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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· P~ata 
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 reser
voir. A computer model was used to slmulate the rate of depletion of 
oxygen in the hypolimnion during the summer stratification pe-rio"d. 
The retention of iron, zinc, lead, and copper was predicted by using a 
simple mass balance model together with existing data on the retent~on 
of metals in lakes. ' 

The standing crop of chlorophyll! in the reservoir will be 
between 5 and 13 mg/m3 during the summer. The average Secchi disk 
transparency will be about 1.9 m. The oxygen concentration in the 
hypolimnion will probably drop to between 5 and 6 mg/l by the end 
of the stratification period. Between 92 arid 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 reservoir 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 
pumping strategy was suggested as a means of controlling the inflow of 
both 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 biological- and phys ical 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 quali ty of water stored in a 
reservoir 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 1.n 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) j and 5) the occurrence of 
skin rashes among swimmers (Porcella and 
Bishop 1975). 

The processes of sedimentation and 
chemical precipitation 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 accumulat ion of heavy metals, 
nutrients, and other constituents in the 
sediments. 

Finally, during 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 its 
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 soils 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-H) 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. 

Parameter 

Algae Production 

Hypolimnetic 
Dissolved 02 

Taste and Odors 
H2S 

Fe, Mn 

Biodegradable 
Substances 

TDS 

Hardness and 
Alkalinity 

Equilibrium 
(yre. ) 

8-10 

9-10 

3 

8-9 

10-15 

o 

o 

2 

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 supply water for irrigation and for 
municipal and industrial use 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 reservoir storage volumes, inflows, 
and outflows is presented in Appendix A. 

The reservoir will be roughly triangular 
in shape (Figure 3) and will cover 9.0 x 
106m2 (2,230 acres) at full capacity of 
3.45 x 108m3 (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 crest length 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 

2 

Type Reservoir 

Eastern Water Supply 

Eastern Water Supply 

TVA Reservoirs 

Eastern Water Supply 

Eastern Water Supply 

Unspecified 

Western Flood, Power 
and Irrigation 

Eastern Flood Control 
(Small) 

Missouri River Flood 
Control 

r---------, 
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'0M ... tic" • 
• • COLORADO \ 

PROJE~' \ , ltf' • AREA _ __._ •• ...l 
Kty Map 

Source 

WhippZe (1933) 
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PuPaeZZ (1939) 

Fair et aZ. (1958) 

SoZtero et aZ. (1973) 

WiZUams (1978) 

NeeZ (1963) 
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o WATER QUALITY 
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(Nos. 4,8,14, 22) 

Figure 1. General map of Animas-La Plata 
project. 
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to Dry Side Canal 

«] Max.Elev.=6,960 Ft. 
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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 
downstre?m 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: La Plata River at Hesperus, 
Colorado 

5 

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 
used 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. 

APfilication of Vollenweider's 
P oSrborus Loading Model to 

Exist ng Lakes and Reservoirs 

Vollenweider's (1976) phosphorus loading 
model can be used to predict the mean summer 
epilimnetic concentration of chlorophyll a 
(a common indicator of algal productivity) in 
a lake using variables that are independent 
of interactions occurring within the lake. 
According to this model. the mean summer 
epilimnetic concentration of chlorophyll 
a ([chI. a]) can be predicted from the 
equation: -

0.91 

~hl. !.J 0.367 ... (1) 

where 

Lp = areal phosphorus loading, g/m2/yr 

qs - 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 (1975a). 

7 

These' working papers were used to compile 
data on mean depth (z), areal phosphorus 
loading (Lp), areal water load (qs) mean 
concentration of chlorophyll!. (chl. ~), 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 9 were considered to be the 
mean summer epilimnetic concentration of 
chlorophyll!. 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 circle 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 
periods. Phosphorus was considered to be 
limiting whenever the ratio of TSIN:OP was 
greater than or equal to 11.3:1, based on a 
weight ratio (Greens et a1. 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 cons i dered by the author (s) of the 
respective working papers to be unreliable. 
Lake DeSmet (#27) was omitted because two 
major tributaries that normally flow into 
the lake were being diverted at the time of 
sampling in order to allow construction of a 
dam that would increase the volume of the 
lake. Starvation Reservoir (#16) was omitted 
because it was still filling during the 
sampling 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. a 

Lp 
Chl. ab Mean Ch1. a C 

(mg p /m2 /yr) qB ii L/qa Sampling Concentration Concentration PI i ott ng 

Lake and Location 
*10- 3 (m/yr) (m) (1 +J i7qa) Date TSIN:OP (mg/m3 ) (mg/m3 ) Number 

Mirtervil1e 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 4:1 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 14:1 15.7 26.7 3 

9/24 7:1 47.0 

Sevier Bridge Res. 0.75 4.45 6.5 76 5/12 >44:1 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 <7:1 14.6 
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 Co •• Ut. 8/8 7:1 106.5 72.0 7 

9/19 31:1 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 
Emery Co., Ut. 8/12 46:1 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 

Steinliker Res. 0.11 7.82 14.0 6 5/13 4:1 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 
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= Table 3. Continued. 

Lp Cttl:;b'--- . 
Mean ChI. a C 

(1118 P/m2 /yr) qe i L /q Concentration Concentration PI i 

(1 +) iiq ) 
Samp1in8 ott ng 

Lake and Location 
*10- 3 (m/yr) (111) Date TSIN:OP (m8/m3) (mg/m3) Number 

III 

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 1. 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 
Sub1etter and 9/2 <4:1 3.6 4.3 24 
Sweetwater Co:'s, Wy. 10/16 <4:1 4.1 

Woodruff Narrows 6.02 31. 68 4.9 136 5/16 3:1 6.1 
Reservoir 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 <8:1 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 5/23 12:1 6.2 
Crook Co., Wy. 8/29 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 12.1 

Boulder L. 0.68 25.93 12.2 16 8/27 13:1 2.5 
Sub1E'tte 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 
Arcu1eta 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 Reservoir 0.66 5.96 8.9 51 5/2 4:1 1.6 
Quay Co., N.M. 8/20 10:1 4.0 3.2 34 

10/2 15:1 4.1 
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~ Table 3. Continued. 

Lp ChI. ab Mean ChI. a C 

(mg p/m2/yr) qa .i L /q 

(1 +7 Jjqg) 
Sampling Concentration Concentration Plotting 

Lake and Location *10- 3 (m/yr) (m) Date TSIN:OP (mg/m3
) (mg/.') 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 5/2 <3:1 7.4 
Sierra and Socorro 8/19 <3:1 9.5 6.8 36 Co •• N.M. 10/3 <3:1 3.4 

E1 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 

Eagle 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 

a,Data from National Eutrophication Study Working Papers (EPA, 1977). 
, b Chl • a is mean for all stations for each date. (ChI. a) determined from 4.6 m integrated sample. 

c ' Mean Ch1. a, data is mean of all sampling dates. 
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o PHOSPHORUS LIMITING THROUGHOUT SEASON 
C> MIXED NUTRIENT LIMITATION 
o NITROGEN LIMITING THROUGHOUT SEASON 

REGRESSION LINE AND CONFIDENCE INTERVALS 
FROM VOLLENWEIDER (1976) 

Figure 4. Mean chlorophyll ~ concentration vs. phosphorus loading for 34 intermountain, lakes 
and reservoirs. 
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Table 4. < Additional .. data for NES lakes and reservoirs, a 

~ake or Reservoir. Mean Depth 
and Plotting Numbe~ (m) 

eb __ L 
(yr.) 

(Based on 
Outflow) 

Macrophytes 
x - noted 

xx ~ dense 
o ., n.t 

noted 

Turbidity 
x .. noted 

xx '" heavy 
o - not 

noted 

Reservoirs whose measured (chI. al within 99% limits (n=17) 

Otter Creek (6) 

Utah L. (7) 

Willard Res. (8) 

Ocean L. (29) 

Bluewater L. (40) 

L. McMillan (35) 

Eagle Nest L. (38) 

Barker Res. (21) 

Pineview Res. (12) 

Echo Res. (17) 

Deer Creek (14) 

11o0n Lake (15) 

Dillon Res. (19) 

Fremont L. (31) 

Minersville Res. (1) 

Piute Res. (3) 

6.3 

2.1 

5.9 

4.2 

6.7 

2.1 

9.9 

8.3 

13.4 

15.3 

19.9 

14.1 

24.6 

24.4 

5.6 

10.1 

Sevier Bridge Res.(4) 6.5 

1.4 

2.5 

.3.3 

4.4 

5.8 

0.2 

5.3 

0.3 

0.7 

0.4 

0.6 

0.4 

1.3 

2.5 

0.7 

0.7 

1.6 

o o 

xx o 

o o 

o o 

o o 

o o 

o o 

o o 

x o 

o o 

x o 

Q o 
o (/ 

o o 

o o 

o o 

x o 

Nutrient 
LimitationC 

N '" n:l.trogen 
P = phosphorous 
NIp '" mixed 

N 

NIP 

N 

NIP 

1.264.8 

0.2 832.6 

1.1 240.5 

0.6 103.6 

NIp 

NIp 
(med) 0.5 47.4 

(med) 0.3 48.6 

N 

Nip 

P 

NIP 

P 

p 

p 

P 

N 

Nip 

P 

(med) 1.1 97.9 

2.1 14.2 

1. 7 135.6 

1.3 91.3 

1.7 192.3 

3.1 44.1 

8.1 313.6 

13.2 493.7 

1.4 22.5 

0.4 101.5 

1.3 291.1 

Lakes in which measured (chI. a) greater than upper limit of prediction (n '4) 

Panguitch L. (5) 6.4 2.2 xx 0 N 1.9 32.1 

Tropic Res. (10) 3.0 0.2 xx 0 NIp 1.8 2.2 

Fish L. (9) 25.9 58.5 x 0 N 12.9 262.1 

Cherry Creek L. (20) 5.2 3.6 x 0 N 0.8 16.8 
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Greyish 
water in 
May 

Algal scums 

Milky green 
in Sept. 

Water levels 
fluctuate; 
salinity 
problems 

blooms in 
Aug. & Oct. 

Clumps of 
algae at 
surface in 
Sept. 

Algal blooms 
in Aug. and 
Sept. 

Algal bloom 
in May 

Algal blooms 
all three 
sampling 
periods 

Algal bloom 
in August 

Possible 
bloom at 
station 2 
in August 



Table 4. Continued. 

Lake or Reuervoir 
~nd-Plotting Numbet 

Mean Depth 
(m) 

ab 
__ h_ 

(yr.) 
(Based on 
Outflow) 

Macr~~ Turbidity 
x '" noted x .. noted 

xx '" dellse 
o =< not 

noted 

xx .. heavy 
o '" not 

noted 

Lakes in which measured (chI. a) below lower limits of prediciton (n-13) 

Boulder L. (30) 12.2 

Joe's Valley Res. (11) 16.3 

Boysen Res. (23) 

Big Sandy Res. (24) 

Woodruff Narrows Res. 
(25) 

Conchas Res. (39) 

El Vado Res. (37) 

Elephant Butte Res. 
(36) 

Alamogordo (33) 

Navajo Res. (32) 

Keyhole Res. (28) 

SeminoeRes. (22) 

Pelican L. (2) 

10.4 

5.8 

4.9 

11.8 

18.3 

18.3 

8.1 

3~.3 

6.5 

25.6 

3.0 

0.5 

0.9 

0.7 

0.7 

0.2 

3.0 

0.9 

2.2 

1.7 

1.4 

.15.2 

0.9 

36.8 

aSource: NES Working Papers (EPA, 1977). 

b 0
h 

= hydraulic residence time (VIQ). 

o o 

o o 

o o 

o xx 

o o 

o o 

o xx 

o xx 

o x 

o o 

o o 

o xx 

xx o 

Op considered to be limiting when TSIN:OP ~ 11.3:1 (by weight). 

d"med" indicates m~dian secchi disc· reading (not a true mean). 
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d 
P "" phosphorous S. D. _ Volumc_ 
NIp ""mixed !.;;) (xlcrm3

) Comment! 

P 

NIP 

NIP 

N 

N 

NIP 

N 

N 

NIP 

NIP 

P 

NIP 

NIP 

3.5 85.8 

2.5 77.1 

0.8 934.3 

0.3 48.4 

0.8 34.6 

(med) 1.2 456.6 

(med) 0.9 239.9 

Some algae 
in August 

Clumps of 
Algae noted 
in Sept. and 
Oct. 

Silt affects 
trout pop. 

Algal bloom 
in Oct. 

(med) 0.6 2,707.5 S.D. 

(med) 0.9 150.6 

1.5 2,108 

1.2246.5 

1.3 1,248.5 

1.6 20.9 

transparencie 
low 

Algal bloom 
in Oct. 

Bloom in 
Sept. 



Group 1: 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 
work ing 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 
describe~ 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). 

NIP .. 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:OP 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 
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7 is the mean for all sampling periods. 
In a few cases, only the median Secch i 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!'!. for these 
lakes fell within the 99 percent confidence 
i nterva 1 f or pre di ct i on va lues 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 !'!. 
concentrations higher than the upper 99 
percent confidence limit 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 
missed for many of these lakes, resulting in 
a negative bias in the mean chlorophyll a 
data. If a negative bias was real the fit oT 
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 !'!. concentra
tion. For the water bodies whose measured 
chlorophyll !'!. concentration fell within 
Vollenweider's 99 percent confidence limit 
(Group 2), 76.4 percent we"re 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 chI. 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 chI. a concentration below Vollen
weider' s 99 percent confidence lim! t) 69.2 
percent were phosphorus limited for at least 



Table 5. Comparison of characteristics of lakes and reservoirs falling above, within, and below 
confidence intervals of Vollenweider's model. 

Measured 
(chI. ~) 

S.D. b in Depth Volume Macro-
Lake P Always N Always Mixed Nut. mg/m3 in m in m in 

m3 x 106 
flh phytes Turbidity 

Groupa Limiting Limiting Limitation (mean) (mean) (mean) (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% 
(n = 13) 

aGroup 1: 

Group 2: 

Group 3: 

30.8% 53.8% 5.1 1.3 13.4 658.4 5.0 8% 38.5% 

Lakes in which mean chI. a concentration for sampling period above upper 99% confidence limit of 
VOllenweider's model. -

Lakes in which mean chI. a concentration for sampling period within 99% c.r.'s of Vollenweider's 
model. -

Lakes in which mean chI. a concentration for sampling period less than lower 99% confidence limit 
for Vollenweider's model.-

bMean of S.D. readings is actually mean of means and/or medians. For some lakes only the median S.D. read
ings were calculated in the original working papers--these medians are used as means. 
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• PHOSPHORUS LIMITING THROUGHOUT SEASON 
() MIXED NUTRIENT LIMITATION 

REGRESSION LINE AND CONFIDENCE INTERVALS 
FROM VOLLENWEIDER (l976) 

Mean concentration of chI. a vs. P-loading term for 13 lakes that are phosphorus 
limited and free of macrophytes and turbidity. 
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part of the year and only IS.4 percent were 
phosphorus limi ted throughout the ent i re 
sampling period. Furthermore, 7S percent of 
the survey lakes for which phosphorus was 
limiting throughout the sampling period (n = 
8) fell within Vollenweider's 99 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 S 
a ls"o 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 survey lakes whose measured 
chlorophyll a concentrations were below 
Vollenweider's- lower 99 percent confidence 
limit, 38.S percent (n = 5) were described in 
the respective working ~aperS a~ 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 (x = 1.3 m) is less than that for Group 
1 lakes (x = 2.2 m) or Group 2 lakes (x 4.4 
m), "even though the mean chlorophyll! 
concentration is lower for this group (S.l 
mg/m3 vs'. 18.9 mg/m3 and IS.S mg/mj , 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 
that would preclude the use of Vollenweider's 
model. 

Finally, the data in Table S 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 Eutrophioation 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 ! 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 adsorbi.ng phosphorus from 
the sediments and releasing it to the over
lying waters (Wetzel 1975). If this occurs, 
macrophytes would act to increase the phos
phorus concentration in the overyling water 
by 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 i ncreas ing the concentrat ion 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 this 
phenomenon may be occurring. 

From this section it can be concluded 
that the application of Vollenweider's 1976 
model to phosphorus-limi ted lakes in 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 considerably (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). 

Vollenweider's phosphorus 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 phosphorus 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, qs, 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 pa Inflow b Loadin8 of P c 
(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 

al UWRL data 

b From USBR hydrologic simulation for average year. 

c 
Loading = Total P (If) x Inflow (1000 A.F.) x mS 

1230 A.F. 

Based on these data (Table 7) and 
Vollenweider's (1976) model the mean summer 
epilimnetic concentration of chlorophyll a in 
the Ridges Basin Reservoir was calculateo to 
be 7.9 mg/m3 (99 percent C.1. 5-13 mg/m3). 
This prediction indicates that the Ridges 
Basin Reservoir will be mesotrophic, ac
cording to the trophic status classification 
outlined by Wetzel (1975). 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 S.D. = 2.04 - 0.68 £.n (chl. ~) ...... (2) 

where S.D ... Secchi disc reading, in m 

and (chI. a) is in mg/m3 , taken near the 
surface. -

Carlson (1977) found the regression coeffi
cient (r2) 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 calculation was 
the mean value for the entire epilimnion 
and may be somewhat different (probably 
lower) than the concentration of chlorophyll 
~ "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 phosphorusa 
1000 Kg 

10,816.2 

b 
Ave. area, 106m3 

8 3c 
Ave. volume, 10 m 

7.8695 

2.5815 

32.8 

1.637 

Mean depth, in m (Z)d 

Average annual inflow 108m3
e 

Areal loading of phosphorusf 1,370 
mg/m2 /yr (Lp) 

Areal water loading m/yr (q )g s 

L /q 
p s 

(l+~) 
s 

Predicted mean summer epilimnetich 
concentration of chlorophyll a, 
mg/m3 -

asee Table 5. 

21.27 

28.73 

7.79 i 
(5-13) 

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

cCalculated using ave. pool area and area-volume 
output from USBR computer simulation. 

~ean depth = mean volume + mean area. 

eFrom Appendix A, Table 23 • 

fL = Total P loading + ave. surface area. 
p 

gq = ave. inflow + ave. precipitation 
s ave. area 

[ 

L / ] 0.91 P qs 
0.367 

(l+~) 

i99 percent C.1. 

The accuracy of the predicted concentra
tion of chlorophyll ~ 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 
a s the i n 1 e t ( 8 2 . 3 m from the bot t om) . 
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. 0 

2. In 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 
phosphorus, and hence a 19ae growth, may 
be 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 ~ 
concentration in the epilimnion. In the 
Ridges Basin Reservoir, the growth of rooted 
macrophytes should be minimal due to the 
laorge drawdown 2L3 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
weiderTs 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 ~ 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 ~ 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. In 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 ~ concentration. 
Although the ratio of total soluble inorganic 
nitrogen to orthophosphate in the Ridges 
Basin Reservoir is not known, the rat io 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 ~ concentra
tion in the reservoir. 

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

Date Orthophosphate Ammonia 
(mg/ t P) (mg/ t N) 

September 8, 26 56 

1977 

November 29, <1 26 

1977 

January 9, 2 99 

1978 

March 8, 1978 2 48 

May 10, 1978 1 24 

a 
TSIN = NOa + N02 + NHa 

OP = Orthophosphorus 

Ratio of TSIN:OP on wt:wt basis 

Nitrate + TSIN:Opa 

'Nitrite 
(mg/t N) 

122 7 

190 >216 

150 125 

182 115 

100 124 

In water bodie~ that are highly turbid, 
light may limit the growth of phytoplankton, 
and Vollenweider's model may overestimate 
the actual concentration of chlorophyll ~ 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 content ion 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 
bioassays 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, whi.ch was 
present at concentrations up to 150 )..lgll in 
the Animas River. Greene et ala (1975) have 
demonstrated that dissolved zinc in the range 
of 3-121 )..lgll 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 
ch 10ro,Phyll a than predicted by Vollen
weider s moder. To some extent the toxicity 
of zinc may be mitigated by the development 
of resistant 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 
assumption is probably not valid, since 
phosphorus may be released from the inundated 
soils and vegetation. Several authors 
(Nee1 1963, Purcell 1939) have asserted that 
the algal productivity of reservoirs declines 
following initial filling. Data to sup fort 
the hypothesis of an early peak in a gal 
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 Rroductivity 
(microscopic cell counts, 14C fixation, 
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 .l! 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 (1933), the nature 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 
soil and vegetation, it may develop eutrophic 
characteristics prior to the establishment of 
equilibrium cond1tions. 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. 

If it becomes necessary to control the 
growth of phytoplankton in the Ridges Basin 
Reservoir, 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 
elCample, if 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 2573 kg. This reduction of 
phosphorus loading would result in a decrease 
in the mean summer chlorophyll .l! 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 per iod of 
summer stratification is an important aspect 
of the environmental qualit1 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 
usually occurs. When the st·ratification 
is dist~nct 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 for 
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 recreational 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 USBR 
thermal simulation precedes the sect ion 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 
U. 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. S. 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 da ta for the An imas Ri ver. Da ta 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. 
Their 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 described by Sartor is 
(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
limnet ic oxygen deplet ion was developed. In 
the development of this model several assump
t ions were made concerning the behavior of 
dissolved oxygen in lakes. 

First, both theepilimnion 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 
considered 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
cline, 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: 

where 

............. (3) 

Mh mass of hypolimnetic dissolved 
oxygen 

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

Mo = mass of oxygen lost to the hypo
limnetic outflow 

Mb = mass of oxygen utilized by benthic 
demand 

Oxygen concentration was related to mass by 
the relationship 

where 

............. (4) 

concentration of oxygen in the 
hypolimnion 

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: 

where 

. ............ (5) 

concentration of oxygen in the 
epilimnion 

concentration of oxygen in the 
hypolimnion 

the surface area of the thermocline 

the thickness of the layer being 
considered 

Dc = effective diffusion coefficient 

A positive value of dMd/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 Dc is an "effec
t ive diffusion coeff icient" that is composed 
of both true molecular diffusion and convec
tion mixing (U. S. Corps of Engineers 1975). 
The use of a general effective diffusion 
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 Dc across the thermocline 
were based on the stability of the thermo
cline, where the stability, E, is calculated: 

E 

where 

1. dp 
p dz 

dp/dz 

p 

............. (6) 

density gradient 

average density 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 Dc from a plot of Dc vs. E (U. S. 
Corps of Engineers 1975, 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 Il-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 epi limn ion 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 
(Hutchinson 1957): 

............. (7) 

and 
273h 

log Po - 18,241 (t+213+0.oo25h) 
............. (8) 

where~ 

[02]h .. saturation concentration at 
elevation h, mg/l 

[02]0" saturation concentration at 
sea level, mg/l 

.h elevation, in m 

Ph = atmospheric pressure, in mm Hg 

Po ... 760 mm Hg 

t .. surface temperature of the lake, 
·C 

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

Benthic demand 

In this model of hypo1imnetic 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: 

............. (9) 

where 

Ab = 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 (S.O.D.) 
values for other lakes. It was expected that 
SOD values could be grouped according to 
trophic status, with S.O.D. values increasing 
along the spectrum from oligotrophy to 
eutrophy. If such a categorization could be 
established, a S.O.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: 

B1 = f(S.O.D·temp,D.o'> ............ (10) 

where 

S.O.D·temp, D.O. sediment oxygen 
demand at spec if ied 
temperature and 
oxygen concentration 

INPUTS PROCESSES OUTPUT 
D.O. AT SATURATION - -:II CALCULATES D.O. 
ELEVATION OF SURFACE ~ OF EPII_IMNION . 
OF RESERVOIR 

D.O. OF HYPOLIMNION -.. .. AT END OF PREVIOUS ... MASS FLUX INTERVAL ;; CALCULATES MASS ... OF OXYGEN 
FLUX ACROSS ACROSS 

DIFFUSION COEFFICIENT THERMOCLINE THERMOCLINE 

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 S.O.D. 
and trophic status. 

It should be noted that studies of 
sediment oxygen demand have been conduct'ed 
under a variety of conditions. These differ
ences dictate that comparisons in S.O.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. 
Dissolved 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 a1. 1977, Hayes and 
MacAulay 1959, Hargrave 1969). Although some 
studies involve the use of mixed sediments 
(Porcella et a1. 1975), only data ft'om 
studies that involved the use of "undis
turbed" cores are included in the following 
analysis. Most of the experiments involving 
the determination of S.O.D. values have been 
determined in the laboratory, although 
Sonzogni et a1. (1977) conducted their 
experiments both in ~i~~ and i£ Yi~~Q. 
Edberg and Hofsten (1973) found S.O.D. values 
determined in vitro to be lower than S.O.D. 
values determin.eo-rn situ and attributed this 
difference to distUrbance of the sediments in 
the in vitro experiments. In vitro deter
minaITonswere used where avarl~in this 
paper, although it is realized that the 
application of in vitro S.O.D. values to the 
field may be somewhat erroneous, even after 
accounting for the effects of differences in 
temperature and D.O. in the overlying water. 

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

......... , . ,(11) 

reaction rates 

q, t2 temperature 

An equivalent expression can be derived 
to allow calculations of a temperature 
correction factor, tel 

, .. , . , .... , ,(12) 

where 
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Several investigators (Hargrave 1969, 
Pamatat and Banse 1969, Edwards and Ro lley 
1965, Edberg and Hofsten 1973, McDonnell and 
Hall 1969, Fair et al. 1941) have conducted 
studies of S.O .0. at various temperatures. 
Temperature coefficients obtained in these 
studies are presented in Table 9. In some 
cases, the temperature coefficient for a 
part icular study was calculated from va lues 
of Q10 or other similar expressions. The 
data of Edberg and Hofsten (1973) were not 
included in the calculation of an average 
value for tc because their experiments were 
conducted with pure cultures of cellulyt ic 
bacteria; it is not felt that this experiment 
was sufficiently representative of natural 
condit ions. 

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

Source Temperature 
tc Range (oC) 

Fair 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 tc was caluclated 
from these data. Where several temperature 
ranges or sites were investigated, an average 
for the experiments was used. The average 
value for tc was found to be 0.082 for 
these experiments. This value of tc;. was 
used for adjusting S.O.D. values to 10 C in 
order to make comparisons in S.O.D. values 
among different lakes. It was also used to 
adjust the input S.O.D. value used in the 
model (S.O.D. temp , D.O.) to the temperature 
of each time interval for calculations of 
benthic demand. 

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

y ., .......... (13) 

An average value of tc was calculated 

where 

c 

y 

a,b 

D.O. concentration of the over
lying water 

S.O.D. 

constants 



Table 10. Determination of coefficients for correction of the effect of the oxygen concentra
tion in the overlying water on sediment demand. a 

c b 'Ii 
b 

(mg/l!.) l!.n C R. lVEL R. GAPE R. HIZ Y l!.n y 

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 

aData taken from Figure 5, EdWaPds and RoZZey 1965. Data from 
R. Lark omitt,ed because high concentration of invertebrates caused 
poor fit. ' 

C = concentration of oxygen in overlying water, mg/l!. 

a.b = 0.08 and 0.42, ~espective1y (established by 
plotting) • 

The effect of D.O. concentration on 
S .0.0. values depends laq~ely on the abun
dance of invertebrates 1n the sediment. 
Sediments containing large numbers of inver
tebrates show a more pronounced change in 
S.O.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 
McDonnell and Hall (1969), Knowles et al. 
(1962), and Edwards and Rolley (1965)1 in 
Table 11. A more extensive compilation of 
these coefficients is presented in McDonnell 
and Hall (1969). Typical values for a are in 
the range 0.08-0.25 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.O.D. 
from a knowledge of D.O. concentration. 

Thus, while S.O.D. decreases with 
decreasing D.O. 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.O. concentration 
on S.O.D. when the D.O. 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, S.O.D. values 
were assumed to follow Oth order kinetics 
(S.O.D. independent of D.O.) 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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concentration was above 5 mg/l. When the 
D.O. 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.O. concentration. 
This error could be serious when very low 
D.O. 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 
(Hargrave 1969, Brewer et a1. 1977, Edberg 
and Hofsten 1973, Sonzogni et al 1977, 
McDonnell and Hall 1969). In other cases 
data on phosphorus concentration, hypo
limnetic oxygen depletion, or visual des
criptions were us~d as a basis of trophic 
class designation (Kreizenbeck 1974, Hayes 
and MacAulay 1959). 

Since the experimental temperatures at 
which these S.O.D. values were determined 
were not uniform, the S.D. D. data were 
adjusted to 10·C using the value of tc = 
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. In 
all experiments used for this evaluation 
the D.O. concentration in the overlying water 
was 6 mg/l or greater. ' 
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Table 11. Effect of oxygen concentration of overlying water on sed~ent oxygen utilization. a 

Source Type of Sediment 

McDonnell and Hall (1969) Eutrophic stream 

Knowles et a1. (1962) 

Edwards and Rolley (1965)b River muds 

aEffect of oxygen concentration described by equation 

y .. aCb 

2 where y = rate of oxygen utilization, g02/m -hr 

Invertebrate 
Concentration 

"low" 
"high" 

39,OOO/m2 
296,000/m2 

a 

0.08 
0.25 

0.20 
0.31 

0.08 

C .. concentration of dissolved oxygen in overlying water 

a,b .. 0.08 and 0.42, respectively (established by plotting). 

bSee Table 10 for calculation of a, b from raw data. 

Data on S.O.D. values were compiled for 
six eutrophic lakes, eight mesotrophic lakes, 
and three oligotroph ic lakes. I n order 
to establish the range of S.O.D. values for 
each trophic class, frequency distributions 
were plotted (Figure 7). Inspection of 
this plot shows that eutrophic lakes have a 
wide range of S.O.D. values. For the six 
eutrophic lakes observed, the 5.0.0. values 
ranged from 0.17-2.95 g 02/m2 day (95 percent 
confidence ~nterval: 0.24-2.61 g 02/m2 
day. It would be difficult to determine a 
reasonable value for sediment oxygen demand 
in eutrophic lakes using these data. For the 
three oligotroyhic lakes, 5.0,,0. values 
ranged from 0.68-0.247 g 02/m" day with 
a mean of 0.197 g 02/m2 day (95 percent 
C.l.: 0.089-0.305 g 02/m2 day). The six 
mesotrophic lakes ranged in S.O.D. values 
from 0.139-0.836 g 02/m2 day wi th a mean 
of 0.399 g 02/m2 day (95 percentC.I.: 
0.203-0.595 g 02/m2 day). For a mesotrophic 
lake, the sediment oxygen demand at 10·C can 
be considered to be in the range of 0.2-0.6 g 
02/m2 day. Values for the 5.0.0. constant 
in the model used for the Ridges Basin 
Reservoir were considered 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/m2 day .• 

100 

50 

o 

100 

50 

o 

100 

o 

o 

EUTROPHIC LAKES (n=6} 
Range: 0.17 - 2.95 9 ~/m2 - day ot 10" C 

1.0 2.0 

MESOTROPHICLAKES In. 6) 
Range· 0.139 -0.836 9 ot/m2-day at 10·C 

1.0 2.0 

OLIGOTROPHIC LAKES In. 3) 
Range' 0.166 - 0.247 g O2 1m2 - day at 10· C 

b 

0.39 
0.39 

0.38 
0.38 

0.42 

3.0 

3.0 

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 
was determined using 1:400 scale topographic 
map and the U5BR area-elevation curve. As a 
first step in measuring the bottom area along 
the sides10pe, a map wheel was used to 
determine the linear distance around the 
reservoir halfway between the 6.1 m (20 ft) 

Figure 7. Frequency distribution for S.O.D. 
values for lakes. 
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Table 12. Oxygen consumed in water over enclosed sediments. a 

Source 

EUTROPHIC LAKES 

Sonzogni et al. 
(1977) 

Hayes and MacAulay 
(1959) 

Edberg and Hofsten 
(1973) 

Brewer et al. 
(1977) 

Kreizenbeck (1974)b 

MESOTROPHIC LAKES 

Edberg and Hofsten 
(1973) 

Hayes and MacAulay 
(1959) 

OLIGOTROPHIC LAKES 

Hayes and MacAulay 
(1959) 

Hargrave (1970) 

Lake and Trophic 
Status 

Exp. 
Temperature 

(oC) 

Shagawa L., Wisconsin es t. 10 

Montague, P.E.1. 11.0 + 0.5 
Canada 

Norrviken 1 5 

Norrviken 2 

L. Hartwell, S. C. 

L. Milner, Idaho 

Erken 

Erken 2 

Copper Lake 

Lily Lake 

Sutherland 

Crecy 

Gibson 

Southport 

Bluff Lake 

Grand Lake 

Marion Lake 

7 

18 

21-23 

4 

14 

11.0 ± 0.5 

11.0 ± 0.5 

11.0 ± 0.5 

11.0 + 0.5 

10 

D.O. of Overlying 
Water (mg/l) 

8.0 

"aerated" 

"<10" 

"<10" 

6.3 - 8.4 

"<10" 

"<10" 

"aerated" 

"aerated" 

"aerated" 

"aerated" 

> 6 

02 Demand 
(g02/m2 day) 

0.12-0.22 
:it = 0.17 

1.63 

1.8 

2.4 

0.308-0.985 
X=0.684 

0.89 - 5.33 
x = 2.28 

0.43 

0.50 ' 

0.309 

0.399 

0.198 

0.149 

0.376 

0.895. 

0.188 

0.264 

0.168 

02 Demand 
Adjusted to 

lOoC 
(g02/m2 day) 

0.12 - 0.22 
x = 0.17 

1.52 

2.53 

2.95 

0.178-0.570 
x=O.374 

0.392 - 1.86 
'it = 1.00 

0.648 

0.380 

0.289 

0.373 

0.185 

0.139 

0.343 

0.836 

0.176 

0.247 

0.168 

aThe S.O.D. values in column are adjusted to 100 C using a temperature correction factor (tc) of 0.082 (see 
equation 12). 

bMean value of S.O.D. based on data from five stations. 

contours (c in Figure 8). The average 
distance between contours was then calculated 
using this value and the difference between 
the surface areas between the two contours (k 
in Figure 8): 

A - A 
ci ci_l 

k = _ (see Figure 8) .... (14) 
c 

Since the vertical distance between contours 
was always 6.1 m, the average linear distance 
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along the bottom between contours was calcu
lated as: 

(see Figure 8) .... (15) 

The area of the bottom between contours 
Ci and Ci+l was calculated directly: 

........ : ... (16) 



r--k-+j 
I I 
I I 

AS : AREA OF BOTTOM 

ACi = AREA WITHIN CONTOUR 

ACiwl: AREA WITHIN CONTOUR i-I 

1 : DISTANCE BETWEEN 
CONTOURS i and i-I 

C = CIRCUMFERENCE OF 
CONTOUR BETWEEN 
i and i-I : C i + C i-I 

2 
AAS I: j xC 
ASj : CUMULATIVE AREA OF 

BOTTOM UNDER CONTOUR 

I 

Figure 8. Schematic diagram showing method 
used to calculate surface area of 
reservoir bottom. 

The total area under each contour, AB" 
was then calculated by summing the are~s 
between contours for all the lower contours. 
This technique seemed to work well for all 
contours above an elevation of 2054 m (6740 
ft). 

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 very 
small: the surface area of 85 x 103 mZ 
under the 2054 m (6740 ft) contour is about 
one p'ercent of the total bottom area (8,327 
x 103 m2 ) of the reservoir. Data from 
this analysis are presented in Table 13. 

A summary of all inputs, computation 
processes and outputs for the benthic demand 
segment of the model is presented in Figure 
9. 
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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
stream. The concent ra t ion 0 f d i sso 1 ved 
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: 

dMo = 
dt Qi x Ch ............ ' .. (17) 

where 

Qi = outflow rate (m3/sec) 

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

A summary of all the inputs, processes, 
and outputs from this model is presented in 
Figure 10. Input data used in the simulation 
are presented in Table 14. The com~uter 
program used in this simulation ("OXYHYP ') is 
presented in Appendix G, Tables 54 and 55. 

Results 

"OXYHYP" was run us lng the range of 
S .O.D. values determined for mesotrophic 
lakes (0.2-0.6 g 02/m2 day). The diffusion 
coefficient, Dc, was varied over the range 
of values given by the U.S. Corps of Engi
neers (1975) (Table 14). Model runs were 
made using all possible combinations of 
values for S.O .D. and Dc (nine runs). The 
output from each model run is presented 
in Appendix G. 

The output from model runs using S.O.D. 
values of 0.2, 0.4, and 0.6 g 02/m2 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 period. The 
rate of change in dissolved oxygen concen
tration beyond Day 240 was determined as: 

dC _ Cl30 - C240 . 
at - 110 days ............. (18) 

where 

dC 
<IT 

C240 

110 days 

rate of change in D.O. concentra
tion 

D.O. concentration (mg/l at Day 
130 

D.O. concentration (mg/l) at Day 
240 

length of model run 



Table 13. Calculation of the bottom surface area for Ridges Basin Reservoir. a 
"""""""": 

(m) 
t ACi 

A
Ci

_
1 

i ci+ci_i 
k J MB rAB Contour '-'-2-

(Measured from Bottom) (m) (103m2) (103m2) ~"1IliJ . (m) (m) (m x 103) (m x 103) 

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 - 56.7 85.0 

24.4 6.1 671 85.0 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 

85.3 6.1 8.219 7,499 32,822 21.9 22.7 747 8,327 

SAIl terms defined in Figure 8. 

INPUTS PROCESSES OUTPUTS 

S.O. D. (constant) 

~ TEMPERATURE CALCULATES 
OF BOTTOM ACTUAL BENTHIC 

~ 
DEMAND 

TEMPERATURE 
CORRECTION 
FACTOR CALCULATES ..... TOTAL BENTHIC ..... TOTAL BENTHIC , DEMAND 
AREA OF BOTTOM 

, 
UTILIZATION 

Figure 9. Benthic demand submodel. 
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Table 14. Input data used in the simulation of hypolimnetic d:Lssolved oxygen in the 
Ridges Basin Reservoir. 

Hvpo1imnion In.o., mg/ll 
sat. at Hypo-

Sediment Area of a 0 Elevation of . Temp. undet l.mnet C Diffusion 

J 
Surface l' i 

Distance to Surface Therrnoclin-. Volume Tempera.ture. C 760 mm Hg Outflow C Depth to Id Coefficient e 
Day I Thermocline(m) b IArea (xl06m2) 21 (x106m2) a 1 (xlO Bm3) I Bottom I Surface Surface, m. a Pressure m3/Sef! Thermocline(m) Stability(m- ) High I Low I High 

121 7.580 7.499 2.355 4.44 4.44 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 0.035 

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-S 0.46 0.19 0.037 

150 67.1 6.122 6.078 1.506 4.45 8.32 2119.6 11.78 0.00 67.1 6.64 x 10~ 0.31 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 10-5 0.19 0.12 0.021 

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 10-5 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 10'" 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 10~ 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 10~ 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 10-<+ 0.17 0.10 0.020 

240 61.0 5.384 6.078 1.506 10.30 15.24 2112.8 10.10 0.00 61.0 1.14 x 10'" 0.17 0.10 0.020 

a Data from USBR temperature simulation of Ridges Basin Reeetyoit 

b Computed by integration of contours (see text) 

,C From MetaaZf and Eddy (1972) 

d Stability, E .! dp 
Jj dz 

e Diffusion coefficients from USC!. 1975, Figure 11-2 



INPUTS 
VOLUME OF 
HYPOLIMNION 

LENGTH AND 
NUMBER INTERVALS 

TEMPERATURE 
OF SURFACE 

TEMPERATURE 
OF BOTTOM 

SEDIMENT OXYGEN 
DEMAND AT 10°C 

FLOW THROUGH 
HYPOLIMNETIC 
OUTFLOW 

PROCESSES 

UTILIZATION 
BY BENTHOS 

EQUILIBRATION OF 
OXYGEN SATURATION 
AT SURFACE 

OUTPUTS 

02 CONCENTRATION 
IN EPILIMNION 

MASS OF 02 
USED BY BENTHOS 

CHANGE IN 
MASS OF ~ FROM 
DIFFUSION 

OXYGEN SATURATION 
AT SURFACE 
TEMPERATURE 

LOSS BY 
ADVECTION MASS OF O2 LOST 

BY ADVECTION 
(1.0 atm) 

ELEVATION OF 
SURFACE 

N (LOSS) 
DIFFUSION O2 CONCENTRATION 

OF HYPOLIMNION 

AREA OF THERMOCLINE 

AREA OF HYPOLIMNETIC 
SEDIMENT 

DIFFUSION COEFFICIENT 

Figure 10. Summary of D.O. model. 

The rates of change in D.O. concentra
tion were determined to be 0.00754, 0.0132, 
and 0.0189 mg 02/1 day for S.O.D. values 
of 0.2, 0.4., anff 0.6 g 02/m2 day, respec-· 
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.O.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 
percent of the total change in mass of 
hypolimnetic oxygen. Variation of the 
diffusion coefficient over the range of 
va lues presented in the U. S. Corps of Engi
neers (1975) 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 hypolimnion will 
drop to between 7.3 and 8.6 mg/l by the 
end of August. This level of dissolved 
oxygen is 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 
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stops on August 28 because the USBR thermal 
simulation 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 last 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.O. concentration in the hypolimnion at the 
end of the stratification period. Extrapola
tion of this simulation to November 30 
indicates that the hypolimnetic D.O. 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.O. concentration of 
the hypolimnion is not linear (Figure 11). 
To obtain a more accurate estimate of the 
D.O. concentration at the end of the strati
f ication, the thermal simulation should be 
extended to the turnover period and the data 
obtained from this simulation should be used 
to extend the resu'lts of the oxygen simula
tion model. This pr~cedure seems especially 
worthwhile in view of the possibility that 
the D.O. 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 CSTRts, and 4) a lake undergoes 
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Table 15. Predicted dissolved oxygen concentration in Ridges Basin Reservoir. a 

10.0 

9.0 

8.0 

7.0 

6.0 

Date 

5/lO 

5/20 

5/30 

6/9 

6/19 

6/29 

7/9 

7/19 

7/29 

8/8 

8/18 

8/20 

Day Epilimnionh 
S.O.D. '" 0.200 

130 9.39 9.39 

140 9.24 9.39 

150 9.17 9.34 

160 8.79 9.20 

170 8.57 9.14 

180 8.49 9.09 

190 8.35 8.95 

200 8.20 8.91 

210 8.20 8.77 

220 8.05 8.68 

230 8.06 8.62 

240 7.90 8.56 

aAl1 D.O. values in mg/t. 

bEpi1imnion considered saturated 

Hypo1imnionc 

S.O.D. '" 0.400 S.O.D. 0.600 

9.39 9.39 

9.39 9.39 

9.29 9.24 

9.09 8.97 

8.97 8.81 

8.86 8.64 

8.58 8.22 

8.51 8.11 

8.32 7.87 

8.17 7.66 

8.06 7.49 

7.94 7.31 

cVa1ues calculated using middle diffusion coefficient curve from 
USeE, 1975, Figure 11-2. 

... f----- MODEL RUN ---~)(~- LINEAR EXTRAPOLATION ---tIl> 

CO. WATER QUALITY STD. 
FOR SPAWN COLDWATER FISH 

CO. WATER QUALITY STD. FOR 

----__ S.0.D=0.2g0zlmZ -DAY --------.............. ........-. 

"
' ..... 

.... ........ z 
............ 5.0.0. =0.4g0z lm -DAY .... 

(5/10) (6/9) (6/29) (7119) (8/8) (8/28) (9/17) (10/9) (l0/27) 

DATE 

(11/26) 

Figure 11. Dissolved oxygen simulation in the hypolimnion 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.O.D. values when 
plotted according to trophic status (Figure 
7) 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.O.D. is 
related to trophic status. The relationship 
between S.O.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 2 0.33-0.50, and greater than 0.50 g 02/m 
day for oligotrophic, mesotrophic, and 
eutrophic lakes, respect ive1y. 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 
hypolimnlon was completely decomposed. In 
the sa·me 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.O.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 mater ia1 
falling into the hypolimnion, and 2) de
creasing 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 S.O.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 
s ignif icant 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 
mi nor compared to the demand exerted by 
benth ic processes. Ins tudies 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 
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containing no sediments. In Newbold and 
Liggett's (1974) study of Lake Cayuga, 
oxygen-utilizing processes in the hypo-
1imnetic water were computed to result in a 
depletion of only 0.8 mgll during the 120 day 
stratification period. 

The assumption that both the epi1imnion 
and the hypolimnion behave like CSTR I S was 
made so that both the epi1imnion and the 
hypolimnion could be considered to be verti
cally homogeneous with respect to the distri
bution of dissolved oxygen. Furthermore, the 
epilimnion was considered to be exactly 
saturated. The assumption that the epilim
nion has a vertically homogeneous distribu
t ion of dissolved oxygen is probably valid 
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 epi1imnion to the hypolimnion is 
probably very low, the small error that may 
have resu1teq 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 of6xygen 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.O. 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. In reality, the dis
solved oxygen concentration at the bottom of 
lakes may not be completely saturated due to 
incomplete mixing, biological respiration, 
and photosynthesis. Hutchinson (1957) cites 
examples to show that the oxygen concentra
t ion of lakes dud ng 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 th'e Ridges Basin Reservoir 
at turnover is less than the saturation 
value, the actual D.O. 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. Of 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 



simulation. The accuracy of the results 
generated by the USBR thermal simulation is 
questionable and the use of these data may 
have produced errors in the oxygen simula
tion. 

The predictions generated by this model 
are not applicable to the Ridges Basin 
Reservoir 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 inunda ted soi Is and vegeta
tion may result in hypolimnetic dissolved 
concentrations that are considerably lower 
than occur following the stabilization 
period. The extent of the oxygen depletion 
during the early 1 ife of a reservoir is 
related to the type and quantity of vegeta
tion being merged (Ball et a1. 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 R~servoir, New Jersey, during the 
first 10 years following impoundment (from 
o percent to 20 percent of saturation). 
Associated with the increase in D.O. concen
tration. was a decrease in concentrations of 
soluble iron and manganese and hydrogen 
sulfide. Similarly, Duffer and Harlin (1971) 
found a complete depletion in dissolved 
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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 
wi th anoxic conditions) may be a problem in 
TVA reservoirs during the first year of 
operation. In some reservoirs a change in 
hypolimnetic D.O., at least in the first few 
years, does not seem to occur. Williams 
(1978) found no significant change in the 
hypolimnetic D.O. concentrat ions during the 
first three summers following filling 
of Rays·town 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 
pattern of severe oxygen depletion in the 
hypolimnion after their initial filling 
followed by subsequent improvement, this 
pattern is not ubiquitous. It 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 filling 
may be useful 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
cluding 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 ~ould 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 in 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 
using a simple mass balance model similar to 
that used by Dillon and Rigler (l974b) and 
Chapra (1975) to predict the retention of 
phosphorus in lakes. Li terature 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. These 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: 

v ~ == Wm - Qm - Kin Vm ............. (l9) 

where 

V == lake volume 

Wm = mass loading of metal m 

Q outflow 

m concentration of metal in lake 
water 

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 sUDstance 
that is in the lake (i.e., K is 
truly first-order). 

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

4. There are no seasonal fluctuations 
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 O. Under this 
condition, 

· ............ (20) 

A retention coefficient, Rm, can be 
expressed as: 

· ............ (21) 

Setting p 
20: 

Q/V and solving for m in Equation 

m · ............ (22) Q + K V . m 

Km ............. (23) 
p + Km 



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: 

where 

........... (24) 
zp + zK 

qs - areal water load 

vm = a p par e n t set t 1 i n g vel 0 cit Y for 
metal m 

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

............. (25) 

where 

Ls,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 

where 

............. (26) 

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, 
Del£ ino et a1. 1969) 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 discussed 
later in this section. 

Evaluation of Metal Retention Model 

To determine values for vm 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 
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more metals were presented in the published 
literature, but for most lakes the retention 
coefficients for various metals were ca lcu
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 Reservoir, 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, I daho (Funk et a1. 
1975, USEPA 1975b) 

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

Details concerning the calculation of 
loading, morpl)ological data, and a brief 
description of each lake are discussed in 
Appendix H. It 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: 

..... , ....... (27) 

Based'on these settling velocities an 
average settling velocity for each metal was 
ca lculated, 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 
and the 95 percent confidence intervals for 
each mean are presented in Table 17. Average 
settling velocities were calculated for iron, 
zinc, manganese, copper, cadmium and lead. 
The average 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. a 

Lake and Ave. Ave. % 
Volume Area Location 

(x 106 m3
) (x 106 m2

) 
(yr.) 

Pueblo Reservoir, 
Colorado 
June-Sept. , 1975 29.03 4.42 0.052 

Oct. , 1975-Sept. , 36.53 5.09 0.098 1976 

Coeur D'Alene 294. 129.5 0.035 Lake, Idaho 

Yellowtail Res-
ervoir, Montana 
Feb.-Dec., 1968 970 30.2 0.313 

Jan.-Aug. , 1969 1048 37.9 0.407 

Alpnachersee, 100.1 4.76 0.284 . Switzerland 

Derwent Reservoir, 5.06 4.05 0.133 England 

Lake Washington, 2904 88 2.48 Washington 

a See 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 vPb undefibed. The fact that all 
of the lead entering Pueblo Reservoir during 
this period was retained may indicate that 1) 
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 (qs) for each lake was 
used to calculate predicted values for metals 
retentions in each lake (Rp) using Equation 
24 (Table 18). These val~es of predicted 
retention were compared to the observed 
values of retention (Rob) for each metal 
using a coefficient of determination (r2). 
Values of r2 between Rp and Rob were 0.53, 
0.23, 0.47, and 0.39, respectively, for iron, 
zinc, copper, and lead. 

qs % Retention 

(m/yr) Fe Zn Mn Pb Cu Cd 

59.7 78.3 100.0 

135.3 19.6 25.5 73.4 

64.9 17.5 

102.6 92.7 31.0 80.0 21.4 

67.9 96.2 52.5 . 87.8 57.1 

73.97 92 50 62 42 18 

13.08 70.3 89.2 98.3 

13.3 99.2 44.9 96.8 58.8 
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Finally, the relationship between the 
areal water load (qs) and predicted retention 
(Rp for iron, zinc, lead, and copQer 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 vFe, 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 retention (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 Rand 
qs for iron, it should be noted that the 
observed retention coefficient for iron 
in Pueblo Reservoir (0.20) was much less than 
the predicted va lue (0.89). Th is 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. a 

Apparent Settling Velocity,b Vm (m/yr) 
Lake 

Fe Zn Mn PbI'! Cu Cd 

Pueblo Reservoir 
June-Sept. , 1975 215 
Oct. , 1975-Sept. 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 Reservoir 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 (127) -3 -3083 

aSee text for sources of data. 

bApparent settling velocity, v = Rmqs 
m l-=R 

where m 
R = fraction of metal m retained m 
qa = areal water load, m/yr (m3 /yr/m2) 

cCalculation of ave. settling velocity does not include the early 
1975 data for Pueblo Reservoirl 100 percent of' the load was retained 
during this period, making v = 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 llot 
also indicates that the retention of lea 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 iron), 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 iron is a result of the fact 
that the average apparent settling velocity 
for iron (1,111 m/yr) is much greater than 
that for zinc (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 r2 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 1akes. a 

.. - --

Lake 
Fe Zn Cu Pb 

Rob Rp Bob Rp Rob R Rob Rp p 

Pueblo Reservoir 
June-Sept., 1975 0.78 0.52 1.0 0.81 
Oct. 1975-Sept., 19760.20 0.89 0.26 0.32 0.73 0.65 

Coeur D'Alene L. 0.18 0.50 

Yellowtail Reservoir 
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 0.70 0.83 0.89 0.95 

Lake Washington 0.99 0.99 0.45 0.83 0.59 0.78 0.97 0.95 

1'2 0.53 0.23 0.47 0.39 

measured retention (see Table 16) 

- predicted retention, using average apparent settling 
velocity for each metal (Table 17) -

v 
R" m 

p V"m + q8 

where 

Vm - average apparent settling velocity for metal, m/yr 

q - areal water load, m/yr (m3/yr/m2) 
8 

(vCu = 48 m/yr). An apparent settling 
velocity of -3 m/yr indicates that copper is 
moving upward. Since this cannot occur, 
the 95 percent confidence interval for the 
vCu was 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 qs and VCu z 0 m/yr and 
vCu ... 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 
apparent settling 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 
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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 sedimentat ion. I ron 
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). In 
his study at Alpnachersee, Switzerland, 
Baccini (1976) found a very strong relation
ship between the proportion of iron, zinc, 
copper, and cadmium entering A1pnachersee in 
the particulate form and portions of each 
metal retained in the lake (r2 z 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 Pu~blo Reservoir, the relationship 
between the proportion of metals in the 
suspended fraction in the inflow (S: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 S: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 zinc (S:T = 0.87; R = 0.26) and iron 
(S:T = 0.99; R = 0.20). The fact that less 
iron 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 
suspended 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. Although more 
extensiv~ 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. 

Iron 

• r Lead 

I-+-f Zinc 

1-+-1 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 
thei r 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 part icu
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 portion 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 
a1. (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 

o 500 1000 1500 2000 
Settling velocity t ml yr. 

Figure 16. Mean and confidence intervals for apparent settling velocities of iron, lead, zinc, 
and copper. 
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Table 19. Comparison of the composition of metals loading with metals retention. a 

Lake Zn 
SIT R 

Alpnachersee 0.37 0.50 

Pueblo Reservoir 0.86 0.78 June-Sept. , 1974 

Pueblo Reservoir 0.87 0.26 1975 Wt. Yr. 

Proposed Ridges 
Basin Reservoirb 0.80 0.75 

~ = retention = mass in-mass out 
mass out 

SIT = suspended load/total load. 

SIT 

0.98 

0.99 

0.98 

Fe Ph 
R SIT R 

0.92 0.17 0.17 0.45 0.42 

1.00 1.00 

0.20 0.70 0.73 

0.98 0.95 0.92 1.00 0.89 0.69 

b Retention data for the Ridges Basin Reservoir are predicted values. 

metals in the sediments of lakes. Although 
there appears to be a paucity of data as to 
the effects of precipitation and resolubili
zation of metals on the overall mass balance 
of metals in lakes, it seems very likely 
that, at least under certain conditions, 
purely chemical phenomena may have a signifi
cant effect on the overall mass balance of 
metals. 

Application to Ridges Basin Reservoir 

The analysis in the previous section 
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 USBR 
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 iron, 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, qs, 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 (Ls) and to the 
outflow: 
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L s,m ............. (28) 

L = L - L o,m i,m s,m .•........... (29) 

where 

Ls,m - loading of metal m to sediment, 
kg/yr 

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

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

Rm = 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 
i ron and lead entering the Ridges Bas in 
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 
predicted retention of 86 to 95 percent and 
lead (S:T of inflow = 0.92) has a predicted 
~~tention of 0.92. The correlatiori 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. a 

Load (kg) 
Date 

Fe Zn Mn 

9/77 3,631 3,050 945 630 
10/77 2,347 2,973 1,538 65 
11/77 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 
2/78 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 7,254c 4,130c 

alnflow 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 considered to be halfway between zero and the detection limit. 

cLoading not for entire annual period due to missing data. 

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

Metal 

Settling VelocityS (m/yr) 

Loading Into Reservoir. L£ (104 kg/yr)c 

Loading to Sediments, L8 (104 kg/yr)d 

Loading to Outflow. Lo (104 kg/yr)e 

Flow Weighted Average Concentration in Inflow 
(llg/,R,)f 

Flow Weighted Average Concentration in Outflow 

aSee Table 17. 
b See Figures 12-15. 

cSee Table 20. 

Iron Zinc 

248-1974 9-119 

92-99 30-85 

51.03 7.08 

46.95-50.52 2.12-6.02 

4.08-0.51 4.96-1.06 

3117 432 

33-266 69-324 

dSee Equation 27. 

eSee Equation 28. 
f[MJ ~ loading 

total flow Data for lead and copper adjusted to account 

for missing inflow concentration data. 

gOut flow concentration higher than inflow due to evaporation (6% of 
inflow) • 
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Pb 

127-375 

86-95 

0.41 

0.35-0.39 

0.06-0.02 

32 

2-5 

Cu 

0-99 

0-82 

0.73 

0-0.58 

0.71-0.13 
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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: 

where 

L s,m ............. (30) 

concentration of metal in sedi
ment (kg/mj) 

Ls,m = rate of accumulation of metal m 
in sediment (kg/yr) 

area of bottom, m2 

rate of accumulation of sediments 
(m/yr) 

Equation 30 was developed on the assump
t ion 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 

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 

I enter the Ridges Basin Reservoir on the biota 
may be justified. 
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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, 
part icular ly wi th respect to the protection 
of an aquatic biota (Appendix D: Proposed 
Colorado Water Quality Standards: Aquatic 
Biota). 

The predicted values for metal reten
tions obtained in this study should be used 
with caution, since they are based on the 
concept of universal "apparent settling 
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 predict ing phos
phorus retention supports the validity of 
this approach. In 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. 



CQNCLUSIONS 

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 1978. 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 epi liinnet ic 
concentration of chlorophyll a in lakes and 
reservoirs 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:OP is 
less than 11.3:1 throughout the season, 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 ~ standing crop. 

4. The mean summer epilimnetic concen
trations of chlorophyll ~ in' the proposed 
Ridges Basin Reservoir is expected to be 
between 5 and 13 vg/l. On the basis of algal 
standing crop, the proposed reservoir can be 
classified as mesotrophic. The average 
summer Secchi disc transparency is expected 
to be about 1.8 m (6 £t). 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.O.) 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 zinc, 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 
suspepded 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 characteri~tics 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, quantitative 
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 s tanding crop in the reservoi r 
(Equation 2), A mass balance model could be 
used to. predict the effects of alternative 
pumping schedules on the retention of iron, 
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 runoff (April 
through June), an attempt should be made to 
minimize inflow pumping during this period. 
As illustrated by the example presented on 
page 18, a minor alteration 1n the hydrologic 
regime of the reservoir 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
s ion 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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APPENDIX A 

HYDROLOGIC SIMULATION OF RIDGES BASIN P~SERVOIR 

(1, 000 ac-ft). 
a 

Table 22. Ridges. Basin end of month content 

JAN FEB MAR APR 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:. 280.0 280.0 
1930 280.0 280.0 2BO.0 2BO.0 2BO.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 20(UI 213.0 218.0 220.2 
1938 222.3 224.B 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.B 
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 2BO.0. 280.0 2BO.0 2BO.0 2BO.0 276.6 266.2 253.2 243.8 24B.2 253.0 255.8 
1943 25B.4 261.5 269.0 2BO.0 280.0 272.7 260.8 25B.B 255.2 262.9 271. 7 277.7 
1944 2BO.0 2BO.0 2BO.0 2BO.0 2BO.0 272.9 262.6 249.6 236.0 245.0 251.9 255.B 
1945 258.B 262.6 268.5 276.0 2BO.0 272.7 261.5 252.5 239.4 249.1 25fi.7 260.3 
1946 264.6 267.5 271.7 280.0 2BO.0 272.2 259.0 244.6 230.0 234.8 242.9 24B.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 2BO.0 . 280.0 280.0 280.0 272.7 262.4 251.6 238.5 245.7 251.4 264.::1 
1949 257.0 259.5 265.9 277.1 280.0 276.6 266.5 255.4 242.6 250.5 25R.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 2l6.2 210.9 200.7 195.8 189.9 195.9 200.3 203.3 
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 186.7 187.4 188.6 201.6 210.8 203.6 190.3 176.1 172.3 181.1 188.3 193.9 
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 18B.2 • 200.3 209.5 202.3 174.5 162.1 152.6 150.3 153.8 155.1 
1957 15B.0 162.1 167.3 177.0 lB6.9 lB3.1 173.4 172.3 172.3 183.7 197.2 210.0 
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 26B.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 27B.4 280.0 272.7 262.2 238.4 223.4 232.8 242.3 248.1 
1963 252.1 257.1 264.7 280.0 280.0 272.0 240.3 223.1 21B.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 1711.6 
1965 lBO.3 183.3 188.7 197.8 20B.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 21B.4 221.6 226.0 23(1. 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'.1) 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 23fL 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.B 231.6 218.0 210.7 217.2 221.8 227.9 

",USER (1978). 
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Table 23. Water pumped through Durango ;:>umping plant to Ridges Bas ill 
-~ Reservoir (1,000 ac-ft).a 

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC 

1929 2.8 .4 .5 4.6 12.7 25.1 25.9 25.9 24.0 12.6 .5 .5 
1930 .4 .4 .5 3.2 12.7 25. 1 25.0 21.3 5,0 9.4 4.8 2.9 
1931 2.2 .1 .3 3.0 23.8 25.1 11.3 6.0 6.6 12.9 4.6 4.1 
1932 3.5 3.7 12.8 24.9 25.9 25.1 25.9 22.4 9.9 9.0 6. 1 1.5 
1933 0.0 .2 5.2 7.8 18.0 25.1 20.9 4.8 10.7 10.7 4.1) 3.2 
1934 1.7 1.8 3.9 14.3 24.7 6.5 .0 .1 1.2 3.2 2.1 .9 
1935 1.1 1.3 6.5 20.8 25.6 25. 1 25.8 24.4 12.6 12.1 6.2 3.4 
1936 3.2 2.4 11.3 19.6 25.9 25.1 16.5 20.8 11.2 9.7 8.7 4.4 
1937 3.3 3.8 9.6 20.6 25.9 25.1 21.3 2.9 3.4 9.1 5.5 2.7 
1938 2.6 2.9 10.1 20.3 25.9 25.1 25.9 12.7 17.9 18.0 11. 1 6.1 
1939 4.7 3.0 9.4 6.3 16.2 25.1 4.8 .3 14.3 8.5 5.5 2.9 
1940 2.0 1.7 7.0 16.6 25.9 24.0 1.9 1.0 8.5 15.3 8.4 4.1 
1941 3.6 6.2 11. 1 17.8 25.9 25.1 25.9 22.9 18.0 19.8 6.7 .5 
1942 .4 .4 .5 .9 6.1 24.6 25.9 14.1 5.7 7.1 5.2 3.3 
1943 3.0 3.5 8.0 17.0 12.6 25.1 24.3 25.2 11.4 10.4 9.3 6.5 
1944 2.7 .4 .5 6.2 13.5 25.1 25.9 14.2 1.4 11.7 7.4 4.3 
1945 3.5 4.2 6.4 13.4 15.5 25.1 25.0 18.1 2.0 12.4 S.n 4. 1 
1946 4.7 3.4 4~6 14.6 16.7 24.6 23.0 12.7 4.3 11. 5 8.6 6.5 
1947 4.5 4.0 6.2 14.2 ' 25.9 25.1 25.2 22.5 21.2 17.1 Hl.5 .5 
1948 .4 .4 .5 6.1 15.2 25.1 25.9 16.4 2.0 9.8 6.2 3.4 
1949 3. 1 2.9 6.8 17.4 18.9 25. 1 25.9 16.1 2.3 10.5 8.3 5.4 
1950 5.6 5.1 7.5 5.2 13.0 25.1 20.6 ·0 1.6 6.2 3.9 3.3 
1951 2.1 .8 1.9 4.2 22.4 25.1 12.2 5.0 1.1 4.8 3.3 2.4 
1952 3.9 4.7 4.6 22.9 25.9 25.1 25.9 22.2 9.2 8.6 4.9 3.5 
1953 4.0 3.8 7.3 14.4 22.1 25.1 18.0 7.8 .3 4.9 7.3 2.5 
1954 .9 1.1 1.7 19.2 25.B 25.1 22.9 8.2 7.1 15.2 7.7 6.1 
1955 4.6 3.3 6.0 11. 5 25.9 25.1 16.1 14.1 .5 2.8 3.9 3.8 
1956 4.1 3.7 B.3 lB.2 25.9 25.1 3.9 .3 0.0 .8 4.0 1.7 
1957 3.3 4.5 5.7 15.B 25.7 25.1 25.9 25.9 15.0 14.1 13.9 13.3 
1958 10.5 7.B 10.0 17.0 25.9 25.1 20.7 4.1 8.3 10.7 8.2 6.7 
1959 5.1 4.5 5.7 7.7 21.5 25. 1 4.5 9.0 .2 13.3 10.1 4.9 
1960 3.7 4.3 8.8 25.1 25.9 25.1 23.1 2.3 1.4 10.4 .7.4 6.0 
1961 4.7 2.6 6.1 19.7 25.9 25.1 11.2 13.8 17.1 18.6 13.6 7.7 
1962 5,.2 9.7 9.0 22.5 18.3 25.1 25.8 4.0 3.6 12.9 10.1 6.3 
1963 4.4 5.5 B.O 21.6 16.7 24.4 5.4 10.1 14.0 7.3 5.5 3.4 
1964 2.4 1.7 1.2 6.6 18.1 25.1 6.5 13.9 2.9 2.9 4.2 3.8 
1965 4.1 3.5 5.9 15.1 25.9 25.1 25.9 25.3 23.4 19.2 13.6 12.0 
1966 10.2 B.4 12.4 16.1 12.7 25.1 18.5 5.0 1.1 5.9 4.B 5.2 
1967 2.8 3.4 7.9 7.2 19.8 25.1 14.6 14.2 6.2 4.7 3.3 3.0 
1968 3.1 3.5 9.3 17.6 25.B 25.1 24.B 21.4 2.0 6.5 5.0 4.2 
1969 3.9 3.4 5.9 24.8 25.9 25.1 25.9 17.2 16.9 19.2 13.9 11.2 
1970 6.3 5.4 4.3 7.B 23.7 25.1 23.9 14.0 22. 1 18.5 11.3 .5 
1971 .4 .4 .5 6.2 16.7 25.1 24.2 11.4 5.6 14.9 12.5 9.2 
1972 7.1 6.1 7.6 6.3 16.7 25.1 3. 1 .2 7.1 15.8 13.9 14.2 
1973 12.3 10.2 14.3 12.7 3.B 23.0 25.9 23.5 13.4 10.1 5.0 4.2 
1974 .5 .4 .5 6.2 16.7 25.1 15.1 1.5 O.n 5.6 ,6.1 3.5 
1975 3.1 2.0 7.2 14.B 25.9 25.1 25.9 20.8 9.1 7.7 3.9 3. 1 
1976 3.2 4.3 7.4 18.0 25.4 25.1 21.6 9.3 6.7:. 10.9 4.4 3.0 
1977 1.3 .5 .1 1.4 5.B 15.9 4.4 10.3 4.8 5.0 3.7 3.0 

AVG. 3.6 3.3 6. 1 13.4 20.4 24.4 19.0 12.7 B.O 10.6 7.1 4.5 

a USBR (1978). 
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Table 24. Ridges Basin releases for New Mexico M&I (1,000 ae-ft). a 
" 

JAN FEB MAR APR MAY JUN JUl AUG SEP OCT NOV DEC 

1929 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
1930 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
1931 0.00 0.00 0.00 0.00 0.00 0.00 0.00 .50 0.00 0.00 0.00 0.00 
1932 0.00 0.00 O. 00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
1933 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 o.ao 0.00 0.00 0.00 
1934 0.00 0.00 0.00 .BO 0.00 .10 3.90 2.50 0.00 0.00 O.OQ 0.00 
1935 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
1936 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
1937 0.00 0.00 0.00 0.00 0.00 0.00 0.00 .30 0.00 0.00 0.00 0.00 
193B 0.00 0.00 0.00 o~oo 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
1939 . 0.00 0.00 0.00 0.00 0.00 0.00 1.10 2.30 0.00 0.00 0.00 0.00 
1940 0.00 0.00 0.00 0.00 0.00 0.00 .BO .70 0.00 0.00 0.00 0.00 
1941 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
1942 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
1943 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
1944 0.00 0.00 ' 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
1945 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
1946 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 O}OO 
1947 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
1948 0.00 0.00 0.-00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
1949 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
1950 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.40 0.00 0.00 0.00 0.00 
1951 0.00 0.00 '! 0.00 .80 0.00 0.00 0.00 .50 .60 0.00 0.00 0.00 
1952 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0_00 0.00 
1953 0.00 0.00 0.00 0.00 0.00 0.00 ' 0.00 0.00 1.70 0.00 0.00 0.00 
1954 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
1955 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 .BO 0.00 0.00 0.00 
1956 0.00 0.00 0.00 0.00 0.00 0.00 .BO 2.BO 3.10 .30 0.00 0.00 
1957 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
1958 ' 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
1959 0.00 0.00 0.00 .10 0.00 0.00 .40 0.00 1. 50 0.00 0.00 0.00 
1960 0.00 0.00 ' 0.00 0.00 0.00 0.00 0.00 1.70 .40 0.00 0.00 0.00 
1961 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

, 1962 0.00 0.00 0.00 0.00 0.00 0.00 0.00 .60 0.00 0.00 0.00 0.00 
1963 0.00 0.00 0.00 0.00 0.00 0.00 .70 .30 0.00 0.00 0.00 0.00 
1964 0.00 0.00 0.00 0.00 .10 0.00 .10 0.00 0.00 0.00 0.00 0.00 
1965 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
1966 0.00 0.00 0.00 0.00 ' 0.00 0.00 0.00 .40 0.00 0.00 0.00 0.00 
1967 0.00 0.00 0.00 0.00 .40 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
1968 0.00 0.00 0.00 0.00 0.00 0.00 0'.'00 0.00 .80 0.00 0.00 0.00 
1969 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
1970 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
1971 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
1972 0.00 0.00 0.00 0.00 0.00 0.00 1.20 2.90 0.00 0.00 0.00 0.00 
1973 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
1974 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.20 2.70 0.00 0.00 0.00 
1975 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
11976 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
1972 0.00 0.00 0.00 1.60 .80 0.00 1. 90 0.00 .10 0.00 0.00 0.00 

AVG. 0.00 0.00 0.00 .07 .03 .00 .22 .41 .24 .01 0.00 0.00 

a'USBR (1978). 
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Table 25. Water pumped from Ridges Basin Reservoir to Dryside Canal 
a (l,000 ac-ft). 

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC 

1929 0.0 0.0 0.0 3.7 11.4 30.7 34.7 25.7 14.1 1.9 0.0 0.0 
1930 0.0 0.0 0.0 2.3 11.4 30.7 34.7 25.7 14.1 1.9 0.0 0.0 
1931 0.0 0.0 0.0 5.4 15.4 30.7 34.7 25.9 18.0 5.9 .0 0.0 
1932 0.0 0.0 0.0 5.4 13.2 30.7 34.7 25.7 14.1 1.9 0.0 0.0 
1933 0.0 0.0 0.0 5.4 15.4 30.7 34.7 25.9 14.9 2.0 0.0 0.0 
1934 0.0 0.0 0.0 5.4 15.4 30.7 30.9 8.8 5.5 5.4 .0 0.0 
1935 0.0 0.0 0.0 5.4 15.4 30.7 34.7 25.9 14.1 1.9 0.0 0.0 
1936 0.0 0.0 0.0 5. 1 12.5 30.7 34.7 25.7 14.1 1.9 0.0 0.0 
1937 0.0 0.0 0.0 .2 2.5 30.1 34.7 25.9 14.1 1.9 0.0 0.0 
1938 0.0 0.0 0.0 4.0 12.7 30.6 34.7 25.9 14.1 1.9 0.0 0.0 
1939 0.0 0.0 0.0 5.4 14.8 30.7 34.7 25.9 16.6 2.9 OJ) 0.0 
1940 0.0 0.0 0.0 5.4 15.4 30.7 34.7 24.2 11.3 5.7 .0 0.0 
1941 0.0 0.0 0.0 .2 1.7 21.4 31.0 21.9 12.5 .8 0.0 '0.0 
1942 0.0 0.0 0.0 0.0 4.7 26.4 34.7 25.9 14.1 1.9 0.0 0.0 
1943 O.G 0.0 0.0 5.1 11.3 30.7 34.7 25.9 14.1 1.9 0.0 0.0 
1944 0.0 0.0 0.0 5.4 12.1 30.5 34.7 25.9 14.1 1.9 0.0 0.0 
1945 0.0 0.0 0.0 5.1 10.1 30.7 34.7 25.9 14.1 1.9 0.0 0.0 
1946 0.0 0.0 0.0 5.4 15.4 30.7 34.7 25.9 18.0 5.9 .0 0.0 
1947 0.0 0.0 0.0 5.4 15.4 30.7 34.7 25.6 18.0 5.2 .0 0.0 
1948 0.0 0.0 0.0 5.2 13.8 30.7 34.7 25.9 14.1 1.9 0.0 0.0 
1949 0.,0 0.0 0.0 5.4 14.6 26.8 34.5 25.8 14.1 1.9 0.0 0.0 
1950 0.0 0.0' 0.0 4.3 11.6 30.7 34.7 25.9 14.1 3.0 0.0 0.0 
1951 0.0 0.0 0.0 5.4 15.1 30.7 34.7 23.0 9.8 5.4 .0 0.0 
1952 0.0 0.0 0.0 4.0 9.8 28.7 34.7 25.9 14.1 1.9 0.0 0.0 
1953 0.0 0.0 0.0 5.4 14.8 30.7 34.7 25.8 9.8 1.6 0.0 0.0 
1954 0.0 0.0 0.0 5.4 15.4 30.7 34.7 21.2 10.0 5.6 .0 0.0 
1955 0.0 0.0 0.0 5.4 15.4 30.7 34.7 24.3 11. 4 5.4 .0 0.0 
1956 0.0 0.0 0.0 5.4 15.4 30.7 28.9 a.6 5.5 2.0 0.0 0.0 
1957 0.0 0.0 0.0 5.4 14.5 27.3 34.2 25.8 14.1 1.9 0.0 0.0 
1958 0.0 0.0 0.0 .6 2.3 26.3 34.7 25.9 14.1 1.9 0.0 0.0 
1959 0.0 0.0 0.0 5.4 15.4 30.7 34.7 25.9 18.0 5.9 .0 0.0 
1960 0.0 0.0 0.0 5.4 15.1 30.7 34.7 25.9 14.1 1.9 0,0 0.0 
1961 0.0 0.0 0.0 5.4 15.4 30.7 34.7 25.9 16.8 '2.1 0.0 0.0 
1962 0.0 0.0 0.0 5.4 15.4 30.7 34.7 25.9 17.6 2.8 0.0 0.0 
1963 0.0 0.0 0.0 5.4 15.4 30.7 34.7 25.9 18.0 5.9 .0 0.0 
1964 0.0 0.0 0.0 5.4 15.4 30.7 34.7 25.2 11.8 5.5 .0 0.0 
1965 0.0 0.0 0.0 5.1 14.0 30.7 34.7 25.9 14.1 1.9 0.0 0.0 
1966 0.0 0.0 0.0 3.6 11.4 30.7 34.7 25.9 14.1 1.9 0.0 0.0 
1967 0.0 0.0 0.0 5.4 15.4 30.7 34.7 25.9, 18.0 5.9 .0 0.0 
1968 0.0 0.0 0.0 5.4 15.1 30.7 34.7 25.9 18.0 4.4 0.0 0.0 
1969 0.0 0.0 0.0 5.0 13.9 30.7 34.7 25.9 14.1 1.9 0.0 0.0 
1970 0.0 0.0 0.0 5.4 15.4 30.7 34.7 25.9 14.0 1.9 0.0 0.0 
1971 0.0 0.0 0.0 5.4 15.4 30.7 34.7 25.9 18.0 5.9 .0 0.0 
1972 0.0 0.0 0.0 5.4 15.4 30.7 34.7 25.9 18.0 5.4 .0 0.0 
1973 0.0 0.0 0.0 .4 2.4 21.3 34.7 25.9 14.1 1.9 0.0 0.0 
1974 0.0 0.0 0.0 5.4 15.4 30.7 34.7 25.9 18.0 3.5 0.0 0.0 
1975 0.0 0.0 0.0 .9 4. 1 22.4 34.7 25.9 14.1 1.9 0.0 0.0 
1976 0.0 0.0 0.0 5.4 15.4 30.7 34.7 25.9 18.0 5.9 .0 0.0 
1977 0.0 0.0 0.0 5.4 15.4 30.7 28.2 13.2 8.8 5.4 .0 0.0 

AVG. 0.0 0.0 0.0 4.5 12.8 29.8 34.3 24.6 14.3 3.2 .0 0.0 

a USBR (1~79). 



APPENDIX B 

RAW WATER QUALITY DATA 

Table 26. Water quality parameter codes and explanation. 

A. 

10l. 
102. 
103. 
104. 
lOS. 
106. 
107. 
108. 
109. 
110. 
11l. 
112. 
113. 
114. 
l1S. 
116. 
117. 
118. 
119. 
120. 
12l. 
122. 
123. 
124. 
12S. 
126. 
127. 
128. 
129. 
130. 
13l. 
132. 
133. 

METALLIC CONSTITUENTS 

Aluminum, Dissolved, ~g/t 
Aluminum, Total, ~g/t 
Barium, Dissolved, ~g/t 
Barium, Tota1,~g/t 
Cadmium, Dissolved, ~g/t 
Cadmium, Total, ~g/i 
Calcium, mg/t 
Chromium, Hexavalent" ~g/t 
Chromium, Total, ~g/t 
Copper, Dissolved, ~g/t 
Copper, Total, ~g/t 
Hardness, Total, mg/t 
Iron, Dissolved, ~g/t 
Iron, Total, ~g/t 
Lead, Dissolved, ~g/t 
Lead, Total ~g/t 
Magnesium, mg/t 
Manganese, Dissolved, ~g/t 
Manganese, Total, ~g/t 
Mercury, Dissolved, ~g/t 
Mercury, Total, ~g/t 
Molybdenum, Dissolved, ~g/t 
Molybdenum, Total, ~g/t 
Nickel, Dissolved, ~g/t 
Nickel, Total, ~g/t 
Potassium, mg/t 
Selenium, Dissolved, ~g/t 
Selenium, Total, ~g/t 
Silver, Dissolved, ~g/t 
Silver, Total, ~g/t 
Sodium, mg/t 
Zinc, Dissolved, ~g/t 
Zinc, Total, ~g/t 

B. 

20l. 
202. 
203. 
204. 
20S. 
206. 
207. 
208. 
209. 
210. 
21l. 
212. 
213. 
214. 
21S. 
216. 
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NON-METALLIC CONSTITUENTS 

Alkalinity, Total, mg/t 
Arsenic, Dissolved, ~g/t 
Arsenic, Total, ~g/t 
Bicarbonate Hardness, mg/t 
Boron, mg/t 
Carbonate Hardness, mg/t 
Chloride, mg/t 
Cyanide, mg/t 
Fluoride, mg/t 
Nitrogen, Nitrate, mg/t 
Nitrogen, Nitrite, mg/t 
Nitrogen, To.ta1 Organic, mg/t 
Phosphorus, Ortho, mg/t 
Phosphorus, Total, mg/t 
Sulfate, mg/t 
Total Dissolved Solids, mg/t 
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Table 27. Raw water quality data, Animas River at Durango, May 1977 - August 1978. 
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Table 28. Raw water quality data, La Plata River at Hesperus, May 1977 - August 1978. 
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i!oq 0.11! Il. I I 0.'1<' (1.117 0.1 11 (I; II 0.13 O.ll 0.16 (,. fl l 0.111 0.(11 "0.1l1 0.01' 0.03 
2111 I). 11.1 (-. IS ~.{l2 1).13 0./19 0'01 0.07 (I.IOS . 0.12 (1.12 (1.1] 1).1'2 0.23 (\.1 S 11,09 0,07 
ZII O.OIi~ 0.1'1'1 C.(l1l1I D.I'?I 0.009 0.1)(11 (I.nIlZ· 0.<1114 0.002 n.003 0.on3 I\.Oil2 0.(\01 n.002 . O.IIOZ 0.003 
2n! 0.5 fl." t.1l n.z O.b 11.1 0.9 "-6. t "0.1 ·(1.1 -0.1 -0.1 0.7 (I,ll -0.1 0,2 
i!n (1.(1111 /I,~nll O. (1.)3 n.IIOII -O.oni (I.flO? 0.11011 O.nOl (I.onl 0.1)01 -n.o(ll 1'.(1)3 I' ,\'I(Ib 0,On3 O.(IIli1 -O.CUI 
<'Ill (\. '1 1)11 o.on.~ n.01l3 (I.flnS 0.0113 n.1l11 0.11 11 8 0.(1111 O,Oill 0.It(l5 O.lln t (I.nl'5 0.115& ('I,Olli 0,(102 0.0(1& 
liS 5 11 • 3'5. 27. <'1. 31. 35. ZA. 31): lB. 2l'. 27. Zb, III. 13. 17. 19. 
i!Ib 2H. lIS. 108. S(l. 71>. t1 q. 11 7 • 911~ Ull, 57!H. 151. ,71. qZ, liS. !l8. 99. 
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Table 29. Raw water quality data, La Plata River at Colorado/New Hexico border, May 1977 - August 1978. 

cnbF ';/2">117 bll!> ol'lll 7/1'1 "'/24 "'/21 "./1'1' 11/15 tun t/15/1f UtS Vi'! a/t~ S/l~ bit'.> 7/t'J "Ii''' 

Inl 717. il'ln. 77~. Ii">". '\Iln. l'i~. 1~3. 1f9: ?tli? 3;,1. 22<1. 219. 711. t#..!JIl. 2">11. "'''5. 
lr? ItZ7. eIHI. 711111. 13'1!' • 515. lU. 5~". "13, 3H •• 3911 • i!41. Ii"lll • 23t ,jll. l"M,. 71';;, "II':>. 
111> -II'''. -lno • 10"'. U!S. -1 filiI. t /I ~ • I~II. -11'1(\. 11:'". .)uO. 
11\<,1 172. -111": us. 3&2. 1511 • 35~. 03'i. I" .... I!I". -I (l(\. 

IllS -~. -'I. -3. b. -l. ". -3. -3. -1. -3. -l. 5. -~. -~. -3. -.. 
1110 t .. ~. '1'1. H. Oli. -5. 15. 1I. -1: 21. -3. -1. I! • -3. 7. - J. II. 

1117 t41l. 12". 13°. '!OI) • 117, til". 1#.-9. U.! ~ IlS. 20(1. ir.3. 7 ... "0. f;)n. foS. I c I • 
I II,. -1. -to -1. -I. -I. -I. 2: -I. -t. -to l. II. -1. -I. -] . 
1"9 -zn. -?n. -20. -Z:l. -2t!. -<'co. ..?fl. -~fl. 

I t I, -10'. -I". ?O. -til. -l tl • -1[1;. -,6. -10: -t R • ;>6. -I". -IU. -I \'. -tn. -10. -11'. 
lit -1". lHt. 21:'. S°. ll. _1 (a. -1°. 1/): l'i. 26. -11'. 12. t ,It\. II> • -10. t 1. 
H2 b2~·. 711 4 • 1'11<. lo45. 6 ll. 57". 72". 'l3t>. ~III.· Inz. 2~O. 12b. \C. I • IH-O. 515. 
10 <'II). <'3. lo2. 3~. -21. 31. -.?t. 21'~ -2 I. -21. -21. 11>. ....... '>". ao. l! • 
\1<1 541. 536. "'39b. 22(11. 31110. 3116. 3~1I. 148. .?54. l7l. a(llI. a656. 3t~'1I. 30",0. 5~b. 17u. 
\1'> 9. 2~ -I. -I. -I. -I. -I. -I. -I. -I • 
lit. II. <'. -to -I. -I. -I. 22. ... ;>B. -I. 
111 111. IItI. ~1l.I. iI-~. 04. 3". 78: ~tI. 71 •• 1". III, I. la. 71. SI. 
IP' ?II. t 1 • -5. UA. III. t4. IS. B: 11:1, 22. 117. "". -So -5. -5. -0:;. 

It'l la. I"'. ~~. 'lb. B. !4. IS. lb. 21). 10. 1l. Ho. 51"1, lit'. 31. -5. 
p',. l.tI "wi,. ~ t.~ 1\.3 0.3 1,7 ( •• 3 -II.' 1'1.11 0.1 o.q !,.II -0.2 ·f\.2 -(1.2 l', .. 
I? 1 I.i _n.? a.l I).' 11.3 1.7 n.7 _II}. 2 0.'" o.~ /l.1l 3./:1 -(1.2 0.<' 1).0 2./J 

12" • <i. 17. 1° • -"5. II. 1. -S. II~ fl. -5. -5. -S. -15. -5. -5. -~. 

I?~ -'>. 17. 39. 15. til. It. -5, 9~ 11. 27. ·15. It. -So -rs. .,2. -S. 
1 ?', -to. -~. -b. -b. -1>. 7. 110. -6. -6. -b. -!!. • f). -b. -0. -b • -1:. 

O' • ,S 2 I. ao. In, 51. Sc. 10". IJ n. -f). -f). -b. -!>, '''11. 51 • 55. -~. -b. 
I\) I'f- 1.° 2." l.O 5.0 3.(1 ?1 I.S "> .1 1.5 t.6 ?II 1.5 11.3 l.O 1.0 3. II 

In -I. -I. -I. -I. -I. -I. .1. 4. -I. -I. -I • -I. -I , -I. -1. 
I?!' -1. -I. -I. .? -I. -I. -I • 7: -I. -I. -t. -I. -I, I , 2. 
po • Q. -<I, _Il. -" . -0. -9. -<I. -II. -0. -9. -q. -II. -9. -0. -II. -9. 
1 J(' -". -Q. _0 -'I. II • -9. -9. -'I. -q. -9. 17. II. -'i', _0. -~. -9. 
tll ~I). "". SA. Sf' .. f) 1 • 1>8. 1\.2. 6~: 1511. "2. 72. 1'1. 1, ~. 32. 4':;. 

IV -5. -<;. 1:;. ". ft. I". 18. -5. -r;. -5, S. 17. 1 I • -<i. -':i, !I, 
IB "1 I. 217. SIll. Sill. 2511. 3'16. 1&. -S~ H •• 158. 5. 11110. 1'!4, 30. 1'1. ;n, 
2111 171>. ,,,<1. i!07. 199. Hlil. 11'05. 221. 211' • l11. ;nil. 181. II ~. llo. 81>. 17i? 15"'. 
ln2 -1. -I. -to -I. -to .. 1. -I. ·t~ -l. ·t. -I • -I, -1. -I. -1. 
1tl3 -1. -I. 2. -I. -1. -I. -I. .1~ -1. -I, -I. II. -I. il. 
i'1II1 171>. 174, 1911. 199. 118. 21>5. 217. 21"~ 211. 2;\". t 81. ttl'l. 110, S!>. I1l. 15 J. 
2'1)5 -1>.05 0.A9 11.1" o ~ 27 0.11 -O./l'; "O.IIS -0.05 0.\7 -0.11; 0.11 n.2!! 0.2'1 .0. f~ C, 

lflto 0 0 t1. 0 II. 0 Ii. 0 0 0 ·0 0 0 0 0 !) 
?I)7 31. 3. i!9. 1". ao. 2!1. ~I. \6. .?q. 34. ~2. 17. 1, II, I.?, 1'1. 
i/o!! n.l'li? -".f'\ 0.1'1 -<:J.nl n..~q 0,0:'> -n.«,t 0.06 1l.l>t 0.01 -n.OI n.ol 1',1'1 O. (\2 o. {'to 
2,,') (), 1 7 !' • 1 <i. P.15 11.19 n.17 (0. 1'1 I> .I~ (1.2'1 0.il'1 0 ... '- .n.1I1 n.nl 11.01 o.n;? ('. ~J.I 

<'If< 'I. I I' ,., .n3 0.3? !'.21 0.(17 "'~fHI 0.3" n.n 0.&1 (I.ll> 11.35 n,~11 0.1111 (l~1I6 0.(\1; o.ns 
?\1 0.9 11 ; O.fII'l (1.('1(11 II. nl)~ lI.on/i n.on3 lI,n UIl lI,n07 o.ons /).0117 o.nnB o .nt'S {\.nf\4 ll.oo3 II,Off! n.fln,! 
212 1).7 1.2 2,1 1.7 1l,II 1>.5 n.2 .. 0.1 11.2 0,3 -0,1 o.!> 3.1:0 O.b ... ~. 1 (1,6 
215 t). n i! 1 (I.OOIJ /l .1114 n,II0/J 0 • ..,0/! O.('th~ O.nlll Il.OO;> lI.onl /l.op/.! (I.lIn? O.II1'b O. /) 1f1 0.1'11:12 O.IIPl 0.11(11 
21 J~ ~J. :{'H! 1 (I.vll/j !l.nla r.. 1 tiS O,O?9 O.If.!!1I 0.1'10 n.II(l9 ~ .ltU D.01l1 0,1121 0_211' 1.11211 \l.oeil 0.'111 O.Oi?.i! 
el5 511, ~O~. 5&11. "55. 47B. 151'2. 531>. b 0 7. 4ql. t>i?o. tobll, lB, !j7 • I I 11, 31/j. ,,03. 
2'11> 'l §? I03 A • 1162. 111(>1>. 10~2 • , 1\ t t • I t2 a: 925_ I U'!. Ii?il'l. 3t17. 18i:'. 21i1. 1>5<1. 78~. 
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Table 30. Raw water quality data, La Plata River at Farmington. 

COPE 'i/?S/77 I:>/I!) I:>/"!<n 7/1e) BnQ 9/21 \ "119 1.1 J't S 12;13 1/18/78 VIS 3121 4/18 S/l~ • /1 t 7/1 q ~/,,~ 

101 "liP, 3'>·1. 5<'0. 21J6. ?'7". 21<;. IQo\ • '5011. Ubb. 224. IS'>. I ""';. 117. ~(1~. 

1(12 1212/). 1501. \1.150. 3'57. "177. 3d2;3'IOt) nll. Vl4~U. 552'1. 1>1l? 772011. <ie, 1 Ii. I q ':/1 •. .,,,,'1. 
I (I ~ 1<:7. -tOO. -10 (I, ISl. 1'1"'. 17i' • 127, -toP. P", -10(1. 
Ifll, 10;7. 111.1.' 22 0b, S70. BOil. 77? • 1'199. ,,1.1 • lil'>. 3bl. 
I~'" -3. ':"i. LI. b. 7. -1. -3, -3, 1.1, 3. -J. -:~ . -~. 11) • 
In" l~. 1'1, I II, liJ. 7. <.I. -~. -3, Il. I ... 7. -~. -5. It. 
107 2(1), Ion. 11>"'. lb7. 170, <11 1 • 8(1. 21'<0. 430. '13, 7" • 150. <IS, 2"1. 
t~M II. -1. -I, -I. 3. 5. -1. -1. 3. b. -I, -I, -1. 
10" 138. al.l. -;>11. 37. Q 3. -"'0. -?O. 32. 
J In 211. In. -10. -1 (1 • -'0. -10; -10.. -Ill. 3b, -1<.1. -1 ", -Ill. -10. 1;>, 
t I I 31. ;>fl, In. 1 7 , -1 0 • -IQ~ U '11 • I>:? !I~. <;4, ?n 3, 7 ~l. -tl). "'a. 
IIi 733. lt7 , 511. .,b;>. c;c,J. iiI'S • 232. 93Q, 1195, 31 .... 22;:>, !!'I. 'SSe, !'i 1. 
I , 1 'in, ;>p,. lit. 1l'5. ? 1. 51. 127l1. -21. 1<12. 36. 73, 3(,. 72, 1>5. 
I 1 ,i 7203. 'I/!C' • UI'S. 358. 'Ill. 3'1t.~323000. 114 3 {I. 9678. 2'1177 • '1H72. /11.1 0 (I , 110'1. !\]~, 

11<; ... -I ; -1. -I. -I. -I. t, -t, -1 • -to 
lIt. 5. -I • 2l1. - 1 • -1. -I. 31 , -I. -I, 
117 '5 ~. Ill. ?I:I. 3<;, IJ I , 19 • 1'1, .67. 77, lS. I ... 21>. 28. ":il. 
11 " 31>. lI2S. S];>. I>P. ~<:li;. 11113: I ~. Ili?, I Ii? 211, J4. -'5. 1500, R:'('. 
I' q 13~. 116!o • t>l'''. 1>/12. ~~q. QIlS~ 1'100, 303. 2?i? 7pu, I e-('t.. 23~. bOt'. ~5.:!. 
pr 1 .3 11.1.4 n.2 o.S (I,t? '1.8 1),<1 0,8 0.3 -r..2 -O.e -fl.? t,o 
1>\ tI.3 II." 2. 0 1 • rl o,lI O.A 0.9 0.8 0,3 1.15 -0.2 o.? fl,J 2.1 
Ii'? til , n. 7, IS, "". .. '\ ~ 27, 32. 21. .. S. -C; • -5. b. 21. 
Ii]; U j , <,"i, 11 • 17. "". 211 • 3 .... 30. ;on. 5'1. "'. -'5, 3a• 2<;. 
I <,I.; -6. -I>. 'I, -I>, .? I • 25. -b. -6. -1:1. -6. -6. _". -t>. .~, 

0-
1;>5 70 • I'" , I I q. -I>. In ". 1111, 311. lli. -6. t> 1 • SB. -f:l. -I'. <''5, 

w 1;>1> 1',0 7.n S.O 3.5 ". I 0.(' 4.1 2.'" 11.1:1 1.7 11 ,8 ".0 J,O S.1l 
1<'7 -I. -1. -I. -1. 3 . -1 ; 2. -I, -I, -I. -I • I • -I. 
I<'/< -I. 2. -I. -1. I. , -to 2. -I. -I. ·1. -1. 9. 2. 
I<'<:f -<I. -'I. -0. -'i. -q. -'I. -II. -'l. t7. -<I. -9. -<t, -'I • -9. 
nl' -'I. -'I. -'I, -II. .9. .. q~ 22, I (), 17. -'f, -9. -9. -'I, 13. 
01 n<'. Iiii'. 97, 275, 268. lI;?l>. ;?47, 2"n. 51'5. l.Ie. I 1 , 0') • "Ii', 334. 
D? -15. Il. II>. It'. 11\ • -'5; -5, 5'5. ·611, "I. t>. -5. 12, 53. 
lB <'/'11, nn. ?01l', 33B .• 18 • D8, 139t1. 119, 2S7. '511. sn, .<'135. lOS, <,'II>, 
2~1 17a, I 17, t9<;. 2l17, i?7 i!, 21>". IS? 27 0 , 227. 151>. 158. Ib~. 23<>, Zbo. 
2f1l -I. -I, -I. -I, _I. -I : ?, -I. -I. -t. -I. -I • at. 
""3 -! • -1. -I. -I. _I, -I~ b. -I. IS, 1'<. ·1, -I. 
ell 'I 174. 117. 111'5. ,!In. 272. 2~t>, 152. 270, 'l27. IS". 158. Ib4, 23b. ~1>6. 
2115 -0.0'> I • I I 1I,1li! -0.115 0.78 ·0,05 -(l,OS -0,115 0. I 1 1),67 ·0.1>2 O.3~ -0.05 -0,05 
20b 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
en7 10". VI. e I. 1 !)q. ~p:. lal. 34, bS, 192. n, 7, ilo. '5S. l'll). 
2n~ -1).Ot -0,0\ .. 0.01 -o.nl tI,IlS n .()7 0.03 -0.01 0.(11 -O,DI 0,01 (1,01 O.Ol o.ns 
2n'l 11, ;I~ I), III! n .113 0,5'1 ('.7R 0. 11 11/ O,B {l,~i? O.nl n ,'I? (l,Il? 0,0'1 O.IlS 
;?11l It", 03 
2t1 o. r")'1 O.u!d {I,nl7 0.00 4 0.001 0.1\0? 0,1122 O.OOb 0,006 o .IlI'b O. (I (17 0.0,)5 0.00? 0.002 
?Ii' Il,t> I, :z. I • I O.b I .;> -(1.1 11,7 -0,1: .. 0,1 1.0 1.1 -(1, I -fl.t c.n 
213 ~. (I 1 1 0.018 O,IJI,Q (I. ('112 0,110/1 {I. ,,(Ill O.nOI ".oll o.nn« (1.0 11 5 O.lll] (1.0<,5 O,oou 0.013 0,0 02 
<,1/,1 0,01 1 0.011<;1 0. 11 '57 0.031.1 (l,017 IJ.oll' 0.002 (l.I77 0.360 O.O<ib . II,UI'O 1 .1"100 (l,1I2 Q 0.027 (I.!l30 
<'IS fll'I. .,711. IIi?<! • .,IJ 1 • 5;>1>.- t>EI!!, 507. 1i?24 • 253&, 137 • 150. 7~n • 3;>2. 100". 
211> 1796, II bO, 11)114, 12b3. \"Hl • I!I~";, 9116, 179'1, 37(1l1. UB? lSi'. !H~. b~8. 2UQ. 
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Table 31. Ion balances for water quality stations in Animas - La Plata project. 

AnIMAS-LA PLATA PROJECT 

STATIuN 8~ LA PLATA AT FARMINGTON 

":1/25177 6/1~ M30 7/1#1 8/211 9/21 10/19 1 tllS 12113 tl18178 2115 3/21 11/18 5/18 b/lb 711 9 8/24 

CA 20«>.(1 1).11 n.n 100.1! lb9 .0 It-7.G 170.0 211.0 O.n 80.0 21>0,1) 113n.o '1l.(I 711.0 151).0 #15.0 C!1I1.0 .,,, 53.0 0.0 0.0 1~.0 2b.0 35.0 111.(1 19,0 ~.o 8.0 b7.0 77.0 2'5.0 12.0 C'&,O 111.0 Sl,O 
'11. 0.1) 0.0 n.~ 272.0 182.0 97,0 275,0 2011,0 112b.0 2117,0 250.0 515,0 /tll,O 11.0 b9,O 92,0 33 4 ,0 
I( 11.0 0,0 0.0 8.0 7,0 5.0 3.5 2.1 b,n 11,1 l,#I lI.b 1,7 1 1.8 5,n l,O 5,0 
Heo3 1711,0 0,0 (1.0 117,1' 19'5.11 21.17,<, 212.0 2&b,O fI,n 152,0 27n.ll 227.0 15&,0 158,0 UII.o 231>,0 Ibb.O 
t03 (\,0 0,(1 1\,0 0,0 ".U (1.41 II," n,o 0,'1 n,o ".9 n.o 0.0 0,(1 n,n o./) 'l,O 
tl 11)9,'1 0,0 0.0 3A.0 111,0 10'1.(1 S8.0 tll2,I) 0.11 31.1,0 It5.Cc t92.0 3.5.<' 7,0 20.0 35.0 291>.0 
SOli 'H9,O 0.0 0.11 5711.0 422.0 541.0 520,0 6611,0 0,0 507.0 12211.0 253&.0 LH.o 150.0 7110.0 322.(1 10')9,0 

STOS IlM .0 0.0 0,0 1t25.q lq~2.0 1201.~ 1375,S 1572.1 4>2.0 1032.1 2138,9 3Q81.6 1185.7 1119.8 1174.0 81t.0 220ti.~ 
~TDS 1 Hb. {I 0.0 Q,~ Itbo,n 10~4,O 12&3.0 147t.~ ll1b!,O II." 946.0 1799,0 37~4.Q 1182.0 352.0 1!3~. (I b811.0 20'i.O 
Ie 111 .&39 0.000 O,noo tl!.~Gl le.bb8 15.5bO 21.qO~ 2J.A04 18.b~1I 15.G9Q 29.1135 ~O.311 S.II!!I 5.2&0 12,753 11,122 31. 043 
SL 23.&0& 0.,,1)0 0,1100 15,3&~ 111.971 19 ,279 18.8711 23.1":10 o.Qnn 11I,5~5 32.717 62.756 6.9l13 6.48(1 lq.2~1 t.!.111 t 311.b7 11 
IIIHF" 8.9&7 O,~OO O.'1~1) 2. Clll O 1.&#17 3.71'1 $,03G o,b53 P'.b611 0.9115 3.l113 12.1111'5 1.577 1.220 &.1198 1,289 3,b35 
EI'IR "0 23,11117 o,oon 0,0(10 8.8111 10.990 10.b711 11,7bl> 1,391100.000 3,1 11 3 5,282 11.006 to.2511 10.392 20.303 5,1177 'S.Hl 

C1' 
C1' 

ANIMAS-LA PLATA PROJECT 

STATION 1111 LA PLATA AT HESPERAS. 

":In'j/77 6/lI> &/30 7119 SIlII 9/21 1011#1 11/15 lUll 1118178 UtS 3/i!1 4/18 5/18 6/16 711 9 8124 

CA 30,0 27.0 0,0 &,0 311.0 112.0 35,11 3b,O 35.n 32,0 35.0 32.0 26,0 20,0 16.0 211,0 26.0 
foIG 3,1) 3.0 0.0 20,0 -1,0 n.n 5,0 1,0 21.0 8,0 6.0 3.0 3,0 1.0 Z.O 2.0 2.\1 
N4 2.0 1.1) 0,0 2.Q 11,0 11 ,II 17,0 3,n 5,0 ~.O , 3.0 5.0 2,0 2.0 1.0 11,0 3,0 
K t,o 0.'5 O.n 1,0 I,n 1,0 1,3 0.9 3,7 0.7 0.8 1.'5 t.1 l.b 2.0 2,0 2,0 
Ht03 5&.0 511. 0 0.0 59.0 58.0 «>1.(1 64.0 611.0 bl.o 57,0 6b.0 '511.1) '511.0 110.0 0.0 SiI.O 61,0 
COl n.o 0.11 0.0 0.0 1).0 0.0 0,0 0.0 0,11 0.0 0.0 0.(\ (\.0 0,0 0.(1 tI,O (l,O 
CL 3.0 "1.0 0,0 -1.0 -I./) -1.0 -1,0 2,0 1.0 1,0 -1,0 1.0 11.0 -1.0 2.0 -1,0 .. t.O 
SQ4 511,0 35.0 0.0 27.0 27.0 31,0 35.0 i!S.O 30,0 28,0 22.0 n,o 2b.0 111.0 33.0 11.0 lQ.O 

STOS 1119.0 120.<; 0,0 115,0 1211.0 157,0 157,3 1311,9 151>.7 129,7 132,8 127.5 125,1 78.6 50.0 101,0 lU.U 
MTDS 28.Q 11!!.0 0.0 106.0 50.0 7&.0 119,0 117.0 94,0 Un.o 570;1,0 157.t' 71,0 92,0 65.0 811.0 .qq .0 
SC !.fl56 1.05U o.OO~ l,Il57 t.@90 3.50$ 2.#131 2.032 3,7M 2,1103 2.391 ~,Oq9 1.759 1.<'06 1.0'$1.1 1.587 1.bij(i 
Sb 2,3<,9 1.61)9 O,o~o 1.711 2 1,722 1.86'S 2.00Cl 1,919 1.813 1,7151 1,778 1,750 1.932 1,0#11 0.7113 1.3911 1.6!1:> 
APIF,.. 0.1173 0.1'$11 0.000 lI.ll5 0.t711 1.6H 0.#lZ2 0,113 1.9t] 0.6'$2 O,M3 1),3119 11.173 0.117 0,3111 0.193 (I.n.H! 
EI!~U) 11.2#11 11.577 0.000 8.292 4.810 lO,Silb t8.6611 2.8511 13,810 1'5.697 111.701 9.0b8 4.6711 5,0711 17.1139 b.485 0.859 
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Table 31. Continued, 

ANIMAS·LA PLATA PROJECT 

STATION 221 ANIMAS AT DU~4NGO 

SIlS/77 12/10 b/~(l 7119 8/24 "'/21 10/19 liltS 12113 1/18178 2115 3/21 4/18 5/18 bill> 7/1</ e/l'i 

u 0,0 118,1\ n.1'I ·n.o bb,n b8,0 95.0 100,0 11111. n 91.0 <15.0 91.1l 58.0 3?0 23,0 31:1." 90.0 
'11; ~.I) 11.0 0,0 1<1," !I.O 21.0 1".0 Q.O 9.n 15.0 \0.0 10.1) ·1.0 ·1.0 1.0 '5.0 3.1l 
Nt 11.1'1 12.0 11.11 IHf.O til.!) :H •• O ,!'7 ,0 1 II .ll 23.0 1(,.0 t7 ,1'1 5,1\ q.O 3.0 2.0 B.O 25.0 
~ 0.1\ 2.u 0.0 1'1,0 3./) 3.0 11,2 2.11 b.b >'.2 2.7 2,6 1.3 I.B 3.0 3.0 5,0 
1-1(03 0.0 0.0 0.0 2(\11.0 87.0 <11.0 137.0 1 Ill, f\ 23?1'I 1I.?0 13?0 113. 11 81.0 511.0 311.0 50.0 11>5,u 
C03 0,0 n," "," b.O 0.0 (\.0 (l,1l 0.0 0,0 11,0 O./) 0,0 0.0 0,0 0.0 0.0 0,0 
CI. 1'1.0 11.0 0,0 41).1'1 "'1'1 12.G i!3.0 Jo.o 115." ,n .• n 1'7.0 19 .0 12.0 ·1.0 3,0 IO.G :U.O 
SOil 0.(\ 52.(1 (\.0 1102.11 111 • (\ 87.0 157.(\ 151.0 1'53.(\ 0.0 181,0 152.0 50.0 30,0 119,0 Sb.O lIiO.O 

SlOg 0,0 121:1.1'1 0.0 '590,0 289.0 3i!1l.O 1153.2 1151,11 572.12 25<1.2 1I01l.? 392.8 iH 1.3 122,8 115.0 lb8,O 401.0 
t'lTOS n.!! 2"".~ ",0 532.0 (I?7..'! 2U4.0 11111.0 111<;.0 4Il'1.(\ l2i!!.p 38':).0 382.(1 125,0 101 ,0 <11,(1 1(1!.\,O 11211,0 
sr: 0,00" 3,1"'17 n,~I'O ".0;<'2 4.b31 b.71>1 ".IUIS 6,S75 7.0'19 b,527 1>,372 5.bS3 3.31 9 1,713 1.3'14 2.501:1 5, QS3 
SA ".1)(10 1.3'13 O,O()O 1,\,'1S1 II.PSI 11.090 b.t-58 I).'HO <I.oqS <'.1\89 7.1711 5,91;11 3. 00(1 1,145 1.7815 iI.IIUA 1.14b 
6tlIFF 0,(11)0 I. 'Hili 0./)1'0 0.112'1 o,5 11 b ",674 l),lfl7 0,;>35 I, <l9t> 3."38 0,7<18 O.3!)B 11,51 4 0,02<1 0,391 0.120 1.193 
ERR(~) 0,00(1 40.003 0,/)00 2.4'54 0.7 tH 211.0:53 1.386 1.159 12.3(14 38.63<1 5,691> 2,b52 5.(1'55 0,817 12,30b 2.38t) 9,105 

0- A~I~AS-L4 PLATA PROJECT -.l 

STATION III LA PLATA RIVER AT CO,/N,M, BORDER 

51ZS/77 6/1 (I 11/30 7119 81Z4 9121 1011'1 11/15 lUll 1118178 2115 3/21 U/I 8 Slt8 0111> 1119 a/211 

CA t ~O, 1\ 128.1' O,Il 139.0 200. 0 111,0 180./1 Ib9.0 161.0 115.0 200,1) 203,0 7i!.O 419,0 ')0.0 b8.(.1 121.0 
MG 0.0 14.0 (1,0 8(1.0 51l .O 85.0 (It I , (I 38.() 78.0 30.0 11>.0 711.1> I Il ,O 1,0 111,0 11 .0 51,0 
NA 120.0 47.(1 (1.(\ 56.0 50,0 61.0 68,0 b2,O b3.11 58,0 b2,O 72.0 \9,0 3,Q e,o 12.0 US.o 
l( 1.0 2.0 0.0 3,0 '5.0 3,0 ?,7 1,5 5.1 . 1.3 l.b 2.4 \.5 1.1,3 3.0 3.0 3,CI 
HC03 1712.0 17Il,O 0.0 190,0 19'1.0 178,0 205.0 217.0 21 8 ,0 217,0 234.0 161,0 it 8.0 130.0 61>,0 17ii',O 153.0 
cos 11.(\ 0,0 0.0 17.0 o,n 8.0 (1,0 11.(\ O.n 0,0 (\.0 0,0 ".0 0,0 0,0 0.0 0.0 
CL ll.(l 3,0 0.0 (,<;l,O 29.0 110,(.1 211,I! 31,0 3b.0 29,0 311,0 32.0 17 .0 3,0 4,0 12.tl 1<1.0 
SO~ 511,0 1104 .0 (I,n 5bO.O 1155,0 1178.0 502.0 536.0 b07.0 493.(\ 620,0 6b4.0 133,0 57.0 110.0 3111,0 1l03,0 

SlDS 927,0 837,0 0,0 10/12.0 992,(\ 970,0 102~.7 1058,S Ilb8.1 913.3 1227,b 1232.11 374,5 2117,3 275,0 672.0 795.0 
MTDS (I,() 932.0 0,0 IOll!.O <182.0 \000.0 101i,O 1011.0 11211.0 925,0 1169.0.121>9,0 307.~ 1811,0 211 I, 0 b59 ,O 780.0 
SC <I,91 a 111.510 0,000 \o,blO 16,725 15.561 15,628 111.2<14 17 .321 <I,?bo 18,970 1<1,1]9 5.01)9 2.7Ml Q ,011 1(1,102 ti? ... o7 
SA 15,1)]4 1",080 0.000 Ib.b17 14,271 111.800 15.2i<l 112.1.154 18,013 IS,a22 18.5118 IA.347 5./>09 3.1171 U.123 to,31b It,<lSb 
ADIF F 5.1 00 2.4 0 0 0.000 0.1)1'17 2.1l54 0,760 0.1l(l(l 2.160. O,b92 6,157 0.42? 1,3'12 (1.001 1.10q 0.052 0.\86 0,;:0111 
C:RIW~) 20,I.I2b 9,:Uu 0,000 0.021 ·7,911> 2,5011 \ ,2<1ft 7.024 1,95<1 ,,1.1,,)<1 1.125 1.b55 O,OOb Ib.b22 0,(1]1 I,SH 1,15a 
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PROPOSED COLORADO WATER QUALITY STANDAR1)6 
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Table 32. Proposed Colorado water quality standards: Class II water supply. 

Parameter 

Physical 
D.O. (mg/R.) 1 

pH 
Suspended solids and turbidity 
Temperature 
TDS (mg/R.) 

Biological 
Algae If 

Fecal coliforms (#/100 mR.) 

Inorganics 
Ammonia (mg/R. as N) 
Total residual chlorine (mg/R.) 
Cyanide (mg/R.) 
Fluoride (mg/R.) 
Nitrate (mg/t as N) 
Nitrite (mg/R. as N) 
Sulfide as H2S (mg/R.) 
Boron (mg/t) 
Chloride (mg/t) 
Magnesium (mg/t) 
Sodium adsorbtion ratio 
Sulfate (mg/t) 
Phosphorus (mg/R. as P) 

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

Standard 

Aerobic2 

5.0-9.0 
3 

X 
Y 

Free of toxic and 
objectionable algae 
1,000 

0.5 
X 
0.2 
5 

10 
1.0 
0.05 
X 
250 
125 
X 
250 
Bioassay6 

X 
0.05 
1.0 
X 
0.01 
0.05 
1.0 
0.3 (soluble) 
0.05 
0.05 (soluble) 
0.002 
y 
X 

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 32. Continued. 

Parameter 

Toxic Metals (mg/t) 
Selenium 
Silver 
Thallium 
Zinc 

Organics? 

Chlorinated pesticides6 

Aldrin9 

Chlordane9 

Dieldrin8 

DDT9 
Endrin 
Heptachlor9 

Lindane 
Methoxychlor 
Mirex 
Toxaphene 

Organophosphate pesticides8 

Demeton 
Endosulfan 
Guthion 
Malathion 
Parathion 

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

PCB'SlO 

Phenol 

Radiological 1 1 (pCi/t) 
Alpha 11, 12 

Beta 11, 12 

Cesium 134 
Plutonium 
Radium 226 and 228 12 , 13 

Strontium 90 12 , 13 

Thorium 230 and 232 
Tritium 
Uranium (total, mg/t) 

0.01 
0.05 
X 
5.0 

y 
y 
y 
y 
0.2 
y 

4 
y 
100 
5 

y 
y 
y 
y 
y 

100 
10 

y 

1 

15 
50 
80 
15 
5 
8 
60 
20,000 
5 

Standards 



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

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

4Free 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/t at 12.0 C and below, to 1.4 mg/t 
between 26.3 C and 32.5 C, based upon the annual average of the max
imum daily air temperature (see NationaZ Interim Primary Drinking 
Water ReguZations for specific limitations). 

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

'All 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. 

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

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

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

12If Alpha or Beta are measured in excess of 15 or 50 pCi/t 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 3M i .. bl .. 1 d' 11 . ax mum perm1ss1 e concentrat1ons 1nc u 1ng natura y occurr1ng or 
background contributions. 
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Table 33. Proposed Colorado water quality standards (non-metallic): Protection 
of Aquatic Biota. 

Parameter 

Physical 
D.O. (mg/R,) 1 

pH 
Suspended solids 

and turbidity 
Temperature (OC) 

TDS (mg/R,) 

Biological 
Algae 5 

Fecal co1iforms 

Inorganics 
Ammonia (mg/R, as N) 
Total residual chlorine 

(mg/R,) 
Cyanide (mg/R,) 
Fluoride (mg/R,) 
Nitrate (mg/R, as N) 
Nitrite (mg/R, as N) 
Sulfide as H2S (mg/R,) 

Boron (mg/R,) 
Chloride (mg/R,) 
Magnesium (mg/R,) 
Sodium adsorbtion ratio 
Sulfate (mg/R,) 
Phosphorus (mg/R, as P) 

Organics 7 (JJj) 

Chlorinated Pesticides 6 

A1drin 9 

Chlordane 
Dieldrin! 
DDT 
Endrin 
Heptachlor 
Lindane 
Methoxychlor 
Mirex 
Toxaphene 

Cold Water Biota 

6.0 
7.0 (spawning)2 
6.5 - 9.0 

3 

Haximum 20°C wI 
3° increase4 

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 
Bioassay6 

.003 
0.01 
0.003 
0.001 
0.004 
0.001 
0.01 
0.03 
0.001 
0.005 
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Warm Water Biota 

5.0 

6.5 - 9.0 

3 

Maximum 30°C wI 
3° increase4 

y 

Same as Cold 
Water 

X 

0.10 unionized 

0.01 
0.005 
X 
X 
0.5 
0.002 
undissociated 
X 
X 
X 
X 
X 
Bioassay6 

.003 
0.01 
0.003 
0.001 
0.004 
0.001 
0.01 
0.03 
0.001 
0.005 



Table 33. Continued. 

Parameter 

Organophosphate Pesticides8 

Demeton 
Endosu1fan 
Guthion 
Malathion 
Parathion 

Ch1oropheno~y Herbicides 
2, 4-D 
2, 4, 5-TP 

PCB's 

Phenols 

Radio1ogica1 10 in (pCi/R.) 
Alpha (excluding uranium 

and radium 11) 
Beta (excluding Sr90 11 
Cesium 134 
Plutonium 238, 239, 

and 240 
Radium 226 and 228 
Strantium 90 12 

Thorium 230 and 232 
Tritium 
Uranium {tota1)13 

Cold Water Biota 

1 
0.003 
0.01 
1 
0.04 

y 
y 

0.001 

1 

15 
50 
80 

15 
5 
8 

60 
20,000 

Warm Water Biota 

1 
0.003 
0.01 
1 
0.04 

y 
y 

0.001 

1 

15 
50 
80 

15 
5 
8 

60 
20,000 

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. 

l 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/R. 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 spawnins. 

3Suspended solid levels will be controlled by Effluent Limitations 
and Basic Standards. 
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~Temperature shall maintain a normal pattern of diurnal and seasonal 
fluctuations with no abrupt changes and shall have no increase in 
temperature of a magnitude, rate and duration deemed deleterious to 
the resident aquatic life. Generally, a maximum 30 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. 

5Free from obj ectionable and toxic algae. It has been well established 
that heavy growth of some strains of blue-green algae, upon death and 
degradation, may release one or more substances which are toxic to 
humans and many other animals. Although no fixed numbers can be 
recommended at this time, it is clear that streams lakes and reservoirs 
should not be permitted to bear heavy growth of algal blooms, nor 
allow these blooms to disintegrate. Every effort should be made to 
control algal growths to levels that are not hazardous. 

6Phosphorus standards are to be determined by an algal bioassay using 
the method described in the latest edition of Standapd Methods fop 
the Examination of Watep and Wastewatep, American Public Health 
Association. 

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

9Numerical limits in tables based on experimental evidence of toxicity. 
No point source discharges of organic pesticides shall be permitted to 
state waters. 

9Aldrin and dieldrin in combination should not exceed 0.000003 mg/R,. 

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

llIf Alpha or Beta are measured in excess of 15 of 50 peilt 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. 

13See Uranium in Table 41 for aquatic life limitations. 

75 



. Table 34. Proposed Colorado water quality standards (metallic): Protection 
Aquatic Biota. 

------"-_ .. ---"- -- ,~-,--,--. 

Parameter Water Hardness l - Cold and Warm Water Biota 

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

Toxic Metals 2 

(mg/5/,) 

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 
LeadS 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 
Molybdenum 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. 

lConcentrations 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 

of 

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 
(i.e. non-filterable lead using a 0.45 micron filter). 
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Table 35. J?roposed Colorado water quality standards; Agricultural use. 

Parameter 

Physical 
D.O. (mg/.\!,) 1 

pH 
Suspended solids and til~ 

TemperatllTe 
TDS (mg/9,) 

Biological 
Algae lf 

Fecal coliforms (#/100 rot) 

Inorganics 
Ammonia (mg/'\!' as N) 
Total residual chlorine (mg/9,) 
Cyanide (mg/'\!') 
Fluoride (mg/'\!') 
Nitrate (mg/.\!, as N) 
Nitrite (mg/.\!, as N) 
Sulfide as H S (mg/'\!') , 2. 
Boron (mg/'\!') 
Chloride (mg/'\!') 
Magnesium (mg/'\!') 
Sodium adsorbtion ratio 
Sulfate (mg/'\!') 
Phosphorus (mg/.\!, as P) 

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

Standard 

Aerobic2. 
X 
3 

X 
Y 

Free of toxic and 
objectionable algae 
1~000 

X 
X 
0,,2 
X 
100 5 

10 5 

X 
0.75 
X 

X 
X 
X 
X 

X 

0.1 
X 

0.1 
0.01 
0.0 
0.2 
X 
0.1 
0.2 
X 
y 

0.2 

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 

Toxic Metals (mg/~) 
Selenium 
Silver 
Thallium 
Zinc 

Organics 6 , 

Chlorinated Pesticides 7 

Aldrin6 

Chlordane8 

Dieldrin8 
DDT8 
Endrin 
Heptachlor 8 

Lindane 
Methoxychlor 
Mirex 
Toxaphene 

Organophosphate Pesticides 7 

Demeton 
Endosulfan 
Guthion 
Malathion 
Parathion 

Chlorophenox¥ Herbicides 
2, 4-D 
2, 4, 5-TP 

Phenol 

Radiological 1 0 

Alpha1l, 12 

Beta11, 12 
Cesium 
Plutonium 

(pCi/~) 

Radium 226, and 228 12 

Strontium 90 12 
Thorium 230 and 232 
Tritium 
Uranium ,(total, mg/~) 

Standard 

0.02 
X 
X 
2.0 

y 
y 
y 
y 
y 
y 
y 
y 
y 
y 

y 
y 
y 
y 
y 

y 
y 

y 

y 

15 
50 
80 
15 

5 
8 

60 
20,000 
5 

---------------------------------------------------------------------
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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. 

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

4Free 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. 

SIn order to provide a reasonable margin of safety to allow for 
unusual situations such as extremely high water ingestion or nitrite 
formation in slurries, the N03-N plus N02~N content in drinking 
waters for livestock and poultry should be limited to 100 ppm or 
less, and the N02-N content alone be limited to 10 ppm or less. 

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

7Numerical 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). 

9Every reasonable effort should be made to minimize human exposure (EPA). 

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

llIf 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. 

12Maximum permissible concentrations including naturally occurring or 
background contributions. 
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Table 36. Proposed Colorado water quality standards: Recreational use. 

Parameter 

Physical 
D.O.l (r D.O.) 
pH 
Suspended solids and 

turbidity 
Temperature 
TDS (mg/,Q,) 

Biological 
Algae If. 

Fecal coliforms 
(iJ! 100 m,Q,) 

Inorganics 
Annnonia (¥ as N) 

Chloride (mg/,Q, r 
Cyanide (mg/,Q,) 
Fluoride (mg/,Q,) 
NOs (mg/,Q, as N) 
NOz (mg/,Q, as N) 
Sulfide as HzS (mg/,Q,) 
Boron (mg/,Q,)z 
Chloride (mg/,Q,) 
Magnesium (mg/,Q,) 
SAR 
Sulfate (mg/,Q,) 
Phosphorus (mg/,Q, as P) 

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

Standard 
Class I 

(Primary Contact) 

Aerobicz 

6.5-9.0 

x 
X 
X 

Free of objection
able and toxic 
algae 

200 

X 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
Bioassay5 

X 
X 
X 
X 
X 
X 
n 
A 

X 
X 
X 
X 
X 
X 
X 

80 

Class II 
(Secondary Contact) 

Aerobicz 

X 

X 
X 
X 

Free of objection
able and toxic 
algae 

1,000 

X 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
Bioassay5 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 



Table 36. Continued. 

Standard 
Parameter Class I 

(Primary Contact) 

Toxic Metals (mg/.R.) 
Silver 
Thallium 
Uranium 
Zinc 

Chlorinated Pesticides 7 

AldrinB 
Chlordane8 

Dieldrin8 
DDT8 
Endrin 
Heptachlor 8 

Lindane 
Methoxychlor 
1:iirex 
Toxaphene 

Organophosphate Pesticides 7 

DemetCjn 
Endosulfan 
Guthion 
Malathion 
Parathion 

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

Phenol 

Radiological 
Alpha 
Beta 
Cesium 134 
Plutonium 238, 239, and 240 
Radium 226 and 228 
Strantium 
Thorium 230 and 232 
Tritium 
Uranium (total) 

x 
X 
X 
X 

y 
y 
y 
y 
y 
y 
y 
y 
y 
y 

y 
y 
y 
y 
y 

y 
y 

y 

y 

x 
X 
X 
X 
X 
X 
X 
X 
X 
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Class II 
(Secondary Contact) 

X 
X 
X 
X 

y 
y 
y 
y 
y 
y 
y 
y 
y 
y 

y 
y 
y 
y 
y 

y 
y 

y 

y 

X 
X 
X 
X 
X 
X 
X 
X 
X 



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

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

4Free from objectionable and toxic algae. It has been we!l established 
that heavy growth of some strains of blue-green algae, upon death and 
degradation, may release one or more substances which are toxic to 
humans and many other animals. Although no fixed numbers can be 
recommended at this time, it is clear that streams, lakes and 
reservoirs should not be permitted to bear heavy growth of algal blooms, 
nor allow these blooms to disintegrate. Every effort should be made 
to control algal growths to levels that are not hazardous. 

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

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

1Numerical limits in tables based on experimental evidence of toxicity. 
No point source discharge of organic pesticides shall be permitted to 
state waters. . 

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

9Every reasonable effort should be made to minimize human exposure 
(EPA) . 
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Table 37. 

APPENDIX E 

COMPARISON OF WATER QUALITY DATA WITH PROPOSED, 
COLORADO WATER QUALITY STANDARDS 

Comparison 
standards, 

of water quality data with proposed Colorado water quality 
Animas River at Durango, Hay 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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II- V~('I'f T!~T"l (UGILI ttlna.l)ll., Alit ~ \" tI"' .. ;.:j 
lib \.ElO. TOUL IUGILI 10O.ilt:~ •• 0 ) o. ('I-I 

'SO.?'!d .~ 0 3 ,(I. 'h) 
4.0(lh '~L 1 0 ) O.fH'I 

2l!;i.:hH) Aal~ 0 3 O.i}I) 

~O.th'O ASH 0 ) l)"liO 
100.4iiO .~). 0 3 O.")tj 

11§,i).(I"t} lfiGq 0 S 0.1}0 

111 "'A~f;f SIU'" ("G/I.I 1~'.iHll) W! 0 I' O.tll) 

II ~ Ml~'H.F~E , Ol&!I;~Y£D IUG/LI 5u."1110 'S 8 13 tll.5.1 
Ilq M4N' .. ~£iE, TOTAL (!JG/LI inn. ° lit) 00 13 I" qc.~o 

IhOO.t'litt) A6 1 I" l'J.lQ 
121 M£RCVIIY. TOill. (uG/~1 2,000 _s i! 13 1~.lo 

o,o~o •• Il 13 101).01) 
U5 ~IC.EI.. lCUL I\IG/L] 100,000 AG 1 I' 10. tl'J . ~~,o •• '''LI 0 In o,Utl 

I 100,1100 ASIl G 10 0,(10 
200.~OO 'sU I In hl.I'\! 
HO,noo '~l' 0 10 0.(11,} 

19i).tlt'l~ ARCa d \0 O. ~l n 
U8 $1.l.£~lll.''''' TOTAL ('JG/'.> in.I'JIJO AG 0 5 O,ClO 

..... OM\ WS 0 5 O,,\r. 
c;n, non H 0 5 n" n.~ 

!Ju $ILVr.~. fOIlL (UG/L I l$o .. n')1) "S 0 • lJ" rn 
d,t 00 ASL I • 0",';1) 

0.11)0 A8 I ~ 0 " O.'lJ) 
0.1 S\) A~.Il I • 2",,0 
0.2t;() '~l:.l 0 " O.~v 

O.<''il) '~~Iol 1 • 1«;, t ~In 

131 11'" fOT AL [UG/~1 itlUO",():n AG 0 I. O. ~u 
,tll'f).IHHl -5 0 I. 0,,4''11'' 

'So.(lI)q '~LI \ I" 1.11.l 
50,000 Uli 0 I. n,"~ 

Il'\:n .OIJI'\: un 2 I" I".,· 
301l.00(\ o~l. 1 I. 1.1" 
onl\.(lon Aii r, .. 0 I" 0.0 11 

i~< 'PS£~It. D15501.VfO cue/LI IOO.nit" .c 0 \ c,.p,} 

~n, 000 .5 0 1 0. 011 

,i).Ann A. 0 1 1).1');1 

;105 fJt)~l)U ( .. GILl 1~n. nno .r. 6 1 O.ti'l 

20' Ci-'LC" il)£ (~&/LI 2t,0.!l'Ji} ·s 1 I" 7.1'" 

• n~ tTA~I[l:f.. (f'4r./Ll 0,.00 A • 0 8 ll'Inn 
0.200 <$ 0 8 e.c:' 
o.n!\~ A. 8 ~ 10').110 

",q " •. Ie"JOE ("GILl 2""no .$ 0 H o"on 
110 , ,TPt'Gtf •• N'ItP' fll! (~G/p ltlll.GOO 

,. d I O.1'l11 

, O.MHt -s 0 1 U,i,"} 

211 fft1i=.Cca·i, NI"""'l f( ("'I'j/L l s,n.llfl) •• n ," 0,",(1. 

1.(\1)0 <S 0 I" O,,'HI 

'l.OSI) .tQr: 0 \" 0.'\1/ 
O.IS~n .. ~ ... 0 I" n,1')1I 

21 ~ SULrAIE ("~/LI 2Si},100 .~ I< \ " 6';,,11 

$,OvMCE Cr'JOr-' 3 1 A. · ";U'lTC !>IF!1' 
AaC · "11:' TIt "'lOTl (COLO) 
'8.001 · "41.1. T le I'dOH ( ... ~" •. q 

H.t ~ · ",oJ,,1 ie .. tnu (r( "L ... ,..:: ': .~, 51 L~~;' 1,.. .. •• lUll) 

lo;l.? · ",.l~l T l\': d 111.\ (T": tlL. ... ..:. ... ij ... i " Id ll -':O,I) 

,,,2) · j·w .. TlC ;;TC'- tT·1UL ~.~rJ)J .\1 C! '\ ~I" .l rd. ) 

l":l" a:.I}lTtr: il';'\ (T{)TlL ,.,.;,. -:).~. q ,.1""1 ... ,"', 

jil~'" l"UlnC .. PH" fl'lTll "'::";"Ii " "'J"'~ l Ii ... T ... }'· ",F". 
.~ · .. ."l-'l":.l'L 'n!" ':' 
.~ • " -55 

l t'l" •• '1',,': '$llI"M\. .. 
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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. 

ELFVAlIuN 8nTT0M OF PU(~ 

,",OilL [lfPTH il5.10 ~l SIIRF~CE AIR TFOlP 13.'10 C 
fJi::~tH ()~ <;Vf(HU i:.LiYF.."i -----~.I,i). -M-'-''flH~l'SYSttl-'--(JiJTFLOw- 7.11e",,5 

~HEHMOlLI~~ UI~T'NCt F~O~ HOTTn4 73.2 M TOTAL SY5T[~ INFLOW 11.'13 CMS 
';U,:F"CE .1ATEt< TfMtJ 7.42 C t:'(JUILlHRltH~ n~MP R.1l C 

--.. ~ ... - - . (u~iL i::vAfl()R~ nnH------~ijTifl:;-~------·-···----TvJip1iRA1Itj~,n~ATf:~--"2~69£'::0 i' eMs" 
COMPUI~O uowN~TqEAM IFM,", 5.94 C OBJECTIVE TEMP 4.44 C 

OU I'll, T 
NO 

i 
c 

~~<; B.23Af-02 ~C/M2/S 
WN4 3.773E-02 ~C/M2/S 
'(J~ -of, ;?;;iW:":02 K(;/i.ii,i/S----· -------.--... _ ..... ------_. ---.--.-.. --

flc 1.~lGE-02 Kl/M2/S 
AC -1.444E-02 KC/H?/S 

.~-.. ~-., .~ .~~.--.. ----.-_-'r__4~ .. 

FLOW 
U.,S 

o • ,d) 
7.11 

FLO~ TEMP DIST. FRUM ELFM 
-CMs----;O".G"c"'BOfToMIMT-·-.. ---------·-----· 

11.93 10.DO R2.l0 14 

__ .... Q!" t-L (II,,?. A.t>j.l!_ J.E_~JL s _-'_,,, ..... ________ .. ________ ._ ..... __ ._. 
l~~P DIST. fROM FLEM WITHDPAW'L LIMIT~ 

nEG c BOTfOM (M) UPPER • LOWER 
ij,~4;:;'"-' ·'··;;.':,i 2----' ... ,.,," o:~" tr~"-'-"-'- 0": 0- .-.. _-_ .. -_._ .. _-, .. 
::'.'14 70.10 12 97.5 61.0 

----.-........ 'Nfit'E: ...... "'"--....... - ....... - .... -------.. --..... - -'-.-"-' .. . 
wlTHtlRAWAL LOI~E l#A5 COMPUTED USING W!:.!; MlTHOD. 

DIC, TA~tC!:, It.~'" T'''P HOI'I OIiT f;()R I IN OEN<;ITY STAf:llLITY llIFFU!>ION 
.J.ROtl .. AO T TIIM uu;. c. ou;. F, ('1:0 rfol~ KI3lP4 _~OEFF ICU:NT 

'J. G 4,44':>4 40.0'))'! O,flOOO <I.I)UOO "<l'l.9'18?1l (l. O. 
"".1 4."4';;4 4(,. () III A 0.01100 n.onoo 9Q9.Q9821l 4.714f,E-14 a.OOOOE-Or. 

i?.l· .. 4.44!)4 4fl,oulil 6.oiJtH) lI. oouii-- ... - <j99~Q1ji:i2a ?.k21j'7E-13 B.O!)OOE-Oc 
Ill.] 4.44<;" 40 ,flO IF! 0.0000 O.onoo 999.9982/i 1.4123E-12 l:I.oOOoF-02 

.4 4.4~?"l 40.0011-< ... O. (1(1110 O.U(lOU '1QQ.99!:l2H 5.4409F-12 .. 8.000QI'-o? 

.0; ,+.44S' 4().f'Ul':l o .!Joliii 'I'~ 0<10'0 '>'99.~~i:lit ";; .94'>'IE-l1 H.oiiOOf.-U2 
j".b :t..441:'\k "0.1\02-:; 0.0000 1,.0'iOI) 9'l9.'l9821 1.73461'-10 8.00001'-02 

.7 ~.44/" 411,OUC;4 0.0000 0.0000 'O'l9.99f:l?b Q.904I1E-I0 8.00001"-02 

.'8 4.4:.~1 41) .0191 () .()ouo u.(J,j(i{)--·-· ,j99; qqi!2fJ ····S.<'/b9E.::(J9 ...... · .. A.OfJOOF-o? 
54.'1 4 .4!'.1i! .. ~.Ol"'l O.OO~O \J.on\!o 9Q9.<l979!:i 2.5!:i4?E-n8 !J.OOOOf-02 
01.0 4.0074 40.2'-132 Jl.00011 (I.OliO\l ':I99.9'Ool:!7 1.II:lJ3E-1l7 ... 8.0000~-!J2 
(; 1. i ... 947H 4U.'l';60 • -:, 7?2 U. !lotlU -')<'I'l.<i'lllio -... -.-~ ~ 7ib!:iE'::(i 7 '--ii;rinooF-02 
73.2 1'>.01:>100 4i'."ifl9 1.07':>h :.. t' Ok .. 9'J9.Q6:'93 3.11:>'13E-OI'> 8.0000f-02 

...?Q~2 7~ .. 16k ,:,"' • .1?Q_:!._ J ... ,:,.C,)~1.. ..... --~. hL\l'~~._ . _.Li.9.2·.~9_~!_~~ .. --- !! .•. ~.~.;',,:~-~. ___ . L! 2 3 .. 'H~ .. ::'!.!_ 
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Table 42. Day 140. 

Fl.FVATIOIJ HH fUM OF Hll.!L 

Pilot I ""TH 
!J6'TH ,,1' SUKF ~l": ELEI";""" , 

THfNt.OCLI';Jf I.JI"T"I"Cl FfifW f'OlTnQ 
!-.UPF.\CF "b'ltfi I1:'w 

CU"ll E V APU" ~ TIll! I 
CIlMPUrr[! 0001,,511</:,,'" TE,AP 

__ '14. I·' 
? 1,1 

73" ;/l 

'I.lq ( 
,,04 ::, 1\.1 

6." " C 

SIIf.lFflct AI/.! TFM'" 
-TOTAL 5Y~Tf~1 (HJTFLO"j 

TnT4L 5YST~~ l~FLnw 
EOUIURkIUt. TF'~P 

M"~~ _____ • 'i:VAPO~A r lnl~ ~ATE. 

O',JFC1IVE TF."IP 

R.55P~-02 KC/M2/S 
3.1~~f-02 Kr/M2/S 
R.271l-~2 ~(/~~;5 
2.13~l-n2 ~C/M2/S 

-4.0:' IF :.9)) _,,~C/',~?:!.s. __ 

Ii< J " 
1'10 

1 

FLU~ TEMP !Jlsr. FN04 ELEM 
cMs-----:i;F:ii c-if6tfOM-(Mi----'-""-'--'---· 

n.ou 9.44 0.00 0 

OUTLI: T FLI.l"1 TF'1f' OISI. fROM ELFI. \Ol!THI1RA'·AL Ll ~1I rs 
'"1.) (MS 

" 

fll: (, C ['/1 T nn·· ('·1) , ____ '=!pn: ~ '" ,~ ___ LOI.JEP 
i i.S3 4,,4(1 4.':> 7" i! 48.1' O.n 
(: 7.JI 6.'1t> 70.10 12 91.4 61.0 

9.4(1 

".!, .. C"S 
O.OIJ CMS 
S. 7 C C 

2.9:3E-Ol eMS 
4.44 C 

t:XEC\JTfO~1 INnl-:VAL EMOII\II; .;40n Hf.lS ,-,_." --. -~. . _. --. - .--_. 

f: 1 ':l r i,1 "IC~ Tt-JHJ 1 F~hP Hr).'/. en) 1 fitH<7 IN DENS[ TV STAc,H_I TY OlfFUSIO" 
FHOf.j 'H1 T TIl',1 lil:,b. e. (,~ f'. F. eMS r:r,l'::j KG/eM COFFFlC TENT 

(\. f) '+ .4q,"JO 4 (I. Oil? 1 'J.OOOIJ '/')'}. 'Nfl;-? (J • o. 
?J 4 (> 44';.>.\ 4(1. flfl?") (I.OOOt) 'J9Q.Q'1Hl'7 1.3\1,,1',,-1'1 H.OOOIJI"-O?' .... 
1~.2 4~·4l~~4 40. 0 li.i':> (1.<io06·' --""'9'<9; 9'1 i:l2 7 ,,;jjj IF-Iti fi.oOl)Of:'Ut' 
)".3 4.4411 4/l.nO<;H {I. (I i) () 0 9'19.CJ9b26 1.11'73F-09 1l.0QUOF-l!2 
r.li..4 4. if.~~' I.) 4(/.'lJOO .21,37 iJ.IJIlOU 999.99/\24 i'.0 (DE-'')'} 8.0nUOF.-o? 
j(l '." 4.4; :-""lll 411.0~1,i .?b:>f.J. lJ. U IlIlil 

" 

'~'1'1.Q"t<H f.,.ol .. c,t-Osi ;1.0 ')OllF ':'02 
j4.u 4.4'1:)3 40.(\:><;<; .241b O.uouu ~Ql}.q';1l0'o I • K~b'lr -OR ~.Or)OOF-()2 
4;>. I •• ':>243 4f1.1"]( .1467 V.oOOO Y'l9.g4764 ':>.J/j~n-Ofl 8.000uF-02 
4.4: }j' it ,,6'+tH. 4fl.l,,~ll ii.liiHia '" <1. ii ii{i(j'-' "--999. 4<ii,S) 1 ~S]i,ol"-(j'7 H.OiiOOt-o..! 
5 t ... Q ... <\,12" 1"'r.. 7 HP'" 0.01100 II.',)OOU '}Q9.CJ93:''' 4.I:'<.JJOi:-07 8.0IlUOF-02 
n 1 • n S.3?7": 41.'?"Q(j 0.01100 lI.ooon 999.'1H:'MI 1.17b'iE.-OI) ". (H)I)Of -o? 
b 7. i 't) .. (I ql»G 4;>."'..ij,> .• ()~,.? J l'. Jii iii! 'lq,}.fJ{,r,':!f 2~<i{i{':>~.-06· 

.... 
8. outlO' -0"': 

'n.c: ,>.97<.J" 4".~<>3H 1 .14,jf, u.!lfiUQ '199.9.1(11<') ,:>.r,o'j"F.-i'!6 9.40411:-U2 
n.t!. . ,7 .!.~ 1.,J.b 41'..004<; 1. 1 1 I 
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Table 43. Day 150. 

~FNERbL SYSTfM I~Fn~~ftTIuN 

FL~VATIUN HOTTOM OF ~OUL 

f'1)()L U~PTH fU.67 1-1 SIJRFACE AIR TF.~lP 14.40 C 
.-.--.- ' ... r)F'~iH UF' S-lIkF.~l.t. ··E.Lfi ... ~~i·r·- --"" rO.~i·-;:1 ... "'--lofiL SystJ::;~: '6tJtFLow'" 7.11' CMS 

THE~~O[LI~f DISTA~C~ F~OM ijOTTI)~ 67.1 M TOTAL SY5TtM INFLOW 5.2~ CMS 
~U~FA[E .IT~R TF~P R.32 C EQUILI8RIUM TEMP 9.0B C 
.. ·l:(j~iL· EVAP(jRAT ii'i~·---·-----.06ijM----------·-rVAP(iqATTr:W-RAT~--r~72E":oC CMS -.. 

cnMPUTFO DOWNSTREAM TFMP 8.02 C 08J~CTIVE TEMP 4.44 C 

________ ... _ .. __ ... __ . ______ . ____ . __ ~~.~~~_~~~! ... £OM£'O~~~.o.r.~ __ . ______________ . _____ _ 

. , _._-. __ ._ .. -

I)"I S T A"ICt. 
_J._f1.0M ... .f:'OTTUM 

0.0 
~.I 

----.~-- ... -
1~.2 
1~.3 
24.&+ 

--- ······3~.5 

3'>.fJ 
42.7 

---····iii:l.H .. 

~i' ... ,f.i 

61.0 
:';67.1 

73.2 
79.2 

(JUTlY·, 
I.U 

i 
? 

O~S P.674E-02 KC/M2/S 
QNA 3.7~4E-02 KC/M2/S . ._,., ....... 'iJ iv -··H·~·j i H~= ~'ff 2' . R (~ )i~ 2 i 5 - .. -----.... ----.-.--.---.. - - ... _-_ ... --- -'- ... --,- -.... _ ... -_. 
n~ 1.265E-02 KC/M2/S 
DC -1.216~-02 KC/~2/S 

.. _ ... _-,-_._----_ .. _-,----_ .. -- _ ... ---_._-----_._-_. __ .---_.-._- --.. _-_.----, -.---... -.~.~ .. 

TRIR FLOW TEMP U1S1. F~OM ELFM 
-·T~(Y···· ··----Ci~S-·---·-:-fjfG T--HilTT ()M··(I~)-·-----·--···- -----------.. --------

FLOW 
V"S 

0.00 
7.11 

1 5.29 11.b7 76.20 13 

1 F:;~'
ntG C 
';;;'b· 
b.02 

[1IS1. Fk()~1 fL~M WITHDRAW4L LIMIT~ 
RUTT(J~ (M) UPPER ".sr·- .. ... . -l--· .. - ti~ ti 

70.10 J? 91.4 

LOWER 
... 0.0 

61.0 

···mjiT:· .... -... .... --.-.-.--' --- .... -.. --.---.... - ----.. -.-... - .. ---.------.----------... ----. ---.. -.-.... 
wITH[)PA,IAL 701~F. "Ie; COMPIJTEO USING WfS MtTHOO • 

H."1'- H:'IP HOP I ('lIT ROI,? I r~ nUI"ITY STAHILlT'l' DIFFUSION 
OFf;. C. OF (;. F. eMS U1S KG/eM COEFFICIENT . .... - ... _. - - . 

4 .4~21' i. n. (\ I" II 1).110110 o.uoou 9tJ9.9'1b?2 O. I). 
4.4""'; ,+0.0<:0'> o.noon 1).0000 '199.991:lt!n 3.;>'h"~-O'l H.OOOOF-Or. . ,,, 

4.,+6.i6 "- . 4il.rij4'; .. ···-6~ IJOOO··-··· 0;0 (iiflr· 999 ;99H i" .------.. - H.i6S9f.-ii9 8.00001"-02 
4.4717 ·O.0"cI9 (J.OOOO O.UOUO '199.99803 I .~i!16t::-OI:l 8.0000E-ci? 
4.49,+( ,+(1.(\'111'1 0.0000 O.lIc)OO Q<J9.9'JHI9 1. 'I'+J3~ -08 I:I.OOOOF-U? 
';.~.iU I ';!I.J""~ ii. Olio [) 11.01100 ···;;49; ii:i 7S~ 4. 3t'b6~ -oiA 8.0nOOF-ut! 
,+.''0"" 4n."'117 0.0000 1l.1l1lllO '199.99bHA 1.0.1l6F..-07 H.OOUOI'-Uc 
4.754U 4n.C;"72 0.0000 0.1)000 0;,99. Q 9'52'5 ?J'ib2E-07 8.0noOF-02 ._._ .. 
5.02.:?j· 41. n'+o 1 o.olibil-··-·· o.uni'iY-·· ~Qcj.99140· ... S.6S"4f'-ci7 8.0I)OOF-0r. 
'" ." 771i 41. Al)nn O.Of)On n.nooo '1tJ9.9H233 1.3,+lflE-1I6 B.onOOF-02 
b.22()0 43.1 '11i0 0.11000 1I.011()0 999.96078 3.2800£-06 B.OIlOOE-02, ... .. 
7.1';'i, 0 44 .H~~OI-t .('~r:.j I.hbtl 4<l'l.Qt!I':1UT ".~;'t!RE:---ui, '1.71o,lJF-Ol:' 
0.32,+1\ 4~.9B46 1.1431\ J."256 "99.I\S~~2; 1.ltJu3E-n5 1.4959F-Ol 
d.3241'< l,b.QB46 1.5!'04 0.0000 1.199.IIS5"2 O • O. .......... - -, -.... ... ,._. ----_. -.~ . -.. _._.- .. ---_. __ .. _ .. __ . __ ._ . .. _. __ ~_. ___ ~·"'··_·.R·._ .. ___ ._·. ______ . 
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Table 44. Day 160. 

fLfVATION HnrTOM OF POOL 2029.91 I~ 

,",OOL nF P PI .. In M SURFAr.E AIQ TFt.>lP 
J'iFP fl-1 '.IF SU"F ~Cf. EL';- PI r 

T~E~NurLI~t D15Tb~ei r~o~ 40TTnG 
':)I!f.'r !>Lt. I., ~ TEl< TF')'" 

CUML E~~~ORATr~~ 
C0kPUTEG UOwNS1PEAM TEMP 

TRIR 
NO 

1 

If' • M TOT'L 5YC;Tt./·1 oUfF!.!)'·) 
b 7.1 ,A TOTAL <;YS IF. '" INFLOOJ 
9.,,1,;> .,e ... EIW1LI8RllIM TFMP 
.0,,4 I~ "-'EVAPfjpAt J iiN"RA if" 
9.32 e OBJECTIVI:': TFr~p 

< --- -- .-.-~-•• " •• 

OMS A.,:)A7E-O;: KC/M2/S 
OI,A 3.94/iE.-UC: KC/H2/S 

YW ~~~2~F~~~ ~~/~2/~ 
Qt O. KC/M2/S 
(it:; ... _ .... 0., ................. .... ~.<:=.~~.y.~. 

01 

DIsr. FRU~ ELF" ~1THDRAWAL LIMITS FLOw 
{'MS 

Ii; u ij 
14.1>3 

[JI::G . C . "lOTT()'~ .. (t.1L .. _.... UPPER • LOVIEP 
4.::'7 2·· .... · .... ll:0 ... 0.0 

70.10 12 91.4 61.0 

-- """1.10 TiT: 
wi T>-I"" .... .&.1. lON~ \<11\<; CO~lPIITEO USH-IG illES ME THOD. 

O. 

Q -JUI, I'H7 116U) EXECUTfON INHPVAL PIOIN(; .::400 H~.S . "'-~. . -- -. ~ ,- . .' . 

D!::>TAI\jef TtMt-' IF I':" HOPZ f,UT 1-<0'<7 HJ DENSI,Y STAlilLITY 
nWl4 fW T Fit., DEr;. c. PH" F . U1S 01" K(,IO~ 

-"''''~ --- - . ~ ... - ... , .. 

'(1. II 4 .. 441}J .. (\. (;,!.? 1 o.O()OO o.ooou yQQ. QG 7tJJ O. 

" • 1 4. ':>0 Ii 40.1(13 ') O.Don~ D.UnOD 'J'N.Q<;71l'l I. )H20f;-Ofl .. _---_ ... ,_ ... , 
I;' ... : 4.:"'10\ 40.1':>42 6.0000-'-0 ~ lllli)~-'''-' 'J9'J.9"'~<) 3.!:><'tJ7F.-!lA 
1 .... 3 4.:'7,:>" 4().~jC,'1 0.0000 O.(),lOO cf'J9. Q 97te h.(,!:>lOE-O& 
24.<+ 4.,.,14/ I ... (l.~l~;+ O.OOIlf! fi.IlI1!JU 'J99.49b7':) 11.3'JJOE-oA .. '. 
3(1.:, 4 Q 'I 0 -;l, 4f) .. ~t: j t (}.oilt)O (I. Ii II iJ () 'Jq"~9%e4 1.3·,i2">f-07 
3".6 4 .il" t~ 40.702r! 0.0000 U.IJOUtJ 4'~9.Q'iJ7" 3.n6J9F-1l7 
4;>. 1 ". 1 h'll 41.,0'>4 0.0000 .(WOO '!Q'J. Q,,"n i' 7.11vOF.-07 
4~' .h ~.7J:J:) 4??ipp. 0.00110 ; (,I) Ii Ii '}Q<l.'H64 7 1.7HO'3f:.-1l6 
~;:... q 0.6.330 41.f4J\j4 (l.OO(l(J (I.noon '/49. q4~c" 4.f:><'J()E-fJ6 
., 1. II 7.bSl'; 4:0.7133 \I. ft(HJ I] u.uooo 9"9.1\461 7. 7"49f -06 
67.1 8.721)"1 47;6 .. ;6 1.<,1;(1<; 4;1i4ij . '1'l9.Rt!l.lt I. iliobE -05 
73. C 9.9"]11 4.~:. q~i4'" coJ:;)ri I. M'I l:i 'N9. 7 .lOc'> 1.5'iu.n:-05 
7'-1.<!. 9~yb 3tt 4 0 .C/j4'J :3.1 C;()4 0.01100 ';9'1,7302'> O • "'" ,--<_. __ . ,,--.~- .. ~~ ~".-~- -'~-'--"-' _.- . -~" -.. . ._ ... _--,,""_ .. __ ... -
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20.60 e 
14.-'3 eMS 
11.93 el~s 

.14.01 C 
ct~S 

4.44 c 

!) IHUS 1 01. 
COE FF ICII',NT 

o. 
·'1.00001'-02 
fl.OOOOF-lj'; 
8.01}0O"'-O2 
'l.OIJOIl"'-O<' 
8.000010-02 
~.ono(JlO-o?' 

8.0000"-0(' 
8.0000E-tJ2 
R. 1 '5251' -o/.' 

.17!:>2"-ul 

.4P.28F-OI· 
1.935HE-OI 
O. 



Table 45. Day 170. 

ELFVATIUN BOTTOM OF POOL 

-- -------FNli "oF' i i" t:\[' fj·il'E·ilv Jir--"" ···-·----··-··----ii\iEPAGE .. ··iiVER-T1i,iE'·INTEilv AI .--------... -

Pf)OL fWPTh H?Q5 M SIlRFACE AIR TEMP 1::'0 .... 0 c 
l)F:;>T rl OF 'St)"F ,,;r.C tLFiiE~lr"--' Ci;-:;iii';;' --- .... - ........ ----"TOTiil: sri; 'rt."; OuTFi.(h·; .- .... _--j 4 .i'>:;' 'CMS 

THEkMUCll'lE 01,>Td,CE FP(\'l 14 OTT (\1'; 67.1 M TOTAL SYSTfM I"lFLOOl S.'>2 eMS 
C,U"FACf oATE.>l TEMP 11.1" C J:QUllIRlJiII"" TEMP 12.57 C 

"_W",,_"_, _____ «.~< •• - ·'tu~~L· €VApOJ(A fToir--·-- -··-~08-5·~r---~--·---------EVAPORAftU~r~RATE--w2~'3-9E~Oi-CM·~--·-' 

C'lMPUTE[) IJm!NST~fAM TEMI-' 10.H C 'OBJECTIVE TEMP 4.44 C 

KUf.l2IS 
~ClM2I~ 

B. 78M -02 
4.37<;" -02 
i; ~664F. -i),: 
1.773F-02 

K tlf,ii! is .... --..... --.--.---- .. _ .... _-
Ke/r-iUS 

-1.7!!9E-02 KClf'i'lS 

.. _ ... _._ ....... - ..... -............ . 

rHIP FLOW . TEMP UIST. FNOM ELfM -----.----.. - .. -----............. ·--Wf------CMS·--· DE'G·t--1WTi'OM'7lMj-
1 5.52 13.61 76.20 13 

OuTl!:T FLO" TEMP [lIST. FRO'" fUM WlTHOR/lWAL LIMIT" 
NO L'~5 N.G C ~OTTO!.l (~I) UPPER • LowER .. i' iJ.06 

... 
";/',1 "4.~7 .. · .... · .. 2 ................. o.lr-------· o~ri 

.. ".-.. _-" ...... __ ._ ... 
;> 14.63 IO.i)1 70,10 12 QI.4 61,0 

--·---.. ·-~,iOTE :-... .. . ..... _-_.--- -~- ... ---.-----.. -.- .. --. --~.--------... --.--.--.. -
wITHURAwAL ZONE W~" COMPUTED USING illES METHOO. 

r)15TA'·.'G TFMOO Tf't-IP HOPI (JUT HflR? IN nEIJ<;ITY SHI:IJUTY r>TFFUSTON 
_fl:<.O.':1. ROT TOM [lfl;. C. llF (" F. ("IS OIS K(;/OI C.OEFFICIENT 

O. I) 4.~'1"'+ 4i'l.:>')'> 0.000(\ ".11000 <,1'19."1"'1>91; f). o. 
".1 4. b<:'+:' 4fl.,d41 O.OOOf) q.OOOO '199.Q9b70 4.146I1E-!)H 8.000(JC'-02 

i2.i?· 4.691U 40.4437 
... 

11 :iJo{i[i o. iiooo'·-'-;~q9. qQ.,i,.i,i I', ii!>ot~:-iJ 7 '.-' A.OOOOF-02 
1>l.J 4.79-'.0) 4!l.e-?t.;b fI.IlO(lfJ (I.OO(JU ,,"'1.")()4ll 1.7t:1b9f:-07 a.OOODE-Or 
"4.4 4.flK"1 4'1.1\1'.10 (\.001)11 n.IIf'iI(J 'N9.9934"; 1.IH45F-07 H.r}OOOf-Oc 
30.S 5.0621 41. i 117 ii.fHlUfI n.{J'lUO ~Q9.QY074 4.044Bf..-07 !i.OilUllF-02 
3"'.6 '>.J9"", 41.111,'1 (I.OfIOO !J.OllflO 9Q".91-l415 9.6~b6f-07 A.OOOOF-ti2 
4<.7 (1.001'1 4;:0."10"13 O.flOOO h.OI)UO 999,9bl98 2.3~Olf-0~ I:I.OOOOE-O(> . 
4'1,11 h.Ycc"; 44.41,12 ··ij.f)(IOO 

.. 
II. (jolio 9Q9. iD.Uif "'---"5 ~ 44 HE :"M, 9.1377[-02 

54.9 7.1:l9tll 46.;;>HI:> O.OOOr) U. (! ~(JU 999.1111197 Il.04J.SE-06 J .2011~-i)1 
61.0 H.90·'1J "A.Il.:!21:> !I.IIOOn O.O!]OO 999.'11525 I.O/tlOE-05 1.4746E-Ol 
b' .1 lI.'13h 49.,1/67 i.2HUi; 1.1;31+1 '1'19. t.i30Hr --- 1.334Ilf.:"O::. 1.ljc'>E-Ol. 
·'3.2 11.1':>7" '>"'.i'lt:l3~ 2.3'dH .'!.'>t!2fJ 'J'l9.6162S I ~ 7908F. -0" 2.1036[-01' 

-_ ......... 3 ... 2 11.1"7'> 52.01135 3 .1. 4.~ 5 .... _ .. _ .. _~ ~51. O.!!t!.. ~ .. .2. ........... _-_ ....... O. 
,.-,,~'"~--. - . -.. ---- _ .... -

92 



Table 46. Day 180. 

,>i)~f.lAkY N OU1PUr F()O <:4 JtJH 1977 . (11'0). 

!~t::~IFP. .. L 5.YS T.F.',j H'~OR~1~ U(JI~ 

tlEV.TION ROT TUM UF POOL 202Q.97 M 

E;·,I) UF TI~f [I I TI:.RVlll ··-·--AVEPAI;F.:-OVE)'··TIME-FITEkVJi[ 

..IOOL nff>[H 
iJ~YTH (IF SURF~LE. I:.LiO'''.:''T 

THEP.MUCLl~1:. Ul~TA~CE ~HO~ YU1TO~ 

.'\I.~b I~ 
il.40 fI' 
4,~.il "I 

II .~" ( 
.1)<;3 M 

II ;34 C 

SURfAC~ AIR TEM~ 

tbTil ~YSTt~ ~UTFLO~ 
TOTAL ~YST~~ INFLOW 

EOUIlIHRllJM TE~If' 

EVAl->iiRA'riil~1 iHTE' 
OHJECT I VE Tf'lP 

22.80 
14.">3 
0.00 

..1 4 • 16 
0', 

C 
CMS 
eMS 
c 
cMS 
c 

~U~FALf wATtR TO~~ 

lU~l Ev~~bp.lrnN· 
cq~""'UI t I) l!Q!,'-!5 TPf AM TFl1,., 4.44 

OUTLET 
NO 

1 
2 

'IOTE: 

~f<Jf~ .. 

Fl Ow 
eMS 

NO 
I 

0; uii-
14.63 

ONS A.~19F.-D2 Kt/M2/S 
ou. 3.1 kC/M2/S 
iH,q. 'KC/rd)/S' 
OF. O. Kl/M2/5 

, [l«;: _ . .. _g • __ ".,,_ .. __ .. I(.CL~I.i~ '.5_. __ ..... ______ .... 

F l_Q I, 
Ct."s 

0,01) 

r~:MP 

fll:.(~ C 
4.>:!~ 

11.14 

[lIST. FI'IO~' 
AnnUM (M) 
. - 4.:;7'---

70.10 

ELHI ~llTHnRAwAL LIMITe; 
. .!!PP~'l __ . .:' ... I,Q.IER 

c 0.0- . 0.0 
12 91.4 61.0 

wlTHORIWAl lONE WAS COMPUTED USING WES MfTHOD. 

S\j"'H""Y 01- OU1PU1 FOI< ",q JUri J'HI IIIlO) 'UN INTEhVAl ENDING ~40n HRS 

DIS T A ,!([ 

F'Rml '''01 10" 
Tt:~'P 

UEG. C, 

0.11 4.1:l301 
"'. I 4. fJl<'l(, 

12.<? '0.'0<,,,; 
1~.3 " • .:'2':1'" 
24.4 '0.40'" 
jq~~ 5.-;2q~ 
:If;.!l 6.3""'0 
4 ;>. 7 7. 1'/.17 
4~.1~· 1>.O'1j,j 
'::;4.'1 H,Y6"11 
61,0 '1.84\1;' 
01.1 IO.hli,:, 
n.? il.::."'1" 
N. 2_. ..1.~!?"~" 

TF"iP 
IWG. F. 

40.h'--J42 
40.7Y'l'i 

. -"" i .0444 
'<I.4u60 
41.7a<4 
'+7.)\2'; 
43. 3~(f-:H 
44.'ll?7 
4h."JI9 
4f,,, l'+:lA 
49. 1130 
!oj.? i 41 
~2.'lu70 
52.A1I70 

HO"7 OUT 
("IS 

HOR 7. 114 
015 

-.-~ - -.-- ,,~- .,~. .-
DENSITy 
1(('/01 

STAIHLlTY DIFFUSION 
COEFFICIENT 

u.unuu u.u~ou ~'i9.Q'I427 n. D. 
0.0000 n.onun 9'1Q.9'1J46 l.iVII:lE-07 .0nOOE-D~ 
O. on n il"--'- I); ,;00iS---"'-"99 :1Fi 13b---j ~ (iib9C .. dt • oiiOo':- -0;>"-" 
{I.!)!)!)!) f).poou 9Q'J.cl!H7':> 5.3J<'2E-07 a.OOOnE-Ui' 
O.ooun o.onoo '1'1'1.'1"400 ".':>3HSE-07 a.OOODE-02 
'O;(lou{i iJ.lji,iiii -_ .... '1'1.'1(':>9"·· 1.lil"'l~-(l'" 6.00001'-0;'; 
o.onon ".0~uO 9'l9.q~10,j ?8~uAE-0~ 8.0000f-0? 
(1.0('00 II.UOOO Y99.Q2104 !o.1U4'>F-06 9.4444F-0;> 
(]. o(,uo'--'---"-'O:UOt)('" "----ij'iQ. R 1144 . 8. !kJQF -06' --"'1.19'13F -I) j' 
o.unUD q.unoo 999,~1063 l.nu~Df-~5 1.4D40~-ul 

0.0000 O.UOUO ~99.74"~5 1.lbbAF-06 1.SSHb~-01 
1. ;;h(i~·· U. (J ii!jij ._,,-- .,i~'j .h64f>"------·--"i • 21 J9E.-0':) i ,6'.:> 1 .. 1'. -0 1 

2,3':>3" 0.0000 ~99.513b6 1.4~JOE-OS 1.8173E-U~ 
. 3_~_1"'!.'? _______ .~.!.!'-l!2_0 __ . 99?_~~!_~b6 ____ .~.!.. _______ . __ .. _~~, ________ '-__ _ 
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Table 47. Day 190. 

FlFVATION HOTTO~ OF PUOL 

,",QUL f'FPT'i 7Q.71 SllRFtlCI:. AIR TF:W- 20.'>0 C 
l.iE,:'jl-l 6. "u.ifAl.I: I:.LI:.~{iiT~ ".:-'6·--··Ti/r~L SySTl::tii.lutFLO~ 17."1 tw; 

TIiFfHlOCLI"E O!"TaIlCE FHO~I l.jIlTTMl 1>7.1 ~I TOTAL SYSTE"'I INFLO~! 0.00 CMS 
5UkF.Cf kiTER lF~f.' 12.]9 C EQUILI&UIUM TFMP 14.7b C 

CU~L EV Ai:iOt> A t I hN~-~~'----~o<i8M ·--···-----··---EVAPOR-j.. nON' R A tr--9.42t:'Or eMS 
CO!-olPUTEU DOwN5TREA'~ TEMP 11.07 C OBJECTIVE TEMP 4.44 C 

OUTLET 
NO 

i 
2 

.~~F A~.F. f!E A_T.EQt::1PU'''~!~_. ____ ... ~ ___ ._. _______ . ____ . ____ .. __ . 

AN5 H.571E-02 KL/M2/S 
DNA 4.49 KC/~2/S 

(~.J . 8.861 KC li~2 is··-- -.... -.-
QI:. 7.3~2E-03 KC/M2/~ 

TRIP FLOW TF~P O!:'T. FAOM ELEN 
"-~-'I~ci --.--- cMs-·····-;:-OE~·t--BunoM-·ii.jf---.. --------

FLOI, 
U,S 

i.i';4 
1':1.9/ 

1 0.00 16.99 . 0.00 0 

TEMP Dl~T. FADM ELEN WITIiDRAWAL LIMIT~ 
01:.8 C BOTTON eM) UPPE4. LOWER 
. ~ ~ 9i ---. ""4 ;57 -"---r'--- -3h;6 -. ···-·-··u~ 0 
11.60 70.10 12 91.4 61.0 

------.--.. i~bY[: w, ---.-----~~-- •• ---.-.-........... -------

wlTHDR~W.L 70NE WIS COMPUTED USING WEb MEfHOO. 

" <;IIMMAflY Of uvlPUr F 0>.1 9 JUl 1"1/7 (l t).~1I . !t. Ec: LI! .Ty_N I"'TI'.f..V.~!::_~.!?INH ~40n HRS 
-~ .. --,. .' 

01 S T jI'lCl:. lEMP TfMP HORi' (JUT HORI IN DENSITY sT MIlL! TV IJ!FFUsIUN 
..!;~P!,l . ROTHlfl UEG. C. DFf) • f. Ole; n~s Kb/CM ... COEfFICTENf 

n.ll ~.420:' 41.7:'04 0.01100 0.0(01) qqQ.Qil3;''> n. O. 
~.1 S.b"!>.:! 47.0194 - .241'1 O.OO~l~ .... '149.QMO?U 4.Hl~5~-07 H.OOOI)F-02 

~i2.~ 5.7714 4? ,Mi& :4~",-i V.VOIIO 999. Q74iiO -·---··-il.I">"I:lE':'oi --- ·il.ooiJot-ui 
1'1. :l b.OI4..! 42.1'1""1\ .42?1 (1,01100 ""19."11:>7:'13 1,lj::>IE-06 B.OIlUOE-1)2 
24.4 0.21->76 "3. <'til { ,3395 O.()/}fi{j .. ",49, Q'>9l? 1.3t1af-06 R.~OOO()I'"-(j2 
'30. ':; /,,714;" 44.ofl"J • IAn 1J.01I011 "Q9,9 1dH4 2,0'::>041:-06 1:1,0000'::":02 
3'-",b ." ,,041 "S.,,.R4 0.0000 (I. (")00 9'14,911941 5.1bti7l'-Oo H.8u27f-02 
42! 7 8.ltl;'!:) 41,,7.:'10 0.0000 u .0(100 '199.1'1/)402 7.1Ib2f-Ob I.I091F-ol 
4-l.B 9.01"" 4>\, ~<:fj7 n.()ooli (I.I;()UO···-· -9ci9.R0719 <i.2:>':I7F':'06. ·i.32!:j·TF-OI 
b4.'1 'I. t:17 1 to 49. T l'if! 0.1)000 II,O'\UO 9QY,7H7':> 1.1195F-(l5 1.51411'-01 

.. bl.!) 10,772':> "i1,3:;05 O,OOHO (J,OO,)O 9'N."SSO 7 1,3b5f.-05 .. 1.7 11421'-01 
h7.1 11.714" ;'3.0>'63 i . J'i;~" fl. uilij 0 9"9.<;5,,;"7 1.';4",Qt-O'i 1.9013f·[l1 
73.2 12.7QO~ 5,,>.0232 2.'>7011 o.uooo ':199.43039 I.Blb2E-OS 2,12451';-01 
79,2 12.7906 5'i.0':32 ~.4"'+~ . ___ !L,_90 9!L .. y<;j,? .,':.3_g.~?_. _ .. -•. ~ ~-. -' o. . .. ,"--_ .. --._ .... -. 



Table 48. Day 200. 

FL~VATION HOT TOM OF POOL 

!-Oul I)t"PHl 
uE~IH uf SU~~~CE ELE~·~T 

THEhlmCLl'It: LJIST"HCE F'<OI~ BOlT');.; 
SU/'F I.CF ¥!1.Tt.R TFMP 

C.UML EVAPORflllO'1 
C"M~UTfU ~OWNsrNE'H TfMP 

,F·A;.~1 
4.1:>7 M 
107.1 "1 

13,q C 
.IOb "I 

12.5\1 C 

SURFACE AlP TEMP 
TOTAL SYSTI::I' OUrFIJ1.J 

TOT.L SYST[~ INFLOW 
!'.(nlIl I~NIUM TFMP -- .--.-.-~,-,-~-.~".- 4-EV~FloRAYfo~i··RATr·-' 

OBJECTIVE TEMP 

LlUTU,T 
IJ(J 

i 
? 

TRIR 
, 'NO' 

I 

FLOW 

11.13 

SU.RL ACE HE,.AT C(}W).IJ.(~~-'"L,."_.....,, , .... ,.' ____ ,_._ 

Q~S R.272E-02 KC/M2/S 
QNA 3.71:>4£-02 KC/N2/S 
ri0' R.974f-U? ~C;~~;~--
OE: O. KClM2/S 

, .. "Q~ , __ "Q ~,,, __ , ___ .~_~tM..?!.s..... __ ,, __ . __ , ..... ____ _ 

.... _ .. ___ .QY Tr: L91-!.?",t1.[\,lILLE.,YF-.1.?_,. __ 

TEMP 
DfG .C 

b.1:l4 
12.93 

OIST. FfiOM E.lEM 
ROTTOM ("I) '" 4~C;7 --_ .. 2 

70.10 12 

WITHDRAWAL LIMITS 
UPPER • LOWFA 

.3 0 ; ';..... '" O. 0 
85.3 61.0 

'~OTf:: ---,-,,, ... ,-.- . -.... ----.. -.-"-------.. 
WITHII~M.I/\l lONE WAS COMPUTfD USING WES /~ETHOO. 

22.20 C 
11.77 Ci~s 
0.00 Ct4S 

15.'16 C 
O. CMS 

4.44 C 

'illMMAR'I Or OIlH'Ul FnI> 19 Jul 1':>77 (",00) EKfCUTION INH.RVAL ENOIN<; <:4()O HI-lS 
,~. - .. .- ~ ... " ~ .,- ...... ". q • 

D I 5 TI\Ntl: TEMP TH1P HOR7 (HIT 

_'Hf~q.M_, ~iOT TOM. [IE (!. C~ f)f r.. f. ('1<:; 

O.I! b."li!O 43.5:;;24 0.01)00 
., • I b.buOl' 43. Atl[14 • 1.>41 

12'?-' '. 'b.H;"!:J "" .;;';;"<' ·":l'.H? 
I" • .l 7.044<' 44.7';)'15 .1 P II, 
<'''.4 7.:340 4 4~',. 1u?H .OGhl 
:3 i) .:> 1.Y04U 4" • .-',j,,; 11. oijo Ii 
.i f,. 1:"1 eJ .. t,:,~9" 47.4UP (J.nQull 

4~.' ".3040 4P..7"tH2 D.OOf]() 
4>l~fi 10. 10'14' 50.1'151 .. 6.0000 
1>4." Iv • .,I)"", 51."":'9 0.0000 
n1.0 II.HOC? !>.~.;>412 O.OIJO(l 
;, 7. i .. 12.7363 ':>4.9.::;;'4- >'.637" 
73.2 13.6(161 5n.""10 ;>,73S:; 

... -.-,- .... ~~-,. ~-~~ ..... ~ -"'-'-"~.' 

HllHl IN 
("IS 

OENS IT Y 
K(,lcr~ 

D.UOOO 99 9.95363 
u.oono 9'19.94hS4 
U. 0 ouO"--"9<,9 .93101 
O.OOUO 99 9.924H6 
0.0000 94Y.9101~ 
U.i'fiOU ";"'1'1.8':\1310 
o.uOOO 999.A]9h5 
v.DOOO 9'1q.7H506 

'" 0 .-tioIHi--'---<j99. 7114<; 
D.unoo 999.~3876 

u.OOOO 9Q9.5"711 
ii; UO(lO'-----999 .43 112 .. 
D,onoo 999.32507 

95 

STAHILITY DIFFUSION 
COEFFICIENT . _. _ .. __ . __ ., . ,-, ' .. -'... , 

O. 
1.1tlf?E.-06 
f.4YIJ4E.-il6 
I.HOOE-06 
2.2'1':2<-06 
4.'Jj~6t'-(l6 
b.Mll4E-06 
I:! .!H'dOE -06 
Llu19E-OS' 
1.<'><54 £-05 
1.4!>S6f-(lS 

. ·--1~6 .. 3eE -05 
1.9122E-05 

o • 
.00001';-02 
.000 OF. -U2-'-'--

8.0I)O()t:-02 
8.00001:'-02 

·11.0405F:"0<, 
1.0550r:-Ol 
1.2fl57E-OI 

--'1.491':)":"01'· 
1.667";::-Ul 
1.A195F-OI 

i2.0232t:_Ol-
2.2025F-Ol· 



Table 49. Day 210. 

FlEVATI0N ROT TO"'! Of PUOl 2029.97 M 

~OOl DVPTrl 17.37 M SURfACE AIR TFMP IB.~O C 
-~,-,-.-~ .. uf,t.-fri OF SukFAt..E ELE"~:E.~'t . '--"lo~Jl"~~l-"'-----"""-' ''''---r6T~L -SYStE~l- (jifrFLo~j "-'~"-~' '9.01 eMS 

THEkt-lUCL!"Jt O!:'IA!lCE FkO:~ 1:'()HnN "'1.0 M TOTAL 5YSTf"'l INFLOW 9.11 CMS 
S0~FACf _ATtN TEMP . 13.~O C EAUILIeRluM TEMP . 12.56 C 

. cui.il Ev.iiSoRAf if"..; - ---.. : irOM------·-·-------EVAPO"RA"T ItifrRATF.---j-.-GO("";02-clfS 
CO~PuTED nOWNSTREAM TEMP 13.29 C OBJECTIVE TEMP 4.44 C 

OUTlfT 
Nil 
i 
i!. 

QNS B.ri75F-02 KC/N2/S 
ONA 3.3R5E-02 KC/M2/S 

.- --CliJ- --- . A'~ 931 E;;;' 0 2 K C i~l2iS--' - .. - ---.----.---.-----.--.-- ---- .. -
OE 2.~23£-03 KC/M2/S 

THI~ FLOW TEMP DIST. FROM ElfM .. ···-_·--·····-iiio·-- ... _- ·6;s--····-.. ·~1iE"i'f-fBi;nOM-n~-) ---,. .. -----------------. 

FlOI. 
('"'S 

ii ~ 0 ii 
9.01 

I 9.11 1:'.56 70.10 12 

TEMP DrST. FPOM ElEM WITHDRAWAL LIMITS 
otG C flOTTOM (101) lIPPEQ. LIlWER . ;'~ "2:; ,. -", ... ~,-, ... 4"~~~ 7· .. ·_····· __ ·····" '2-" .~.-." .. 0 ~ o-·'·-~-'--· o. 0 ... ~-.---... ''''.'-'~-- --.. ~-... ~ 

13.29 70.10 1~ 85.3 61.n 

-_.---... -.. --- ... --'fJ'ofE'i .... -..... . ---.-........ _-- .... --... ---... ----.------.-.. ------
w1THr.;~AWAL ZONE WAS COMPUTEO USING WES METHOO. 

C;U'4t-iAI'lY OF fJUTflUT fO<-l .:9 JUl IQ?7 (21'11 ~~F~I!.!.TON l'HEPYII,,_ lONf)ING .. C: 4 OO HPS 
_·" __ "M""".~ 

., 

OISTANCE T01P T·I~P H{)R7 OUT HllI<! IN nEN'iTTY STAl:iILITY DIFFUSION 
__ .E.!'i0!:1 . ..t:lO T rtH~ OF (,. C. UF.r.. F • CM~ r:.'~~ KG/eM ..COEFFlcrENT 

1).0 7.2u2:' 44.9b45 0.0000 n.ooou 9<19.<lI<l63 O. O. 
---_ .. _. ~.l ".3591 45.2475 O.onOIl 1I.(lUUO 999,'ll174 1.2136E-06 B.OOOOE'-02 

12.2 7.70'1<i- 4C"iH77 0.0000 o.ouoo·-· .. -- 9'1\1.A92t'7 ?9blE-06 --a.OOOtlE-02 
1".3 A.lf! 3'-1 41'>.7)10 O,OUOO 0.0000 999,Ahq,,>S 4.4309£-06 6.01l00F-02 
24.4 H.543;1 '+7.317'1 (1.0000 b.OO()O 99'-l.B4o'16 3.7;;04E-Q6 ,._ ... 8.0000f-0;> 
30.5 'f.02a 4R.:?400 o.onoo {I.UI)OO ·999. RQ672 :'.I>O..>6f-!J6 9.3276F.-0?' 
36,6 9.600~ 4°.;:>i'10 0.0000 (I.orlOO ~99.1hllH T,4H/RE-Oo 1.1426F.-ul 
4('.7 I (l.':4W~ 50.441'1'> O.Of)OO 11 •• )000 9\19,10,+71 9.2';1~lf-06 1.32'171:'-01 .. 
4'i .tI In.\l4?2 '31.hYr,O 0.0060 0.0000 ',/99,i.i3af':i 1.01:1<;191:-05 1.4IibOE-ul 
~4.9 11.00'!':! 5:'1.(1029 0.0000 0.11000 999.<;6111 1.?1'1RE-05 1.6076E-ol 
61.0 H~.4!.>21 54.4138 0.0000 ;-1.0441 999.47170 1.4097E-05 -1.1792E-ul .. _.- ..... - '67.1 13.j~7? 5h.il<;6 2.1301 h.ot.e:J 999.3527~ 1,9418(:;;'05 2. 22631':':';0 i 
13.2 13.397!:> 56.11">6 2.2154 0.0000 ~99.352T9 O. O • 

. - ... - '"'" .. --~ .. "~-'------'-- ,+.~.-----
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Table 50. Day 220. 

f'LFIIATl'Jf, flO] TOM OF POOL 

f-OflL I)f"Trl 
0E~TH UF Su~V.CE iLE~'~T 

THE~MUCLI~E OISr~wCE FROM ~nTTn~ 
SURFICF ~ATER TFMP 

CUML EVAPOI-IA TIOf'l 
COMPUTED DOWNSTREAM TFMP 

... 3"'.7Q M 
9.~4 -,.j SUNfACE AIN TEMP 

triTi~ ~YSTl~-6uTF(b~ 
61. 0 4 

14.15 C 
.. '. iI4 'i.<" 

TOTAL SYSTtM INFLOW 
EQUILlcl~IUM TF~P 

~-------E:iiAPOf.lAT ION -FlA Tf ----0-. 

13.93 C ORdECTlVE TEMP 

SURF ~~E HE,\ lCOMPy~l~ r.s _______________ .. __ ... ______ _ 
Q~S 7.373E-02 KC/M2/S 
A~A 4.957[-02 K(/M~/S 
~w ~.6jj~-6~ KL/M2/S 
1)[ o. KClr421S 
f")C._. ~.~ . . ___ ._. ___ ~C/t:?/~_. __ . __ 

2 1.10 C 
6.U.3 C/4S 
0.00 CMS 

21.37 C 
CMS 

4.44 C 

TRU-l 
t4(i . 

FLOW TUIP !JIST. FROM ELEM .-. CMS---:OEG C--i30fT0M-iMf'~-----'------"-' .-------..... --

OlJTLE r 
NI) 

1 
2 

FUhl 
U4S 

u~OO 
6.03 

1 0.00 ]6.67 0.00 0 

TEMP DIST. HHlH ElHl WI THlW~WAL 
IIEG C 1"011 OM 11,1) UP_f'E~ 

ii:29 _.. -';."7-- 2 fj~if 
13.93 70.1u 12 85.3 

-------··· .. fioTE:·· - , ----,--.... --.. -.. - .. ---.-.. --------. 
.. I hH)R~wAL lONE WAS CO~IPUTF:f) USING WES ME THOll. 

LIMITS 

-- ... -.. --~ ... 

---------.-- .. -~ ... -."--

<;U"lolAfiY Gf (lI) T I-'U1 HIP 1\ ~U(, 1971 (2'201 f'i(.fCurION INHYI/IIL ENIlING <::40(l HPS .. ~ -,._",._-_. 

II IS Tft'-ICI:. Il~W fFI'IP HOHl foUT HORl 1", OlNSITY STA"ILlTY UIFFV~ION 

FkO!~ rilHTOH lltG. C. Dr ~. F. U4S UIS K:(;/C/.1 COEFFICIENT 

n.1l ;;.20f" 4h.7133 i).f.lOfHi fl.11000 '-''''-'.>lo30o 0, il. 

.1 H.4()111) 47.1201) o .IlOIIO O.()(ll)ll '199.A':>OSA 1.<'!':U':iE-Ob fl.OOOOf-02 
• 2 !I.Buio 41.AS:>'j O.OOO(l U .i)({OO-- --9<>9. <\22;>0 4.50S7E.-'Jo 

.. 
R.OO7oF-o.l 

I '~.::I 9.2510 4F1."!::>19 O.OOUO i).OoOO 999.7A<;2'" 5.4U36F.-06 9.1)932£-02 
c4 ,4 ". ~tl'i3 .?o(HI I},OOUD b.[lOOO 99".71,211 4. :.l'tc:l E -06 8.QIlOOF-lJ? 
i ~l. :, IU.0140 .~c"l IJ. j) tllJ Ii ().tIO'IO . "',,99.7 .-'':i1:<4 ,,>.ill"UOE·-06 

.. 
9.f>43ef-O(, 

36.b IO.S37u ':ifl.4t>h;' f).OOOI! II.OOVO '199.o77H~ 7.ilboIE-Of> 1.1R2fE-OI 
4;>.7 11.Lhl ':ic.Il"3? 0.0000 0.0000 99'1.f,IH~b 9.7/j4F-06 1.376HE-Ol 
I+~'. ~r"-"" il.7Hfi" S:i • .?(),+j o.olio(f---·-' II. (I ii oii----·- ij'l9~S493<i 1.1'44'11::-0<; ·---1.5380>-IJI 
:;4.9 1<::.441)" S4.4()45 0.0000 U.OO()O 999.47231 1.2/) . .:HlE-05 1.648cE-OI 

.0 13.1f,31! f>':I:U O.Of}UO I).O(\UO 9Q9.3/:l33C! J .3b"/OE-lJ5 1.74131:-UI 

.i j4.1!:>Ji, .J,7<'3 r~4<''1i.j (l.UIIOO' " ~,,-.-

99ii~"S!ioij '1 .W;""t':';05 . ····-2 ~ijj64E";1il 

71.2 14.1516 ':.7.4128 1.4H30 (1.0000 999.25009 O. O. 
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Table 51. Day 230. 

FLf~.TION ~OlTOM OF POOL 2029.97 M 

POOL IlFP Hi 
t.lfPTH hf Sl'~~ ACE £Lf.,·-·iJt 

THFHMO(LI~E 01SlAUCE F~ON HOlTOM 
SUHFA(~ WATER T~~P 

... cuiiL'EVAPORAl Iiji~ 
COM~UTED DON~srR~AM TE~P 

76.4A M SUHFICE AIM T~~P 20.00 
. 9.4i.;r-···"-··TOtiil SYSh.M iiu'm.ow 5.4"1 
61.0 M TOTAL SY5TI:.M INFLOW 11.93 eMS 

14.47 C EOUILIHRIUM TFMP 16.23 C 
""-: nrM--.. ·---·------EVAPORAHtir;r RA Tf-"-O~'-" .... eMS ... 
14.34 C OBJtCTIVE TEMP 4.44 C 

(JU Ill:. T 
I-J() 

1 
2 

(1tJS 
/lNA 

"(J;' 

QE 

7.359£-02 KC/M2/S 
4.423£-U2 K(/N2/S 
9.056£=0'[ Ki../M2/S-
o. KC/~l?/S 

____ . _____ "-:: •.• _ .:.,:....... ___ ._.:.::.:c:_::..:..:::.... •• ___ • _________ ...... _._._ ...... __ ...... _ .. __ ..... __ 

THIB FLO~ TEMP OISI. FHOM ELEM -NO ,_. "-~---·c~s·~-~-~·7'[)~:(f~cai)TyQM(M·)--.. '-·~--:-"~-.. ·--··~.~ ----,,~~, ... -,-.---.-~-----. 

FLOW 
u~:; 

0.00 
';.4'1 

1 11.93 15.83 70.10 12 

lE~P nISI. fROM ELEN WITHDRAWAL LIMITS 
OI:.G ~ ........ BOTTOI~ 1'4) UPPEFi. LOWER ........ _ .. _ .... __ .. . 
9.31'" .. ;;; 57-"-2" ... -.. (i. 6----·· 0.0 

14.34 70.10 12 85.3 61.0 
.. _._-_.- ...... ·~ji5f~'·i .......... - ... _ ....... _ .. _-._-- ----.--.-----------.----.. --~----

WITHOPAWAL ZONE WAS COMPUTfD USING WES M~THOO. 

C;UHMA~Y OF OlJrfJUT F (JI> 1.1 AUI; 1 <; 11 (c31l1 .Ej(E£U!JCJ.N I~JTl:.kvAt, __ ~r~D}N(; f400 HRS 
;. 

OISTA'ICE fEIA", n-I~p HORL OllT HOri/' IN rlENSilY STAHIL ITV DIFFUSION 
FKO~I RC TJOI~ m.G. c. nFI;. F. C'IS t:M$ KG/CM COEFFICIENT 

11.0 9.e<;~':> 4!i. U65 0.0000 0.0000 999.7"1601 O. 0. 
". 1 '1.4"1 'j? 44.0705 0.0('00 o.noun 9Q9.17u76 2.41J2F-06 OOUOF.-02 

-.-~~."-iz.? ':i.I:l:'U "".7340 0.0000 -u. OOUO-·_ .. ·· 9q9~ 13994 .~ ... -- 5.U<:t>4f -06 .644iE:"02 
l'l.3 1 fl.c:'l'. ':>(1.4':>1'>1 0.0000 Cl.OOOO 99'1.70433 S.!il.:l9E-06 9.5712£-02 
?4.4 ... 10.561':> :, 1 .01 u,g 0.01100 O.ouoo 99(j.f>15'::? 4.72251:-06 B.2749f-02 
30.':> 10.<'''13 <;1."'';44 O.OUIl(l ll.u'lOO y99. f>3~ii8 6.14<+91:-00 ·· .. 9.9495'0-0<-
3~.h 11.4U,,7 S?.7.d02 0.0000 0.11') no Q9!J.590l'U ·,.Q7HE-06 1.1944(-01 
"?.7 11.933:; 53. 4 b1)3 0.0000 0.0000 9'1'1.53217 9 63/5E-06 1.36341'"-01 
"".H 12.5(116 :'4.<;0;>'1 o.ouo·ri· IJ. t1lloli' 9C,9.46':>7~ .l(ilflE-OS 1.4973E-ol 
;'4.0;. 13.086'1 'i'i.5:'b5 0.0000 O.Oouo 999.3Q308 1.19b4E-05 1.5t'l62E-UI 
61 .0 13.70S<+ 5&.(,697 0.01)00 4.21.47 99'J.31169 J.2799f-05 1.66241::-01 
67.1 14.474~ 58. U':>.l6 i.e"'!>] 1.t,!JHC·" 9Q9~ ?O';o':i' 1.61 dSt:':'05- i .954tGUI . 
n.? 14.474;> ':i~.0536 1.3"4" O.IJOIlO 99'1.20405 O. o. 
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Table 52. Day 240. 

~LE~ATION HOT TOM OF POOL ~U29.97 M 

-.. ------.------ ----iiVER.\GE·-OVER-l'Ti4Cl"NT"f}ivAL- --- ---- ----. 

I-OOL f"'I:PTH _________ -U'.fl? .M. _________ . SUkl'ACE Alk TEMP 20.00 C 
----.-.--- OFf-'TH OF SU~FACF. i:LF"FNI <i. 1'U r. ----roT·iii..· SYC;TE~i (jiJTFLO~1 . 6 .11; -. CMS 

THEkMOCLINE DISTANCE F~OM HOTTOM ~I.O ~ TOTAL SYSTEM INFLOw 6.61 CMS 
SlJkFACF wATEf.> TE'lP 15.1'4 C EOUILlf'sfJlliM TEMf.> 15.61 C 

CUf~L EVAPORATlfHi - ~ 123-M-----·-----------EVAPORAT}ON -RHE----- 0. -- '--'C)4S' 
COMPUTED DOwNSTREAM TEMP 15.19 C _ 08JECTIVE TEMP 4.44 C 

SU~~CF _HF A T.cO'·~i>Q~f~_!:.s ____________________ .. __________ ._ .. ___ ._. 

ONS 6.9S3F-U2 KC/M2/S 
ONA 4.423£-02 KC/M21S 

IJ" 9. ii.t,E":O;';- KciM2is-- -------------.--------- .----- -.-.. --.--.~--. 
QE O. KC/M2/S 

_ _ _____________ fl_C _______ O_~ ________ KClM_?~ _____ . ___ ._._. __ . _______ . ____ . ____ . _____ . ______ _ 

OUTLET 
NO .. f 

2 

. -"'f NF C O'W5 .. 'ft. NiS"p'('S;; i"fjo~JS ...... --- ',- .. - .-------. - ............ ' ------.. --.-.. -._ .. _. -, ----. 

TklR FLUW TEMP DIST. FROM ELFM ·----;:;0-------- CMS----:1i"EG-·~·I3oTforC(Mi-----------------·----------
1 ~.6715.00 7o.I~. i~~ 

FLOW 
C-~S 

-'-0; 00 
1'>.11:1 

TEI~P 

nl:G C 
i o:Jti 
15.1'1 

DIST. FROM ELEW' WlTHf)RA~'AL L.IMITS 
ROTTOM CMI UPPER. LOWER . -.-- .. -4 :57---'----r----·-- ij ~o ----- .. 6 ~-0-·---------_··---·- --.-- .. 

70.10 12 85.3 61.0 

---------iJo IE :-.------- - .-------.---- ... -... ----.---.---------
wITHD~AWAL ZONE WAS COMPUTED USING wEs METHOD. 

,-

DIST~~Ci: ftMP TEMP HORZ OUT HORI IN DE~ISITY 

Kr;/CM 
STAbILITY DIFFUSIO~ 

FHOM AOTTOM OEG. C. - .. ---..•. ---.- _ .. ,-._-- [lFr;.F_~ ____ . __ .c.,,:,_s_. _______ 0.15 ____ c..o~~r::g! ~i'I_!. __ _ 

0.0 la.304M SO.~4Ab 0.0000 0.0000 YY9.6'1Yhl O. o. 
6.1 10.4123 ~n.~~ol 0.0000 O.UDOO 9q9.h83~9 2.51_9E-06 8.0000F-02 

---iii .;2----'10. lij<ii:i---SI .i.217 "0.00 (jij--- ii; jjijOO----999;6SJ36-----5~-b:jjIE,;,(j6-- ii.6<;22E-Or---
1~.3 11.13h~ 52.0459 0.0000 0.0000 999.6184U S.7JIIE-06 9.475bf-O~ 
24.4 11.405n ~2.~3UO o.uono U.UOOO 999.590~1 4.hU42E-Ob A.1293f-02 

"'-30;':;-'" -'11.7441 53.1jQ,;----···--0.iIlJUO·------(J.III)OO Y9~."'>340 6.do~51'-06 '1.7910F-02 
3~.h 12.1711 53. Q 090 0.0000 U.UDOO 999,,>04A8 7.9IA9E-Ob 1.IBH2E-OI 
4~.7 12.6741 54.~145 o.ooon o.onuo 999.44470 9.~3~8F-06 1.3827F.-OI 

- -~----4~~H-- --'13 :2384 .;;t;; fll91"------ o;iioo ii---·-ii;-(itJtio--------999~:n 3Sij'--'--' ·1.1~.34f::;.05---·T~5554t:-V 1-
54.9 13.H41b 5h.9148 0.0000 D.OOOO 999.~93IS 1.3159E-05 1.6955E-OI 
61.0 14.4791 5A.0624 n.oooo 2.3091 999.20335 1.4728E-05 1.8346f-01 
67.1 is ~243S - 54 .id~J·-·-·-· 1.466 C-----". j"c.S--·-·---·'i9\1. oH9l~'-'----l ;1i960E:'iiS-'- 2 ."1"8951:-';01'-' 
13.2 1~.243~ 59.4383 1.520b o.ooon 999.08928 O. O. 

-" .. _ ... _--_._..... '---"-' ._ ..... __ ._--.. --... -. __ .. __ .. _------- ----------------_ ... __ ._--------
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APPENDIX G 

OXYGEN SIMULATION MODEL FOR RIDGES BASIN RESERVOIR 

Table 53. Variable names for "OXYHYP". 

Variable 

Sediment oxygen demand 
at 200 C 

Time interval of segments 

Number of intervals 
Day (starting May 1) 
Temperature of bottom 

Temperature of surface 

Diffusion coefficient 

D.O. saturation value at 
surface temperature 

D.O. saturation at surface 
temperature, corrected 
for altitude 

D.O. of hypolimnion 

Area of thermocline 

Area of sediment under 
thermocline 

Volume of hypolimnion 

Hypolimnetic outflow 

Rate of oxygen utilization 
by .sediment 

Rate of oxygen transfer by 
diffusion 

Rate of loss of oxygen 
to outflow 

Overall rate of change of 
mass of oxygen in hypolimnion 
per unit area 

Computer 

500 

J 

N 
Day 
TEMBOT 

TEMSUR 

DIFCOF 

02SAT 

SAT02 

DOHYP 

AREAHP 

AREABT 

VOLHYP 

FLOWOT 

M02BOT 

M02DIF 

M020UT 

DELT02 

101 

Code Units 

g/m2 -day 

days 

dimensionless 
dimensionless 
°c 
°c 
m2 /sec 

mg/t 

mg/t 

mg/t 

m :l 

m2 

mS 

m s/sec 

:kg/day 

kg/day 

kg/day 

kg/m 2-day 



Table 54. "OXYHYP" computer model. 

1 C " 

( ~:N(. tF Tt,i l~lt~v'lS 

C J~Tl~( J~TF~v~L(r.tyS) 

C Sr:D{O=;.t:"O}t'll\l P¥GH r..f.HH'i .:.1 20r 

C :to y ... y p 

= = :: = = = 

t 5DU!:~tCI~fl\' Ci L1IlJl'IIC~,G/~?/~~~ (IDJL51FC ~(~ lE~~,.) 
C /' (' it f~ (' T ( I € :: 1" ASS C F C 2 L T r l I l f C i'! Y s:. E I' 1 ,. !' 1\ T 0 L ~ ]1\ (, 1 1 " !: 11\ 1 i: " ~ A l I 
C ~D2CuT[II::~.~S [F L2 Le,VII\G ~VPGLtU~Trh ~lA rLl~LC~ C~~I~~ 1~'E'.6Ll 
C ~CitIFf(I):~Ae5C~ fd CIF~USI~G !I\T( ",vPCLlr~lCh rL~ll\~ Ihl~~~AL I. 
C El5l.>lUl=f.L. CF Hr.:rHHI~ FhCI<' so 1f:IJFL.) 

• C 1EME~R(T':1~'~rc, CF ~U~FACe 
( TEMP~UTll'=Tfpr(c) [F ~tlTC~ 

C LIFCCF(r)~rlFFl!lC~ CrEFFJC]EhT A1 T~t~~tCLl~t, t"I-l) 
C 6 r:; E h f' T !l J = ~"f.~ C F i' C Ti [j '" 1I" CHI /' Y peL r" t. r 0 ~ 
C AR~&kP(r)=A~.A CF 'k[~~CCLJ~E 
C FLn~[lIJ}~CIE[~AAGE 
c VVLk.P(I)=vCLL~t CF ~'~CLI~hlC~(CLH'C ~~lEREl 
'·CAy())::!::". CF yEA/; 
C D~HYP;CC~C. LF [2 I~ T~F ~wPLLI~~lCW fA CST~,) 

t ('2SATlll=OYGE~i SAr. a'f T P'E' l~rF~\iA\. 1 

(. I r'; f t ~ I C r. 5;; L T I 12 1, fJ I' " "( T ( t ? ) , ,,1": a /"Ill' 1 2 ~ , I" C i elF II ( J , ; L S l. f< ( 1 2 ) , 
ITr~S~~(li),T~~prT{121.Cl~(CF[t2,,·~E.~T'I~).~~EI~~! 12).~L[~CT(121, 
I~Cl~~P(12),CA'r12l,rthV~{li),C2~Al! 12l,S~TC2(12) 

"'''ITECe,qO) 

/1'0 " 0 H to' to1 ( I 1 I ,'n;:, '() Y G E', b h l. 4 :; C F. F C ~ T ... E ~ VF I: L 1- ~ 1\ 1 (i /I c: F 1'1 C Gt seA ~ I 1\ 

I "'ESfJ:ilic'U.') 
... p. tT ~ Ct." IJ ,0 

"2 FOk~AT(IO','J?,'~PPFR \i.LL~S FC~ ~IFFlSlt~ LSfC" 
~;IiIT[(!.',lj~l 

41.1 F!Ji,"'4T r I ',132 'Eer :::!I,flO (nCDLE VA' t.t III 
.. PI fE. (/;,<:ill 

50 FQ~~Al('C',TI!, 'C~A~G~ J~ ~'5S rF ~yPtLI~~t'J( C,C,. KG/Cty') 
,,~lH("t!:rl) . 

bO ~CI"JATI' ','['~VI, 1,5. ';:;CTTO"','I'':P,'OLTLET'.lLi,'rIFFlSl(.I\',HS,'''' 
IYPDll'~rlJC C,c" wG/L') 
~E.c(~,7D)~CC,~,J 

70 FO~~AT(F~.3,1;. l3) 
DC 10(1 I=l.~ 
R f: A r ,5 • !! ~ ) IE :>' S I." ( I ) , T ~ r f' G T (l ) , A t:'f. '., 1 II J • 6 liE H ~ ( I ) , veL r ~ F ( 1 ) , F l. ( ~ Cl 

I ( l' , r.: A Y ( I ) , t 2 S ~ T ( I 1 , C T F C (; F { ! 1, r: I 8' I~ (J l 
So fn~~'T(F!,;,F5.?,l.,11,1),r7,lY,Jq'~~t2.1!,F~.I.F!.1,F6.1) 
leo COt\; Tll\I..E' 

SATr2(1 l;L~5.1(1)'1~'*ICl-i731.tL~I.~( IJl/(le~~I.tTE~5l~(1)~i7!+.on 
nC;wr;'LSL[.; II III ) 

S [) u 1 ( I , : S ( [ w ;;: • 3 (l i. • * ( • .J Ii i • ( ! 1· ~ f'I C l t I ) .. ! G ) ) 

~(J2~CT(l1;:O 

• ... ('2ClJ T (11:0 
~U2f.: IF (1)::(\ 

CQ~vP(I):SI'(2Cl ) 
DO !o() J;,,~·-I 

C C "l C I" L ~ 11 P r. ~ ~ A f<i ~ I.' ~ 'L. n L 11 f L, "v !; tr I H "l 
flDI" T (I. I 1:; He.;: .31,1:2 H t ,(l" 2 • ( H'" ~ 11 ( 1 ) ~ .I 0 l ) 

I-' n 2" r. ! ( 1 • I ~ ::: I E r t ; ( I l ... ~ r ,~ '"' 1 t 1 ) I ' /I ., (j J • ( .. 1 ) 
C ~AS& (F r; GAr~EC 9' tJr;'~~STC~ 

5 A T r 2 ( 1 + I ) = r ;: ~ t 1 , I ) " , :. ... f ( ( • ;.> 7 .5 ' ~ t' L '; I.· .. ( L ) 1 I l It' IJ ,: I • ( H" :, L k ( 1 ,. 21 ! ... 
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Table 54. Continued. 

I (l (, i? IS • t, L H ;. ( 1 ) I ) ) 
C "ASS U' r~ 1.(51 1'-";'-',(;1- (L TFtC'" 

Y~2LI. (I.I)=rTFC[F(J).I~t'~PIJJ.rQa'n2IJl.CC"~D(II)/IQ.i 
",""" I" r 0- ! ) ; (r (I- ¥ ~ I I ) * F l C',. n ( 1 J • ( ... U D (1 ) * I • 1 ) I 1 C ('! r. 
OL~lP(ltl J=~rl-,r(J).J'lnn(,!~(~C2~~T[IJ.~C2Cl~IJ)4~C?~rT(r»)/V(ll-'Fe 

I I ) 
:>00 r(j~,TIH_f 

C (\ 'I \l (\ 1=1," 
"k 1 TE e!:: .3 I () 1 C 6 Y (J ) , "(('~. C 1 ( J 1 , ~ c;:> C' IT i 1 ) • ". ( ;: [ H ! J ) , C (; I- ~ F C J ) 

liD FUW~All'OI,lJ,TI5,Fln.n.T31,.lg.n.l~7.~lr.n.lt5,F!.il 

<+ 0 0 C (:ltd I " I,; E 
C LIST CF l~F~l CATA 

.. ;'lTfC/;,I.i\/) 
110 ~C~~"(·ll,lur.'l~?~r CAr FO~ A'CCF eISI~ ~~5t~~Clk') 

"l-'lH:(~,!.iln 
"12 FQR!'Af(' ','CAy',H.,'lf"$l:w, C.·,Tle,ITi:~~C"T, C.',T3~/'ELSIJ;;, "',T 

11Il,'VCLI-VP, CLeo ~.',1sr/"R~6~r, SE. ~.I,T7!,'.~~AE" s,. '".',1'0 
I, 'I; t F ref, 5 r.. ". I S F. C • ' ) 

[~r; ~2{) 1:1," 
., kIT. ( e , ~ I I: ll; A ~ ( 1 ,1 , T E 'i' S L Ii ( I ) • T E: " ~ '- 1 ( I I , E l S L ~ ( I ) • It C L to y F ( ! ) , t. .. EAt- ~ ( r 
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Table 55. Oxygen balance. for the hypolimnion of Ridges Basin Reservoir. 
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Table 55. Continued. 
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Table 55. Continued. 

I'ni'U "A' t F 5 H:~ CIHLSlCf'> lHC 
set: = jJ • (l n ( " lC j~ L F dL U:) 

O'Hr;~ \', 1-4S5 CF fo~P()L l"t,~T Ie D,C., I<G/tA¥ 
(l~y !:CllC~' CI,TLU r:IFFLElC~ t-VFCLll""E1IC 12 • r •• H/~ 

130 11 • ,. 
• ( . «,31:; 

1110 -1F.7!1. " . t • q.3'i 

1'50 ~ti'7'1. -I? Ii' • [; .. 9.2" 

HO -lI:7S. n. ( . 9,(lt; 

17(1 -)tIS. 1\ • (: , 8,<;7 

leO .. lte (I. 1\ • C • 8.1!t: 

1IHI -l~c/). n, .. I , 8,S!! 

C!OI) -1719, "121", C. S.S! 

210 -17'10. -a7Fl., C. !!,3i 

no - He.;. ". e • " ,17 

no -lI7e. n, c. ~ ,Ct: 

clJO ~Jqn£j. n, C , 7,"/1 

L~"Ei< v"L IJ~ 5 FlF rp·Fl51C~ tHe 
S [ ;: = il • 0'" ( "1 r. f, L E \lAl~E) 

Ct- hGF I " ;J ~ S S rF foyP(Ll"""TIC l ,C , • ~r IrA, 
OAy He' l('" 1""1.. TU, T CIH'LE1C'- t-yFC:Ll/'~EllC C • C. , 1"C'/l 

130 'I, ". r • 9.3~ 

llJl) -HH. 1'1 , r. Cl.3<t 

150 " 1 J?" q. wl?Ql. C, 9.2" 

1!:(\ ~!t:7S. " r. • 9.0C; , 

no -1~1':-. " r. E.97 

11.'0 - Hen, " - t • e,!>t: 

PIO • !flt:~. ", -2 • f,S!! 

200 -171<1. ..t21~. C , S.~l 

21(1 -j 7'10, .lJ7~. -I. f'1 ~ ._t 

220 .. let' t: • ~, , C , f' .17 

. 2:!/l .. 177!!. 1\ { , 8,0: 

2110 -1<;OIJ. 1\ . C. , 7.C;~ 

106 



Table 55. Continued. 
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Table 55. Continued. 
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APPENDIX H 

METAL RETENTION DATA FROM LITERATURE 

Metal Retention Data from Literature 

To determine values for Vlll in Equation 
27 data on metal retention coefficients and 
areal loading from a number of lakes were 
needed. Data on metal retent ion 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 D' Alene 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 (e1. 4 t 725 ft). The reservoir 
formed is long (approx. 10 mil and narrow 
(max. width approx. 1.5 mil and covers 8,027 
acres when filled. The primary purposes of 
the reservoir are flood control and i rriga
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 reservoir, 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 concentrat ions 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 impossible. The data 
were divided into two time segments: June
September 1974 and October 1974 - September 
1975. During the entire period, data for 
iron were miSSing four times, for zinc once, 
and for lead once. Since two of the missing 
data points for iron 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 80 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. Kregger (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 Zn, 
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 Reservoir, 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 frequently 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 (qs) was calculated using 
Figure 4 from Harding and Whitton (1978), a 
plot of depth vs. time, and Table 2 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 1975. 

Flow a [Zn] b [Fe]b [PbJb Zn Fe Ph Date (1000 
ac ft) 

(mg/i) (mg/O (mg/O (kg) (kg) (kg) 

6/27/74 86.3 0.039 0.546 0.0 4,152 58,132 0 
7/11 71.7 0.056 0.520 0.0 4,954 45,997 0 
8/8 37.8 0.036 0.026 1,679 1,212 
9/7 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 
1/01/75 14.6 0.020 0.400 0.0 360 7,205 0 

est. est. est. 
2/02/75 12.7 0.028 0.431 0.0 439 6,753 0 
3/17 15.4 0.012 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 0 
9/26 27.7 0.005 0.011 0.000 171 376 0 

aW.C. Kregger, USBR (personal communication) • 

b 
He~rmann and Mahan (1977). Me tala da ta: 

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

Flow a [Zn] b [Fe] b [Pb] b Zn Fe Pb 
Date (1000 

ac ft) 
(mg/i) (mg/i) (mg/i) (kg) (kg) (kg) 

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. 
1/1/75 14.4 0.004 0.226 0.0 71 4,015 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 1.5·70 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 

eat. est. est. 
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 

a w.e. Kregger, USBR (personal communication). 

b Metals data: He~J:'mann and Mahan (1977) . 
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· 
Table 58. Hydraulic retention times for Pueblo, Colorado, 

month. a 

Outflow Volume 
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 
8/74 38.0 23.4 0.051 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 
1/75 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 
4/75 20.2 30.5 0.126 46.0 
5/75 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 

a Hydraulic data from w.e. Kregger. USBR (personal coullaunication). 

b a 
h 

Table 59. 

Fe 

Zn 

Pb 

Fe 

Zn 

Pb 

end of month volume 
'" yr. monthly discharge (12) 

Retention of Fe, Zn, and Pb in Pueblo Reservoir, 
Colorado.a,b 

June - September, 1974c 

Inflow (kg) Outflow (kg) % Retention 

46,502 

11,584 2,519 78.3 

1,736 o 100.0 

October, 1974 - September, 1975 (1975 w. y.)d 

Inflow (kg) Outflow (kg) % Retention 

466,182 376,623 19.6 

36,701 27,330 25.5 

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) 

c 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 natural, eutrophic 
lake located in the foothills of the Alps 
(el. ~ 430 m) near Luzern, Switzerland. The 
lake basin 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 hydraulic retention time of 0.28 years 
(Baccini 1976). 

Baccini (1976) studied ihe 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 loading 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
t ion. 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 
measured directly or calculated on the basis 
of sediment load and assumed compos it ion 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. 

The data used by Barnes and Schell are 
presented in Table 60 (adapted from Barnes 
and Schell 1972, Table 3) together with the 
calculated retention coefficient. For this 
lake, input was considered to be the sum of 
aeolian inputs and fluvial inputs. The data 
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 
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inputs: Nevertheless, 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.-..h.ake 

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 
Ri ver and the St. Joe Ri vel'. 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 Coeur 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 trapped 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 
the Bighorn River and has a volume of 176 x 
107 m3 . 

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. 



~- .. ' .. ,: Table 60. Trace metal budget for Lake Washington. a 

Element Annual Transport 

Input Fluvial Net Aeolian Input Annual Retention 
Output Deposition % 

Fe, tons 2570 40 2530 2200b 4700 99.2 

Nil., tons 5420 5440 -20 l80e 160 2.9 

Pb, tons l.3 l.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 

a Table and footnotes b and C adapted from BaPnee and SaheZZ (1972). 

b Based on an average dustfall from Seattle of 38.92 U.S. tons/mi2 /mo • 
• 14.8 x 105 kg/yr over L. Washington, and using an iron concentration 
of 3,400 ppm iron for urban dust, the iron input for aeolian transport 
would be 500 tons/yr. (See references for dustfall data in BaPnes 
and SaheZZ 1972). 

c Based on b above, Nil. output is 45 tons/yr from aeolian transport. 
Even if a higher Nil. concentration is assumed due to marine aerosols, 
the aeolian input i.s still very small compared to the fluvial. 

d R .. (
aeolian input + fluvial input - fluvial output) x 100 

aeolian input + fluvial input 

Table 61. Zinc loading into Coeur D'Alene Lake. a 

Coeur D'Alene River St. Joe River 

Flow Cone. Load Flow Cone. Load'b 
(cfs) (\1g/l'.) 

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 0 
May 18,000 390 515,306 17,000 0 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 b 2,285,860 140,960 kg 

Total: 2,426,820 (11 mo.) 

a Source: VSEPA (1975b). 

b January omitted from total loading calculation. See text for 
explanation. 
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Table 62. Zinc loading at Spokane River at Post Falls. a 

Month Flow Cone. Load 
(efs) (llS/t) (kg/mo) 

Jan. 15,000 325 357,852 
Feb. 10,000 345 253,249 
March 8,000 370 217,280 
~pril 21,000 405 624.313 
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 
Dec. 2.100 205 31.601 

Total b 2,002,574 

a Source: USEPA (1975b) 

bJanuary 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 loa.ding for the 

Bighorn River, Shoshone River and res'ervoir 
outlet fOr the. 1968 and 1969 sampling periods 
are presented for Fe. Mn, Zn, and Cu in 
Tables 63 and 64. The retention of iron. 
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 
reservoir outflow during the sampling period 
(Tables IV and V, Wright and Soltero 1973) by 
average reservoir volume during the sampling 
period. - Average volume and surface area 
were calculated fOr each sampling period 
using the water surface vs. time graph 
(Figure 9, Wtight 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,a Feb. - Dec. 1968. 

Ave. Fe MIl Zn [Cu++] Cu 
Stream Discharge [Fe] Loading [MIl] Load [Zn] Load Load (ms/sec) (kg) (kg) (mg/t) (lJS/t) (kg) 

Feb.-Dec. 

Bighorn 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 vs. 92.7% 80.0% 31.1% 21.4% 
Outflow) 

a Source: fhvlg'ht and SoZtero (1973) • 
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Table 64. Metals loading data for Yellowtail Reservoir,a Jan. - Aug. 

Ave. 
Discharge [FeJ Fe [Mn] Mn [Zn] Zn 

Stream (m'/sec) (mg/,O Load Load (mgl JI) 
Load 

Jan.-Aug. (kg) (kg) (kg) 

Bighorn 65.68 1.290 2,677,895 0.265 548,056 0.048 99,271 

Shoshone 28.34 1.390 1,244,203 0.182 162,909 0.038 34,014 

Discharge 91.25 0.052 149,798 0.030 86,423 0.022 63,370 

% Change 96.2% 87.8% 52.5% 

a Source: Wpight and SoZtepo (1973) • 

Table 65. Morphological data for Yellowtail Reservoir. a 

Average Volume (x 10 6 ml) 

Average Area (x 10 6 m2
) 

Hydraulic Retention Time, 6h (yr.) 

Areal Water Load, qs (m/yr.) 

Average Water Surface Elevation (m) 

a Source: WPight and SoZtepo (1973). 
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Feb.-Dec., 
1968 

970 

30.2 

0.313 

103 

1100 

Jan.-Aug., 
1969 

1048 

37.9 

0.407 

67.9 

1104 

1969. 

Cu 
[Cu] Load 

(\.Ig/i) (kg) 

3.1 6,411 

2.6 2,327 

1.3 3,745 

57.1% 
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