concentrations
of dissolved oxygen in the hypolimnion of the
Ridges Basin Reservoir during the period of
stratification, a simple model of hypo-
limnetic oxygen depletion was developed. In
the development of this model several assump-
tions were made concerning the behavior of
dissolved oxygen in lakes.

First, both the epilimnion and the
hypolimnion were considered to be contin-
uously stirred tank reactors (CSTR's) and
thus verticially homogeneous with respect to
dissolved oxygen concentration. The entire
gradient of oxygen concentrations between the
surface and the bottom was thereby compressed
in the model into a single depth interval at
the thermocline. The entire epilimnion was
congsidered to be saturated at a concentration
corresponding to that of the surface tempera-
ture of the reservoir (corrected for alti-
tude). At the onset of stratification the
reservoir was considered to be saturated with
dissolved oxygen throughout its depth.

Three processes were considered to
affect the oxygen concentration of the
hypolimnion: diffusion across the thermo~
¢line, benthic utilization, and loss by
advection through hypolimnetic outflow. The
rate of change in the mass of hypolimnetic
dissolved oxygen was calculated as a function
of these three processes:

d daM dM aMm

ek Bk SR N e (3)

gt dt " dT T dt

where

Mh = mass of hypolimnetic dissolved
oxygen

Mg = mass of oxygen gained (or lost)
by diffusion across the thermocline

Mo = mass of oxygen lost to the hypo-
limnetic outflow

Mp = mass of oxygen utilized by benthic

demand

Oxygen concentration was related to mass by
the relationship

dc, dM,
T® ZvE cena (B)
where
Ch = concentration of oxygen in the
hypolimnion
Vh = volume of hypolimnion
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The development of each segment of the
model is discussed below.

Diffusion
The rate of oxygen diffusion across the

thermocline for Equation 3 was estimated with
the relationship:

dMa Ay
4t = D, (Co Ch) TE e (5
where

Co = concentration of oxygen in the
epilimnion

Ch = concentration of oxygen in the
hypolimnion

Ap = the surface area of the thermocline

AZ = the thickness of the layer being
considered '

De = effective diffusion coefficient

A positive value of dMq/dt indicates a gain
of oxygen by the hypolimnion and a negative
sign indicates a loss of oxygen from the
hypolimnion.

In this model the term D. is an "effec-
tive diffusion coefficient” that is composed
of both true molecular diffusion and convec-
tion mixing (U. 8. Corps of Engineers 1975).
The use of a general effective diffugion
coefficient for dissolved substances can be
defended since molecular diffusion itself is
very small in magnitude (U. S. Corps of
Engineers 1975). Hutchinson (1957) presents
data on Lake Mendota to support this conten-
tion., Values for D¢ across the thermocline
were based on the stability of the thermo-
cline, where the stability, E, is calculated:

g=Lde (6)
pdz
where
dp/dz = density gradient
) = average dengity of interval

In this model values of E were calcu-
lated for intervals immediately above the
thermocline plane as defined by the USBR
thermal regime model, The value of E for
each time interval was used to determine
values for D, from a plot of D¢ vs. E (H. S.
Corps of Engineers 19%%, Figure 11-2). Three
values of Dc were used for each time interval
as defined by the three curves depicted in U.
S. Corps of Engineers (1975) Figure 11-2 in
order to assess the range of reasonable
values for the mass flux of oxygen across the
thermocline., .



The element thickness of the diffusion
limiting element was considered to be 6.1 m.
This thickness corresponds to the element
thickness of the USBR temperature simulation
of the reservoir. The epilimnion was con-
sidered to have a dissolved oxygen con-
centration corresponding to the saturation
value for the surface temperature of the
reservoir at each time segment. Saturation
values were adjusted to account for the
effects of altitude using the formula
(Hutchingon 1957):

Ooln = []o 735 oo M
and
log Py, = log P, - - 573h
e e (8)
where
Toz2ly = saturation concentration at
: elevation h, mg/l
T02h>= saturation concentration at
5 ) sea level, mg/l
?h = glevation, inm
Py = atmospheric pressure, in ﬁm Hg
Po = 760 mm Hg
t = §urface temperature of the lake,

The hypolimnion was considered to be satu-
rated at the beginning of the first time
increment (May 10 - May 20). The cross
gectional area of the thermocline was deter-
mined using the area-depth curve accompanying
the USBR temperature simulation. The data
inputs, processeés, and outputs for the
segment of the model that computes the mass
flux of oxygen across the hypolimnion are
summarized in Figure 6.

INPUTS

PROCESSES

Benthic demand

In this model of hypolimnetic dissolved
oxygen, the two mechanisms by which the
oxygen concentration is decreased is benthic
demand and advection via the outflow. Of
these, the benthic demand was expected to be
the predominant mechanism.

For each time interval, i, the total
benthic oxygen demand was calculated as
follows:

dt

.............

Bi X Ab

where

Ap = area of sediment under hypolimnion
Bi = areal rate of oxygen utilization by
benthos during interval i

A literature review was conducted to
find data on sediment oxygen demand (5.0.D.)
values for other lakes. It was expected that
SOD values could be grouped according to
trophic status, with 8§.0.D. values increasing
along the spectrum from oligotrophy to
eutrophy. If such a categorization could be
established, a $.0.D. value for the Ridges
Basin Reservoir could be chosen on the basis
of a knowledge of its trophic status (meso-
trophic). The benthic demand was considered
to be a constant with respect to time, but
was considered to be a function of tempera-
ture and the dissolved oxygen concentration
of the overlying water:

............

Bi = f(S‘O‘D‘temp,D.O.)

where

5.0.D.temp, D.0. = sediment oxygen
demand at specified
temperature and
oxygen concentration

OUTPUT

D.0. AT SATURATION
ELEVATION OF SURFACE

=

CALCULATES D.C.
OF EPILIMNION -

OF RESERVOIR

D.0. OF HYPOLIMNION
AT _END OF PREVIOUS
INTERVAL

DIFFUSION COEFFICIENT

MASS FLUX
CALCULATES MASS
FLUX ACROSS — gga%stsGEN
THERMOCLINE THERMO CLINE

AREA OF THERMOCLINE

Figure 6. Diffusion submodel.
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The literature on sediment oxygen demand
was reviewed to establish the nature of the
relationship between sediment oxygen demand
and temperature and between sediment oxygen
demand and dissolved oxygen concentration.
Existing data were also reviewed with respect
to establishing a relationship between $.0.D.
and trophic status.

It should be noted that studies of
sediment oxygen demand have been conducted
under a variety of conditions. These differ-
ences dictate that comparigons in S.0.D.
values found by various researchers be made
with care. Usually these studies are con-
ducted by enclosing a small area of sediment
together with a volume of water in a cylinder
composed of plexiglass or other material.
Digssolved oxygen concentrations in the
overlying water are measured with an oxygen
electrode (Edberg and Hofsten 1973, Edwards
and Rolley 1965, McDonnell and Hall 1969,
Rolley and Owens 1967) or using the Winkler
titration (Sonzogni et al. 1977, Hayes and
MacAulay 1959, Hargrave 1969). Although some
studies involve the use of mixed sediments
{(Porcella et al, 1975), only data from
studies that involved the use of "undis-
turbed'" cores are included in the following
analysis, Most of the experiments involving
the determination of S.0.D. values have been
determined in the laboratory, although
Sonzogni et al. (1977) conducted their
experiments both in situ and in vitro.
Edberg and Hofsten (1973) found S.0.D. values
determined in vitro to be lower than S.0.D.
values determined in situ and attributed this
difference to digturbance of the sediments in
the in vitro experiments. In vitro deter~
minations were used where available in this
paper, although it is realized that the
application of in vitro S.0.D. values to the
field may be somewhat erroneous, even after
accounting for the effects of differences in
temperature and D.0. in the overlying water,.

The effect of temperature on S5.0.D.
values can be described using the van't
Hoff~Arrhenius equation. In modified form,
Metcalf and Eddy (1972) used a temperatute
coefficient, 8, to evaluate differences in
reaction rates that can be attributed to
differences in reaction temperature: :

K
2 . gltpmty)

51
where
K1, K2 = reaction rtates

............

t], t2 = temperature

An equivalent expression can be derived
to allow calculations of a temperature

correction factor, te:
1 K,
e -5 2
t. 6, - n R (12)
where
te = ino
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Several investigators (Hargrave 1969,
Pamatat and Banse 1969, Edwards and Rolley
1965, Edberg and Hofsten 1973, McDonnell and
Hall 1969, Fair et al. 1941) have conducted
studies of §.0.D. at wvarious temperatures,
Temperature coefficients obtained in these
studies are presented in Table 9. In some
cases, the temperature coefficient for a
particular study was calculated from values
of Q10 or other similar expressions. The
data of Edberg and Hofsten (1973) were not
included in the calculation of an average
value for t. because their experiments were
conducted with pure cultures of cellulytic
bacteria; it is not felt that this experiment
was sufficiently representative of natural
conditions.

Table 9. The effect of temperature on sedi-
ment oxygen demand.

Temperature
Source Range (°C) t.
Falr et al. (1941) ? 0.065-0.075
McDonnell and Hall (1969) 5-25 0.067
Edwards and Rolley (1965) 10-20 0.065-0.077
Pamatat and Banse (1969) 5-10 0,083
5-15 0,041
Hargrave (1969) 2-12 0.203
10-20 0.079

An average value of te was caluclated
from these data. Where several temperature
ranges or sites were investigated, an average
for the experiments was used. The average
value for t, was found to be 0.082 for
these experiments. This value of te was
used for adjusting S.0.D. values to 10°C in
order to make comparisons in 5.0.D. values
among different lakes. It was also used to
adjust the input 5.0.D. value used in the
model (8.0.D.¢epp, p.Q.) to the temperature
of each time interval for calculations of
benthic demand.

The effect of D.0. concentration on
$.0.D. can be described by the equation
(Edwards and Rolley 1965):

aCb

y

............

An average value of t, was calculated

where
c = D.0. concentration of the over-
lying water
y = 8.0.D.
a,b = constants



Table 10. Determination of coefficients for correction of the effect of the oxygen concentra-

tion in the overlying water on sediment demand.?d

c?® y °

(mg/l) W C R, IVEL R. GAPE R, HIZ ¥ wmy
8 2.08 0.15 0.22 0,21 0,193  -1.65
6 1.79 0.13 0.20 0.19 0.173  -1.75
4 1.38 0.10 0.17 0.16 0.143  -1.94
2 0.693 0.07 0.13 0.12 0.107  -2.23

%pata taken from Figure 5, Edwards and Rolley 1965. Data from
R. Lark omitted because high concentration of invertebrates caused

concentration of oxygen in overlying water, mg/&

poor fit.
by==a0b c=
y = §.0.D. (g0z/m%~hr)
a,b =

plotting).

The effect of D.0O. concentration on
$.0.D. values depends largely on the abun-
dance of invertebrates in the sediment.
Sediments containing large numbers of inver-
tebrates show a more pronounced change in
$.0.D., with declining D.O. than do sediments
containing fewer invertebrates; this is
reflected in the coefficients of Equation 13.
Values for a and b are listed for the work of
MeDonnell and Hall (1969), Knowles et al.
(1962), and Edwards and Rolley (1965)1 in
Table 11. A more extensive compilation of
these coefficients ig presented in McDonnell
and Hall (1969). Typical values for a are in
the range 0.08-0.%? and for b, 0.30-0.42,
Trial calculations indicate that this range
of coefficients is too broad to permit
reasonably accurate prediction of S$.0.D.
from a knowledge of D.0O. concentration.

Thus, while S.0.D., decreases with
decreasing D.0. concentration, the coeffi-
cients that have been found in the literature
vary too much to permit an accurate generali-
zation., However, most investigators have
found a minimal effect of D.0O. concentration
on $.0.D., when the D.0O. concentration was
above 5~6 mg/l (c.f. Figure 3 in Knowles
et al. 1962, Figure 4 in McDonnell and Hall
1969, Figure 5 in Edwards and Rolley 1965).
For the purpose of this model, 8.0.D. values
were assumed to follow 0th order kinetics
($.0.D. independent of D.0.) when the oxygen

iThe raw data of Edwards and Rolley (1965)
was used to compute values for a and b in
Equation 12 (Table 10).
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0.08 and 0.42, zespectively (established by

concentration was above 5 mg/l. When the
D.0. drops below this level, this model would
overestimate the rate of decline, that is,-
the predicted D.O. concentration would be
lower than the actual D.0. concentration.
This error could be serious when very low
D.0. concentrations are encountered.

Sediment oxygen demand values for a
number of sediments are presented in Table
12. The separation into trophic categories
was done somewhat subjectively since in most
cases the authors of these studies did not
present a great deal of field data on which
to base a trophic categorization. The
trophic status of most of these lakes was
determined from the authors’ description
(Bargrave 1969, Brewer et al. 1977, Edberg
and Bofsten 1973, Sonzogni et al 1977,
McDonnell and Hall 196%9). 1In other cases
data on phosphorus concentration, hypo-
limnetic oxygen depletion, or visual des-
criptions were used as a basis of trophic
class designation (Kreizenbeck 1974, Hayes
and MacAulay 1959).

Since the experimental temperatures at
which these §.0.D. values were determined
were not uniform, the $.0.D. data were
adjusted to 10°C using the value of tq =
0.082 determined earlier. Oxygen concen-
trations for each experiment were noted,
although no quantitative adjustment was made
to account for differences in the D.O.
concentration of the overlying water. 1In
all experiments used for this evaluation
the D.0. concentration in the overlying water
was 6 mg/l or greater.



a

Table 11. Effect of oxygen concentration of overlying water on sediment oxygen utilization.

I tebrat N
Source Type of Sediment Cf)l:i:niriiin a b

McDonnell and Hall (1969) Eutrophic stream "low" 0.08 0.39

"high" 0.25 0.39

Knowles et al. (1962) 39,000/m2 0.20 0.38

296,000 /m? 0.31 0.38

Edwards and Rolley (1965)° River muds 0.08 0.42

8Effect of oxygen

concentration described by equatfion .

y = aCb
where y = rate of oxygen utilizationm, gOz/m2~hr
C = concentration of dissolved oxygen in overlying water
a,b = 0,08 and 0.42, respectively {established by plotting).

bgee Table 10 for

Data on $.0.D. values were compiled for
six eutrophic lakes, eight mesotrophic lakes,
and three oligotrophic lakes. In order
to establish the range of $.0.D. values for
each trophic class, frequency distributions
were plotted (Figure 7). Inspection of
this plot shows that eutrophic lakes have a
wide rtange of S5.0.D. wvaluea. For the six
eutrophic lakes observed, the S5.0.D. values
ranged from 0.17-2.95 g 05/m? day (95 percent
confidence interval: 0.24-2.61 g 03/m2
day. It would be difficult to determine a
reasonable value for sediment oxygen demand
in eutrophic lakes using these data. For the
three oligotrophic lakes, S$.0,D. values
ranged from 0.168-0.247 g 0p/m2 day with
a mean of 0.197 g 0Os/m2 day (95 percent
C.1.: 0.089-0.305 g 02/m? dasy). The six
mesotrtophic lakes ranged inm 5.0.D. values
from 0.139-0.836 g 02/m?2 day with a mean
of 0.399 g 02/m2 day (95 percent C.I.:
0.203-0.595 g Ozfm2 day). For a mesotrophie
lake, the sediment oxygen demand at 10°C can
. be considered to be in the range of 0.2-0.6 g
02/m?2 day. Values for the S5.0.D. constant
in the model used for the Ridges Basin
Resgervoir were congidered to be within this
range based on previous data and model runs
were conducted for values of 0.2, 0.4, and
0.6 g 02/m? day.

In order to calculate the benthic demand
during each time interval (Equation 9), it
was necessary to compute the bottom area
under the thermocline throughout the strati-
fication period, The area of the horizontal
plane measured for each 6.1 m (20 ft) contour
wags determined using 1:400 scale topographic
map and the USBR area-elevation curve. As a
first step in measuring the bottom area along
the sideslope, a map wheel was used to
determine the linear distance around the
regservoir halfway between the 6.1 m (20 ft)

caleulation of a, b from raw data.

24

100 EUTROPHIC LAKES (n=§)

Range = 0.7 -2.35 9 Q,/m®-day ot 10°C
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]
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Figure 7. Frequency distribution for S5.0.D.

values for lakes.



Table 12. Oxygen consumed in water over enclosed sediments.?

. * Og Demand

Source Lake and Trophic Temperature D.O. of Overlying 09 Demand Adjusted to
Status (°c) water (mg/1) (g0y/u? day) 10°¢

(g0 /m? day)

EUTROPHIC LAKES

Sonzogni et al. Shagawa L., Wisconsin est, 10 8.0 0.12 - 0.22 0.12 - 0,22
(1977) X = 0.17 % = 0.17
Hayes and MacAulay Montague, P.E.I. 11.0 + 0.5 "aerated" 1.63 1.52
(1959) Canada
Edberg and Hofsten  Norrviken 1 5 1M 1.8 2.53
(1973) ‘
Norrviken 2 7 "<10" 2.4 2.95
Brewer et al. L. Hartwell, S.C. 18 0.308~0.985 - 0.178-0.570
(1977) %=0.684 %=0.374
Kreizenbeck (1974)b L. Milner, Idaho 21-23 6.3 - 8.4 0.89 - 5.33 0.392 - 1.86
x = 2.28 = 1.00

MESOTROPHIC LAKES

Edberg and. Hofsten Erken 1 4 He1o” 0.43 0.648
(1973) R

Erkeén 2 14 "e10" 0.50 0.380

Hayes and MacAulay Copper Lake 11.0 + 0.5 "aerated" 0.309 ' 0.289

(1939 Lily Lake 11.0 + 0.5 "aerated” 0.399 0.373

Sutherland ‘ 0.198 0.185

Crecy 0.149 0.13%9

Gibson : 0.376 0.343

Southport 0.895. 0.836

OLIGOTROPHIC LAKES

Hayes and MacAulay Bluff Lake 11.0 + 0.5 Yaerated" 0.188 0.176
(1959)
Grand Lake 11.0 + 0.5 Yaerated" 0.264 0.247

Hargrave (1970) Marion Lake 10 > 6 ’ 0.168 0.168

8The §.0.D. values in column are adjusted to 10°C using a temperature correction factor (tc) of 0.082 (see
equation 12).

bt{ean value of 8.0.D. based on data from five statlons. .

contours (¢ in Figure 8). The average along the bottom between contours was calcu-
distance between contours was then calculated lated as:

using t?is value ﬁnd the difference between ) ) »

the surface areas between the two contours (k 2l :

in Figure 8): ‘ 3 37.2 + k (see Figure 8) ....(15)

Aci DTy
k= o =2 (gee Figure 8) ....(14)
c The area of the bottom between contours

Ci and Ci+] was calculated directly:

Since the vertical distance between contours A j ¢ o . (16)
was always 6.1 m, the average linear distance i <47 e

25



AREA OF BOTTOM

>
@
¢

AREA WITHIN CONTOUR i
Aci.= AREA WITHIN CONTOUR i-I

DISTANCE BETWEEN
CONTOURS i and i-|

CIRCUMFERENCE OF

CONTOUR BETWEEN

iand i-l = Ci+Ci-lI
2

S
0

ixC
Ag, = CUMULATIVE AREA OF
BOTTOM UNDER CONTOUR i

Schematic diagram showing method
used to calculate surface area of
reservoir bottom.

Figure B,

The total area under each contour, Ap.,
was then calculated by summing the areds
between contours for all the lower contours.
This technique seemed to work well for all
;ogtours above an elevation of 2054 m (6740

)

For contours below 2054 m (6740 ft) the
surface area between consecutive contours was
considered to be equal to the bottom area
between the contours (due to measuring
difficulties of the irregular topography).
While this approach is not strictly correct,
the error in calculating the total bottom
area incurred by this simplification was ver
small: the surface area of 85 x 103 ' m
under the 2054 m (6740 f£t) contour is about
one percent of the total bottom area (8,327
x 103 m2) of the reservoir. Data from
this analysis are presented in Table 13,

& summary of all inputs, computation
processes and outputs for the benthic demand
segment of the model is presented in Figure

26

Advective losses

A small amount of water leaves the
Ridges Basin Reservoir via a hypolimnetic
outlet and is returned to the Animas River
for municipal and industrial supply down-
gtream. The concentration of dissolved
oxygen in this outflow was considered to be
the same as that of the hypolimnion. The
mass of oxygen lost by advection was calcu-
lated as:

dM

—_2.:

dt

..............

Q; x Gy

where
Qi = outflow rate (m3/sec)

Ch = concentration of dissolved oxygen
in the hypolimnion {(mg/l)

of all the inputs, processes,
rom this model is presented in
Figure 10. Input data used in the simulation
are presented in Table 14, The computer
program used in this simulation ("OXYHYP") is
presented in Appendix G, Tables 54 and 55.

A summar
and outputs

Results

"OXYHYP" was run using the range of
$.0.D. values determined for mesotrophic
lakes (0.2-0.6 g Op/m? day). The diffusion
coefficient, D., was varied over the range
of values given by the U.S. Corps of Engi-
neers (1975) (Table 1l4). Model rumns were
made using all possible combinations of
values for 8.0.D. and D, (nine runs). The
output from each model rum is presented
in Appendix G.

The output from model runs using 5.0.D.
values of 0.2, 0.4, and 0.6 g Op/m? day
and the middle set of diffusion coefficients
are presented in Table 15 and Figure 11. In
Figure 11, the three oxygen depletion curves
are extrapolated from August 30 (Day 240)
through November 30 (Day 330) by assuming
that the rate of change in dissolved oxygen
concentration in the hypolimnion is constant
throughout the stratification periocd. The
rate of change in dissolved oxygen concen-
tration beyond Day 240 was determined as:

gc _ %130 = C2s0.

I 7 R (18)
where
g% = §§§§ of change in D.0. concentra-
G130 = ?ég' concentration (mg/l at Day
Ca40 = 348‘ concentration (mg/l) at Day
110 days = length of model run



Table 13. Calculation of the bottom surface area for Ridges Basin Reservoir.?

' CAC, -
Contour (m) L Aoi Aggy |55 % i | R
{Measured from Bottom) | (m) (103m?) (10%m?y | TTE)Y (m) (m) (m x 10%) (m x 10%)

0.0 0 - -

6.1 6.1 8.09 0 - - 8.09 8.09
12.2 6.1 28.3 8.09 - - 20,21 28.3
18.3 6.1 - 85.0 28.3 - o 56.7 85.0
24.4 6.1 671 8s.0 | 7,271 80.6 80.8 587 672
30.5 6.1 1,631 671 8,636 111.2 | 111.4 962 1,634
36,6 6.1 2,452 1,631 10,143 80.9 81.1 823 2,457
42.7 6.1 3,153 2,452 12,655 55.4 55.7 705 3,162
48.8 6.1 3,820 3,153 15,849 42.1 42.5 674 3,836
54,9 6.1 4,597 3,820 18,433 42,2 42.6 785 4,621
61.0 6.1 5,350 4,597 20,521 36.7 37.2 763 5,384
67.1 6.1 6,078 5,350 21,847 33.3 33.8, 738 6,122
73.2 . 6.1 6,807 6,078 25,236 28.9 29.5 745 6,867
79.2 6.1 7,499 6,807 28,430 24.3 25.1 713 7,580
B5.3 6.1 8,219 7,499 32,822 21.9 22.7 747 8,327

8411 terms defined in Figure 8.

_ INPUTS PROCESSES = OUTPUTS

S.0.D. (constant)
TEMPERATURE CALCULATES
OF BOTTOM ACTUAL BENTHIC
DEMAND
TEMPERATURE
gcToR oN CALCULATES
TOTAL BENTHIC
TOTAL BENTHIC |
AREA OF BOTTOM 2! UTILIZATION DEMAND

Figure 9. Benthic demand submodél.
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Table 14.

Input data used in the simulation of hypolimnetic dissolved oxygen in the
Ridges Basin Reservoir.

Hypolimnion D.o;;’ mi/l
sat. a Hypo-
N gzg;-:::t ;tl;zimgf:line Volume 2 | Tem erature,”c Elevation of :u;;r'fizzer nmneticb d DrEueton e
Day ngi:xi:;in:()m)b Area (x105m%) 2 | (x10°m?) 2 (x10%03) | Botrom | Surface|Surface, m. a 713:.‘1:::155 ng;iicm gﬁzxozgine(m) Stability(m-l)%
l s

121 1 7.580 7.499 2.355 bbb bbb 2115.2 12.98 0.00 - 0 10.0 2.5 0.16
130 73.2 6.867 6.807 1.899 4.45 7,41 2121.1 12.05 0.00 73.2 5.72 x 10%  0.35 0.17 05035
140 73.2 6.867 6.807 1.899 4.5 7.81 2120.4 11.93 1.53 73.2 4.32 x 10 0.46 0.19 0.037
150 67.1 6.122 6.078 1.506 445 B.32 2119.6 11.78 0.00 67.1 6.66 x 10° 0.3l 0.16 0.031
160 67.1 6.122 6.078 1.506 4,49 9.96 2119.4 11.32 0.00 67.1 9.84 x 107 0.19 0.12 o0.021
170 67.1 6.122 6.078 1.506 4.60  11.16 2118.9 11.04 0.00 67.1 1.17 x 10™  0.17 0.10 0.020
180 48.8 3.836 3.820 0.599 4.83  11.56 2117.5 10.94 0.00 48,8 6.08 x 10°  0.31 0.15 0.032
190 - 67.1 6.122 6.078 1.506 5.42  12.79 2115.7 10.65 1.64 67.1 1.27 x 10° 0,16 0.090.0.018
200 67.1 6.122 6.078 1.506 6.42 12.60 2113.8 10.46 0.65 67.1 1.12 x 107 0.17 0.10 0.020
210 61.00 5.384 6.078 1.506 7.20 13,40 2113.3 10.51 0.00 61.0 1.19 x 0% 0.17 0.10 0.019
220 61.0 5.384 6.078 1.506 8,20 14.15 2112.7 10,34 .0.00 61.0 1.33 x 107 0.16 0.09 0.018
230 61.0 5.383 6.078 1.506 9.29  14.47 2112.4 10.27 0.00 61.0 1.08 x 107 0.17 0.10 0.020
240 61.0 5.384 6.078 1.506  10.30 15.24 z112.8  10.10 0.00 61.0 1.14 x 10 0,17 0.10 0.020

2@ pata from USBR temperature simulation of Ridges Basin Reservoir

b Computed by integration of contours (see text)

< C From Mptealf and Eddy (1972)

d stability, g = % -g_g

piffusion coefficients from USCE, 1975, Figure II-2



INPUTS

VOLUME OF
HYPOLIMNION

LENGTH AND
NUMBER INTERVALS

TEMPERATURE
- OF SURFACE

TEMPERATURE
OF BOTTOM

SEDIMENT OXYGEN
DEMAND AT 10°C

PROCESSES OUTPUTS
s G gopemTmanes
MASS OF Oz

EQUILIBRATION OF
OXYGEN SATURATION

USED BY BENTHOS

AT SURFACE CHANGE IN
HYPOLIMNETIC
OUTFLOW DIFFUSION
OXYGEN SATURATION ROVECTI
AT SURFACE ADVECTION MASS OF 0p LOST
TEMPERATURE BY ADVECTION
(10 atm) GAIN (LOSS)
LEVATION OF 0, CONCENTRATION
ELEVATIO 8Y DIFFUSION oF TivPoLIMNION
AREA OF THERMOCLINE
AREA OF HYPOLIMNETIC
SEDIMENT
DIFFUSION COEFFICIENT
Figure 10. Summary of D.0. model.
The rates of change in D,0. concentra- stops on August 28 because the USBR thermal

tion were determined to be 0.00754, 0.0132,
and 0.0189 mg 02/1 day for S.0.D. values
of 0.2, 0.4, an
tively.

Discussion

The output from this model indicates
that most of the change in mass of hypo~
limnetic dissolved oxygen occurred as the
result of benthic demand. Thus, for the
middle values for S.0.D. and diffusion,
benthic demand accounted for 86 percent, loss
via the outflow accounted for 14 percent, and
the diffusion accounted for less than one
gercent of the total change in mass of

ypolimnetic oxygen. Variation of the
diffusion coefficient over the range of
values presented in the U.S. Corps of Engi-
neers (§975) caused no changes in the pre-
dicted values for hypolimnetic dissolved
oxygen concentration (Table 55), in spite of
the fact that upper range of diffusion
constants are approximately one order of
magnitude larger than the lower range. Error
associated with estimating the thickness of
the element limiting diffusion should be very
small considering the relatively small effect
of diffusion on the overall oxygen budget of
the reservoir.

This model indicates that the dissolved
oxygen concentration in the hypeolimnion will
drop to between 7.3 and 8.6 mg/l by the
end of August. This level of dissolved
oxygen 1is adequate for the maintenance of a
cold water fauna. Water quality problems
associated with low concentrations of dis-
solved oxygen do not occur in this range of
concentrations. However, this simulation

0.6 g 02/m2 day, respec-’
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gsimulation was not continued to fall turn-
over. In this location fall turnover usually
occurs in October or November, so this model
does not include the lagt two or three months
of the stratification period. The results of
this simulation were linearly extrapolated to
the end of November in order to estimate the
D.0. concentration in the hypolimnion at the
end of the stratification period. Extrapola-
tion of this simulation to November 30
indicates that the hypolimnetic D.0. concen-
tration would drop to between 5.5 and 7.9
mg/l (Figure 11). The lower estimate of 5.5
mg/l is below the Colorado Water Quality
Standard established for the protection of
cold water biota. However, an extrapolation
of the model results beyond the period of
simulation is not strictly valid since the
rate of change in the D.0. concentration of
the hypolimnion is not linear (Figure 11).
To obtain a more accurate estimate of the
D.0. concentration at the end of the strati-
fication, the thermal simulation should be
extended to the turnover period and the data
obtained from this simulation should be used
to extend the results of the oxygen simula-
tion model. This procedure seems especially
worthwhile in view of the possibility that
the D.0. concentration in the hypolimnion may
drop to a level that would be detrimental to
a cold water biota.

These predictions of hypolimnetic
dissolved oxygen were based on assumptions
that: 1) the sediment oxygen demand in a
lake is directly related to its trophic
status, 2) benthic demand is the major oxygen
depletion mechanism in the hypolimnion, 3)
both the epilimnion and the hypolimnion can
be treated as CSTR's, and 4) a lake undergoes



Table 15. Predicted dissolved oxygen concentration in Ridges Basin Reservoir.

b Hypolimnion®
Date Day  Epilimndon” o o555 8.0.D. = 0.400 5.0.D. = 0.600
5/10 130 9.39 9.39 9.39 9.39
5/20 140 9.24 9.39 9.39 9.39
5/30 150 9.17 9.34 9.29 9.24
6/9 160 8.79 9.20 9.09 8.97
6/19 170 8.57 9.14 8.97 8.81
6/29 180 8.49 9.09 8.86 8.64
7/9 190 8.35 8.95 8.58 8.22
7/19 200 8.20 8.91 8.5l 8.11
7/29 210 8.20 8.77 8.32 7.87
8/8 220 8.05 8.68 8.17 7.66
8/18 230 8.06 8.62 8. 06 7.49
8/20 240 7.90 8.56 7.9 7.31

aAll D.0. values in mg/%.
bEpilimnion consldered saturated

®Values calculated using middle diffusion coefficient curve from
USCE, 1975, Figure 11-2.

00}
@———— MODEL RUN —————>—— LINEAR EXTRAPOLATION ——#
9.0~
— T~~~ __S0D=0290,/m*-pAY
N 80| T ——
o . e
E =~ ~ ~— 2
—r ~~ _5.0.0.70.4g 0, /m“-DAY
O 70 |.CO.WATER QUALITY STD. ~ >~
o 7| FOR SPAWN COLDWATER FISH AN S~
~ X *
~~8.0.0.20.690,/m*~ DAY
6.0 |- CO-WATER QUALITY STD. FOR ~
\\\
A 1 O (SO T I A I

(5710)  (6/9) (6/29) (7/19) (8/8) (8/28) (9/17) (10/9) (I0/27)  (I1/26)
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Figure 11. Dissolved oxygen simulation in the l‘grpolihmion of the proposed Ridges Basin Reservoir.
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complete mixing during turnover and becomes
saturated with dissolved oxygen throughout
its depth, '

The clumping of S.0.D. values when
glotted according to trophic status (Figure
) suggests that there is a relationship
between trophic status and sediment oxygen
demand. The basis of this relationship is
that the sediment oxygen demand is related
to the amount of organic matter that falls to
the bottom of lakes. Since there is more
organic matter produced in lakes of higher
trophic status, it follows that S.0.D. is
related to trophic status. The relationship
between S5.0.D. and trophic status was alluded
to by Hutchinson (1938), who proposed that
the areal depletion of oxygen in the hypo-
limnion of lakes is related to trophic
status. Hutchinson (1957) proposed ranges of
the areal oxygen deficit of 0.04-0.33
0.33-0.50, and greater than 0.50 g Ozfmé
day for oligotrophic, mesotrophic, and
eutrophic lakes, respectively. Newbold
and Liggett (1974) found that the oxygen
depletion in the hypolimnion of mesotrophic
Lake Cayuga could be estimated by assuming
that the organic material falling into the
hypolimnion wag completely decomposed. In
the same study, Newbold and Liggett found
that benthic uptake was the major mechanism
of oxygen uptake in the hypolimnion. Their
study adds support to the contention that
benthic demand is a function of trophic
status.

In the Ridges Basin Reservoir the
sediment oxygen demand may be less than the
range of values for S.0.D. proposed in this
study for mesotrophic lakes as the result of
heavy metal toxicity. Heavy metal toxicity
would reduce the sediment oxygen demand by
1) preventing the growth of algae and thereby
reducing the amount of organic material
falling into the hypolimnion, and 2) de-
creaging the respiratory activity of bacteria
in the sediments,

A second major assumption used in this
model was that benthic demand is the major
mechanism of oxygen depletion in the hypo-
limnion. The similarity between Hutchinson's
(1957) proposed ranges for the areal oxygen
deficits and the ranges for 5.0.D. in oligo-
trophic and mesotrophic lakes in this study
(0.09-0.25 and 0.20-0.60 g 02/m2 day, respec-
tively) support the contention that sediment
oxygen demand is a major mechanism of oxygen
depletion in lakes. Although the oxygen
demand of the open water may result in
significant depletion of oxygen in some
lakes, especially those containing humic
matter (Hayes and MacAulay 1959), many
researchers have found that the oxygen demand
that occurs in the open water is relatively
minor compared to the demand exerted by
benthic processes. In studies of sediment
oxygen demand, neither Pamatat and Banse
(1969) in a study of Puget Sound, nor
Hargrave (1969) studying oligotrohpic Lake
Marion, could detect changes in oxygen
concentration in enclosed samples of water

containing no sediments. In Newbold and
Liggett's (1974) study of Lake Cayuga,
oxygen-utilizing processes in the hypo-
limnetic water were computed to result in a
depletion of only 0.8 mg/l during the 120 day
stratification period.

The assumption that both the epilimnion
and the hypolimnion behave like CSTR's was
made so that both the epilimnion and the
hypolimnion could be considered to be verti-
cally homogeneous with respect to the distri-
bution of %isselved oxygen. Furthermore, the
epilimnion was considered to be exactly
saturated. The assumption that the epilim-
nion has a vertically homogeneous distribu-
tion of dissolved oxygen is probably wvalid
for most lakes, although the concentration of
dissolved oxygen in the epilimnion may be
significantly different from the saturation
due to photosynthesis or .respiration. A
eutrophic lake is often supersaturated with
dissolved oxygen during the daytime, due to
oxygen generated by photosynthesis, and
undersaturated at night, due to respiration.
However, since the rate of transfer of oxygen
from the epilimnion to the hypolimnion is
probably very low, the small error that may
have resulted in assuming the epilimnion to
be saturated would have had little effect on
the oxygen dynamics of the hypolimnion. The
assumption that the hypolimnion is vertically
homogeneous with respect to dissolved oxygen
may not be strictly correct since oxygen
profiles of the hypolimnion often exhibit
a marked decline in oxygen concentration
near the sediment surface. This localized
depression of ‘oxygen concentration near the
sediment surface is the result of limited
diffusion to the sediment. Thus, a predic--
tion of the average dissolved oxygen concen-
tration in the hypolimnion does not indicate
the lowest D.0. values that may be found near
the sediment surface.

Finally, it was assumed that the Ridges
Basin Reservoir will be completely mixed at
turnover and will be saturated throughout its
depth at this time. 1In reality, the dis-
solved oxygen concentration at the bottom of
lakes may not be completely saturated due to
incomplete mixing, %iological respiration,
and photosynthesis. Hutchinson (1957) cites
examples to show that the oxygen concentra-
tion of lakes during turnover may be as low
as 91 percent or as high as 116 percent of
the saturation value. If the actual D.O.
concentration in the Ridges Basin Reservoir
at turnover is less than the saturation
value, the actual D.0. concentrations in the
hypolimnion will be proportionately lower
throughout the summer.

The quality of the input data is also a
constraint on the accuracy of predictions
generated by this model. 0f particular
importance in this respect is the possible
errors associated with the USBR temperature
simulation. Since the oxygen model utilized
output from the temperature simulation, the
results of the oxygen model can only be as
accurate as the results of the temperature
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simulation. The accuracy of the results
generated by the USBR thermal simulation is
questionable and the use of these data may
bave produced errors in the oxygen simula-
tion.

The predictions generated by this model
are not applicable to the Ridges Basin
Regervoir during its early life, since
reservoirs often undergo a period of stabili-
zation following their initial filling.
During this period, the oxygen demand exerted
by the decay of inundated soils and vegeta-
tion may result in hypolimnetie dissolved
concentrations that are considerably lower
than occur following the stabilization
period. The extent of the oxygen depletion
during the early life of a reservoir is
related to the type and quantity of vegeta-
tion being merged (Ball et al. 1975) and
probably to the organic content of the
inundated soils.

There are numerous examples of reser~
voirs that have undergone a period of severe
oxygen depletion following the initial
filling. ©Purcell (1939) observed a gradual
increase in the dissolved concentration in
Wanague Reservoir, New Jersey, during the
first 10 years following impoundment (from
0 percent to 20 percent of saturation).
Associated with the increase in D.0. concen-
tration was a decrease in concentrations of
soluble irom and manganese and hydrogen
sulfide. Similarly, Duffer and Harlin (1971)
found a complete depletion in digsolved
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oxygen in Arbunkle Reservoir, Oklahoma,
during the first two years after filling,
although it is not known whether this problem
has improved. Churchill (1957) states that
the presence of hydrogen sulfide (associated
with anoxic conditions) may be a problem in
TVA reservoirg during the first year of
operation. In some reservoirs a change in
bypelimnetie D.O., at least in the first few
years, does not seem to occur. Williams
(1978) found no significant change in the
hypolimnetic D.0. concentrations during the
first three summers following filling
of Raystown Dam, Pennsylvania. Barton and
Johnson (1978) found no change in the D.O.
concentration in the bottom of Cocchiti
Reservoir, New Mexico, between the first and
second years of filling.

Thus, although many reservoirs exhibit a
Eattern of severe oxygen depletion in the
ypolimnion after their initial £illing
followed by subsequent improvement, this
pattern is not ubiquitous. 1t would be
difficult to predict whether or not the
Ridges Basin Reservoir will undergo a period
of oxygen depletion in its early life as the
result of the decomposition of inundated
plants and soils or how long this stabili-
zation period will last. A microcosm study
involving the use of soils from the reservoir
site and water from the Animas River to
simulate the period following initial £illing
may be usefu? in determining the potential
for early oxygen depletion in the hypolimnion
of the newly formed reservoir.



THE FATE OF METALS IN THE PROPOSED
RIDGES BASIN RESERVOIR

Introduction

The presence of heavy metals in a body
of water is significant for several reasons:
1) certain metals, such as iron, magnesium,
manganese, cobalt, zinc, and copper, are
essential micronutrients in biological
systems, 2) all of the heavy metals (in-
c¢luding those that are essential micro-
nutrients) are toxic to organisms in high
concentrations, and 3) many of the metals
react with other dissolved constituents. In
evaluating the limnology of a new reservoir,
it would be desirable to predict the concen-
trations and speciation of the heavy metals
in the stored water, the sediments, and the
various ‘components of the biota. Unfortu-
nately, available water quality models
provide only a rough prediction of trace
metal concentrations 1In aquatic systems
(Leckie and James 1976). Furthermore, the
water quality parameters measured for the
Animas River during this study do not provide
sufficient data for detailed chemical mod-
eling. Nevertheless an attempt was made to
predict the retention of several heavy metals
uging a simple mass balance model sgimilar to
that used by Dillon and Rigler (1974b) and
Chapra (1975) to predict the retention of
phosphorus in lakes. Literature values of
metal retention were used in conjunction with
the mass balance model to calculate average
settling velocities for iron, zinc, copper,
lead, manganese, and cadmium. Thege calcu-
lated settling velocities were used to
predict the retention of four of these metals
in the proposed Ridges Basin Reservoir.

Metal Retention Model

The movement of any metal m in a lake
can be described by a simple mass balance
equation:

VIR oy - Om - K Vm ..l (19)
‘where
V = lake volume
Wy = mass loading of metal m
= outflow |
m = concentration of metal in lake
water
Kpm = a first-order rate constant for

loss to the sediments for metal m
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This model makes several limiting
assumptions (Dillon and Rigler 1974b):

1. The lake is a continuously stirred
tank reactor (CSTR).
2. The rate of sedimentation is propor-
tional to the amount of substance
that is in the lake (i.e., K is
truly first-order).

The concentration of the outflow is
equal to the concentration in the
lake.

4. There are no seasonal fluctuatioms
in loading rate.

Although these assumptions are violated
in lake systems to various degrees, this
approach has been widely used in the modeling
of phosphorus (Vollenweider 1969, 1973, 1976,
Dillon and Rigler 1974b, Chapra 1975, Kirch-
ner and Dillon 1975).

If it is assumed that the concentration
of any metal reaches equilibrium in a lake,
the term dm/dt approaches 0. Under this
condition,

Wﬁ = Qm + Kme .............

A retention coefficient,
expressed as:

~ Kmvm

B = W

.............

m = gFERY mm ............. (22)
R = KV Xn e (23)
m Q+ KV P+ K K,



Kirchner and Dillon (1975) showed that
by multiplying both the numerator and the
denominator on the right side of the equation
by Z, the mean depth, the following equation
is produced:

v,
R, = —2>—=—= e (24)
zp + zK vm+qB

where
qg = areal water load

Vp = apparent settling velocity for
metal m

If v ig a congtant for the removal of
metals, then the retention coefficient, R,
can be predicted from qg, If R is known,
then the amount of a metal accumulated by a
lake in & given year can be calculated:

R

where

L : P ¢33 ]

s,m

Lg,m = loading to sediment for metal m

From this, the loss of metals in the
lake discharge can be calculated:

Lo,m = Li,m - Ls,m' e (28)
where

Li,m = loading of metal m to outflow
Lo,m = inflow loading of metal m

The use of an average settling velocity
to calculate the retention of various metals
ignores potentially important differences
in transport mechanisms such as resolubiliza~
tion at the sediment surface, chemical
precipitation, and bioaccumulation. Although
there are certainly differences in transport
mechanisms of individual metals among lakes,
several authors (Baccini 1976, Hem 1972,
Delfino et al. 196%9) have concluded that
simple sedimentation of incoming suspended
matter is a major mechanism by which metals
are removed from the water column, adding
support to the concept of using an average
settling velocity to predict metals reten-
tion. The relationship between the loading
of suspended metals and the overall retention
of metals for several lakes is dilscussed
later in this section.

Evaluation of Metal Retention Modelv

To determine values for vy in Equation
24 for various metals data on metal retention
coefficients and areal water loading was
needed for a number of lakes. Data on metals
retention coefficients in six lakes were
extracted from the literature. In some cases
data on retention coefficients for one or

more metals were presented in the published
literature, but for most lakes the retention
coefficients for various metals were calcu-
lated using published data on metals concen-
trations and flow. The six lakes for which
suitable data existed and the references used
are:

1. Pueblo Reserveir, Colorado (Herrmann and
Mahan 1977, W. C. Kregger USBR, unpub-
lished data)

2. Derwent Reservoir, England (Harding and
Whitton 1978)

3. Alpnachersee, Switzerland (Baccini 1976)

4. Lake Washington, Washington (Barnes and
Schell 1972)

5. Coeur d'Alene Lake, Idaho (Funk et al,
1975, USEPA 1975b)

6. Yellowtail Reservoir, Montana (Wright and
Soltero 1975)

Details concerning the calculation of
loading, morphological data, and a brief

description of each lake are discussed in
Appendix H. 1t was recognized that for some
of these lakes (Derwent Reservoir, L. Wash-
ington, and Yellowtail Reservoir) the metals
loading data may be inaccurate, but they were
all that were available. For lakes in which
data were available for more than one year,
the data were broken into time segments of
approximately one year. For Pueblo Reservoir
adequate data existed from June 1975 -
September 1976. These data were divided into
two segments, one extending from June through
September 1975, and the other extending from
October 1975 through September 1976. For
Yellowtail Reservoir the data were also
divided into two segments, one extending from
February to December 1968, and the other
extending from January through August 1969.

" These data are presented in Table 16,

The data collected on metals retention
was used to calculate the settling velocity
of each metal in each lake by rearranging
Equation 24:

_ Bads
- £

Vi

.............

Baged-on these settling velocities an
average settling velocity for each metal was
calculated, together with 95 percent confi-
dence intervals. Data on the settling
velocity of each metal in each lake, the

. average settling velocity for each metal
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and the 95 percent confidence intervals for
each mean are presented in Table 17. Average
gettling velocities were calculated for iron,

zinc, manganese, copper, cadmium and lead.
The avera§e settling velocities for manganese
and cadmium were based on only two data

points each. Since the 95 percent confidence



Table 16. Metal retention data for six lakes.?

Ave.

% Retention

Ave, eh q

gzizti:i Volume Area {yr.) (m/?r)

(x 10°0°) (x10°m") : Fe Zn Mn Pb Cu cd
Pueblo Reservoir,
Colorado
June-Sept., 1975 29.03 4,42 0.052 59.7 - 78.3 - 100.0 - ~
Oct, JOT78epts 50 53 5.0 0.098 135.3  19.6  25.5 - 3.4 - -
Coeur D'Alene
Lake, Idaho 294, 129.5 0.035 64.9 17.5
Yellowtail Res~
ervolir, Montana
Feb.-Dec., 1968 970 30.2 0.313 102.6 92.7 31.0 80.0 - 21.4 -
Jan.-Aug., 1969 1048 37.9 0.407 67.9 96.2 52.5- 87.8 - 57.1 -
Alpnachersee, _

" ‘$witzerland 100.1 4.76 0.284 73.97 92 50 62 42 18
Derwent Reservoir, 5.06 4.05 0.133  13.08 70.3 89.2 - 98.3
England .

Lake Washington,  ,g4, 88 2.48 13.3  99.2  44.9 96.8  58.8

Washington

85ee Appendix H for sources of data.

intervals of the average settling velocities
for cadmium and manganese were too broad for
the estimate to be considered reliable, these
metals were not considered further. The
average settling velocity for lead does not
include a value for Pueblo Reservoir for the
period June - September 1975 because complete
retention of the lead entering the reservoir
made vpp undefined. The fact that all
of the lead entering Pueblo Reservoir durin,
this period was retained may indicate that l%
lead has a very high settling velocity in
this reservoir, 2) the loading of lead was
not constant, or 3) the reservoir is not
behaving as a CSTR. The calculated average
apparent settling velocity for lead is thus
enclosed in parenthesis to indicate an
element of uncertainty since the early
1975 data for Pueblo Reservoir was not
included.

To test the statistical validity of
metals retentions predicted from these
average settling velocities, the average
settling velocity for each metal and the
areal water load (qg) for each lake was
used to calculate predicted values for metalsg
retentions in each lake (Rp) using Equation
24 (Table 18). These val%es of predicted
retention were compared to the observed
values of retention (RQP) for each metal
using a coefficient of determinmation (rZ).
Values of r2 between R, and Rop were 0.53,
0.23, 0.47, and 0.39, respectively, for iron,
zinc, copper, and lead.
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Finally, the relationship between the
areal water load (qg) and predicted retention
(Rp for iron, zinc, lead, and copper was
depicted graphically in Figures 12-15 using
the mean and the upper and lower boundary
values of the 95 percent confidence interval
of the average settling velocity for each
metal.

In terms of statistical confidence, the
best relationship between metal retention and
areal water load was found for iron. Despite
the wide confidence interval (248-1974 m/yr)
surrounding the estimate of the mean settling
velocity for iron, this range of values is so
high with respect to the areal water load
that a large fraction of the iron is retained
throughout the range of areal water loads
plotted. ©Even the lower 95 percent confi-
dence interval estimate of vy, 248 m/yr,
results in over 60 percent of the iron being
retained with an areal water load of 140
m/yr. The r2 of 0.53 between the predicted
values of retentionm (using the calculated
average settling velocity) and the observed
values indicates that there is a strong
correlation between calculated and observed
values. However, despite the apparent
strength ‘of the relationship between R and
qg for irom, it should be noted that the
observed retention coefficient for iron
in Pueblo Reservoir (0.20) was much less than
the predicted value (0.89). This large
discrepancy probably results from the fact
that the mechanisms by which iron is trans-



Table 17. Apparent settling velocities for metals in six lakes.?
Apparent Settling ?elocity,b U (m/yr)
Lake
Fe Zn M S Cu cd
Pueblo Reservoir
June~Sept., 1975 215 -
Oct., 1975-8ept. 1976 33 46 371
Coeur D'Alene Lake 14
Yellowtail Reservoir
Feb.-Dec., 1968 1,303 46 410 28
Jan.-Aug., 1969 1,719 75 489 90
Alpnachersee 851 74 121 55 16
Derwent Reservolr 31 108 756
Lake Washington 1,649 11 402 19
Average 1,111 64 449 (251) 48 386
95% Confidence Intervals
Upper 1,974 119 1018 (375) 99 3855
Lower 248 9 =120 {127y -3 -3083
23ee text for sources of data.
bApparent settling velocity, vm = qus
1-Fr
where m
Rm = fraction of metal m retaiped s
q, = areal water load, m/yr (w3 /yr/n?)

Cgaleulation of ave. settling velocity does not include the early

1975 data for Pueblo Reservoiry

"100 percent of the load was retained

during this period, making » = undefined.

ported in Pueblo Reservoir is somehow differ-
ent from the iron transport mechanisms
in the other four lakes for which iron
retention data were available and illustrates
a basic weakness in using average settling
velocities to predict metal retentions in
lakes.

The plot of retention coefficient versus
areal water load for lead (Figure 13) shows
that the majority of lead entering the four
study lakes was retained. For these four
lakes the observed retention coefficient was
never below 0.60 (X = 0.84). This plot
also indicates that the retention of lead can
be predicted with reasonable reliability.
The r2 between the predicted and observed
values of the retention coefficient of lead
was 0.39. The 95 percent confidence interval
for the mean settling velocity for lead was
127-375 m/yr.

For zinc the average settling velocity
was 64 m/yr (95 percent confidence interval:
9-119 m/yr). Because the settling velocity
for zinc is so low, the distance between the
9 m/yr curve and the 119 m/yr curve is
relatively large (Figure 14). Comparison of
these curves with those for iron show that
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while the relative width of the 95 percent
confidence interval is similar (+ 85 percent
of the mean for zinc; + 77.7 percent of the
mean for iromn), the accuracy of predictions
of iron retention .are better than those
for zinc. For example, for a lake with an
areal water load of 100 m/yr, the 95 percent
confidence interval estimate of retention
for zinc is 0.08-0.58 (range of 0.50) while
that for iron is 0.70-0.95 (range of 0.25).
The narrower range of estimates for the
retention of ironm is a result of the fact
that the avera%e apparent settling velocity
for iron (1,111 m/yr) is much greater than
that for zine (45 m/yr). As discussed
earlier, retention coefficients can be
predicted more accurately for metals whose
apparent settling rate is high relative to
normal water loading rates. The accuracy
of predictions of =zinc retention, based on
data obtained in this study, would be very
low and thus of limited usefulness. The
value of rZ for the relationship between
predicted and observed values of zinc reten-
tion was only 0.23.

The 95 percent confidence interval for
the estimate of the apparent settling velo-
city of copper is between -3 and 99 m/yr



Table 18, Comparison of measured vs. predicted metals retention in six study lakes .2
Lake Fe Zn Cu Pb
R, Rp R Rp Bop | By |Rop Rp
Pueblo Reservoir
June-Sept., 1975 0.78] 0.52 1.0 [ 0.81
Oct. 1975-Sept., 1976(0.20| 0.89] 0.26] 0.32 0.73]0.65
Coeur D'Alene L. 0.18| 0.50
Yellowtail Reservolr
Feb.~Dec., 1968 0.93| 0.92] 0.31} 0.38| 0.21} 0.32
Jan.~Aug., 1969 0.96  0.94; 0.53] 0.49] 0.57 0.41
Alpnachersee 0.92] 0.93] 0.50] 0.46| 0.42] 0.39 | 0.62 | 0.77
Derwent Reservoir 0.701 0.83 0.89 1 0.95
Lake Wagshington 0.99 | 0.99| 0.45| 0.83] 0.59| 0,78 1 0.97 | 0.95
»? 0.53 0.23 0.47 0.39

aRob = meagured retention (see Table 16)
R = predicted retention, using average apparent settling
p velocity for each metal (Table 17)
vm~
B =y,
where
v, = average apparent settling veloclty for metal, m/yr

q, = areal water load, m/yr (m3/yr/m?)

(vEu = 48 m/yr). An apparent settling
velocity of -3 m/yr indicates that copper is
movin% upward. Since this cannot occur,
the 95 percent confidence interval for the
Vgu wag taken as 0 ~ 99 m/yr. From inspec~
tion of Figure 15 it can be seen that the
retention coefficient for copper was less
than 0.60 for all four of the lakes observed.
The plots of R vs g4 and vgy = 0 m/yr and
Vou = 99 m/yr indicate that predictions of
the retention of copper on the basis of its
apparent settling velocity cover a broad
range of values. Based on this range of
settling velocities, a lake with an areal
water load of 100 m/yr would have a predicted
retention of 0 - 50 percent. Nevertheless,
the value of r2 for the relationship between
the predicted and observed retention of
copper in the four lakes for which data
were available is 0.47.

The mean and confidence intervals of the
agparent gettling velocities of iron, lead,
zinc, and copper are presented diagramati-
cally in Figure 16. The calculated apparent
settling velocities for these metals follows
the sequence:

Fe > Pb > Zn = Cu

37

This sequence suggests that iron and

-lead are retained much more effectively by

lakes than are zinc and copper. Two possible
explanations for this sequence are: 1) that
the mechanisms by which iron and lead are
removed are different from the mechanisms
by which copper and zinc are removed, or 2)
that the major removal mechanisms for all
four metals is simple sedimentation. Iron
and lead may have higher apparent settling
velocities simply because they are relatively
more abundant in the suspended fraction than
are zinc and copper, and it is the suspended
fraction that is most rapidly removed by
sedimentation.

The second explanation is strongly
supported by the data of Baccini (1976). 1In
his study at Alpnachersee, Switzerland,
Baccini (1976) found a very strong relation-
ship between the proportion of iron, =zinc,
copper, and cadmium entering Alpnachersee in
the particulate form and portions of each
metag retained in the lake (r2 0.95).
From these data Baccini concluded that simple
sedimentation of the suspended fraction
entering the lake was the major mechniams by
which these metals were retained. The data
collected by Herrmann and Mahan (1976) for
Pueblo Reservoir tend to support this hypoth-
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esis. For Pueblo Regervoir, the relationship
between the proportion of metals in the
suspended fraction in the inflow (8:T, where
S is the suspended load and T is the total
load) and fraction retained is generally
high, although discrepancies exist (Table
19). For the period June-September 1974,
the relationship between retention and the
ratio 8:T is strong for both zinc and lead:
for zinc, 86 percent of the inflow load
occurred as suspended material while 78
percent was retained and for lead 100 percent
was retained. For the 1975 water year, the
relationship between S:T and R is strong for
lead (S:T = 0.70; R = 0.73) but much weaker
for zine (S:T = 0.87; R = 0.26) and iron
(8:T = 0.99; R = 0.20). The fact that less
iton and zinc were retained than entered the
reservoir as suspended material during
the 1975 water year may be a reflection of
the very high areal water load (135 m/yr)
that occurred during this period that may
have prevented the retention of much of the
gsuspended water. During the period of June -
September 1975, during which the reservoir
was filling, the areal water load was about
half as great (60 m/yr) and more complete
retention of the suspended material in the
inflow would be expected. Alithough more
extensive data are required to support this
hypothesis, it appears likely that the higher
settling velocities of lead and iron compared
with those of zinc and copper is a reflection
of the fact that lead and iron are more
highly associated with the suspended fraction
of the inflow load to lakes than are zinc and
copper.

Although much of the retention of these
metals probably occurs as the result of their
relative abundance in the suspended fraction,
other mechanisms may account for a portion of
their removal from the water column, in-
cluding biological particularization of
dissolved metals and chemical precipitation.
Baccini (1976) found that 5 to 20 percent of
the total zinc and 5 to 15 percent of the
total copper in Alpnachersee was of biogenic
origin. Baccini concluded that a portion of
the total retention of these metals in
Alpnachersee resulted from in-lake particu-
larization of the dissolved copper and zinc
by the biota followed by sedimentation. The
fraction of both copper and zinc retained
in Alpnachersee included both the suspended
load of each metal plus a portiom of the
dissolved load, particularized by the biota.
Although additional data on the amount of
metals retained by lakes as the result of
biological particularization could not be
found, there is no doubt that dissolved
metals are accumulated by the biota of lakes.
Examples of the extent of accumulation of
metals in various components of aquatic
biotas can be found in the work of Thomann et
al. (1974), Mathis and Kevern (1973), and
Medine et al. (1977).

In addition to the sedimentation of
metals entering lakes in the suspended form
and the sedimentation of dissolved metals
following particularization by the biota,
chemical precipitation and resolubilization
of metals may play an important part in
determining the rate of accumulation of

| Iron . i
b———— Lead
b~ Zinc
k+— Copper ;
] | I I | | i }
0 500 1000 1500

2000

Settling velocity, m/yr.

Figure 16. Mean and confidence intervals for apparent settling velocities of iron, lead, zine,

and copper.
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Table 19. Comparison of the composition of metals loading with metals retention.?
Zn Fe Pb Cd Cu
Lake 5/T R /T R S/T R /T R S/T R
Alpnachersee 0.37 0.50 0.98 0.92 - - 0.17 0.17 0.45 0.42
Pueblo Reservoir ;
June~Sept., 1974 0.86 0.78 - - 1,00 1.00 - - - -
Pueblo Reservolr
1975 Wt. Yr. 0.87 0.26 0.99 0.20 0.70 0.73 - - - -
Proposed Ridges '
Basin Reeervoirb 0.80 0.75 0.98 0.98 0'.95 0.92 1.00 - 0.89 0.69
8 . retention = 2888 in-mass out
mags out
§/T = suspended load/total load.
bRetenti_on data for the Ridges Basin Reservolr are predicted values.
metals in the sediments of lakes. Although R, Linm
there appears to be a paucity of data as to L = =105 e vl (28)
the effects of precipitation and resolubili- §,m
zation of metals on the overall mass balance :
of metals in lakes, it seems very likely
that, at least under certain conditions, L =1 - L e (29)
purely chemical phenomena may have a signifi- o,m i,m s,m
cant effect on the overall mass balance of
metals.
Application to Ridges Basin Reservoir where
The analysis in the previous section Lg,m = loading of metal m to sediment,

indicates that, at least for the lakes
included in the analysis, the retention of
some metals can be predicted on the basis of
average settling velocities. On the assump~-
tion that the lakes included in this analysis
represent the conditions at Ridges Basin, the
calculated average settling velocities deter-
mined for metals in these lakes were used to
predict the retention of several metals in
the proposed Ridges Basin Reservoir.

Other information required for these
predictions included 1) data from the USER
hydrologic simulation (Appendix A) and 2)
data on metals concentrations in the Animas
River during the period September 1977 to
August 1978 (Appendix B). The data on
metals concentrations in the Animas River
were used together with the hydrologic
simulation of the reservoir for an average
year to compute loadings for iromn, zinc,
manganese, copper, and lead into the reser-
voir (Table 20). The retention coefficient
for each metal was determined from Equation
24 using the upper and lower 95 percent
confidence limits for the average settling
velocity and the areal water load, qg, for
the Ridges Basin Reservoir (21.3 m/yr).
Values for the retention coefficients were
used to calculate the annual loading of
each metal to the sediment (Lg) and to the
outflow:
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retention of 0,92,

kg/yr

= loading of metal m into reser-
voir, kg/yr

Lo,m = loading of metal m to outflow,
kg/yr

retention coefficient, as percent

In addition, the average flow-weighted
inflow and outflow concentration of each
metal was calculated. The data used in this
analysis and the results obtained are pre-
sented in Table 21,

Discussion
This analysis indicates that most of the
iron and lead entering the Ridges Basin
Reservoir will be retained as will lesser
amounts of the zinc and copper. The pre-
dicted retention percentages correlate well
with the ratio of suspended to total metal
load (Table 19). Thus iron (S:T of inflow =
0.98) has a predicted retention of 92 to 99
percent, zinc (S:T of inflow = 1.00) has a
Eredicted retention of 86 to 95 percent and
ead (S:T of inflow = 0.92) has a predicted
The correlation fails
only for copper, whose predicted retention (0
to 92 percent) is much less than the ratio of



Table 20. Loading of heavy metals into the proposed Ridges Basin Reservoir.?

Load (kg)
Date
B Fe Zn Mn Cub Pbb
9/77 3,631 3,050 945 630 -
10777 2,347 2,973 1,538 65 -
11777 2,349 14,226 1,624 157 4
12/77 1,583 803 1,124 0 3
1/78 2,196 921 757 58 2
i 2778 2,480 617 832 20 2
3/78 7,120 1,080 1,696 - 4
4/78 10,730 9,230 1,220 363 49
5/78 230,294 18,493 15,432 2,961 2,584
6/78 195,078 11,675 7,113 1,771 960
7/78 38,864 6,964 5,539 935 514
8/78 13,637 1,546 3,718 266 0
Annual 510, 309 71,581 41,538 7,254¢ 4,130°

®inflow data from USBR simulation of hydrologic regime for average
year. All data for total metals, based on analysis by UWRL.

bDuring months when concentrations were below detection limits, the
concentration was consildered to be halfway between zero and the detection limit.

®lLoading not for entire annual period due to missing data.

Table 21. Retention of total ironm, Zinc,lead, and copper in the proposed Ridges Basin Reservoir.

Metal

Iron Zinc Pb Cu
Settling Velocity?® | (m/yr) 248-1974 9-119 127-375 0-99
R(P 92-99 30-85 86-95 0-82
Loading Into Reservoir. I, (10% kg/yr)® 51.03 7.08 0.41 0.73
Loading to Sediments, Ls (10& kg/yr)d 46.95-50.52 2.12-6,02 0.35-0.39 0-0.58
Loading to Outflow, L, (10% kg/yr)® 4,08-0.51 4.96~1.06 0.06~0.02 0.71-0.13
Flow Welghted Average Concentration in Inflow 3117 432 32 47
(ug/ 8t
Flow Welghted Average Concentration in Outflow 33-266 69~324 25 9-518

25ee Table 17.

bSee Flgures 12-15.
®See Table 20.
dSee Equation 27.

€See Equation 28.
f loading
[M] = total flom ° Data for lead and copper adjusted to account
for missing inflow concentration data,

80utflow concentration higher than inflow due to evaporation (6% of
inflow),
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S:T 100 for the inflow. This correlation
suggests that the metals contained in the
suspended fraction of the inflow to the
Ridges will be retained.

The predicted values of retention for
each metal were used to calculate the amount
of iron, lead, zinc, and copper that will

be retained in the sediments and that will be
released to the outflow. The calculation
of the amount of each metal that will. be
retained by the sediment is, of itself, of
little value. However, if data on the amount
of sediment that will be retained were
available, these data could be used in
conjunction with the data on the metals
loadings to the sediment to make an estimate
of the concentrations of each metal in the
sediment:

Ls m
Cm = e (30}
AS x ds
where
Cm = concentratjon of metal in sedi-
ment {(kg/m3) .
Ls,m = rate of accumulation of metal m
in gsediment (kg/yr)
Ag = area of bottom, m?
dg = rate of accumulation of sediments

(m/yr)

Equation 30 was developed on the assump-
tion that retained metals and sediment are
deposited evenly over the entire bottom
and that the metals, once deposited, do not
migrate vertically through the sediment or
into the water column. Although neither
of these assumptions is strictly valid, these
calculations would provide a gross approxi-
mation of the metals concentrations in the
sediments of the proposed reservoir. This
knowledge would allow a crude evaluation of
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the accumulation of each metal in a benthic
feeding food chain based on concentration
factors for metals determined by various
investigators. Considering the relatively
high levels of various metals in the inflow
to this reservoir, a more detailed analysis
of the effects of the metals that will
enter the Ridges Basin Reservoir on the biota
may be justified.

The predicted loading of iron, zinc,
copper, and lead in the outflow was used to
calculate the flow-weighted average concen-
tration of each of these metals in the
outflow (Table 21}. Inspection of these data
indicates that the concentrations of iron,
zinc, and lead will be substantially reduced
between the inflow and the outflow. These
reductions in metal concentrations will
improve the quality of the outflow water,
particularly with respect to the protection
of an aquatic biota (Appendix D: Proposed
Colorado Water Quality Standards: Aquatic
Biota). .

The predicted values for metal teten-
tions obtained in this study should be used
with caution, since they are based on the
concept of universal "apparent sgettling
velocities' for each metal, This concept of
a universal apparent settling velocity
ignores potential differences in removal
mechanisms in individual lakes and may
therefore lead to erroneous predictions of
metal retentions, particularly when applied
to lakes with unique water quality character-
istics. The model also assumes that lakes
behave like CSTR's, an assumption that is
never strictly correct. In spite of these
weaknesses, the success with which this
approach has been used for predicting phos-
phorus retention supports the validity of
this approach. 1In the future the avail-
ability of additional data on metal loadings
in lakes may allow more accurate calculations
of the apparent settling velocities of metals
in lakes and thus enable more accurate
calculations of metal retentions. .



CONCLUSIONS

1. The water from the Animas River
frequently exceeds the proposed Colorado
Water Quality Standards. Concentrations of
dissolved aluminum, total copper, dissolved
manganese, total mercury, total zinc, and
total cyanide exceeded the proposed standards
for one or more water uses during over half
of the sampling periods between May 1977 and
August 1975. The metals problem is supported
by symptoms of metal toxicity found in algal
bioassays of filtered water from the Animas
River. The high concentrations of metals is
probably the result of upstream mining
activity.

2. Water quality in the La Plata River
deteriorates between Hesperus, Colorado,
and Farmington, New Mexico. The concentra-
tions of dissolved aluminum, total mercury,
and total cyanide exceeded the proposed
standards in over half of the sampling
periods. Several other metals exceeded the
standards, but less frequently. The sulfate
concentration in the La Plata River at the
Colorado-New Mexico border and at Farmington
exceeded the proposed standard for raw water
supply throughout most of the study period.

3. The actual mean summer epilimnetic
concentration of chlorophyll a in lakes and
reservoirg in the Intermountain West usually
falls within the 99 percent confidence
intervals of prediction associated with
Vollenweider's phosphorus loading model., For
lakes in which a) the ratio of TSIN:0P is
less than 11.3:1 throughout the sgeason, b)
turbidity limits algal growth, or c¢) the
‘growth of macrophytes is extensive, Vollen-
weider's model may not yield accurate predic-
tions of the chlorophyll a standing crop.

4, The mean summer epilimnetic concen-
trations of chlorophyll a in the proposed
Ridges Basin Reservoir is expected to be
between 5 and 13 pg/l. On the basis of algal
standing crop, the proposed reservoir can be
clagsgsified as mesotrophic. The average
summer Secchi disc transparency is expected
to be about 1.8 m (6 ft). The actual algal
standing crop may be lower than this pre-
dicted value if metal toxicity limits algal
growth in the reservoir. A change in the
phosphorus loading regime would also change
the algal standing crop.
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5. The average concentration of dis-
solved oxygen in the hypolimnion is not
expected to drop below 7.0 mg/l by the end of
August. However, a linear extrapolation of
the results of the dissolved oxygen model
(decrease in D.0.) to the end of the strati-
fication period (probably late October or
November) indicated that the dissolved oxygen
concentration in the hypolimnion could
drop to between 5.0 and 6.0 mg/l before the
fall turnover. Oxygen depletion in the
hypolimnion may be less than predicted if
metal toxicity inhibits algae production or
benthic respiration, or greater than pre-
dicted if consumption in the water column or
other mechanisms of depletion not considered
are significant. The accuracy of the oxygen
simulation is also constrained by the
accuracy of the input data from the USBR
temperature simulation.

6. Ninety-two to 99 percent of the
iron, 30 to 85 percent of the zinec, 86 to 95
percent of the lead, and 0 to 82 percent of
the copper that enters the Ridges Basin
Reservoir will be retained in the sediments
at the bottom of the reservoir. The concen-
tration of these metals in the outflow to the
Dryside Canal will be reduced proportionately
to these retention values.

7. A comparison of the observed reten-
tion of metals in lakes with the ratio of the
suspended to the total metals loads suggests
that the sedimentation of the suspended load
carried in the inflow is the major mechanism
by which metals are retained in lakes.

8. Since the proposed Ridges Basin
Reservoir is off-stream, the pumping of river
water into the reservoir may be varied over
time to avoid periods of high pollutant
concentrations and thereby reduce the loading
of nutrients and metals into the reservoir.
A carefully planned pumping strategy may thus
be utilized to some extent to control eco-
logical characteristics of the reservoir.

9. The above predictions of dissolved
oxygen concentration and algal standing crop
apply to the reservoir following the period
of initial filling and stabilization.
Because of the variability in the stabiliza-
tion process among reservoirs, guantitative
predictions were not made of the limnological
parameters for the newly formed reservoir.



RECOMMENDATIONS

Reservoir Operation

Since the Ridges Basin Reservoir is
off stream, the loading of nutrients and
other constituents into the reservoir is
determined by the inflow pumping regime. If
this reservoir is built, a plan should be
developed and evaluated to control the
loading of nutrients and heavy metals by
manipulation of the inflow pumping schedule.
For example, Vollenweider's phosphorus
loading model could be utilized to predict
the effects of alternative pumping schedules
on the algae standing crop in the reservoir
(Equation 2)., A mass balance model could be
used to predict the effects of alternative
pumping schedules on the retention of ironm,
lead, zinc, and copper in the reservoir.

Since the concentrations of phosphorus
and most of the heavy metals were highest
during the period of spring rumoff (April
through Juneg, an attempt should be made to
minimize inflow pumping during this period.
As illustrated by the example presented on
page 18, a minor alteration in the hydrologic
regime of the reserveir may have a consider-
able effect on its algal productivity during
the summer,

Areas of Future Study

1. The temperature simulation performed
by the USBR should be repeated, and the
apparent error in the computation of diffu-
sion coefficients should be corrected. In
rerunning the temperature model, the simula-
tion period should be extended to the end of
the stratification period. The model used in
this study to predict concentrations of
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hypolimnetic dissolved oxygen should be rerun
using the data from the new temperature
simulation in order to more accurately
predict the extent of oxygen depletion in the
hypolimnion of the Ridges Basin Reservoir.

2. The potential problems that may
arise from the accumulation of metals in
the reservoir should be studied further.
Specifically, a study should be conducted to
determine whether metals will accumulate in
fish and other components of the biota. Such
a study would be particularly important if
the lake formed would be used as a sport
fishery.

3. The predictions made in this study
apply to a stabilized reservoir. The decay
of inundated organic matter and the leaching
of salts from the soils and vegetation may
have a profound effect on the water quality
of new reservoirs. Further study should be
directed toward developing an understanding
of the extent to which these processes will
affect the water quality of the Ridges Basin
Reservoir during its early life. A microcosm
study involving the use of enclosed soils and
water from the Animas River may be a useful
tool in elucidating water quality problems
that may occur during the period following
the initial filling.

4, Considering the high level of metals
found in the Animas and the La Plata Rivers,
it is suggested that a study be conducted
to determine methods of controlling the
pollution of these rivers. Particular
attention should be directed toward con-~
trolling erosion and runoff from existing
tailing piles.
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HYDROLOGIC SIMULATION OF RIDGES BASIN RESERVOIR

APPENDIX A

v A a
Table 22. Ridges Basin end of month content (1,000 ac-ft).

APR

JAN FEB MAR MAY JUN JUL AUG SEP ocT NOV DEC
1929 280.0 280.0 280.0 280.0 280.0 272.7 262.4 261.3 270.1 280.0. 280.0 230.0
1930 280.0 280.0 280.0 280.0 280.0 272.7 261.4 255.7 245.6 252.4 256.7 259.2
1931 261.0 260.6 260.4 257.2 264.3 257.0 232.1 210.5 198.2 204.4 208.6 212.2
1932 215.3 218.6 230.9 249.6 260.9 253.6 343.3 238.7 233.5 239.9 245.5 246.6
1933 246.1 245.9 250.6 252.2 253.6 246.3 231.0 208.7 203.6 211.5 215.0 217.7
1934 219.0 220.5 223.9 231.2 239.1 213.0 176.5 163.7 158.5 155.5 157.1 157.5
1935 158.2 159.1 165.1 179.8 188.7 181.6 171.2 168.5 166.1 175.5 181.2 184.1
1936 186.9 188.9 199.7 213.4 225.4 218.2 198.5 192.3 183.4 195.5 203.7 207.6
1937 210.4 213.8 222.9 242.4 264.5 257.8 242.8 218.2 206.6 213.0 218.0 220.2
1938 222.3 224.8 234.4 -249.8 261.7 254.5 244.2 229.7 232.6 247.9 258.5 264.2
1939 268.5 271.1 280.0 280.0 280.0 272.7 239.9 210.9 207.6 212.4 217.5 219.9.
1940 221.5 222.8 229.3 239.7 249.0 240.6 204.9 180.1 176.4 185.2 193.2 196.8
1941 200.0 205.9 216.4 233.2 256.1 258.1 251.4 251.1 255.6 273.8 280.0 280.0
1942 280.0. 280.0 280.0 280.0 280.0 276.6 266.2 253.2 243.8 248.2 253.0 255.8
1943 258.4 261.5 269.0 280.0 280.0 272.7 260.8 258.8 255.2 262.9 271.7 277.7
1944 280.0 280.0 280.0 280.0 280.0 272.9 262.6 249.6 236.0 245.0 251.9 255.8
1945 258.8 262.6 268.5 276.0 280.0 272.7 261.5 252.5 239.4 249.1 25A.7 260.3
1946 264.6 267.5 271.7 280.0 280.0 272,2 259.0 244.6 230.0 234.8 242.3 248.9
1947 253.0 256.6 262.4 270.3 279.5 272.2 261.2 256.8 259.0 270.0 280.0 280.0'
1948 280.0 280.0 -280.0 280.0 280.0 272.7 262.4 251.6 238.5 245.7 251.4 264.3
1949 257.0 259.5 265.9 277.1 280.0 276.6 266.5 255.4 242.6 250.5 258.3 253.2
1950 268.3 273.0 280.0 280.0 280.0 272.7 257.1 227.1 213.6 216.0 219.4 222.3
1951 223.9 224.3 225.7 223.0 228.9 221.7 197.7 178.0 168.2 166.7 169.5 171.4
1952 174.9 179.3 183.3 201.4 216.2 210.9 200.7 195.8 189.9 195.9 200.3 203.3
1953 206.9 210.3 217.2 225.3 231.3 224.0 205.8 186.6 174.8 177.4 184.2 186.3
1954 186.7 187.4 188.6 201.6 210.8 203.6 190.3 176.1 172.3 181.1 183.3 193.9
1955 198.1 200.9 206.5 211.8° 221.0 213.8 193.7 182.3 170.1 166.7 170.1 173.4
1956 177.1 180.4 188,2 :200.3 209.5 202.3 174.5 162.1 182.6 150.3 153.8 155.1
1957 158.0 162.1 167,3 177.0 186.% 183.1 173.4 172.3 172.3 183.7 197.2 210.0
1958 220,0 227.4 236.9 252.5 274.8 271.9 256.3 233.3 226.5 234.6 242.3 248.5
1959 253,2 257.3 262.6 264.0 268.7 261.5 229.1 211.0 191.2 197.8 207.5 212.0.
1960 215.3 219.1 227.5 246,3 255.8 248.5 235.4 208.8 194.9 202.6 209.6 215.1
1961 219.3 221.5 227.1 240.6 249.8 242.6 217.5 204.3 203.6 219.3 232.3 239.5
1962 244.4 253.6 262.2 278.4 280.0 272,7 262.2 238.4 223.4 232.8 242.3 248.1
1962 252.1 257.1 264.7 280.0 280.0 272.0 240.3 223.1 218.2 218.8 223.8 226.7
1964 228.7 229.9 230.6 231.0 232.4 225.1 195.3 182.8 173.0 169.6 173.3 174.6
1965 180.3 183.3 188.7 197.8 208.4 201.2 190.0 189.2 197.5 214.0 227.2 238.7
1966 248.5 256.5 268.4 280.0 280.0 272.7 255.0 232.4 218.4 221.6 226.0 230.7
1967 233.0 236.0 243.4 244.3 247.0 239.8 218.1 205.2 192.5 190.6 193.4 195.8
1968 198.5 201.7 210.5 221.9 231.3 224.1 212.7 207.0 189.7 191.0 195.6 199.3
1969 202.8 205.7 211.2 230.2 240.9 233.6 223.3 213.4 215.2 231.8 245.2 256.0
1970 261.9 266.8 270.6 272.1 279.1 271.8 259.4 246.3 253.4 269.2 280.0 280.0
1971 280.0 280.0 280.0 280.0 280.0 272.7 260.6 244.9 231.6 239.9 251.8 260.6
1972 267.3 272.9 280.0 280.0 280.0 272.7 238.0 208.2 196,3 206.0 219.4 233.1
1973 245.0 254.8 268.6 280.0 280.0 280.0 269.6 265.9 264.2 271.7 276.1 279.9
1974 280,0 280.0 280.0 280.0 280.0 272.7 251.5 223.7 202.1 203.4 209.0 212.0
- 1975 214.6 216.2 222.9 236.0 256.5 257.6 247.2 240.9 234.9 240.0 243.4 246.1
1976 248.8 252.7 259.6 271.3 280.0 272.7 258,0 240.2 227.9 232.2 236.1 238.6
1977 239.5 239.6 239.2 232.8 221.3 204.9 177.3 173.3 168.3 167.1 170.3 172.9
AVG. 233.2 236.1 241.7 249.6 255.8 248.8 231.6 218.0 210.7 217.2 223.8 227.9

3 USBE (1978).
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ango pumping plant to Ridges Basin
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Table 24,

Ridges Basin releases for New Mexico M&I (1,000 ac-ft).?
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Water pumped from Ridges Basin Reservoir to Dryside Canal

Table 25.

a

(1,000 ac-ft).
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Table 26.

APPENDIX B

RAW WATER QUALITY DATA

Water quality parameter codes and explanatiomn.

A. METALLIC CONSTITUENTS

101.
102.
103.
104.
105.
106.
107.
108.
109.
110.
111.
112,
113.
114,
115.
116.
117.
118.
119.
120.
121.
122.
123.
124.
125.
126.
127.
128.
129.
130.
131.
132.
133.

Aluminum, Dissolved, ug/%
Aluminum, Total, ug/f
Barium, Dissolved, ug/%
Barium, Total, ug/%
Cadmium, Dissolved, ug/%
Cadmium, Total, ug/%
Calcium, mg/%

Chromium, Hexavalent,. ug/{
Chromium, Total, ug/%
Copper, Dissolved, ug/4
Copper, Total, ug/f
Hardness, Total, mg/%
Iron, Dissolved, ug/f
Iron, Total, ug/%

Lead, Dissolved, ug/%
Lead, Total ug/4
Magnesium, mg/4
Manganese, Dissolved, ug/f
Manganese, Total, ug/%
Mercury, Dissolved, ug/%
Mercury, Total, ug/%
Molybdenum, Dissolved, ug/f
Molybdenum, Total, ug/%
Nickel, Dissolved, ug/%
Nickel, Total, ug/%
Potassium, mg/2

Selenium, Dissolved, ug/f
Selenium, Total, ug/%
Silver, Dissolved, ug/%
Silver, Total, ug/%
Sodium, mg/4

Zinc, Dissolved, ug/4
Zinc, Total, ug/l

B.

201.
202.
203.
204.
205.

- 206.

207.
208.
209.
210.
211.
212.
213.
214,
215.
216.

NON-METALLIC CONSTITUENTS

Alkalinity, Total, mg/2
Arsenic, Dissolved, ug/#
Arsenic, Total, ug/%
Bicarbonate Hardness, mg/%
Boron, mg/%

Carbonate Hardness, mg/%
Chloride, mg/f

Cyanide, mg/%

Fluoride, mg/%

Nitrogen, Nitrate, mg/%
Nitrogen, Nitrite, mg/2
Nitrogen, Total Organic, mg/%
Phosphorus, Ortho, mg/%
Phosphorus, Total, mg/l
Sulfate, mg/%

Total Dissolved Solids, mg/&
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Table 27. Raw water quality data, Animas River at Durango, May 1977 - August 1978.

COrE S/P5277 YA t2t0 T9 Rz /23 19719 11,98 12,13 1718278 2715 3781 az1h EYAR] VAR 7719 Area
10§ Zob, 310, 440, 280, 9, 156, 14, 96, 108, ~50, 1%, 129, Bud, tre, 341,
ine 10449, 7an, 876, 1107, a40%, R, 558, gug, 1271, 3a9, 621, 513, 52ug a1en, 1038, 43,
tnd Cwlafi, ={00, =100, =14G, 100, wfop, =100, eidn, «100, «fud,
taa 199, =top_ . 124, =inn, L4, 329, N1, =10a, =100, =ton,
105 -t -3, -3, -%, LT -3, -3; -3, ~3, L2 -3, -3, -3, -d. Yo
196 1729, 1o, S 18, 3, 14, 7, =3, -l -3, -5, tn. EN =4, w3, S
107 ah, o7, 86, LR, a5, tne, 1e4, 91, 98, 93, 58, 32, é3, ik, Gu.
fob -1, -1, -1, 1. ~1. 2 -1, -1, “ta -1, 1. 5, =1, -1, 2.
gae ) -20, -2, .20, .20, .2n, -0, -39, =20,
11e -1e, =-th, 16, =10, -ftr, =-1n, -0, =10, =10, . =i0, “io, =-tir, =10, ~-10, 1,
11t 14, 22, -i0, a0, Ril, wil, 16, -in, 13, -i0, 27, 118, ha, ag, 17.
t1e2 134, ren, 19, 254, arn, 2re, 298, 291, 2R, 269, 1348, 5. 62, 168, £3s,
113 a1, o0, 52, @91, =21, a2, u2. 2T, =21, =21, 36, a4, S, LN o3,
tlg P9, Bin, 3rte, 102%, Xo4, 1RO, 269, 236, 496, 691, 9an, hSY, 2I74, A500, fosl, BT,
115 ~la -1, i, =l “t, -, -1, 3. i, -1,
1te -1, =-1. wl, -1, -1, L ias, 32, B, ~1
17 4, 19, a, 21, 19, 9, e, 15, 10, 10, =1, -t, 1. 1, 3.
s ton, w0, 6%, 76, 18, 174, 203y, 160, 187, 188, 59, 18, 142, 1dg0, 263,
119 152, a7, 12d, 118, 96, 118, i8¢, ang, 171, 20k, 22b, 74, 618, SRR, 27, ¢34,
120 L 8,5 r,2 n g 0,3 5.2 -, n,i “0,? -0, 2 n -t 2 f,4 [ 2.7
121 1,0 0.2 2,A 0,9 n,é L. Nets -0, 0,3 i}, 2 “,2 e,7 0,2 N 8 n,7 2,7
120 -5, 13, b, S. -5, -5, 5. S L3 S, 5 =5, -5, -5, o,
123 -5, 17, £h, to, 6. -5, -5, S 5, 15, =5, Te -5, .5, -5, a3,
129 -, b, b, -5, -t, 21, =-t, b, -6, -, -a, -8, -5 -5, -,
12% 21, . 16, 5S¢, 7. 18, at, b, b, -8, -5, db, 32, =-n, ~n, 18,
1% 2,N [ 3,0 3,0 4,2 2.4 6,60 2.2 2.7 2,8 1,3 1,8 3,0 5,0 5,4
197 -1, -1, -1, -1, -1, -l -1, 1 -1, 1. -1, =l -1, 2.
12n -1, -1, -1, -4, -1, -1, -ty -1, 1. -1, -1, -t, -1, 2. 5.
106 -o, -, -id, -G, -t -2, ., -, -, -t -9, -4, -9, -3, -
130 -7, -2, -9, -9, -9, -, -2, -9, 10, -9, -9, -9, -9, -9, -9, -3,
181 12, 48, 14, 3e, 27, 18, 2%, 16, 17, 9, 9, 3. 2. 5, 2%,
112 as, -5, 72, Bz, Ra, 114, 120, 137, 150, 11y, o5, s, 81, 127, 5.,
133 375, 294, 1 Ja, 625, 31a, PR, 1629, tas, 208, 152, 148, LYXUN 737, IR9, 298, v,
201 IARN AT, 97. 137, 141, 232, 112, 132, 13, a1, Sa, g, RO, 1as,
ane .. -1, =1, e =1, 1, -1, -1, =3, -1, =t =1, -1, e
en’d -1, -1, -1, 1. -1, -1, i, -1, -1, =1, -1, =1, e 2, 1.
204 20AR, a7, 97, 137, tal, 232, 112, 132, 113, at, 56, 34, g0, 165,
2n8% f,a4 (U] 6,11 0,23 8,32 =h 05 ep 0§ n,28 w0, 08 LI | 0,13 0,65 w005 0,07 4,05
L] L 0 0 0 0 0 9 0 0 0 0 ] 0 0
czo7 11, 26, 13, ?3. 30, 45, 23 2, 19, 12, 1. 3. 10, 3z,
208 0,0t 0,01 N 0y =0 01 o nA 01T =n,01 n,nl et 01 B, Al w0, 0f =0, 0 0,01 6,02 0,02
L] 0t a_ga Neée n,27 0,12 a8 3p n ugs n,15 H,ong o, n A, 01 en nt n,an 0,0%
2ip a7 aL1s v,10 (1P B Bk a_2n 0,27 0,27 0,15 N9 617 fiyel 0,17 n,23 -2
211 {1,101 G,600 N _6NS Q.01 2 6 nng f.afs G 006 0,00d A_002 B804 8 093 H 4n2 0,003 1,008 0,005
242 P -0, 1 a1 0,3 n_1 LTS | -0, n,3 a8 LUPE | -1 w1 [ -yl 2.4
213 G,0n3 @,hn3  p ol en 041 A ard 0.a0% N onpt A a08 @0 001 B0 .0, 006 B0 6,002 D nEP 0,und
214 fiang3 G,019 0,029 A f1n 6 a3l O.n0R 0 onpd A atT 60 Aty ~_0nE 0039 o RAB 0 A, 037 o 0@ n 634
215 52, 142, 11, B, 187, fet, 183, 181, 152, 50, i, o, e, fun,
21 r2v, Sse2, aee. 2an, a1%, a5, noe 322, 185, 3R, 125, 101, 91, 168, agh,
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Table 28. Raw water quality data, La Plata River at Hesperus, May 1977 - August 1978.

copE $728/77 6/10 6/%9 /19 LVZ1] 9721 10219 11,45 12213 ¥ /18278 215 3s21 4,18 S/18 LYY 1219 8s24

1,3 ‘an3, 260, 220, sS4, 140, -8, ~50, =50, =50, 50, -5n, =50, 142, 128n, 109, 175.
102 413, 26n, 280, a8y, 451, -50, ~50, 59, 351, 50, -G, . =%0,. 300p, CLYN 118, 175,
143 wine, ={0n, =fipo, 134, =108, =100, =140, ~103, =100, =100,
108 -toe, 1190  i8a, 134, =10, 20°, 1249, =107, =100, ~ihe,
105 -3, -3, -3, -3, 3. =3, -3, -5, -3, -3, -3, -3, - =3, -3, =3, -3,
1ng 6. 57 8, 9, &5, 11. -3, -3, -3t L -3, Se b, -3, -3, -3,
107 3n, 27, b, 34, a2, 38, 16, 35, 32, 35, 32, 28, an, 16, 24, 2e,
1nAa i -y, -l, i, -t -l wle -1, -1a -1 =-1. =1, 2. 4, -1, =1l
10 . i 28, =20, .20, =20, Py, 320, =28, =2,
110 i, 29, -y, =10, “-ida, -ile, -1, -10, -1, -18, -y, 10, -0, -i0, L3 SN =10,
111 “tlg, 29, -tn, 2c, 32. -10, -th, -0, 28, -10, -0, -tn, tha, =10, 14, =10,
112 R7, 79, 97, Re, 165,  10R, 94, 178, 111, 112, @2, 8z, S4, 4R, 69, To.
113 -21, .21, 21, =21, =21, =21, - =21, 26, =21, =21, ~21, =21, 64, 13, a1, 25,
114 226, a9, 54, 161, 151, 35, =21, 107, 286, .21, -21, 190, 4312, 475, g, . 7o,
14% - -1, -1, i, =1, -1, -1, -, -1 -1, ~t,
11¢& : el -1, L2 I “la -1, {e T, L I 15. -1a
117 3. 3. 20, -1 1%, S, 1, a1, L 6, 3. 3, .1, 2e 2 2.
11 K, 8. s &8, A, B, 10, 6, -ty -5y 20, 13, 22, 5. 14, 14,
1% 2a, s, -t 5, 2s, B, 10, 26, 7. -5, 26, 13,  vas, a9, 8, 14,
120 0,7 =n,2 n,s 0.3 0,2 0,2 mp.2 =02 =02 0.2 =0,? 0,3 =02 [ 9.2 1.1
121 n,2 =n,2 a1 2.4 e,2 1.2 en,2 n,2 =0,2 0,2  =0,2 8,5 e0,2 2.3 0,2 1.1
122 -5, -S. 7. -Se -5, -5. -5, =S, =S, *S. -5, -5, -5, -5, -5, -5,
152 -5, -5, 12, 19, b, =S, «5, = =5, -5, 6. -5, ~5, -5, =S. 7. =S
th -ty -t -5, -, -6y b, =bH, =&, -6, -, -5, b, -6, -h, -6, | "6.
125 11, 20, 18, 14, 58, 28, -ty -6, b, b, -6, 19, 18, -5, -5, -6,
125 1,0 0,5 1,9 1.0 1,0 1,3 0.9 7 0,7 0P 1,5 t.1 1.6 2,h 2.0 e.n
127 -1, -1, -1, -1, 7. wl, -1, =1, -t, . =i, -1, .1, -1, -1, 1.
1PR -1, -y, -1, 2. 7. -1, -1, -1, i, =i, =1, -1, -1, 2. 13,
129 c -k, -G, -2, =3, -9, -, -9, -9, -9, -9, -9, -9, . -3, -9, . =9, -e,
130 -9, -9, -t -9, 1, -G, -9, -9, -G, -9, g, -9, 9. -9, -3, -9,
131 2. . 2, G 11, 17, 3, - 5, 3, 3. 5, ' 24 1o 4, 3.
132 -t -5, -5, w5, 7. 5, -8, -5, -5, -5, -5, - 8, -5, 28, -5,
$335 439, 153, 118, 183, 3re. 92, -5, -5, -5, -5, a0, - 179, . =5, 73, =S,
ra:2' Sé, 54, EAN A, 6y, a4, 64, - &1, 57. 66, 58, 54, 4o, ’ S2. &1,
2n? =1, -y -1, -1, -1, -1, -1, -1, -1, . =i, -1, -1, -1, =i, -1
203 T, .1, -1, -1, -1, “1, -1, =1, =i, -1, -1, -1, : cel, =1, “,
204 Se, 50, . 59, L1 &1, 64, &b, 61, 57, 66, SR, 54, ° 4n, - 52, . &1,
205 2.16 0,08 6,86 0,10 =0,n5 9,05 O 2% =p,0§ 06.19 «0,08 0,11 «0,05 4,83 0,25 =0,058 =0,05
206 0 0 0 0 0 0. 0 0. -0 V] o -0 0 0 -0
207 3. -1, -1, -1, -1, -1. &, 1. B -1, 1o 11, =1, 2. “l, - =i,
208 oy, nt 0,019 »0,01 =0,01 =0, 0f  0,0R D 11 ea.01 0,02 «0,01. .01 en. a1t =0,01 0,01 p,n2 0,05
2ne 9.0 0 1 0,12 0,37 0,16 n_91 0,13 9,22 6,18  o,.n1 0,01 n,61 =0,n1 0,02 0,03
240 0,14 €, 15 n 0z N,13 0,09 o n7 007 p,1%. 0,12 0,12 0,13 6,22 0,23 0.15% 0,09 H,07
211 0,003 o0,p0q 0,008 0,021 0,009 A_00) 0.n02 0,004 0,002 6,003 0,003 0,002 0,001 6,002 0,002 0,003
21¢ ) 0.5 [ 1,4 n,2 0,6 (U ] 0,9 w1 w0, 1 -, g,1 i, 0,7 6,4 ), 1 0,2
293 0,001 004 N,003 6,008 0,001 0,p07 0,004 0,001 0,001 0,001 =p a0 0,003 006 0,003 0,002 w0001
244 0,404 0,004 0,003 0,085 4,003 o_n1l 6,008 0,001 0,022 0,005 6,001 0,015 0,156 0,024 0,062 0,008
2158 54, 35 : 27. 27, 31, 35 28, . 3n, 28, 22, 27, 26, 14, 33, 11, . 1%,

216 25, 118, 108, sq, 76, 119, 117, 9a.  tie, 5751, 157, 71, 32, &5, 88, 89,
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Table 29. Raw water quality data, La Plata River at Colorado/New Mexico border, May 1977 - August 1978,

CALE 8725217 6716 or%0  TZIN B/24 9721 \n/19 11715 12713 w/1S/7F 2715 3/ a/1R R/14 w15 T/YF B/és
g0t 77, agn TR, 554, 300, 156, 163, 119, 202, 3a1, 229, 219, Ta, 1xba, asa, fus,
102 1127, a0, 7010, 3306, 575, 313, S6k, a3y, 3rn, iqa, day, 12111, 231ae,  360a, 775, 2as,
193 wlpft, =g, =108, 125, =1na, 103, 134, =100, 1e6a, wi00,
1649 172, =1oa, 415, 362, 134, 357, 835, 19, poe, =100,
105 -5 -3, -3, 5, -3, S. -3, -3, -3, -3, -3, 5, -1, =%, -3, -3,
186 tea, 9f, 13, a5, -3, 15, 8, -3, 21. -3, -3, 11, -3, 7. -3, 8,
tn? tan, 1em, 139, 2019, 117, tan 149, 181, R, 249,  @n3, T2, 40, b, 68, 1et.
108 -1, -t -t, -1, -1, -1, 2. -1, =1 -1, 2, 4, -1, -1, =1l
119 w20,  w2ft, =20, 20, mgt,  w=de,  wpn, e,
114 -1, =1i0, 20,  =1P, e,  win, =1d, eiD_  win, 26, =if, =10, wip, =18, =10, =if,
111 -in, aa, 2o, 59, 32, =i,  wyh, 29, 19, 26, =tiv, 12, ton, 16, =10, 11.
192 62k, Toa, TRe, €45, 631,  SrR, 724, 134, Req, 832, 239, 120, 161, 4ere, 515,
1132 219, 23, 62, 33, -21, 33, -21, 28, =21, -2, -21, 36, 89, 6z, 4o, 18,
194 s483%, S3e, 4396, 2207, 3pe, 346, 334, 148, 258, 271, des, 4656, 31591, Fonn, 396, 17e,
115 9. ER -1, -1, -1, -, -1, -1, -1, 1.
116 Q, 2 -t, -1 -1, -1. 22. -1, 28, -1.
117 T4, Re, Su, L1 ai, 3h, 78, 30, T8, 76, 14, i 14, 71, S1.
1th 24, 11, -5, ur., 10, 14, 15, 13, ie, 22, 47, 25, -5, -5y - S
19 2u, 16, e, 96, 1%, 14, 15, 16, 25. 30, 72, 176, 518, 118, 31, -5,
126 1.0 =y, 1.5 LI 0% 1.7 5.3 =42 e,4 . 0,3 e,9 0,6 =0,2 =02 =0, 6,9
121 1,8 =02 4,1 n,7 n.3 1,7 0.7 =82 0,4 0,3 D2 3.6 =0,2 n 2 n,b 2,4
12c ~S. 17, 19, -5, 11, L -5, 9, 8, -5, -5, -5, -5, .5, -5, -5,
123 5, 12, 39, 15, 14, 1, -5, 9. 11, 27, -5, 11, -5, -, 52, ~S.
174 -, -, -6, -6, 6, 7. an, -6, -5, -5, -5, -6, -5, =5, -5, -t
125 21, a9, 30, 51, Sk, 1ne, uo, o owh, -h, ~h, -5, iL's 57, 35, -5, 6,
176 3,0 2.0 3.0 5.0 3,0 ?.7 1.5 5,1 1,3 1.6 ?.4 1,5 4,3 3.0 3,0 3.u
127 “i, -1, -1, -1, bl I -1, -t a, -1, -1, -1, -1, 1. -1, -1,
178 -1, -1, -1, 2 -l -1, -1, 7. “f, -1, -1, -, ° -1, 1. 2.
129 -9, -9, -9, -, -9, -, -, -9, -9, =9, -9, -9, -q, -9, -9, -Q,
130 -3, -, -0, -9, 11, -9, -9, -9, -a, -9, 17, 9, -9, ~a, -2, -3,
131 6h, a7, SA, s6, b1, 68, A2, 63, s8, 62, 72, 19, 3, ., 32, as,
132 -5, -5, 5, @, 6, 18, 18, -5, -5, -5, 5, 17, 1h, -5, 5. 8,
133 a1t 217, S1n, Spt, 250,  3as, 18, -5, 16, 158, 5, d4s, 194, 30, Ta, 23,
201 176, 174, 207, 199, R4, 2eS, 221, 21R, 217, 234, 181, 118, i3e, 86, 172, 156,
202 - -1, -t, -1, -1, -1, -1, -1, -1, “1, . =i, -1, -1, cmt, -1, -1,
an3 -t -t, 2. “i, 1. -1, -ty -1, -1, -1y -y, . 4, -, 21,
oni 176, 174, 190, 199, §718, 205, 217, 218, 217, 234, 189, 118, {30, Bs, . 172, 153,
205 -t 05 D,8% 0,158 0,27 6,17 «=0,05 =4,05 w0,05 Q.17 =0,05% 0,37 0,28 0,29 =0,0%
2ne 0 0 17, - © 8, 0 4, 0. 0 0 Kl Y 0 0 e 9

207 31, 3, 29, 29, 4n, 24, 11, 38, 29, 34, 32, 17, 3, 4, 12. 19,
208 n 02 -h, 0 [0 BT DY § L 0,03 ~n 0t 0,06 n,ni 0,01 =001 [ 3 P01 n,02 0,06
209 07 1S, 0,15 0,19 0,17 (18 0 18 0,29 0,21 0,62 _n ng 0,01 0,01 0,02 0,04
216 a0 0 03 0,32 8,21 0,07 n_pd 0 3R 0,27 0,61 0,36 o35 0,38 0,49 0,06 0,05 0,05
211 o,a0¢ 0,001 PL,O0T  a,00d 8,008 o 003 p.png 0,007 0,005 0,007 0,008 0,00% o onnd 0,603 0,008 0,ene
212 0,7 1.2 2.1 1,7 0.4 n.S n,2 =0,1 0,2 0,3 =0, n,6 3,6 Nab w0, 0,6
213 8,0t 6,000 A etd p,o0d 0 008 g,062 0,001 6,002 n_001 0,004 0,082 0,006 Q010 0,082 0,003 Q0,001
214 unty o, pn8 R,N14 A 165 0,029 0,024 0.pin BN0% 0,013 0,018 gn21 0,278 1,820 u,0B4 0,037 0,022
215 S11, 469, Sen, 455, 478,  S02, 536, 607, 493, 620,  bb4, 133, 57, 110, 314, 403,

it 32, {03A, 982, 1006, 1032, I0yt, 11264, 92%, 1169, 1269, 3u7, 188, ady, 659, 780,
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Table 30. Raw water quality data, La Plata River at Farmington.

CONRE 5725777 b/1s H/30 7/10 Bs24 /21 10219 11,18 12713 1718778 2715 3721 4718 B8 FARS 7748 Hred
1ot fae, 359, 520, 246, 28, 218, ivel, sS04, XTI 224, 155, 1760, 37, oud,
ing 12120, 1509, 1450, 357, 917, 302,3t10000, 3443y, 5529, 1302, 77200, S§Ri0, j49y,.  HaY,
105 te7?7, =toa, =faoe, i53, 195, 172, 127, =ton, 1%, =100,
§04 157, 134, 220, 510, &¢9, 772, 1199, oedl, 185, Inl,
105 -3, Se (U &, 7. -3, -3, =3, 4, 3. -3, -3, -3, 1o,
1 0o an, 19, 14, 14, 7. 4, -3, -3, ¢, 18, 7, D -3, i1,
{n7 208, 160, 169, 167, 170, 211, an, 260, 4in, 93, 76, 156, as, Bt
ten L -1, =1, =1, 3, 5. -1, -1, 7, b, -1, -1, -1,
{no 138, 24, -0, 37. 43, =20, -20, 32,
$1n 20, 10, =10, -th, -1, -11, =10, 10, 3s, -1, .10, -14, -0, 12.
111 31, an, 36, 17, =10,  m=ig, 4n1, 62, 46, S4, 203, Ta,  =in, Ya,
112 733, 317, 531, G627, so3, 605, 2%2. 939, 1395, 238, 2e?, B, 82, &21,
143 50, 2P, a1, as, - 21, 52, 1274, =2t, 152, 3s, 73, L 72, 6%,
(RN 72038, 980, 1318, 354, 931, 396 323000, 13430, 9678, 29177, 93372, A&40n, 1109, &34,
LS LR =-1. 1. =1, -1, =1. 1s =1, -1, “l.
t16 S, -t 24, -1, -1 -t, 31, -1, -1,

17 53. 16, Ph, 35, a1, 19, . By 87, 7. 25, 12, 26, 28, 53,
§1e le, ugs, S72, 837, Aok, q03, 16, 42, 112, 24, 34, -5, S0, Rhg,
119 138, 4eb,  68H,  pa2, BER,  Sag_ %0, 363, 2’2, Tes, 1see, 2398, s02, 852,
120 1,3 0,4 0,2 0,5 1374 0,8 D,9 0,8 .3 -t,e -0, -h,e 1.0
121 4,3 N4 2,0 1.0 n,d 0.8 6,9 0,8 0,3 1,5 =0,2 0,2 0,3 2,1
127 43, 22, 7, 15, 2%, 20, 27. 12, 23, -5, -5, -5, 6, 21.
123 ay 25, 11, 17, »h, én, b, xa, fu, 59, 9. =%, 3a, 2%,
124 -h, -t, 9. LI- N 21, 2%, 5, -f, LN =6, -8, “h, -ry, wh,
125 70, L 119, b, fon, un, 31, 35, 6, 61, 58, -h, -h, 25,
126 . g,n 7.0 5,0 3.4 2.1 6,0 4,1 2.9 4,6 1.7 11,8 5,0 3,0 5,0
127 -1, -1, -1, -1y 3. -1. - -1, -1 -1, L4 fa et I
128 -1, 2. -1, -1, “, -1, 2, -1, -, -1, ~1. 9, 2,
129 -9, -2, =9, ' =9, -9, -9, -9, -9, 17, -9, -9, -y, -9, -9,
130 -9, g, -9, -, -9, -9, 22, 10, 17, -5, -9, -9, -9, 13,
1%14 272, 182, 97, 275, 2468, a2s, 2ut, 280, 515, 4e, 11, a7, CEN 334,
132 - 13, 16, 10, 18, -5, -5, 55. HR, 7. 6, . =8, 12, 53,
133 68, 3134, 202, 338, 18, 138, 1394, 219, 287, 577, 573%.  25%, 105, 296,
201 174, 17, 19%, 247, 272, 245, L 182, 270, 227, 156, 158, 164, 236, 266,
202 -1, .1, -1, -3, -1, -1, 2. =1, -1, -1, -1, -1, -1,
2ns -1, -1, -1, -l -1, -1, - &, -t 15, b, -1, -1,
2na 174, 117, 195, 247, 272, 2ue, ) 152, 276, - 227, 156, 158, 164, 238, 266,
205 0,08 1.1 0,02 wp 0% 0 T8 0,05 =0, 05 =0,08 0,11 0,67 0,62 . 0,34 =0,05 =0,05
206 0 0 0 0 0 0 0 0 0 0 o o 0 0
en? too, 14, 8, tnq, RE, 142, 34, 6%, 192, 33, 7. 20, 15, 29,
20k i, 01 0,01 w01 =0,0) n.08 0 0y 6,03 =0,01 8,01 =01 n,ot a,01 0,02 0,n%
2n9 9,38 0,48  p, 43 0,59 e, 7R 0 49 0,33 0,02 0t nen? ¢,n2 0,04 0,08
218 a, 0%

211 0,009 0,031 0,n17 0,004 0,001 f,n02 0,022 0,006 0,006 0,086 D,007 0,008 o 002 6,008
21e n,é 1,3 1.1 U6 . 1,2 =0.1 4,7 =0,1: =0, 1,0 3,1 -0,1 -0, 1 2.0
213 01t 0,018 0,009 0,002 oa,n04 o.n0d O,.n0t A 0et3 6,008 0,00% 0,01% 0,028 a,n0d 0,013 0,002
o4 0,011 D.0R9 0,057 0,038 a,017 o.0l6 0,002 0,177 0,360 0,096 n 400 1,060 0,029 0,027 6,030
215 a9, 574, age, sSa1, 5Rh,.- bad, 507, 1224, 2%36, 137, 150, 740, 322, (o009,

216 17196, 1160, 10R4, 1263, 1471, 48R, Y46, 1799, 3704, aBe, 3%, - B3R, bR8, 2139,
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Table 31. Tomn balances for water quality stations in Animas - La Plata project.
ANIMAS=LA PLATA PRUJECT
STATION 81 LA PLATE AT FAKMINGTON
S/25/77  6/14  6/30  T/49  8/2a  9/21 10/1% 11/15 12/13 1718778 2/1%  3/21 4/¢8 S/18  &/16 1719 8/24
ca  206.0 n.n 0,0 109,60 169,00 167,0 170,0 211,0 0,0 80,0 260,0 430,0 93,0 To,0 150,0 95,0 241,0
L1 53,0 0.0 0.0 15,0 26,0 35,0 ag,0 19,0 0,0 8,0 87,0 77.0 25,0 12,0 eb, 0 2R, 0 53,0
e 0.9 0,0 0,0 272,060 182,.,0 97,0 275,80 26R,.0 Hd26,0 247.0 250,0 S15.4 an,0 11,0 69,0 92,0 334,60
K 6,0 0.0 0,0 B0 7.9 5.0 3.5 2.l 6,0 4,1 2.9 4.6 1.7 11,8 saq 3.0 Soo
HEO3 174, 0,0 0,0 17,0 195,00 2470 272,0 266.0 a,0 152,80 270,00 227,09 156,0 158,00 (64,0 236,0 266,0
co3 0,0 0,0 LN 0,0 8,0 0,0 n, e D0 0,9 n,0 0,0 6,0 e.0 0,0 0,0 0,0 06,0
e 1n9,o 0,0 0,0 3R, 0 A1.,0 109,0 88,0 142,90 0,0 38,0 65,0 192,0 33,0 7.0 20,0 35,0 296,0
804 B{9¢,0 0.0 0.0 874,080 £22,0 5481,0 526,00 64,0 0.0 S07,0 1224,0 2536,0 37,0 150,00 740,0 322,0 1009,0
57108 1361,.0 0,0 0,0 1125,0 1082,0 1201,0 1375,5 1572,1 432.0 10321 2138,9 3°R1,6 4B5,7 419,8 1174,0 B811,0 2204,0
HTDS 1796,0 0,0 n,0 1160,0 1084,0 1263,0 147{,0 1468,0 6,0 94b,0 1799,0 3704,0 482,0 352,0 &35,0 688,0 21%9,0
s 14,639 0,00 n.N00 1R 343 18 668 15,560 2%,90R 23 04 1B 6Ra 15,499 29 435 S0,311 8,481 5,260 12,753 11,122 31,043
St 23,606 0,000 0,000 15,363 14,971 19,279 18 874 23,150 0,000 14,5585 32,717 62,756 6,903 6,480 19,251 12,411 34,678
ADIFF 8,967 0,000 8,000 2,980 3,697 3,719 5,038 0,653 18,684 0,945 3I_2B3 12,445 1,577 1,220 6,498 1,289 3,635
ERR(X) 23,447 o,000 0,000 8,841 10,990 10,674 11,766 1,391100,0n00 3,143 5,282 11,006 10,254 10,392 20,303 S5,477 $,531
ANJMAS=LA PLATA PROJECT
STATION 14z LA PLATA AT HESPERAS.
5725777 6/1k  B/30 T/19  BZ24  %/21 10419 11718 12713 1/18/78 2748 /2y 4718 S/18  6/16  1/19  B/24
Ca 30,0 27,0 0,0 6,0 34,0 42,0 35,0 3.0 35,0 32,0 IS0 32,0 28,0 20,0 16,0 24,0 26,0
MG 3.2 3,0 0,0 20,0 1,0 11,0 5,0 1.0 21,0 8,0 6,0 3,0 3.0 1.0 2,0 2,0 2,u
Ni 2.0 1.0 0,0 240 4,0 11,0 17.0 3.0 s.n 3.0 . 3,0 5,0 2.0 2.0 1,0 4,0 3,0
K 1.0 0,8 0,0 1,0 1,0 1.0 1.3 0.9 3,7 0,7 0,8 1.5 1.1 (.6 2,0 2.0 2,0
HCO3 S6.0 S4.0 0,0 S$9,0 58,0 1,0 64,0 64,0 61,0 S57T,0 66,0 SA&,0 S4,06 48,0 6,0 S2,0 61,0
co3 0,0 0,0 0,0 0,0 0,0 0,0 0,0 Dol 0,0 0,0 0,0 0.0 0,0 0,0 0,0 6,0 4,0
cL 3.0 wi,0 0,0 1,0 «l,0 wi,0 w0 2.0 1,0 1,0 «1,0 1,0 11,6 =1,0 2,0  wi,0 1,0
504 S4,0 15,0 0,8 27,0 27.0 31,0 35.0 28,0 . 30,0 28,0 22,0 27,90 26,0 14,0 33,0 17.0 i9,0
sT08 149,99 {20,% 0,0 115,60 124,10 57,0 157,3 134,9 1SA.7 129,77 132,8 127.5% 25,1t 78,6 S6,0 101,0 113,0
M10S 28.9 118,09 0,0 108,060 50,0 76,0 119,060 117,0 94,0 116,0 STS1.0 187,00 7y,0  ®2,0 65,0 8A,0 99,0
sC 1,856 1,650 p,000 2,057 {,R96 3,505 2,931 2,032 3,784 2,403 2,391 2,099 1,759 1,208 1,058 1,587 i,b64d
$4 2.329 1,809 9,000 1,742 1,722 1,865 2,009 1,919 1,873 1,751 1,778 1,750 1,932 1,091 0,743 {,394 1,61e
ADIFF N, 473 0,158 0,000 0,315 0,174 1,639 0,922 0,193 1,913 0,652 0,613 0,349 0,173 0,117 0,314 0,193 0,028
EAR(X} 11,291 4,877 90,000 8,292 6,810 30,526 18,664 2,854 33,810 15,697 14,703 9,068 4,674 5,074 17,439 6,48% 0,859
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Table 31. Continued.

S/25/17

(4 6.0
MG L
T a,0
13 0,0
HCU3 [ ]
col 0,0
49 0,0
s04 0,0
AR 0,0
MYDS n,0
sC 0,000
LYY 68,000
sDIFF 0,000

ERR(%) 0,000

$72S5/7717
ca 140,0
MG 0,0
NA b6,.0
K 3,0
HEO3 176,0
cns LI J
cL 31,0
§04 S11,0

8108 - 927,0

HYDS 0,0
SC 9,934
8a 15,03

ADIEF 5,160
ERRIX) 20,426

129,90
2R .0
3,297
1.393
1,900
40,603

6/30

DD DO DD
« % & & = & s =
DBAOODODS D

0,0

0.0
$,000
a,000
0,000
0,000

1719

57,0
19,0

aa,0

204,0
6,0
46,0
162,0

599,0
532,0
8,522
8,951
0,429
2,454

/19

139,90
Bs,0
56,0

3,0

1%0,0
17,0
29,0

560,0

1082,0
1038,0
16,610
16,617
0,007
0,021

ANIMA&’LA PLAYA PROJECT

STATION 223

B/24  9/21
66,0 68,0
8,0 21,0
14,0 36,0
3,0 3.0
87,0 97,0
0,0 0,0
0,0 12,0
111,06 87,0

4,051 4,090
0,586 2,674
6,747 24,4633

ANIMAS=L 4
STATION 43
8724  9/21
200,0 117,0
54,0 85,0
S0,0 61,0
5.0 3,0
199.0 178,90
0.0 8.0
29,0 40,0

455,0 478,0

992,0 970,0
982,.0 1006,0
16,725 15,561
14,271 14,800
2,454 0,760
'7.916 2,504

ANIMAS AT
10719 11/15
95,0 100.0
10,0 .0
27,0 18,0
4,2 IR
137,06 141,
0,0 0.0
23,0 30,0
157,060 151,00
453,2 . 48,4
4gA 0 d3s,0
hWHAAS 6,575
6,658 4,310
9,187 06,235
1,388 1,759

PLATA PROJECT

DURANGO

12713

f64,.0
9.0
23,8
6,8
232,n
0,0
as,0
153,0
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12,324

LA PLATA RIVER AT

10/19

180,90
44,0
Y- )]
?o?
205,0
0,0
24,0
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T.148
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0,0
19,0
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11,980
0,281
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APPENDIX D

- PROPOSED COLORADO WATER QUALITY STANDARDS
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Table 32. Proposed Colorado water quality standards: Class II water supply.

Parameter Standard

Physical
D.0. (mg/%)?

A
pH 5
Suspended solids and turbidity 3
Temperature X
TDS (mg/4) Y

Biological
Algae“ Free of toxic and

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

Inorganics
Ammonia (mg/% as N)

Total residual chlorine (mg/2)
Cyanide (mg/)

Fluoride (mg/%)

Nitrate (mg/% as N)

Nitrite (mg/% as N)

Sulfide as HyS (mg/R)

Boron (mg/%)

Chloride (mg/%)

Magnesium (mg/%)

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

. .
M wh

HMOKHK OOMO
. o
QO
W

M
N i
W

>4

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

i

L3
[en R e}

»

QO OWOOLOo
(%3

(éoluble)

.

{soluble)

Qo

HMOOOOHOOMMOM
]

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

Y = limit may be required but there is insufficient data for setting
a general standard.
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Table 32. Continued.

Parameter

Standards

Toxic Metals (mg/%)
Selenium
Silver
Thallium
Zinc

Organics7 éﬁi)

Chlorinated pest:i.cides8

Aldrin’®
Chlordane®
Dieldrin®
DDT®

Endrin
Heptachlor9
Lindane
Methoxychlor
Mirex
Toxaphene

Organophosphate pesticides®
Demeton
Endosulfan
Guthion
Malathion
Parathion

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

PCB's!®
Phenol

Radiological®' (pCi/R)

Alphal 1 5 12

Betall, 12

Cesium 134

Plutonium

Radium 226 and 228!2, 13
Strontium 902, 13
Thorium 230 and 232
Tritium

Uranium (total, mg/4)

Ui OO

o]

qu;% g 914 g
o [

g e g e

100
i0

15
50
80
15

60
20,000
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'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/2 dissolved oxygen in an effluent should be
maintained, unless demonstrated otherwise.

$Sugpended 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.

SFluoride 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). '

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.

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, bloaccumulation 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).

'lconcentrations given are maximum permissible concentrations above

naturally occurring or "background" concentrations except where
otherwise noted.

121f 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.

! 3Maximum permissible concentrations including naturally occurring or

background contributions.
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Table 33. Proposed Colorado water quality standards (non-metallic): Protection

of Aquatic Biota.

Parameter

Cold Water Biota

Warm Water Biota

Physical
D.0. (mg/)?

pH

Suspended solids
and turbidity

Temperature (°C)

TDS (mg/%)

Biological
Algae’

Fecal coliforms

Inorganics
Ammonia (mg/% as N)

Total residual chlorine
(mg/2)

Cyanide (mg/%)

Fluoride (mg/%)

Nitrate (mg/f as N)

Nitrite (mg/L as N)

Sulfide as HyS (mg/2)

Boron (mg/4%)

Chloride (mg/l)

Magnesium (mg/%)

Sodium adsorbtion ratio

Sulfate (mg/%)

Phosphorus (mg/% as P)
Organics7 6%%)
Chlorinated Pesticides®

Aldrin®

Chlordane

Dieldrin®

DDT

Endrin

Heptachlor

Lindane

Methoxychlor

Mirex

Toxaphene

.0
.0 (spawning)?
5 - 9,0

(oA BN N R v 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

.003
0.01
0.003
0.001
0.004
0.001
0.01
0.03
0.001
0.005

713

X
X
X
X
B

5.0

6‘5 - 9-0

3

Maximum 30°C w/
3° increase"
Y

Same as Cold
Water

X

0.10 unionized

Ool
005

.

Moo

0.5

0.002
undissociated
X

ioassay®

.003
0.01
0.003
0.001
0.004
0.001
0.01
0.03
0.001
0.005



Table 33. Continued.

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

Radiological?® in (pCi/4)

Alpha (excluding uranium

and radium!!)

Beta (excluding srd0

Cesium 134

Plutonium 238, 239,

and 240
Radium 226 and 228
Strantium 90!?

Thorium 230 and 232

Tritium
Uranium (total)}®

O OO
oo

o
oo

]

0.001

15
50
80

15

5

8
60
20,000

O OO
»

[
£

=<

0.001

15
50
80

15

5

8
60
20,000

]
il

<
It

numerical limit generally not needed for protection of classified
use,
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.

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

AAAAAA - 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.

- - 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 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. ZEvery effort should be made to
control algal growths to levels that are not hazardous.

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

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.

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

1%Cconcentrations given are maximum permissible concentrations above
naturally occurring or "background" concentrations except where
otherwige 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.

12Maximum permissible concentrations including naturally occurring
or background contribution.

135ee Uranium in Table 41 for aquatic life limitations.
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Table 34. Proposed Colorado water quality standards (metallic): Protection of
Aquatic Biota.

Parameter Water Hardness! - Cold and Warm Water Biota

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

Toxic Metals?

(mg/ %)
Aluminum (soluble) 0.1 0.1 0.1 0.1 0.1
Arsenic 0.05 0.05 0.05 0.05 0.05
Barium X X X X X
Beryllium 0.01 0.3 0.6 0.9 1.1
Cadmium 0.004 0.001 0.005 0.01 0.015
Chromium 0.1 0.1 0.1 0.1 0.1
Copper 0.01 0.01 0.01 0.02 0.04
Iron 1.0 1.0 1.0 1.0 1.0
Lead® 0.004 0.025 0.050 0.100 0.150
Manganese 1.0 1.0 1.0 1.0 1.0
Mercury 0.00005 0.00005 0.00005 0.00005 0.00005
Molvybdenum X X X X X
Nickel 0.05 0.10 0.20 0.30 0.40
Selenium 0.05 0.05 0.05 0.05 0.05
Silver 0.00010 0.00010 0.00015 0.00020 0.00025
Thallium 0.15 0.15 0.15 0.15 0.15
Uranium 0.03 0.2 0.4 0.8 1.4
Zinc 0.05 0.05 0.10 0.30 0.60

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. In
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 bioassay procedures outlined

in Section 3.1.10, Colorado Water Quality Standards, May 2. 1978.

3For bioassay lead concentration is based on soluble lead measurements
(Z.e. non—-filterable lead using a 0.45 micron filter).
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Table 35. Proposed Colorado water quality standards; Agricultural use.

Parameter Standard
Physical
D.0. (mg/%)* Aerobic?
pH X
Suspended solids and turbidicy 3
Temperature X
TDS (mg/2) Y

Biological

Algae" Free of toxic and
objectionable algae
Fecal coliforms (#/100 mi) 1,000

Inorganics
Ammonia (mg/2? as N)

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

Fluoride (mg/%)

Nitrate (mg/% as N)
Nitrite (mg/% as N)
Sulfide as H S (mg/%)
Boron (mg/,Q,)2

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

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

<O Q
oo N
wn

PR D O M O MM
~3
n

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

- Nickel

.

. )
LA NGO O
fary

OHMMOOMKOODOOMODM

.
o

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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Table 35. Continued.

Parameter

Standard

Toxic Metals (mg/2)
Selenium
S8ilver
Thallium
Zinc

Organicsa’ C%?)

Chlorinated Pesticides’
Aldrin®
Chlordane®
Dieldrin®
pDT®
Endrin
Heptachlor®
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/L)
Alphalls 12
Betalls 12
Cesium
Plutonium
Radium 226, and 22812
Strontium 9012
Thorium 230 and 232
Tritium
Uranium {total, mg/L)

G G e G g e g e

o e g

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/% 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.

%In order to provide a reasonable margin of safety to allow for
unusual situations such as extremely high water ingestion or nittite
formation in slurries, the NO3~N plus NOz=-N content in drinking
waters for livestock and poultry should be limited to 100 ppm or
less, and the NO0y~N content alone be limited to 10 ppm or less.

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 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 exposure (EPA).

Y0¢oncentrations given are maximum permissible concentrations above
naturally occurring or "background" concentrations except where
otherwise noted.

117f 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.

1 2Maximum permissible concentrations including naturally occurring or
background contributions.
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g Table 36. Proposed Colorado water quality standards: Recreational use.

Standard
Parameter Class I Class II
(Primary Contact) (Secondary Contact)

Physical
D.0.! (%% 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
Algae4 Free of objection- Free of objection-
able and toxic able and toxic
algae algae

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

Inorganics o
Ammonia ('35. as N)

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

NOz (mg/% as N)

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

SAR

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

b4 bd b D4 B4 B B B b B B B

w1

ioassay5

=)
i
O
5]
14
]
]
~

Toxic Metals (mg/%)
Aluninum
Arsenic
Barium
Beryllium
Cadmium

. Chromium
Copper
Iron
Lead
Manganese
Mercury
Molybdenum
Nickel
Selenium

Pl S S
PAOBA DA De DS PADE B DK P

el I i S
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Table 36. Continued.

Standard

Parameter

Class I

Class 11

(Primary Contact) (Secondary Contact)

Toxic Metals (mg/L)
Silver
Thallium
Uranium
Zinc

Organics6

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

Organophosphate Pesticides’
Demeton
Endosulfan
Guthion
Malathion
Parathion

Chlorophenoxy Herbicides

2, 4-D
2, 4, S-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)

e Bl B sl PRl

o o g

e
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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.

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

38uspsended 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.

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.

6Al11 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 peint source discharge of organic pesticides shall be permitted to
state waters, ’

8The 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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APPENDIX E

COMPARISON OF WATER QUALITY DATA WITH PROPOSED.
COQLORADO WATER QUALITY STANDARDS

Table 37. Comparison of water quality data with proposed Colorado water quality
standards, Animas River at Durango, May 1977 - August 1978.
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Table 38.

Comparison of water quality data with proposed Colorado water quality
standards, La Plata River at Hesperus, May 1977 - August 1978.
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Table 39. Comparison of water quality data with proposed Colorado. water quality
standards, La Plata River at Colorado/New Mexico border, May 1977 -
August 1978.
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Table 40. Comparison of water quality data with proposed Colorado water quality
standards, La Plata River at Farmington, May 1977 - August 1978.
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APPENDIX F

USBR TEMPERATURE SIMULATION FOR THE PROPOSED
RIDGES BASIN RESERVOIR

(Note: Source is USBR Durango Field Office, 1977 data used in simulation.)
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Table 41. Day 130.
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Table 42. Day 140.
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Table 43. Day 150.
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. 6140 6.2200 43,1960 0.0000 0.0000  999,96078  3.2800E-06  B.0N00F-02.
- b7l 7.1%%0 46 1R a3 L.7n68 999,82190° b 942RE-ub 9. T193E=-02
- 73,2 d.3248 46,9846 1.1438 345256 999 ,A5552 ] 1.,1003E=05 1.4959F=01
CLI8.2 0 80326k 66,0846 1.5504 0,0000  ¥99,A5852 0, 0.
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ERom BOTTON |

Table 44. Day 160.

L SUNMARY OF QUIPYT FOR

&

ELFV

TEWD uF TINME DMTEWVAL

. POOL
PDFRPTH OF SURFACE ELesFNT
THERMOUL IV DLSTbuct Fr BOTTNL
SURFBUE waTER TF«p
Ciml

Sodun LR

MERTHY

EVAROHATTOH

Si00y EXECUTION INTERVAL EMDING

NERAL SYSTHM INFURMATION

ATIOUN KOTTOM OF POUL 2029.87 M

TTTURVERAGE TOVER TIME INTERVAL’

SURFACE AIR TFMP

_R3.ae s

10,30 @ TTOTAL SYSTEH QUTFLOW
67,1 4 TOTAL SYSTEM [NFLOW
_“9!99‘5’:" o . = IUM TFMQ

o Dird TUNRATE ™ "0,

f
8,32 C

20
14
11

2400 HRS

.60 ¢
53 CMS
£93 CHS
14,

0y c
CHS

COMPUTEL DOWNSTREAM TEME OBJECTIVE TEMP 4,44 C
v e e . — CSURFACE HEAT COMPONETS e e e
oMs BeSRTE-02 KC/M/S
S LLONA L 3,.84nE~0g e e e
13w R,527F~12 K(,/Mc‘/f;
[p13 0. KC/M2/7S
R S ST SN .1 .10 4 SO
e LS i rosiTIONS vt e - -
e e e e IRI& FLOw . TEMZ  DIST, FHOWM  ELEM - - —
NO CHS “PEG L HOYTOM (M)
1 11.93 11.67 76,20 13
e e e L OUTELOWS AMD LEVELS L . 0 e
abiLey FLOwW TEup DISTe FROM  ELEHM WITHDRAWAL LIMITS
HU (M5 DEG € IPPER LoweR e

e e R T T T
WITHE awal

o _Sliﬁf-mri?' OF ()!lT!il‘_lF F{H‘? ‘Q

DIsTANCE TeMp

DEG. C.

TERP
DEGe Fo

a0 4, 4G} 40 057l
UL T SRR 13- L3 LRSI LTS ALl S
12.¢ P LY Y NS Y-

F R DAVT R
2 l4sh3 9,

ZUONME WAS COMPUTED USING WES

NIFIY

HORY OUT

44
32

wa
91ea

.0
61.0

METHOD o

1977 tlel) - EXECUTFOM INTERVAL EMOING

HURT LN
CHAS L Ens

DERSITY
KG/CM

STasiLITY

L8400 Has

G.0000 SO0y HIG,06704 0.
L0.on00 Ag,q@gq___"myqq G97R3I . ll3nenE-n8

ToL0000 G.0000 999,997 5y 2,.5202F-08

nl

o
He
B.

14,3 4aSthn 40423549 0,0000 U.0n00 IY9,G9718 LGB L0E-0H 8,
L Zhae 0 bolwi a0.¥ha 0 DL0000  GL0000 999,59679 _AJIYSNE~0A 3,
) 30,5 (VLR 40,8071 0.,00uD VDoUudl T 9%49,99584 1.3#2%E-07 7 8,
35,6 b, 8n T e T620 0.0000 UL 0000 999,95 375 3,n639F =07 4,
4247 5,169 41,3056 0.0000 UeUNB0 Y99 . 988t T iu0F~-07 8,
T aR R &, 719 4z, 2188 77 T 0,0000 Thotnen T T T Tgod 97687 T 7T 1L, TR0 -6 T B,
Ba G 6,.6330 43,8594 G,000 gL 0000 Y99 24572 4,HB230E-06 A,
e BRI TeeBly an, 7733 OL0000  eaufiod 0 999,89612 T.79496-06 1
B Y % B.7e0v 47 LEITH 1.2808 77 74,6413 Tgoly RiueaT” TofiobE-05 7]
73.2 9,563H L9349 ?.3934 Tot915 969, 73025 4 1.5903E =05 1
. RALES 9,938 “°a?4ﬁ%_u 1004 u.unge Y99,7302% .0 0.
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FFUSTORN

Q000F~02

NB00F =02

000F=-02
0ngHF =g

(COEFFICIENT

npoeE=-02

0a00E~-02
000uF ~07

B000E-u¢

1525F ~02

+1752F-ul
SARPBE LG
L9358F-01 -



Table 45, Day 170.

2. D SUMMARY OF QUTPYT FOR 18 Jud 1977 (170)  EXECUTION INTERYAL ENDING c480 HRS

GENERAL SYSTEM INFORMATION

FLFVATIUN BOTTOM OF PUOL 2029.97 M

OF TIME THTERVAL AVEPAGE OVER TIME INTERVAL

o . FOOL NERTR 82,95 M SURFACE AIR TEMP ~  20.60 C =
T UUORERTA OF BunFele eLFHEN] GRUTR TR VAL BYSTEM QUTFLOY ldobhs M3
THERMOCL IME D1STLUCE FROM BOTTON 67T.1 M TOTAL SYSTEM INFLOW 5,52 CMS
e ane o DUBFACE wATER TEME 11416 C EQUILIBKELM TEME 12,57 €
e TOTCUML  EVAPORATTBIT L0685 H EVAFORATION RATE 239E-01CMS
COMPUTED DOWNSTREAM TEMP 10.61 ¢ "OBJECTIVE TEMP 4.44 C
e e et e SURFACE HEAT COMPUNETS
04s B.THEE~02 KL/W2/S
nhia 6.37SE~02 KC/M2/S . . _
e S e B R b KL AT .
QE 1.773F=02 KC/M2/8
e e e e C_m1.T89E-D2 KC/MR/S S e
e T T UIRELOWS ARy pasTEIDNE T e
1.3 12 FLOW . TEMP D1ST, FROM ELEM
N €S~ -DEG € BOTTON® (M} ]
1 5,52 13,561 76420 ST 13
e et e e e QUTELOWS AND LEVELS .
DUTLET FLOW TEMP NIST. FROM  ELEM  WITHORAWAL LIMITS
o N LS PEG C_ ROTTOM (M) .. UPFER + LOWER

1 000~ Tagel T G5 T 4.0 [N}
2 14,63 10,61 70,10 12 81,4 61.0

NOTE: o 4
WITHURAWAL ZONE WaS COMPUTED USING WES METHUD.

L SUMMARY OF OUTPUT FOR 19 JUW 1977 (270) EXLCUTION INTERVAL ENDING 2400 HRS

nisTanck TEMB TEMP HORZ GUT HOR? TN DENSITY STABILITY DTFFUSTON
LEkOM ROTTOM D6, C. PEG, Foo  CM& My kGCM 0 COEFFJCTENT

0,0 4,5944 who2T3n 0,0000 0,001 YY9 ,99698 fta 0
el bubzab  af g4l 0.0000  0.0000  999,9%67¢ 4, 146RE-nA 8,0000°5-02
12.2 4.6910 40,4437 0 p000 T 05000 . 989,98568 77T 1, ns0 70T
13,4 4,792y 40,6280 B,0000 0.0000 ECE LTy &4 1.74b9E =07 8,0000E~02
_Zhyn b4 BRA] 40,7950 08,0000 p.anag L 899,993449 L 1e8745F-07  8B.0000F-02

30.5 5.0621 al, 1117 f.00u0 BLU060 wR9, 99074 4, 04aBE-07 B,0000F~0P
35,6 5.3987 41 ,71h4 G.0000 HL.0n00 YaY , 98415 Q,EB66F-07 RL,0000F -2
42,7 6.001Y 42,8093 0.0000 06,0900 999,96198 2.3501F =06 8,00006~02 -

49,58 6.9229 46,6618 0000 T T u.00007 7T 689,83278 T T L ub LeE s
54,9 78987 45,7176 0,0000 V. tNUD 996 BRI YT B,0415E=n6 1.2011E=01

R B.9070  4R.N326  0.n000 _ 0.0000 999,81525  1.0/H0E-0S 1.4746E-01
67,1 9,931 a9, 8167 Te2u0n" 77 T1,usalT 7 9q§.73303] T 1 334RE505 T T 1, TlgbE-01

73.2 11,1575 52,0835 243538 35820 Y99, 61625 1.7908F =05 2.1036F=01

7.2 11,1575 52,0635 3.1905  0.0000  999.61885 0. 0.
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e Table 46. Day 180.

R+ 2 e < ey o e ami w4 s 2 = e L

TUSUMMAKY OF DUTPUT FO® 26 Jun 1977 (1RO} EXECUTION INTERVAL ENDING 2400 HRS

— GENFRal SYSTEM IMECRMATION — S
FLEVATION ROTTOUM OF POOL  2029.,97 M
T LD LR TIME [0 TERVAL T T T e e TR P AGE OVER TIME TRTERVAL T
e JPDoL fERTH S RYL,Be M SURFACE _ALR TEMP 22,80 C }
DERTH OF SURFACE ELEVENT B.00 M TOTAL SYSTEM OUTFLOW 14,53 CMS
THERMUCL INE DISTARCE FROB BUTTOM 49,8 M TOTAL SYSTEM INFLOW 0.00 CMS
e SURFACE WATER TEMP ) 1.%6 ¢ EQUILIBRIUM TEMP 14,16 C
CUML EVAFORATION D93 M e TEVARPORATION RATE 0, CMS
COMPUTED GOWNSTREAM TFHP 11736 € ORJECTIVE TEMP 404 C

(SUREACE HEAT COMPONETS

ONS B.BIGE~02 KCAMZ/S,
o C0MA 3,123F-02 kC/wR/S —
aw 2, 705F 07 KC/HP/S
af 0. KC/M2/S
e e oo i e 8C O KC/M2/5 . e e
T TINFLOWS AND PUSITIONS T T
e e e JTRIB L FLOW 0 TEMP_ DIST, FROM _ ELEM O e 1o S
NGO cHS “DEG € BUTTOM (M)
1 0.00 15.56 0,00 o
e e e e s L OUTELOWS aND LB S e
OUTLET FLOW TEMP DIST. FROM ELEM  WITHDRAWAL LIMITS
e CNO o tMs o PEG € BOTTOM (M) UPPER . LOWER
i g.un’ 4, 8h 4,57 2 Be0 0.0
z 14.63 11,34 70410 12 91.4 614D
e e .
_ WITHRRAWAL ZONE WAS COMPUTED USING WES METHOD.

, SUraRy OF OUTPUT FOK 29 JUn J977 (1801 EXECUTION INTERVAL ENDING ¢400 HRS

DISTANCE TEMR TFuP HNRZ7 OUT HOR?Z I DENSTTY STABILITY DIFFUSTON
FHOM BOTTOM  UEG. Ce HER. Fo  CMS OMS KGACM . COEFFICIENT
Je0 4,8301 4, AY4 T [UNOTIT G 00y ¥99,99427 0, [V
Aol 4 HRY6 40,7995 0.0000 0,0000  999,99346  1,49TBE~07  ° B8.0000E-02
T 2.2 T T s 0wt T T T L haad T Q0000 T T wanddd” T 998,841 30 3 0RS9E (7 B,0000F =02
19,3 52896 41,4060 N0 0L,0000 . 1 999 ,9877% 5.33226-07 B.0000E~-02
24,4 Sa.a0ed 41,7504 0,0000 GeONOU $99,98400 5 5385E~N7 B,000UE~02
Tl T T g 180 T wp, 3125 7777 Dlbnes T BeohBE T TTH6G 606 T T (1899E -0 T B, 0000F =08
6,6 6,3250 43, AN 0.9000 e GO0 599,95763 ? 2 BIUHE=0R B.0000F-02
“«2,7 Tel737 44,9127 n,00u0 e UB00 995,92104 5 T042F ~06 9 4bs4F =02
Gl K,0733 0 46 5319 7T TR a60n TR, 00ugT T T899 AT e T B30t =06 " T1,1893F-0]""
54,9 R, 9695 ui, J45h 0.0000 n.0000 999,81063 1.0050F~05 1o4040F=y]
61,0 ERE TN 44,7130 0.0000 G B0U0 969 ,74045 1. 10b8E-08 1.5566F 01
T mr.l T dul.etan TosiL 2ialT T 200y T T T gL obg 07T NG eb46a T 1,2739E-057 T, enTeE-01TT
13.7 1l.9598 52,8070 243538 GL0000 999 ,57366 ] 4530E=09 1.8173E-01
el 1202 M1.559%  5Z.BUTO 3.1605 0,000 999,57306 0. B 2
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Table 47. Day 190.

S, SUHEARY OF QUTPLT PR

GENERAL S

FLFVATION R

ENUTUF TIMe INTFRVAL

L]

PrT.AMm

EXECUTION INTERVAL ENDING €408 HRS

YSTEM INFORMATION

OTTOM OF POUL 2029.97 M

AVERAGE AVER TIME TNTERVAL

o o C PDUL DEPTH. 79,71 ¢ SURFACE AIR TEME 20,50 € B
UERPTH OF SURFALE ELERERT hehe M T TTUTOTAL SYSTEM DUTFLOW T 17.51 €MS
THEHRMUCL IMNE DISTALCE FROM 3nTTOM p7.1 M TOTAL SYSTEM INFLOW 0.00 CMS
e _ SUKFACE WATER TEWP 12.79 € EQUIL TREIUM TEWME C l4.76 C
CUML EVARORATION LAGE TR EVAPORATION RATE ™ 9.42F<02 CME
COMPUTED DOWNSTREAM TEMP 11.07 ¢ ORJECTIVE TEMP 4,44 C
— e e e _SURFACF HEAT COMPUNETS
NS B.STIE-02 KL/M2/S
Ohia 4o691E~02 KC/ME/S
T T Qe TTBJBRLE~IR TR /MGG T T T s e e "
VL T 3B2E-03 KC/M2/5
N e BC_ =14365E-02 KC/M2/S
T TUTUUTINFLOWS AND RS iTIOoNs T T T T T e e e———
L TIRIR FLOW U TENP  DIST, FROM  ELEM
%) [ CDES T BOTION (M) '
1 .00 16,539 0.00 .0
QUTLET FLOW TEMP NIST. FROM ELEM  WITHDRAWAL LIMITS
O oLms DEG ¢ HOTTOM (M) _UPPER » LOWER
T i 1,54 5,81 77 L 1 - T |
2 15,97 11.60 70,10 12 9l.4 61,0
TUROTES T T
wl THDRAWAL 7ONE WAS COMPUTED USING WES ME THOD.
. S SUMMARY DF QUTRPUT FOR 9 JUL 1877 (180)  FXECUTION INTERVAL ENDING £400 HRS
DASTANCE TEMP TFMP HORZ OUT HORZ IN DENSITY STABLILITY DIFFUSTON
_FROM ROTTOM  DEG. C. DFG. Fo CHS s Kb/CH _COEFFICTENT
0.0 5.4205 41,7569 g.onan ' p.o00y 999, ,9136% 0. a.
o Sel S.0663 47,0194 2619 0.0000 | 999.9H0Z0 4.8 TU5E-07 8 6o00fF-02
R - B 5,771% 42,3888 L4h54 U000 999, 67488 B 15eBESOT L0000E~y2
17,3 b.0163 42,8258 L4271 fte 1000 999,96758 1,1321E~086 8 0n00E~u2
28, 6.26T6 43,2817 L3395 0,00006  $99,95912  1,3022F-06  BJ0000F~02
. 30.5 f, 7146 64 ,NEAS JATE G000 995 94 1H4 T 2.6904E 06 BL0000F-02
34,86 Toabal 45, 1¢R4 0.0000 e OG0 999,90%4 1 5, 1987FE =06 8.8027FE=-0¢2
B 42,7 A.1828 40,7290 0.0000  U.0000 Y99,86462  T,1762F-06 _ 1.1091F~01
43,8 G010y eR,2e87 0 T0.0000 0 7T w0000 7949 80719 G,209TF-06 " T1,3257F =01
- 54,9 .8770 4G, 7198 n.0000 UL 0N00 999 ,73775 1.1195F 05 1eG141F=01
61,4 10,7725 51,3505 0.0000 UGLB000  999,6%507  1,32556-05  1.7042F-01
T h7.1 11,7166 53,0u63 i.3905 7 N, unng T 989 55667 1 .54Y9E-05 1.90138~01
- 73.2 12,7900 55,0232 2.5708 G.0000 999 ,43039 1.8162E-05 2.1245E=01
e 19020 12,7906 55,0232 3,4865  0.0000  999.43039  0s 0.

9l




— Table 48. Day 200.

© SUMMAKY CF DULIPUT FOR 19 JuL 1977 (200)

FLEVATION ROTTOM OF POOL

Fil OF TIME INTERVYal

) DUl DEPTH
wEF T UF SURFACE ELELFENT
THERMOCLINE DISTanCE FHOM BOTTON

T LUML EVAPORATION
CMMPUTED LOWNSTREAM TEMP

SUNFACF waTeR TRME

A
4
f
.

d0e M T

12

P

6T M
Tl M
o811 C

59 C

GENERAL SYSTEM INFORMATION

2029.97 M

TTAVERAGE OVER TIME ThTERvaL T

. SUHFACE ALP TEMR
TOTAL SYSTEM QUTFLOW

TOTal SYSTEM INFLOW

EQUIL ISRIUM TFMP

TEVABORATION RATE 0.

ORJECTIVE TEMP

_EXECUTION INTERVAL ENDING 2400 HRS

éz.20 C

11.77 cM8

0.00 TMS

45096 C

cHs
.44 C

it . SUREACE HEAT COMPONETS e e e e oo e
ONS Ba2T2E~02 KCIM2/S
o GNA 3. THAE=02 RU/M2/S i e N
Gu B,9T4F =07 KC/UD/G
ae ba KE/MR/S
oo« B NN . St £ TSN
- TONFLOWS At PUBITIONS o
et ¢ o CTRIRFLOW  TEMP  DIST. FROM _ ELEM . e e e
ND cMS TPEG €T ROTTOM (M)
1 0,00 16,54 0.00 0
; e e et e e e QUTELOWS AND LEVELS .
QUTLET FLOW TEME DIST. FROM ELEM  WITHDRAWAL LIMITS
e mn o N Mg DEG € ROTTOM (M) - UPPER . LOWFR I
1 Lh5 6454 4,57 : 30.5 0.0
2 1113 12,93 70,10 12 85,3 61.0
e —
WITHDRAWAL ZONE WAS COMPUTED USING WES METHUD.

BISTANCE YEMB TRHP M
L FROM HOTTOM  DEG. Co | DEG, Fo

0,y ba4lily 435024
Aol . beblO? 43,RB04
12,2
18,4 7. 0942 44,7695
26,6 7,3%0a . 64,3028
30,8 T PO R T
RN Eabhys . 47,6072
42,7 4, 3040 4R Take
BT DC T ¥/P [TL -1 15 R
54,4 1y.9366 51,6059

: y 610 11,8007 $3.7412
- o Br.l J12.7363 7 w6,9254 7
73.2 13,606] 56,4310

ThuHeth T da PHRs T

OR7 T
Ems

0.0000
J1a7

Jdarn
RILLR]
oL onan
g.00u8
Q.0000

T 4.J0000

0.0000
f.00060

TRLe3I T

2.735%

LesiE”

0 L GUMMARY OF OUTPUY FOR 18 JUL 1977 (e80)

HURZ TN

S fMs

e 0000
U 0000

(T

UL 000

00000

PRI
Gouano
0L, 0000

SeliuN
G0N0

fleg000™

Ua.0000

95

PTG

DENSTTY
KG/CH

309 ,9%363
399.9&654
$49,937017
9Q9 , 92444
YUY, 8101

o9, 88138

398 ,83955
9499, TR506

939 ,A3RTH
999,54711

L EXECUTION INTERVAL

99g,43718 77

999,32507

RS, T1Tes T

STABILITY

o COEFFICIENT

G
1.1872E-06
1.a904E~06
1.8e70E-06
?.2Y22E~06
4,5 326E 116
6 6814E =06
8.R6I0E-06

ENDING 2400 KRS

DIFFUSTON

O

_B.0000E-62

B.0000F-02
8,0000E~02
8,0000F~02

1.09505 -0}
1.2857E-01

B,0405F-027

TaluloFE=-05" 71,4875 ~01"

1,2H56E~05
1.4556F-05

1.9122E=05

1.6679F-y1
1.,8199F-01

2. 202SF=0l

T1.693BE~05 TTT2.02326-017 7



Table 49.

Day 210.

FLEVATION RAOTTOM OF PuoL

i L SUMMARY OF QUIPUT FOR 23 JUL 1977 (21t

. GENERAL SYSTEM INFORMATION

EXECUTION INTERVAL ENDING 2400 HRS

2029.97 M

T RGO T M TRTERVAL o AVERAGE OVER TIME INTERVAL
e e .. POOL DFPTA 77,37 M SURFACE ALR TEMP  18.60 C
T DERTH OF SukFack ELEVEMT 16, 3178 7TTTTTTTTTTTTYRTAL SYSTER GUTFLOW 9.01 €MS
THERMUCL INE DISIAHCE FROM BGTTOM 61,0 M TOTAL SYSTEM INFLOW 9.11 CMS
.. SUHFACE wATER TEMP 13.40 C EQUILIBRIYM TEMP _ 12.56 C
T CUML EVAPORATION — ~ 7 J1i0 ™ EVAPORATION RATE 3.60FE-027CHS
CNAPUTED NDOWNSTREAM TEMP 13.29 ¢ _OBJECTIVE TEMP G,b44 C
i L SURFACE_HEAT COMPUNETS
Qs B.075F =02 KC/M2/S
R .. 3s3R5E-02 KC/M2/S
—_— RL931E~02 RC/ME/S
QE 2.9236-03 KL/MZ/S
_ o ~ ¢ =6,123E-03 KL/MR/S _
- ) ° TTTUUUIRFLOWS AND POSTIGNS T A T T e
o i TRIR FLOW L TERP  DIST, FROM ELEM
NG cH8 CBEG E T BOTTOM (M7 o
1 9,11 15.56 70,10 12
e e — - S AND LEVELS . e .
OUTLFT FLOW Temp DIST. FROM ELEM  WITHDRAWAL LIMITS
- NO - AMS NEG C BOTTOM (M) . UPPER v LOWER .
T i .00 1.27 457 2 0.0 0,0
2 .01 13,29 70,10 12 85,3 61,0

~RGTE T

WITHGRAWAL ZONE WAS COMPUTED USING WES METHUD,

DISTANCE TEMP
HOTTOM  DEL. Co
N0 T.2u2%

SN TV W 04 S
12.¢2 T.709%
18,3 8,18349
— 24 .48 Be5a33
30,5 G.0222
36,6 9,640

e B207 10.2490
43,8 10,9422
B4 .9 11e0683

R 61,0 12,0921

a7, !l 13,3975
73,2 13,3975

TFMP ROR7 OUT HORZ DN NENSTTY STABILITY DIFFUSION
DEG. Fo CMY Ms KG/CM _ COEFFICTENT
44,9645 0.0000 N 00Dy 999,21963 0. [/

45,2475 O.0n000 0 0.0000 999,91174 1.2136E~06  8,0000€-02
45 ,R777 0.0000 H.0000 999 ,B9267 2291i0]1E=-06 B40000E~02
46,7310 0.0000 n,0000 999  Aha5 6,4 309F=n6 B,ONQ0F=-02
4T 3779 0,0000__ 0,0000 | 999,R4yu96 _ 3,7H04E-N6 _ B8,0000F-07
48 2400 0.0000 Bl U000 999 RO6TZ 5e6036F =06 9,3276F-02
40 PH1Q 0.0000 BL.0000 953 7611R T ARTRE~D6 1.1426F-01
50,4485 00000 w.u00u - 999.70671  9.2991E-06  1.3297F-0)
51,6960 0.0000 0.0000 999,63819 1,0899E~05 [ 4R6QE-0]
53,0029 0.0000 0.0000 999 ,84177 1.2198E~0% 1.6078E=01
S4.4138 0 0.0000 3.0441  989,47170¢ _  1.4097€-06  .1.7792E-01
S6,.11586 2.136] b Obul 999,35279 1,341BE~05 2.2263€-01 7
56,1156 22,2154 0.6000 999,3527y 0. 9.

96

L. SUMMARY OF OUTRUT E09 eq JuL 1977 (21w)

EXECUTTON INTERVAL EMDING c40n HES




— Table 50. Day 220.

L SUHMARY OF OWIPUT FOR R ALG TYTT (22¢)  EXECUTIOM INTERVAL ENDING 2400 HHS

GEMERAL SYSTEM INFORBATIONR

ELEVATION K0TTOM OF #OOL 2U29.,97 M

“Enl) OF TIME INTERVAL T T o TTTTUAVERAGE VER T

o FOOL DERTH  76,700M SURFACE AIR TEMP 2I.10 C
GEPTH OF SURFACE ELEMENT I.64 I CTTTTTTTTYOTAL SYSTREN QUTFLOW 6.03 CHMS
THERMOCLINE OISTAMCE FROM BOTTON 61,0 ™ TOTAL SYSTEM INFILOW 0,00 CMS

e CSURFACE NaTER TEMP 15,35 ¢ _ EQUILIRKIUM TF¥P 21,37 ¢
CUML EVAPDHATION Ji14 W T TTEVARORATION RATE 0. TCMS
CAMBUTED DOWNSTREAM TFMp 13.93 ¢ ORJECTIVE TEMP 4444 C
e - SURFACE HEAT COMPOMETS e e e

ons To373E~02 KC/M2/S
S OnA 4495 TE~02 KC/MP/S
Qie 9.03iF=02 Remd/8T T
E 0. KC/MR/S
e 0. KC/M2/S

TINFLONS ARG POSTTION

CYRIR FLOW __ TEMP_ UIST. FROM ELEM

T 1) cMS T TVDEG ¢ BOTTON (/) o -
t n.00 16,67 0.00 0
et e e e e OHTELOVMS ANO LEVELS et e

QUTLET Flow TEMP  DIST. FROM  ELEM  WITHDRAWAL LIMITS
e RO Les DEG ¢ POTTOM O . YPRER = LOWER .

1 U 00 6,29 4,57 Z 1.0 G0
é 6,03 13.93 70.10 i2 85.3 610

MOTE
- WiTHURAKAL ZONE WAS COMPUTED USING WES METHOU.

.. SusmARY GF OUTRUT FOR A aUG 1977 (220)  FXECUTION INTERVAL EMRING g4uf HES

DISTAMCE Teww TEWP HORZ OUT HORZ TN DENSITY STASILITY DIEFUSTON
_EROM BUTTOR  DEG. Co  BER, Fa o Ms 0 CNs o ResCw .. . GOEFFICIENT

N0 Y2074 am,T{33 0.0000 0,0000 H$99 . Rp3006 f, e

sl d.4000 at.12n9 00000 0,000 993.85058 1.9925E-06  R,ODQ0E-02
T2, T T wL,8000 T A Abes T g, {unuz"”““o DOTE G986, 825507 7T 3,505 7E-n6" T B D0TOE-02 T

13.3 9.2510 4R AL10 00,0000 0e0000 999, TRY 25 5,4036F-06 9,0932E~02

24,4 Y593 45,2608 N.nnpd G.0000 999 ,76211 4 3YclE-08 B.0N00F =2

BT - T10.0160 7 BOLagsl T A n0ueT T oo TG99, 7a5ke T 5,800 ~06 T 9.6932F =02
3het 10,5370 S Q0AH G.0000 e 000 999 .67 78% TaHbolE~06 l.lBEIE-Ul_
42,7 11.1351 52,0437 0.0000 0. 0000 999 ,A1856 9, TT134E=06 1.3768E-01
T AR GETTT T, a0 T BAL 043 T T 0L00007TT T 0L 68007 G98,.54939 7T L 144 9E~05 T T .5380F =1
$6,9 12,4459 B4 buds 0,0000 0., 0000 999,47231 1.2638E=05 1.6482E-01
13.1630 85,h%33 3.0000 0.,0000 999,3833¢ 1367 0E~0% 1.7413E-01
ja.150a 70 BT, 4TRE T T La2ey T 0L, 0000 T TG0 25008 T T JHS23E 05T T2 THeaE -] T

71,2 14,1516 ST.4128 1.4830 0.00800 999,725009 (U 0.
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Table 51. Day 230.

L BUNMAY Y GF QUTPUL FOS 48 AUG 1977 1230)  EXECUTION INTERVAL ENUING 24060 HRS
[ A L GENERAL SYSQTEM INFOREATION et e e e
FLEVATION ROTTOM OF POOL  2029.%7 M
T OEND T OF TIME TIRTERVAL T AVERAGE DVER TIME INTERVAL
e e . ., kool DEPIH - T6h.am M SURFACE AIr TeEMP 20.00 C
DERPTH OF SURFACE ELERENT 9,42 M TTTUUTTTToTal SYSTEM OUTFiOW S0l CHS
THFRMUCLINE DISTAUCE FrOM HOTTOM 61,0 M TOTAL SYSTEM INFLOW 11.93 cM53
e e . SURFACE WATER TEME 14447 € EQUILIBRIUM TEMP 16,23 C
CUML EVAPORATION LA1T ™ EVAPORATION RaTe [ CHS
COMPUTED DOWNSTREAM TEME 1434 ¢ OBJECTIVE TEMP 4444 C
— e e e e e e e e SURF 8CE_ HEAT COMPOMETS -
aus T7.359€~02 KC/M2/S
— . LLONAL L 4a423E-02 KE/M/S - .
o Thw T 8, B8EE-07 ni /M2
QE 04 KC/M2/%
i e o ac 0. KC/Me7s e
Temrmemsoom T o o INFLOWS AR “Pusirions 7 T T
e e e o e Ivdm 0 FLOW  TEME  DIST, FROW ELEM _
NGO CMs ~DEG € BOTTONM (M) ’
1 11.93 15.83 70.10 12
S . e . OUTELOWS AMD LEVELS -
DUTLET FLOW TEML NIST. FHOM ELEM  WITHDRAWAL LIMITS
. HO ey DEG € ROTIOM (M)  UPPER e s e mne
1 0.0 9,38 4457 2 040
2 Se67 14,34 70,10 12 85,3
T TUHeTEyTTT T T T - )
WITHDRAWAL ZONE WAS COMPUTED USING WES METHOD.
e SUMMARY OF OUTRUT FOR ld AUG 1947 (230)  EXECUTION INTERVAL ENDING <600 HRS_
DISTAMCE FEMP TFHE HORZ OUT HOwY IN DENSITY STAHILITY DIFFUSTON
JFROM BOTIOM  DEG, C. DFG. F, CMS ‘ s KGsCN e COEFFICIENT
9,292% 48,7265 G NODD 0.0000 999, 71601 0. 0.
Q4R35 45,0765 0 0.0000  0.0000  999,7TuT6  2.47326-06  B.OOGOE~02
G, Hh2e 44,7340 0.0000 VL0000 9599,735564 5. Uz04F~06 BebbsiEwue
10,2534 50,4561 0.0000 0.0000 949 ,70433 5.8139E-06 9.5712E-02
10,5615 51,0108  0,0000  0,00600 999,782 4,7£25F-06  B,2T49FE-y2
1g.9613 51,5944 0.0000 0L 0o 999 63828 6o laeOE -6 9,94955 .02
11.407 52,5408 0.0000 0,000 999 ,59020 1,9T14E=06 1,1944E-0]
11,9335 53.4603 ' 0.0000 L0000 999,53217 9.63/5E-06  1.36347~01
12.5016 b4 ,5024 0.0000 G oty G969, 46575 110(RE=0S 144973801
13,086y 56,5965 0.0000 0.0000 999,35308 1,1964F~05 1.5R62E~01
13.705%4 58,6687  0.0000  4,2%47  999,31163 1,2799€-05  1.6629E-01
16,4742 58,0536 i.2963 7, 6HA1 399, P040% 1.6125E~0% 1,954 7F=01
- 73.2 14,6747 S+ ,0536 1.3444 00000 999 ,206405 . O [
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Table 52. Day 240.

g

FLEVATION B0OTTOM OF POOL

~in SUMMBRY QF OUTPUT FOR <8 alG 1977 (240)

GENERAL SYSTEM INFORMATION

__EXECUTION INTERVAL ENDING <400 HRS =

2029.97 M

Enly OF TIME INTERVAL AVERAGE OVER TIME 1IN
e FQOL DERTH___ T6.BS M SURFACE ALR_TFMP _ 20,00 C
OFPTH OF SURFACE tLF¥FNT QB0 M : TOTAL SYSTEM OQUTFLOW 6,18 CMS
THERMOCLINE DISTANCE FROM HOTTOM 61,0 M TOTAL SYSTEM INFLOW 6.67 CMS
... . SUKFACE wATER TEMP 15,24 C ___EOUILIBRIUM TEMP __ _  15.61 C
CUML EVAPORATINN 123 M T EVAPORATION RATE 0, CMS
COMPUTED DOWNSTREAM TEMP 15.19 C _ DBJECTIVE TEMP 4,44 C

SURFACE HEAT COMPOMETS

ONS B.953FE-02 KC/M2/S
e e, CONA o 4e423E-02 RC/M2/S e N
0w 9.146E£-02" K(/M2/S
Q€ 0. KC/M2/5
e e e e b 0, KC/M2/S
T - T TTTTTIRFLOWS T AN TGS TTTONS - -
CTRIR FLOW __TEMP__ D1ST. FROM ELEM
NO “GMS “DEG T BOTTOM (M) . .
1 6,67 - 15400 ST0600. e
. e e e e QUTFLOWS AND LEVELS e,
OUTLET FLOW TEMP  DIST. FROM - ELEM” WITHDRAWAL LIMITS
e NO €4S DEG O ROTTOM (M) UPPER _ _» LOWER
‘ i 0,00 10,34 3,87 P 0.0 040
2 6,18 15,19 70.10 12 85.3 61.0
HOTE ¢ e T _
WITHOKAWAL ZONE WAS COMPUTED USING WES METHOD.
!
MARY OF OUTPUT FOR 2R AUG 1977 (240) EXECUTTUN INTERVAL ENOING 2400 WRS =
DISTaNCE TEMP TEMP HORZ OUT HORZ IN DENSITY STABILITY DIFFUSION
_From BOTTOM _ DEG. C. _ DFG. F, _  CMS LLOMS L KGCM e o e COEFFICIENT
0.0 10.3048 50,5486 0.0000 0.0000 999,69961 0. 0.
e B0l 1046723 50,8901 0 0,0000 0,0000 999 468399 205(49€~06.  8.0000F~02
i3.2 10, 78498 51,4217 000407 U.0000 999 ,65336 5.0331E<06 B.6522€-02
19.3 11,1366 52,0459 0.0000 0,0000 999,61640 5. 7311E-06 9,4T56F =07
24,4 11,4050 52,5300 _ 0.0000  0.0000  999,59021 _  4.6042E-06 = B,1293F-02
30,5 11,7441 53,1364 N 00600 B 0000 999 ,55340 6,005%5F=-06 " 9,7910F=-02
35.6 12,1711 53,9080 0.0000 U UNDY 999 ,50448 7.9169E~06 1.1862E=01
42,7 12,6747 H4 ,R145 00,0000 O.0000 999 ,44470 G, A3LRF =06 1,3827F =01
TTTTTTWAVE T TTT13.2384 7T U8 829 T4, 0000 ) 999 3735 T T 1634E05TT T 555401 T
54,9 13,8416 56,9148 0.0000 0.0000 $99,29315 1.3159€-05 1.6955E-~01
- 61,0 14,4751 _ 58,.n624 0.0000 2.3091 999,2033%  1,4728E-05 1.8346E=01 -
Y 15,2435 777 54,4384 1.4%61 4,35057777TT998 , 08528 1. BG60E-G5" "2, IB95FE<01T T
73,2 15,2435 59,4383 1.,5206 040000 999,08928 0, 0.

99



APPENDIX G

OXYGEN SIMULATION MODEL FOR RIDGES BASIN RESERVOIR

Table 53. Variable names for "OXYHYP".

mass of oxygen in hypolimnion

per unit area

Variable Computer Code Units
Sediment oxygen demand 500 g/m’~day
at 20°C
Time interval of segments J. days
Number of intervals N dimensionless
Day (starting May 1) Day dimensionless
Temperature of bottom TEMBOT ocC
Temperature of surface TEMSUR °c
Diffugion coefficilent DIFCOF m?/sec
D.0. saturation value at 02SAT ng/%
surface temperature
D.0. saturation at surface SATO2 ng/ %

- temperature, corrected
for altitude
D.0. of hypolimnion DOHYP mg/ %
Area of thermocline AREAHP m?
Area of sediment under AREABT m?
thermocline
Volume of hypolimnion VOLHYP m?
Hypolimnetic outflow FLOWOT m3/sec
Rate of oxygen utilization MO2BOT ‘kg/day
by sediment
Rate of oxygen transfer by MO2DIF kg/day
diffusion
Rate of loss of oxygen MO20UT kg/day
to outflow
Overall rate of change of DELT02 kg/m2-day
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Table 54. "OXYHYP" computer model.

reynd FC s T oE &L £ Ny P L aT 10N ¥oA R op £.,9,160

C
T

" =
" <
" T
w -

«

"

LaNC, LF Tiwk §NTELVALS

JeTIME INTFEvaL(niYS)

SOO{1I=2REDIMEAT CXYGER LE4ANE 4T g0f

SPUT=AEDTIMENT €2 LTILI24VICK, GAMP, 00y (ADJUESTEE FLKR TEVE,,)
HOSROT(1F2vaA8S CF €2 LYTLIZED RY REVIMEAY DuhInt TIME InYERyAL T
FOALUT(TIRVASS (F L2 LEAVING PYPOLIYATOR w18 CLYFLCw CURTAE TANTERVALY
MCPLTFF () el5Lp 1 CIFPUSING INTEC BVYPOLIMMICA TLRINE INTESRVAL T,
ELSLRUTIZEL . CF SLEF&CE(M FROM SEA T EVEL)

TEMELR{TISTENMF (LY GF 3ZURFACE

TEBPHOT(IY=TEre (L) CF ROTTCW

LIFCCROTIISPLEFLSICN CCEFFICIENT 8T TRERMUCLINE, LeYi=l)
AREBRTI{II2aKE A CF ECTTUM UALER rsyPCtIMaTOon

AREARF(T)zavka rF TPORMICLIRE

FLORCT(S)I=NISEwakGE

NVULPYPOI)svoLLrE CF FYPCLIMRION(LLETC FETERE)

CAY({13=CAY CF YEAK

DURYPILCNG, (F €2 TN THE RYFLLIMNICH f3 CETR,)

C288T{1)=CxYGEN 38T, A7 TITE INTERVAL ]

IO AN OoOOM OO,

LIMELEICA BOULTI12Y, v @30T (4P) vl {32, PCELIFLIEY 7 LSLE(IZ),
FTFMEUR(IZ)  TEPFCYCI2, CIPDCF (12, PREART(12), 0RE2FFIIZ) L FLORCT(EEY,
JYCLRYPLLZY,CaY 128, N0nYb (12,0388 ¢12),88TC2¢012)

WRITE (£, 40)

o FOMMBAT(F1, 132, "CxYGEN BALBLEFE FC" THE rYFCLIRMICN CF RICGES BAEIA
/ RESERVOIRY) o
WRTTF (m,déy c

4z FOUMMATCVGY, Y22, PLEPER VALLES FC¥ MIFELSICN LEEDY)
KRITE (es0d)

4y EOMMAT (1 0, TI2YSCE a4 G (MICOLE ValLEnT)
TOWFITEL,80)
50 PLOAMAT(ICY, Y18, 1CmarGE Th MASS TF RYFCLIMAETIC CoCys KGoLR2YY)
WRTTE Cmgel) . ,
60 FORMATLY LYY, T18,'00TI0M T30, 2L TLET 167, YEIFFLETIAY, 168,10

JYPOLIPRETIC £,0,, »G/LY)
READ(S,70380C0,0,d

70 FORMAT(FS,3,12,13)
BC 100 [=1,5
BEAL (S, 80 TEwELRhr Ty, TRMPOT T e ATE R T (T ) ARESFE (T, VELFYF (13,50 00CT
A1), Cay (13,0280t 1), CIFCCFLTY,EI ER(]D
8¢ FORMATEFS  2,FS, 6,10, 17,1%,T7,1Y,1%,58,2,11,F0,1,F8,7,Fe,1)
160 CONTINLE
SATC20 1)L st i) pinad i (w730 LR ml1) )/ VEL I {TEFSLRII)42724,00
/2R rlgLEl1YY Y}
SBUT(1yaStpep 2hzes g, aE22 (TEMACT()atC))
FLIRCT (1Y =0

MO2CUT (120
FUREIF{1)=n
GOMYR(1)SS8702(01)
GO 200 J31,b=1
¢ CALCLLATICH CF Mass 02 LTILIZFYV Ry SEFIrEN]
EDLTII41)E0CeE, 2020 (OHZR(TFHELT(I)-10))
FR2FCT(I 8N ESIL Ty sakbam 1L/t 0n0)s(=1)

t FE38 CF (7 GAINED By LIFFLSTIOM
' SATC2L 41 2288 T LT ana sl (=273 2" Sum([33/{ bRV aLTErOLR(])42T s,
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Table 54. Continued.

L)

310
400

a1

412

ate

4a0

440
860

UL IIIRIN NS R ERE

MASE (F F2 L{81 TRRTLEM DLIFLGYW
OISt NSRRI I AN BANEEI AL AR ERATAMPERRINE L L XS R D FE L Py
MUERL T{Iet sl CRYFITIDSFLCRLT (1) ehrunn)si=)sicel
DLrYR{T+1)ahChYP {11404 1000w (FCRNLT LI 4 CELIFLII4MCRECTLTI/VELEYFL
/1)
CONTINLE
enoagn Tei,h

WHITE (£,310008Y (1Yo ¥E2R0TCIY, MOPCMT (1, FCRLTF LT L0FYF(T)
CECRMATOI0Y, T3, TIS, FI0, 0, T35 10,0, 1d7,F10,0,1E5,FE,2)
CORNTIALE
LISY CF InFLY [éT78

Rh1TF(E,410)
FORMBT LYY, Tap, tILPLT LAY FOn RYLAE B2SIN Felphvllk®)
wFITE(E,912)

’

FURMAT(! #, 00yl Te, ' TEVSUNH, €', T18, P TereCTy Cu 'y TR0, PELEUR, »f,T
JUL,VELEYR, CLE, ¥, TS, 2ARESRT, 8§, ¥, 1, TT3, 1 AREAET, B4, ¥,',T50
/oy PLIFDCF, 86, M, /8ECLY)

LG 480 Iz1,MN

WRITF (o, e LAY Y, TERSUR O, TEY R T(T),ELELF (1Y VELFYR (L), 4FEAFE(T
2YsARFART (1), CIRCLF LY

Foibvary! ',13,1&,F5.2,T!S,FB.E,‘S“;F6.1;131,191157:17;173.1?;19ﬂp5
/2,7

CONTINLE

wSiTFle,430]

FORPAT IV 0283, whG, /L. s 116, "HIDalT, CLba #8801

LG d60 J=i,.h

KEPTR (6, 48030388 ¢1),FLCRCTLD)

FORMAT(Y Y, FU,1,Ti8,Fa,2) -

CUNTINLE

STGPR

END
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Table 55. Oxygen balance for the hypolimnion of Ridges Basin Reservoir.

LFFEN yPLYES FOr CIFFLBICH LSED
Strzg,al(' Cw yeLLE)

CRHANGE I MA85 (F FYFQOLIMAFRTYIC N,C,s REACAY

DAY agTrCw CLILET CIFFLSICA FYFCLIMNETIC €,C,r FE/L
130 0. ", €. 9.2%
140 ) wGiG A, [ 9,38
160 635, -1241, . 9,34
160 —e17, ", .1, 3,20
170 -817, 5, ¢, 9,14
180 ~F40, , “ie 5,06
190 -%230, r, T ., 8,48
200 -£5G, ~1267, 3, é,51
210 “BGE =GQr, -t 6,77
et 2L EN o, i, r e
230 “BEG, o, -1, 8,62
240 TS f, .ty B¢

LOwkFh vE(VFS FCR LIPRLELON LSEC
SCPEUL PN UINOLE vALLE) :

CHANGE TN MESE CF wyPCLIMAETIC T.C,, KG/TEY

DAY ECTY(w CLILET TIFFLSICA FYFCLIMAETIC [,C.0 FG/L
110 n, o, . 5,3
140 “1£79, o, ‘0, 6,15
150 ~127%, -1241, €y 5,28
60 ~1675, ", t, 9,06
170 “1e78, e, , £.67
180 -iee0, ", ¢, e8¢
160 ' “1re0, 0, e 8,58
200 “1715, =121¢, ¢, £,51
210 -1756, =47, <, E,12
220 “fcfe, r, e, 5,17
230 -1778, n, £, b 0
240 wiG0y, . f, T, 7.54
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Table 55. Continued.
Lfwfh voLUES FOR CIFFLEICH LSED
5CL=E,00(0L 0w VBLLE)
CrabCcE IN VESS OF FYPCLI”&“TIC alyssr KGC/CAY
nAy ECTINY CLUILET CIFFLEICH FYECLIMMETIC B Cun rirL
150 n, A, €, %,39
1ag =535, n, . $,3%
180 .G g, -1241, t, G, 84
160 -£37, he G 5,2
i/ 437, o, ¢, G,14
180 NYLR r, L. 4,69
{a0 «830, L C, £,8¢%
200 ~=5G, -12¢7, Co 8,91
210 “E8S GO0, (g 8,77
2z “8i3, 6, ¢, 5,68
230 -288, N, . B, rZ
vun TR r, Ce ﬁ}Et
IROLE Ma' LER RCR CIFFLSICN LBED
SGi=2, 01 Ca valiLE)
Crantd IN FASS CF FYFOLIMANTYIC [oC,, *G/7L08Y
D&y ACTIICN CUTLET CIFFLEICK FYFULIMANETIC L, L, tG/L
130 n, o, e, 9,%%
1un -513, o, ¢, 8,35
1%90 =G5, -124¢, [ §,34
1é¢ ~£37, ~, c, 9,2¢
170 ~2%7, r, t, G144
180 540, t, .l 5,06
160 “%30, Y =z, £,58
200 “ths, ~12s7, -1, 8,61
210 “EGR, -5pn, 2, 8,77
20 ka3, {2 ey BL6E
230 «fe3, L 1. g, te
ein -SR2, " =z, £,5¢
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F— Table 53. Continued.

,,,,,, FILOLE Wal LFS FCR [IFFLEICM LSEL

SCL=u4,00(ICELE valLE) N
CrHANGE & MASS [F RYPOLIMGETIC 0,C,, KG/DAY
. Dy BLITCH CLYLET CIFFLEICH FYPCLIMNETIC DL€, FE/L
110 ) n, v e €y 4,18
140 © o «1F T8, n, £ 9,1§
150 1875, “{20t, r, $,2%
— 1en -ik75, 6, o ; 8,08
e 170 “1E1%, fy - €y &,97
180 ={e80, . ", c, B BE
190 1560, a, ) “ts g,58
200 -171%, Ce1Z1s, Cs 8,51
210 -i780, =478, e B,3¢
220 “1t8¢, ' L Ce fel?
219 1778, o, £ B, CE
240 -y50u4, o, G, 7.54

LeFER vPLYUES FLF CI1+FL 810N L&ED
S{0z¢, 00 ("MILILE valiE)

CRANGF INh #3885 (F RYPOLIMAFTIC Luf,y kE/DAY

CAY BCYTCH rLTLET CIFFLEICN PYFCLIPMNETIC LLC,s ME/L
130 q, ", Co 9.3%
140 -1£79, n, c, 9,16
150 -1874, 1241, £, 9,26
160 wie?%, " r, 9,09
170 “167%, U t. £,97
180 -ik80, " -1, B,F¢
180 ' -18e0, n, "% e ,58
200 -171%, “121k, ¢, 8,51
210 -175%0, -078, -1, £,22
220 -lete, " Ce €,17
- 230 1778, nL Ce £, 08
240 =-16504, s, £ 7.5t
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Table 53, Continued.

e

LUpFh v8(FS FOR LIFRLSICK LSELC
SLOze 00 (M10H vaLLE)

CrALGE 1IN MABS (F RYPCLIYAFTIC [ eCer KL I[AY

DAY BCTYCr CLYLET CIFRLELCH RFYECLIFNETIC L.Car FL/ZL
130 o, ", ¢, $,3%
140 “ZF1S, e £, 4,39
150 “2519, -1zt [0 9,4
160 “FR1Y, ) [N C &,87
170 =g513, Ry Co L
160 =2870, n, ¢, Y
190 15491, ., oG 8,88
200 ~2578, -1yed, Ceo g,11
210 “266%, ~us*®, to 7,87
220 » 25829, n, e T.et
230 ~2ERT, M Ca . T.uG
240 ~2ESe, ", G 7,314

FIPOLE VALLFS FOR PTRFLRTIN LEED
SUdse, 00 (MT6e vaLLE)

CRARGE In »2%d CF PYRCLIVASYIO 0,0,y nis08Y

Day ELTTON CLTLETY CIFFLETEN PYFCLIMKRETIC L,0,0 MG/L
130 a, ", . 9,14
140 ’ ~FF1G, t, [ 9,3%
150 “zx15, 1241, G 9,24
1ty Ry, " e k.97
170 =813, r, ¢ B,E14
180 ~pE20, n, Lo g,éU
150 -{EGY, N Co E ¢
200 2576, 1164, 1. E.11
210 “ZebS, ~HER, e L
220 ~ET2%, ®. 1 7.6E
2ur ~26¢§. a, ‘e 7,89
cun “ZFCh, r, £ 7.3}
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Table 55. Continued.

LPFEA w®L1ES FO» LIFFLEICA LBET
S0C=e, 0P (MIGK VALLE)

CREREF TN ~48§ (2 RYPCLIMNEYIC CL.C,s KE/CAY

DAY BECTICH CLTLED CIFFLEICH FYPCLIMNETIC [,C,e FG/L
130 . 0, fy t, G,36
14¢ -cb14, fy [ G .25
150 £219, w1241, G 9,24
160 2813, f, g, £,57
170 ~z513%, L 1, B E]
1890 ~2520, L Coa 8,64
150 =1831, fy G Y,2¢
200 «2876, =116d, 1 8,11
240 L2 13- w458, 1e 7,87
220 ~g8ch, a, Ze T ek
230 “2t567, t, 1, 7,48
240 “ZR%¢, f, 4y 7.351
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APPENDIX H

METAL RETENTION DATA FROM LITERATURE

Metal Retention Data from Literature

To determine values for Vy in Equation
27 data on metal retention coé%ficients and
areal loading from a number of lakes were
needed, Data on metal retention were ex-
tracted from the literature for a number of
lakes for which metals loadings (inflow
and outflow) were presented or for which
the available data permitted computations
of metals loadings. Data from six lakes
and reservoirs were used: Bighorn Lake
(Montana), Pueblo Reservoir (Colorado), Lake
Washington (Washington), Coeur DfAlene Lake
(Idaho), Derwent Reservoir (England), and
Alpnachersee (Switzerland). In some cases
more than one year's data existed and
several data points could be generated for a
single water body. The methods used to
obtain data and a description of each water
body studied follows.

Pueblo Reservoir, Colorado

Pueblo Reservoir is a 535,269 A.F. (6.58
x 108 m3) impoundment located on the Arkansas
River in Pueblo County, Colorado. The
reservoir was created by an earthfill dam
whose crest extends 200 ft (61 m) above the
streambed (el. 4,725 ft). The reservolr
formed is long (approx. 10 mi) and narrow
(max., width %F rox. 1.5 mi) and covers 8,027
acres when filled. The primary purposes of
the reservoir are flood control and irriga-
tion. The hydraulic residence time for the
time period studied was very short, less than
0.1 yr. Filling began on January 9, 1974.

In a study performed by Herrmann and
Mahan (1977), water quality data were col-
lected from the Arkansas River above the pool
of the resgervoir, from several locations
in the pool, and from the Arkansas River
immediately below the dam site. Concentra-
tions of most suspended and dissolved in-
organic constituents were measured on a
monthly basis from June 1974 through March
1976. Data on metals concentrations were
collected during this study, but the absence
of the study period precludes use of these
data, Data were compiled for iron, zinc, and
lead in the inflow and outflow for the study
period (see Tables 56 and 57). For dates on
which data are missing, an estimate of the
concentration was made by averaging the data
from the preceding and following months. The
incompleteness of data during 1976 made
loading calculations impoesible. The data
were divided into two time segments: June -
September 1974 and October 1974 - September
1975, During the entire period, data for
iron were migsing four times, for zinc once,
and for lead once. Since two of the missing
data points for irom were in the first
time segment, loading calculations for iron

were possible only during the second time
segment. Thus, for loading calculations,
the data were always more than B0 percent
complete,

Flow data were obtained from the USBR
Pueblo, Co. Office (W. C. Kregger, per.
comm.). The hydraulic retention times for
Pueblo Reservoir were calculated on a monthly
basis using the hydraulic data provided
by Mr. Xregger (Table 58). The average
hydraulic retention time and total areal
water load for each study period (June -

‘September 1974 and October 1974 - September

1975) are presented in Table 23. Loadings
(input and output) were calculated for each
month using the reported concentration of
each constituent and the total monthly
discharge. Data on monthly loadings of 2Zn,
Fe, and Pb for the entire period are pre-
sented in Tables 56 and 57. The loading of
each constituent {(inflow and outflow) and the
calculated retention coefficient (Equation
22) are presented for the June - September,
1974 and the October, 1974 - September, 1975
sample periods in Table 66,

Derwent Regervoir, England

Derwent Reservoir is a 5.06 x 106 m3
impoundment located in Durham {(Consett Co.},
England. It was constructed between 1960 and
1966 to provide water for domestic and
industrial purposes. It is also used for
sailing and trout fishing. The inflow water
is soft and fre%uently contains humic sub-
stances that often cause a brown color
(Harding and Whitton 1978).

Harding and Whitton (1978) studied
Derwent Reservoir in 1976 with respect to the
movement of zinc, lead, and cadmium in
the reservoir. They sampled the Derwent
River above the reservoir from March -
December, 1976 (50 collections) and the
Derwent River below the reservoir during
March, 1976 (daily collections). The
authors conclude, apparently on the basis of
these sketchy data, that zinc, lead, and
cadmium concentrations decreased by 70.3
percent, 98.3 percent, and 89.2 percent,
respectively. Assuming evaporation to be
negligible, a decrease in concentration
equals a decrease in loading {continuity
equation).

Area loading (qg) was calculated using
Figure 4 from Harding and Whitton (1978), a
plot of depth vs. time, and Table Z from
Harding and Whitton (1978), a compilation of
area vs. depth. The outflow was estimated to
be 1.2 m3/sec (Harding and Whitton 1978).
Thus, areal loading was calculated on the
basis of the average surface area and the
average outflow for 1976. The hydraulic



Table 56. Loading of Fe, Zn, and Pb into Pueblo Reservoir, June
1974 - September 1973,

Date figgoa [za]®  [Fel® [m]®  2zn Fe b
ac ft) (mg/e) (mg/e) (mg/e) (kg) (kg) (kg)
6/27/74 86.3 0.03%  0.546 0.0 4,152 58,132 0
7/11 71,7 0.056  0.520 6.0 4,954 45,997 0
8/8 37.8 0.036 - 0.026 1,679 - 1,212
977 18.5 0.035 - 0.023 799 - 524
10/19 13.4 0.011  0.514 0.0 182 8,497 0
11/16 17.3 0.030  '1.204 0.003 640 25,697 64
12/6 14.6 0.010 0.372 0.0 180 6,700 0
B 1/01/75 14.6 6.020  0.400 0.0 360 7,205 0
B est. est. est.
''''''' 2/02/75 12.7 0.028  0.431 0.0 439 6,753 0
3/17 15.4 6.012 0.174 0.0 228 3,306 0
4/19 20.2 0.354 1.086 0.052 8,822 27,064 1,296
est.
5/23 43.4 0.166 1.998 0.002 8,888 106,978 107
6/18 131.1 0.073  1.247 0.002 11,807 201,687 323
7/28 169.2 0.017 0.257 0.000 3,549 53,647 0
8/09 61,2 0.019 0,242 0.000 1,435 18,272 )
9/26 27.7 6.005  0.011 0.000 171 376 0

3W.C. Kregger, USBR (personal communication).

b
Metals data: Herrmann and Mahan (1977).

Table 57. Discharge loading of Fe, Zn, and Pb from Pueblo Reservoir,
June 1974 -~ September 1975.

a }
bate ffg:o [z0]® [Fe]d [Pl  2zn Fe b
ac £ (mg/L ) (mg/2)  (mg/%) (kg) (kg) (kg)
c £t)
6/27/74 86.5 0.006 0.168 0.0 640 17,928 0
7/11 - 71.7 0.017 0.130 0.0 1,504 11,499 0
8/8 38.0 0.008 0.310 0.0 375 14,533 0
9/7 18.4 0,000 0.112 0.0 0 2,542 0
10/19 13.5 0.002 0.492 0.0 33 8,194 0
11/16 17.2 0.001 0.232 0.003 21 4,923 64
12/6 14.6 0.000 0.132 0.0 0 2,378 0
14.4 est. est. est.
1/1775 14.4 0.004 0.226 0.0 71 4,015 7 0
2/2 12,7 0.007 0.320 0.0 110 5,014 0
3/17 15.4 0.000 0.043 0.0 0 817 0
4/19 20.2 0.500 0.651 0.007 12,460 16,223 174
5/23 43.4 0.047 1.570 0.0 2,517 84,062 0
6/18 131.1 0.052 1.112 0.001 8,410 179,853 162
7/28 169.2 0.013 0.246 0.0 2,714 51,350 0
° ) ast. est, est.
h 8/9 61.3 0.010 0.196 0.001 756 14,823 76
9/26 27.6 0.007 0.146 0.0 238 4,971 0

1975 W.Y, = 27,330 376,623 476

%y.c. Kregger, USBR (persomal communication).
bMetals data:  Herrmomwm and Mahan (1977).
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Table 58.

Hydraulic retention times for Pueblo, Colorado, by
month.

Outflow Volume Ghb
Period (1000 (1000
ac-ft) ac~-ft) Yr. Days
6/74 86.5 24,2 0.023 8.4
7/74 71.7 23.6 0.027 9.9
B/74 38.0 23.4 3.051 18.7
9/74 18.4 23.2 0.105 38.3
10/74 13.5 23.7 0.146 53.4
11/74 17.2 22.7 0.110 40.1
12/74 14.6 23.6 0.135 49,2
1775 14.4 23.8 0.138 50.2
2/75 12,7 23.8 0.156 57.0
3/75 15.4 23.6 0.128 46.6
4775 20.2 30.5 0.126 46,0
5775 43.4 32.6 0.063 22.8
6/75 131.1 33.2 0.021 7.7
7/75 169.2 33.2 0.016 6.0
8/75 61.3 32.3 0.044 - 16.0
9/75 27.6 31.5 0.095 34,7

8 gydraulic data from W.C. Kregger, USBR (personal communication).

b

" Table 59.

end of month volume

8, =

monthly discharge (12) yE-

Retention of Fe, Zn, and Pb in Pueblo Reservoir,
Colorado.?’

" June - September, 1974°

Inflow (kg) Outflow (kg) % Retention
Fe - 46,502 -
Zn 11,584 2,519 78.3
Pb 1,736 0 100.0
October, 1974 - September, 1975 (1975 W. Y.)d
Inflow (kg) Outflow (kg) % Retention
Fe 466,182 376,623 19.6
Zn 36,701 27,330 25.5
Pb 1,790 476 73.4

a

Data on metals concentrations from Herrmann and Mahan (1977).

b Flow data from W. C. Kregger, USGS (personal communication)

¢ Hydraulic retention time = 0.052 yr

d

Hydraulic retention time = 0.098 yr
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retention time was calculated on the basis of
the average volume and the average discharge.

The data on metals retention, morphol-
ogy, and hydraulic characteristics of Derwent
Reservoir are presented in Table 23.

Alpnachersee, Switzerland

Alpnachersee is a mnatural, eutropbic
lake located in the foothills of the Alps
(el. = 430 m) near Luzern, Switzerland. The
lake bagin is roughly oval, with an area of
4.76 km2 and a volume of 100 x 106 m3. The
lake is fed by two glacier-fed rivers and has
a bhydraulic retention time of 0.28 years
(Baccini 1976).

Baccini (1976) studied the lake with
respect to the fate of metals in the system.
Samples of the inflow, outflow, freshly
deposited sediment, plankton, and lake water
were collected each month. for a year. Based
on the inflow and outflow loadings, retention
times for Fe, Zn, Cu, and Cd were 92 percent,
50 percent, 42 percent, and 17 percent,
respectively. The retention of each metal
corresponded well with the fraction of that
metal that was in particulate form in the
inflow. Calculations of the hydrologic
retention time and areal locading were made on
the basis of reported values for hydraulic
and morphological parameters. Data for
Alpnachersee are summarized in Table 16,

Lake Washington

Lake Washington, adjacent to Seattle,
Washington, is a large (2.91 x 109 m3) lake
that has a history of cultural eutrophica-
tion. In order to reverse the trend toward
eutrophy, municipal sewage outfalls have been
diverted from the lake.

Barnes and Schell (1972) composed a
crude metals budget for the lake. The budget
calculations included aeolian and fluvial

inputs, a sedimentary sink, and fluvial
output. It is unclear whether metals concen-
trations in the inflow and outflow were

or calculated on the basis
of sediment load and assumed composition of
the sediment. Annual sedimentation was
measured. Aeolian inputs were assumed to
be insoluble and were calculated as the
difference between net fluvial input and
the annual sediment input.

measured directl

The data used by Barnes and Schell are
presented in Table 60 (adapted from Barnes
and Schell 1972, Table 3) together with the
caleculated retention coefficient. TFor this
lake, input was considered to be the sum of
aeclian inputs and fluvial inputs.
on aeolian inputs is probably inaccurate, as
illustrated by a check on aeolian iron and
sodium deposition using dustfall data.
Barnes and Schell (1972) found on the basis
of this check that their aeolian inputs were
probably high by a factor of four but state
that this error is still not large due to the
relative magnitude of fluvial and aeolian

The data
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inputs. QNevertheless, if this degree of
error is associated with calculated aeolian
inputs of the heavy metals, considerable
error in calculated retention coefficients
would occur, since aeolian inputs are rela-
tively more important.

Coeur D'Alene Lake

Coeur D'Alene Lake, a natural lake, in
northern Idaho is elongate (38.6 km), narrow
(ave. width = 1.6 km), and shallow (ave.
depth = 2.3 m) (USEPA 1975b). Inflows to
Coeur D'Alene Lake include Coeur D'Alene
River and the 5t. Joe River. The Coeur
D'Alene River is polluted with heavy metals
resulting from mining activity and smeltering
in the Coeur D'Alene mining district.
The St. Joe River is considered unpolluted
with respect to mine waters but is affected
to some extent by loading, farming, and
sewage disposal (Funk et al. 1975).

Although abundant metals data exist for
the Coeur D'Alene River above Coeur D'Alene
Lake, there is little comparable data for
the St. Joe River, making it difficult to
calculate total loading of various con-
stituents into Coeur d'Alene Lake. USEPA
(1975b) presents data for zinc concentrations
and flow for the St. Joe River, the Coeur
D'Alene River at Rose Lake (~ 15-20 miles
above Goeur D'Alene), and the Spokane River
at Post Falls with the exception of January,
in which there was a flood on the Coeur
d'Alene River making flow measurement im-
possible. Loading of zinc into Coeur d'Alene
Lake was calculated by month for 1974 (Table
61). Outflow loading of zinc was calculated
for the Spokane River at Post Falls, immedi-
ately below the outlet of Coeur d'Alene Lake
(Table 62).

Hydraulic residence time was computed
using the flow data for February - December
1974 together with the average volume data
presented in USEPA (1975b). This analysis
indicates that 2,426,820 kg of Zn entered
Coeur D'Alene Lake in the period February -~
December 1974 and that 2,002,574 kg left the
lake via the Spokane River. Thus, 424,246 kg
of Zn were tra%?ed in the lake (17.5 percent
of the total inflow load).

Data on lake morphology, hydraulic
parameters, and zinc retention are presented
in Table 16.

Yellowtail Reservoir

Bighorn Lake, formed by the Yellowtail

Dam was completed in 1967 (filling began in

1965). The reservoir extends 61 miles along

%g? B%gborn River and has a volume of 176 x
ma,

The Bighorn River and the Shoshone River
form the major tributaries into the reser-
voir, although numerous small tributaries
enter the reservoir along its length.
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Table 60. Trace metal budget for Lake Washington.a

Element Annual Transport
Input  Fluvial Net  Aeolian Input Annual  Retention
Qutput Deposition %

Fe, tons 2570 40 2530 22007 4700 99.2
Na, tons 5420 5440 -20 180° 160 2.9
Pb, tons 1.3 1.0 0.3 29.8 30 96.8
Zn, tons 34 27 7 15 22 44.9
Cu, tons 5.7 3.5 2.2 2.8 5 58.8
Hg, kg 62 58 4 56 60 50.8

2 Table and footnotes P and © adapted from Barmes and Schell (1972).

b Based on an average dustfall from Seattle of 38.92 U.S. tons/mi®/mo.
= 14,8 X 10% kg/yr over L. Washington, and using an iron concemtration
of 3,400 ppm iron for urban dust, the iron input for aeclian tranmsport
would be 500 tons/yr. (See references for dustfall data in Barmes '
and Schell 1972). ;

¢ pgged on b above, Na output is 45 tons/yr from aeclian transport.
Even if a higher Na concentration 1s assumed due to marine aerosocls,
the acolian input is still very small compared to the fluvial.

d aeolian input + fluvial input - fluvial output
Re x 100
aeolian input + fluvial input :

Table 61l. Zinc loading into Coeur D'Alene Lake.?2

Coeur D'Alene River St. Joe River
Flow Conc. Load Flow Conc. Load b
(cfs) (ug/f)

Jan. »100,000 1,800 - 6,000 0 0
Feb., 2,000 2,000 293,621 2,900 15 3,193
March 3,200 1,120 263,085 3,000 0 0
April 4,900 540 - 194,231 12,000 - ] . 0
May 18,000 390 515,306 17,000 0 ]
June 15,000 385 423,916 20,000 30 44,043
July 1,800 1,250 165, 162 31,000 40 91,023
Aug. 900 2,000 132,130 1,000 9 661
Sept. 300 2,500 55,054 700 14 719
Oct. 310 2,533 57,640 800 0 0
Nov. 400 2,050 60,192 900 20 1,321
Dec. 900 1,900 125,523 700 0 - 0
Total P 2,285,860 140,960 kg

Total: 2,426,820 (11 wmo.)}

4 Source: USEPA (1975b).

b January omitted from total loading calculation. See text for
explanation.
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Zinc loading at Spokane River at Post Falls.?

Table 62.
Flow Conc. Load
Momth (cts) (ngh) (kg/mo)
Jan, 15,000 325 357,852
Feb. 10,000 345 253,249
March 8,000 370 217,280
April 21,000 405 v 624,313
May 23,000 227 383,250
June 26,000 160 305,367
July 2,500 130 23,857
Aug., 1,600 125 14,681
Sept. 1,600 125 14,681
Oct., 2,050 160 24,077
Nov. ' 2,100 715 110,218
Dee. 2,100 205 31,601
Totalb 2,002,574

& gourcet USEPA (1975b)

b January omitted from total loading calculation. See text for

explanation,

Wright and Soltero (1973) sampled the
Bighorn River and the Shoshone River (in=-
flows), the reservoir outflow, and the
reservoir water (6 stations) from February -
December 1968 and from January - August 1969,
Samples were analyzed for Zn, Fe, Mn, and Cu.

Since monthly data for metals were not
available, loading of these metals was
calculated by multiplying mean concentration
of each metal (Tables VI and VII in Wright
and Soltero 1973) for each sampling period by
the total discharge during the sampling
period for each year. For the 1968 sampling
period 19 samples of inflow and outflow
waters were collected (1 - 3 samples/month)
and for the 1969 sampling period 27 samples
were collected (2 - 5/month).

Data for average metals concentrations,
total discharge, and total loading for the

Bighorn River, Shoshone River and reservoir
outlet for the 1968 and 1969 sampling periods
are presented for Fe, Mn, ZIn, and Cu in
Tables 63 and 64. The retention of irom,
manganese, zinc, and copper were calculated
for 1968 (Table 64) and 1969 (Table 65).

Average exchange rates (water renewal
times) were calculated by dividing total
reservolr outflow during the sampling period
(Tables IV and V, Wright and Solterc 1973) by
average reservoir volume during the sampling
period, = Average volume and surface area
were calculated for each sampling period
using the water surface ve time graph
(Figure 9, Wright and Soltero 1973) and
Wright and Soltero's water surface elevation
vs. volume and surface area plot (Figure 1,
in Wright and Soltero 1973). These data are
presented in Table 65,

Table 63. Metals loading data for Yellowtail Reservoir,® Feb. - Dec. 1968.

w— —

Ave,

Dischar Fe tn [zn] in [c ++] Qu
Stream Pt /SES [Fe] Loading [Mn]  Load (os/D) Load (ug jny  Load
Fob.=Dec. (kg) (kg) (kg)
Bighérn R. 77.06 .138 335,134 021 50,999 094 228,281 1.60 3,886
Shoshone R, 29,01 129 117,701 .025 22,810 .084 76,643 1.40 1,278
Discharge 116.6 009 33,193 004 14,754 057 210,242 1.10 4,057
% Change
(Inflow va. 92.7% 80.0% 31,12 21.4%
Qutflow)
8 Source: Wright and Soltero (1973).
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Table 64. Metals loading data for Yellowtail Reservoir,? Jan. - Aug. 1969.
o Ave. Fe Mo in Cu
Discharge [Fe] [Mn] [2n] [cu] Load
Stream 3 Load Load Load
n’ /sec 2 (kg)
Ja(n edog .) (mg/i&) (kg) (kg) (mB/i&) (kg) (}lg/ ) &
Bighorn 65.68 1.290 2,677,895 0.265 548,056 0.048 99,271 3.1 6,411
Shoshone 28,34 1.390 1,244,203 0.182 162,909 0.038 34,014 2.6 2,327
Discharge 91.25 0.052 149,798 0.030 86,423 0.022 63,370 1.3 3,745
o % Change 96.2% 87.8% 52.5% 57.1%

8 Source! Wright and Soltero (1973).

Table 65. Morphological data for Yellowtail Reservoir.?

Feb,~Dec., Jan.~Aug.,
1968 1969
Average Volume (x 10° m%) 970 1048
Average Area (% 10° m?) 30.2 37.9
Hydraulic Retention Tine, Sk (yr.) 0.313 0.407
Areal Water Load, g (m/yr.) 103 67.9
Average Water Surface Elevation {(m) 1100 1104

& source: Weight and Soltero (1973).
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