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FOREWORD

The National Eutrophication Survey was initiated in 1972 in
response to an Administration commitment to investigate the nation-
wide threat of accelerated eutrophication to freshwater lakes and
reservoirs.

OBJECTIVES

The Survey was designed to develop, in conjunction with state
environmental agencies, information on nutrient sources, concen-
trations, and impact on selected freshwater lakes as a basis for
formulating comprehensive and coordinated national, regional, and
state management practices relating to point source discharge
reduction and nonpoint source pollution abatement in lake water-
sheds.

ANALYTIC APPROACH

The mathematical and statistical procedures selected for the
Survey's eutrophication analysis are based on related concepts
that: _

a. A generalized representation or model relating
sources, concentrations, and impacts can be
constructed.

b. By applying measurements of relevant parameters
associated with lake degradation, the generalized
model can be transformed into an operational
representation of a lake, its drainage basin, and
related nutrients.

C. With such a transformation, an assessment of the
potential for eutrophication control can be made.

LAKE ANALYSIS

In this report, the first stage of evaluation of lake and
watershed data collected from the study lake and its drainage
basin is documented. The report is formatted to provide state
environmental agencies with specific information for basin
Elanning [5303(e)], water quality criteria/standards review

§303(c)], clean lakes [§314(a,b{], and water quality monitoring
[6106 and §305(b)] activities mandated by the Federal Water
Pollution Control Act Amendments of 1972.



Beyond the single lake analysis, broader based correlations
between nutrient concentrations {and loading) and trophic condition
are being made to advance the rationale and data base for refine-
ment of nutrient water quality criteria for the Nation's freshwater
lakes. Likewise, multivariate evaluations for the relationships
between land use, nutrient export, and trophic condition, by lake
class or use, are being developed to assist in the formulation of
planning guidelines and pclicies by the U.S. Environmental Protection
Agency and to augment plans implementation by the states.
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NATIONAL EUTROPHICATION SURVEY
STUDY LAKES
STATE OF OKLAHOMA

LAKE NAME

Altus Reservoir
Arbuckle Lake
Lake Elsworth

Lake'Eufaula

Fort Cobb Reservoir
Fort Supply Reservoir
Foss Dam Reservoir
Lake Frances

Grand Lake 0' The Cherokees

Lake Hefner

Keystone Reservoir
Oologah Lake

Tenkiller Ferry Reservoir
Lake Thunderbirdv

Wister Reservoir

COUNTY
Greer, Kiowa
Murray
Caddo, Comanche

Haskell, McIntosh,
Okmulgee, Pittsburg

Caddo
Woodward
Custer
Adair

Mayes, De]aware,4Craig,
Ottowa

Oklahoma

Tulsa, Creek, Osage, Pawnee
Nowata, Rogers

Cherokee, Sequoyah
Cleveland

LeFlore
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REPORT ON WISTER RESERVOIR, OKLAHOMA
STORET NO. 4015

I.  CONCLUSIONS
A.  Trophic Condition:¥*

Survey data indicate that Wister Reservoir is eutrophic,
i.e., nutrient rich and productive. Whether such nutrient
enrichment is to be considered beneficial or deleterious is
determined by its actual or potential impact upon designated
beneficial water uses of each Tlake.

Nutrient ]eve]é'in Wister Reservoir were quite high:
of the 16 Oklahoma lakes (including Lake Texoma) sampled in
1974, only 4 had higher median total phosphorus levels, 7 had
-higher median inorganic nitrogen values, and 6 had higher median
orthophosphorus levels than this reservoir. Potential for
primary productivity, as measured by algal assay control yield,
was high in spring and moderate during fall sampling. Chloro-
phyll a values ranged from 2.7 ug/1 to 8.4 ug/1, with a mean
of 4.8 ng/1.

Survey limnologists did not observe macrophytes or surface
algal concentrations during their sampling visits. However, it
was noted that the lake at times was very turbid, and the low

Secchi disc transparencies (range of 0.3 to 0.9 meters) suggest

*See Appendix E.



that primary productivity in Wister Reservoir may have been
light-1imited, even though no clear-cut direct relationship was
noted between 1ight penetration and chlorophyll a levels.
Rate-Limiting Nutrient:

The algal assay results indicate that the primary Timiting
nutrient in Wister Reservoir was phosphorus at the times of
sampling. The lake data indicate phosphorus limitation in June
and October, respectively, and primary limitation by nitrogen in
March and August.

Nutrient Controllability:
1. Point sources -

During the 1974 sampling year, point sources were esti-
mated to have contributed 6.1% of the total phosphorus load
to Wister Reservoir. The town of Heavener contributed 4.9%
and Red Oak contributed 1.2%.

Loading calculations based upon available nutrient con-
centrations yield a net export of both phosphorus and nitro-
gen from the reservoir, indicating that sampling was not
adequate to depict actual loading and/or export rates from
Wister Reservoir. This export might be attributable to an
underestimation of nutrient loading from the known ‘point
sources and septic tanks, or to sampling error. It is known
that a waterfowl refuge exists on Wister Reservoir; additional
study to determine the nutrient impact of this refuge on the

reservoir is needed.



The total annual phosphorus loading to Wister
Reservoir is 2.89 g P/mz/yr, twice that proposed by Vollen-
weider (1975) as "eutrophic" for a lake with such volume and
hydraulic retention time. However, Vollenweider's model may
not be applicable to lakes with short retention times (16 days
for Wister Reservoir) or in which epilimnetic 1ight penetra-
tion is severely reduced by the presence of suspended sediments
in the surface waters. In any case, it does not appear likely
that point source phosphorus control would result in any appre-
ciable improvement in the trophic condition of the lake.
Nonpoint sources -

Nonpoint sources, including precipitation, were calcu-
lated to have contributed 93.9% of the total phosphorus Tload
to Wister Reservoir. The Poteau River contributed 45.2%,
Fourche Maline Creek contributed 40.6%, and ungaged tribu-

taries were estimated to contribute 5.0%.



[I. LAKE AND DRAINAGE BASIN CHARACTERISTICS
Lake and drainage basin characteristics are itemized below.

Lake surface area and mean depth were provided by the Oklahoma
Department of Pollution Control; maximum depth was provided by
the Oklahoma Water Resources Board. Tributary flow data were pro-
vided by the Oklahoma District O0ffice of the U.S. Geological Sur-
vey (USGS). Outlet drainage area includes the lake surface area.
Mean hydraulic retention time was obtained by dividing the lake
volume by mean flow of the outlet. Precipitation values are
estimated by means as outlined in National Eutrophication Survey
(NES) Working Paper No. 175. A table of metric/English conver-
sions is included as Appendix A.
A. Lake Morphometry:

Surface area: 16.19 kmZ2.

Mean depth: 2.3 meters.

Maximum depth: 13.4 meters.

Volume: 37.237 x 106 m3.
Mean hydraulic retention time: 16 days.

O W N -



B. Tributary and Qutlet;
(See Appendix B for flow data)

1. Tributaries -
Drainage Mean flow
Name area(km2) (m3/sec)
A-2 Poteau River 1,320.9 14.91
B-1 0il1 Branch 4.5 0.04
C-1 Holston Creek 149.7 1.52
D-1 Fourche Maline Creek 636.3 7.36
Minor tributaries and
immediate drainage - 393.0 4.35
Totals 2,554.4 28.18
2. OQutlet - A-1 Poteau River 2,570.7 27.35

C. Precipitation:

1.  Year of sampling: 122.4 cm.
2. Mean annual: 115.4 cm.



ITI, LAKE WATER QUALITY SUMMARY

Wister Reservoir was sampied four times during the open-
water season of 1974 by means of a pontoon-equipped Huey heli-
copter. Each time, samples for physical and chemical parameters
were collected from two stations on the lake and from a number
of depths at each statijon (see map, page v). During each visit,
depth-integrated samples were collected from each station for
chlorophyll a analysis and phytoplankton identification and enu-
meration. During the first and last visits, 18.9-1iter depth-
integrated samples were composited for algal assays. Maximum
depths sampled were 12.2 meters at Station 01 and 10.7 meters at
Station 02. For a more detailed explanation of NES methods, see
NES Working Paper No. 175.

The results obtained are presented in full in Appendix C and
are summarized in III-A for waters at the surface and at the maxi-
mum depth for each site. Results of the phytoplankton counts and
chlorophyll a determinations are included in ITI-B. Results of

the 1imiting nutrient study are presented in III-C.



wISTER RESERVOIR

STORET CODE 4015 PHYSICAL AND CHEMICAL CHARACTERISTICS
( 3728774 ) ( 67 7774 ) t 8/26/7a )
MAX MAX MA X
Sees = 2 DEPTH Sees = DERTH Sess = 2 DEPTH
RAMNGE RANGE RANGE
PARAMETER N# RANGE MEDIAN (METERS) N® HANGE MED [ AN (METERS) N® RANGE MEDIAN (METERS)

TEMFEXATURE (DEG CENT)

0o=1.5 ™ DEPTH 4 13.7- 14.5 14,1 0.0~ 1.5 4 22.8~ 24,2 23.7 0.0- 1.5 4 27.2~ 28.2 27.5 0.0= 1.5
MAX DEPTH=e 2 9.6~ 111 10,3 8.5- 9.1 4 21.3- 23.6 224 10.7= 12.2 2 22.9- 23.2 23.0 8.2- 9.1
ODISSCOLVED OXYGEN (MG/L)
De=1,5 ™ DEPTH 2 Je2= 9e4 9,3 1.5- 1.5 2 S5.8= 6.8 6.3 1.5- 1.5 4 2.8- 5,2 bo7 0,0- 1le5
MAX DEPTH® 2 8.0~ 8.2 8.1 8.5- 9.1 2 5.6- 6,2 5«9 10,7=- 12.2 4 0.0- 0.2 el 8e2~ 9ol
CONDUCTIVITY (UMROS)
De=1.5 M DEPTH 4 4].~ 46, 44, Ne0= 145 4 53,= 63. 59, 0.0- 1.3 [ OYe= 75, Tl 0.0~ 1e%
MAX DERPTHE® 2 39.- 43, 41. BeS- 9.1 2 43.- 62, 53, 10.7- 12.2 4 136.- 138, 137. 8.2~ 9l
PH (STANDARD UNITS)
0.‘1.“_\ M UEPI’H 4 7.8- 801 7.8 0.0- 1.5 4 5.8- 6.8 6.7 0.0‘ 1.5 &4 6-3’ 605 Gt 0.0- lts
MA X DEPTH°° 2 7.4- 709 7.6 8'5' 9.1 1 b.?' 607 6.7 1202- leua 2 b.S- 6.5 6.5 8.2' 9.1
TOTAL ALKALINITY (MG/L)
Oe=1.5 M DHEPTH 4 10.- 10, 10, 0,0~ 105 4 17~ 20, 19, 0.0~ 1.5 [ 8o~ 32. 31, 0.0~ 1.
MAX DEPTHE®# 2 10,- 10. 10. 8'5- 9.1 2 1le= 210 16, 10.7' 1202 2 38e= 47. ‘3. 802" Fe
TOTAL P (MG/L?
0.-1.5 M DEPTH 4 04059-0.,067 0.063 0.0- 1.5 4 0.075-0.099 0.088 0.0- 1.5 4 04116=0,127 04,119 0.0~ 145
MAX DERTnew 2 0.066-0,070 0,068 8.,5- 9.1 2 0.107-0421% 04100 10.7- 12.2 2 04179-0,133 0,181 Ber= 7
DISSOLVED ORTHO P (MG/L)
Oe=145 ™M DEPTH 4 0.016-0.026 0.022 0.0- 1.5 6 0.010-0.017 0.012 0.0- 1.5 6 0.072-0.099 0,077 0.,0- 1.
Max DEPTHew 2 0.018-0,021 0.01% B8.5= 9,1 2 0.011-0,013 0.,0l¢ 10.7- 12.¢2 2 V.021-0,067 0,034 Be2=- Fe
NQOe+iN03 (MG/L)
0e=1.5 M DEPTHN 4 04070-0.120 0.095 N.0- 1.5 4 0.130~0.160 0.145 0.0- 1.5 4 0.020-0,020 0,020 0.0~ 1.
Max DEPTHes 2 U.120-0.140 0,130 ReS= 3.1 2 0e150-04190 04170 10,7~ 12,2 2 0,030-0,030 0,030 Be2=- T
AMMONTIA (G/L)
0,~1.5 ™ UEFTH 4 0.,060-0.070 0,060 0.0- 1.5 4 04130-0.170 04150 0.0~ 1.5 4 0,060-0,110 0,090 0,0- i
MAX DEPTH® 2 0.100-0.120 0,110 B.5=- 9,1 ¢ 0.170-0.180 0,175 10.7- l2.2 2 1.000-1,290 1.145 Be2=- 9
KJELDARL N (MGL/L)
Oe=1.5 M bEXTH 4 0.400-0.600 0.500 0d0- 1.5 4 0450U=0.700 0.650 0.0~ 1.5 4 (0.600-0.500 0.500 0.0~ ieb
MAX DEPTH®# 2 0,400-0,400 0,400 B.,5=- 9.1 2 0.600-0.800 0,700 10.7- 12,2 2 1.9500-1,700 1,600 8.2~ Yol
SECCH]I LISC (METERS)

2 Ded= Te5 Ve 2 0.5= 0.5 0.5 ? Ouv= 0.9 a9

“ N = NOo OF SAMPLES
o4 MAXIMUM DEPTH SAMPLED AT EACH SITE
e#a § = NO, OF SITE>s SAMPLED ON THIS DATE



WISTER RPESERVOIR .
STNRET COBE 4018 _ PeYSICAL AND CHEMICAL CHARACTEKISTICS

( 10721774 )

Max
Sees = 2 DERTH
RANGE
EARAME TER NE ~ ANGE MEDIAN  (METEKS)
TEMPERATUVE (UE6L CERT)
0e=1.5 ™ GEPTH 4 17.7= 1749 17,8  0.0= 1.5
MAX DEPTH®® 2 17.5="17.7  17.6  7.9- j0.1

DISSOLVED OAYGEN (MG/L)

O,s=lod ™ HEPTH 4 6.0~ 8.0
MAX DEPTHER 2 6.8= 6.4
CONDUCTIVITY (y#HOS)

Oe=1e5 M IEFPTH 4 4le= 43, 42, 0.0- 1.5
MAXY DEPTHE® 2 4l.= 45, 43. Te9= 1941

Pr (STANDAKD UNITS)

Oo=leb ™ DEPTH “ 6el2= 6,2 6.2 00~ 1.
MAX DEPTR®E® 2 Gel= 6ol 6ol 7.9~ 1041
TOTAL ALKALINITY (MG/L)
Oa=le5 ™M DEPTH 4 1N.~ 18, 14, 0e0= 145
MAX OEPTRu® 2 13.- 16, 15, Te9= 10,1
TOTAL P (MG/L)
De=1e5 M DEMTH 4 0,063~0.077 04,065 0.0=- 1.5
MAX (JEPTH®# 2 0s079-0.10¢ 0.091 Te9= 1041
DISSOLVED ORTHO P (MG/L)
De=1.5 M LEPTH 4 (.,007-0.,015 0.008 0.0- 1,5
MAX DEPTHu® 2 0.,097-0.015 0.011 Te9= 1041
NOZ+r0O3 (MG/L)
De=1e5 M DERTA 4 0,070~-0,150 0.120 0,0- 1e>
MAX DERTHE® 2 0.000-04130 04095 Te9~ 1041
AMMONTA (MB/L) )
Ue=1eb M DEPTH 4 (G U60-04140 G.0R5 Osll= 145
MAXY DEPTHw# 2 0.080=0.110 0.09% Te9= 10,1
KJELDAHL N (MG/L)
Ou=1e5 M HERPTH 4 0,400=-0.700 0,550 Nel= 1lob
MAX DEPTH=# 2 04500~0.600 0,556 Te9= 10,1
SECCHI DLISC (METERS)

2 0.3' 005 0.4

€ N = NOo. UF SAMPLES
#e MAXIMUM DEMTH SAMPLED AT EACH <ITE
eas S = NO, OF SITES SAMPLED On THIS DATE



B. Biological Characteristics:

1. Phytoplankton -

Sampling

Date

03/28/74

06/07/74

08/26/74

10/21/74

Dominant
Genera

QL HWN) -~

2w~

Gl wWwnNy —~

R wN -

Melosira
Ankistrodesmus
Chroomonas

Cryptomonas
Flagellates

Other genera
Total

Melosira
Flagellates
Nitzschia
Coelastrum

Other genera
Total

Melosira
Anabaena
Ankistrodesmus
Closterium

Cryptomonas

Other genera
Total

Melosira
Dactylococcopsis

Nitzschia
Kirchneriella

Cryptomonas

Other genera

Total
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Chlorophyll a -

Sampling Station Chlorophyll a
Date Number (ug/1)
03/28/74 01 5.3

02 2.6
06/07/74 01 6.5

02 2.7
08/26/74 01 4.3

02 3.9
10/21/74 01 4.8

02 3.4



C.

1

Limiting Nutrient Study -

1.

Autoclaved, filtered, and nutrient spiked -

Ortho P Inorganic N Maximum Yield
Spike(mg/1) Conc.(mg/1) Conc.(mg/1) (mg/1-dry wt.)

a. 03/28/74

Control 0,020 0.119 2.5
0.05P 0.070 0.119 4.6
0.05P +1.0N 0.070 1.119 23.0
1.00 N 0.020 1.119 2.3
b. 10/21/74

Control 0.010 0.158 0.9
0.05 P 0.060 0.158 5.6
0.05P +1.0N 0.060 1.158 17.3
1.00 N 0.010 1.158 0.6
Discussion -

The control yield of the assay alga, Selenastrum capri-

cornutum, indicates that the potential primary productivity
in Wister Reservoir was high at the time of spring sampling
(03/28/74) and moderate during fall (10/21/74)., The control
yields would likely have been higher still had there been no
substantial nutrient loss between sampling and assay. In both
assays, there was a significant increase in yield over that
of the control when orthophosphorus was added, indicating
phosphorus limitaton. The addition of nitrogen alone did not
result in an increase in yield over that of the control.

Mean inorganic nitrogen to orthophosphorus (N/P) ratios

in the lake data were 24/1 and 20/1 in June and October,

respectively, supporting primary limitation by phosphorus in
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Wister Reservoir. Mean N/P ratios were 8/1 and 7/1, respec-
tively, in March and August, however, suggesting nitrogen
was the primary 1imiting nutrient upon those sampling occa-

sions,



Iv,
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NUTRIENT LOADINGS
(See Appendix D for data)

For the determination of nutrient loadings, the Oklahoma
National Guard collected monthly near-surface grab samples from
each of the tributary sites indicated on the map (page v), ex-
cept for the high runoff month of May when two samples were col-
Tected. Sampling was begun in November 1974, and was completed
October 1975.

Through an interagency agreement, stream flow estimates for
the year of sampling and a "normalized" or average year were pro-
vided by the Oklahoma District Office of the USGS for the tribu-
tary sites nearest the lake.

In this report, nutrient loads for sampled tributaries were
determined by using a modification of‘a USGS computer program for
calculating stream loadings. Nutrient loads indicated for tribu-
taries are those measured minus known point source loads, if any.

Nutrient loadings for unsampled "minor tributaries and imme-
diate drainage" ("ZZ" of USGS) were estimated by using the mean
annual nutrient loads, in kg/km2/yr, in 0i1 Branch and Holston
Creek at Stations B-1 and C-1, and multiplying the means by the
ZZ area in km2.

Nutrient loads for the Heavener and Red Oak wastewater treat-

ment plants were estimated at 1.134 kg P and 3.401 kg N/capita/yr.
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Waste Sources:

1.  Known municipal -
Pop.* Mean Flow Receiving
Name* Served  Treatment* (m3/d x 103) Water
Heavener 2,000 Trickling 0.757** 0i1 Branch/
filter ‘ Poteau River
Red Oak 500 Stabilization 0.189** Red Qak Creek/
pond Fourche Maline
Creek
2. Known industrial - None

*J.S.EPA, 1971.
**Estimated at 0.3785 m3/capita/day.
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B. Annual Total Phosphorus Loading - Average Year:

1. Inputs -
% of
Source kg P/yr total
a. Tributaries (nonpoint load) -
A-2 Poteau River 21,140 45.2
B-1 0il Branch 25 0.1
C-1 Holston Creek 1,110 2.4
D-1 Fourche Maline Creek 18,965 40.6
b. Minor tributaries and immediate
drainage (nonpoint load) - 2,360 5.0
c. Known municipal STP's -
Heavener 2,270 4.9
Red Oak 565 1.2
d. Septic tanks* - 5 <0.1
e. Known industrial - None
f. Direct precipitation** - 285 0.6
Totals 46,725 100.0
2. OQutput - A-1 Poteau River 58,145

3. Net annual P export*** - 11,420

*Estimate based on 10 lakeshore residences and 1 park.
**Estimated (see NES Working Paper No. 175).
***Export probably due to unknown sources and/or sampling error.
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C. Annual Total Nitrogen Loading - Average Year:

1.  Inputs -
' % of
Source kg N/yr total
a. Tributaries (nonpoint load) -
A-2 Poteau River 360,475 54.3
B-1 0i1 Branch 815 0.1
C-1 Holston Creek 21,695 3.3
D-1 Fourche Maline Creek 191,125 1 28.8
b. Minor tributaries and immediate
drainage (nonpoint load) - 64,060 9.6
¢. Known municipal STP's -
Heavener 6,800 1.0
Red Oak 1,700 0.3
d. Septic tanks* - 140 <0.1
e. Known industrial - None
f. Direct precipitation** - 17,480 2.6
Totals 664,290 100.0
2. QOutput - A-1 Poteau River 791,155
3. Net annual N export*** - 126,865

*Estimate based on 10 lakeshore residences and 1 park.
**Estimated (see NES Working Paper No. 175).
***Export probably due to unknown sources and/or sampling error.
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Mean Annual Nonpoint Nutrient Export by Subdrainage Area:

Tributary kg P/kmé/yr kg N/km2/yr
Poteau River 16 273
0il1 Branch 5 181
Holston Creek 7 145

Fourche Maline Creek 28 278
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Yearly Loadings:

In the following table, the existing phosphorus annual loading
is compared to the relatjonship proposed by Vollenweider (1975).
Essentially, his "eutrophic" loading is that at which the receiving
waters would become eutrophic or remain eutrophic; his "oligotrophic"
loading is that which would result in the receiving water remaining
oligotrophic or becoming oligotrophic if morphometry permitted. A
"mesotrophi;" loading wodld be considered one between "eutrophic" and
"oligotrophic".

Note that Vollenweider's model may not be applicable to water
bodies with very short retention times or in which light penetration
is severely restricted from high concentrations of suspended solids

in the surface waters.

Total Yearly
Phosphorus Loading

(g/m2/yr)
Estimated loading for Wister Reservoir 2.89
Vollenweider's "eutrophic" loading 1.46

Vollenweider's "oligotrophic" loading 0.73



IV.

19

LITERATURE REVIEWED

U.S. Environmental Protection Agency. 1971. '"Inventory of Waste-
water Treatment Facilities". EPA Publication No. OWP-1, Vol. 6.
Office of Media Programs, Office of Water Programs, Washington,
D,C,

U.S. Environmental Protection Agency. 1975. National Eutrophica-
tion Survey Methods 1973-1976. Working Paper No. 175. National
Environmental Research Center, Las Vegas, Nevada, and Pacific
Northwest Environmental Research Laboratory, Corvallis, Oregon.

Vollenweider, R. A. 1975. Input-Output Models With Special
Reference to the Phosphorus Loading Concept in Limnology.
Schweiz. Z. Hydrol. 37:53-84.



20

VI. APPENDICES

APPENDIX A
CONVERSION FACTORS



CONVERSION FACTORS

Hectares x 2.471 = acres

Kilometers x 0.6214 = miles

Meters x 3.281 = fect

Cubic meters x 8.107 x 107 = acre/feet
Square kf]ometers x 0.3861 = square miles
Cubic moters/sec x 35.315 = cubic feet/sec
Centimeters x 0.3937 = inches

Kiltograms x 2.205 = pounds

Kilograms/square kilometer % 5.711 = 1bs/square mile



APPENDIX B
TRIBUTARY FLOW DATA



TRIBUTARY #LOW INFORMATION FOR OkLAHOMA 03/25/77
LAKE CODE 401§ taISTER RES,

TOTAL pRAINAGE ARKEA U LAKE (SQ M) 2573 .7

SUR=NFAINAGE NORMALIZED FLOWS(CMS)
TRIBUTARY ARFA(S) KM) JaN FER MAR APR MAY JUN Jup AUG SEP uCT NOV VEC AE AN
@154l 2570 .7 35444 37.94 51454 52467 62486 19.26 Y406 8.21 Se66 7436 16442 22437 27435
401542 1320.9 20439 26419 27418 26453 30.87 790 4453 227 3.06 41l Be98 17.56 la.31
sylsHl 4,5 v.023 06031 Qe0uS 0045 0e125 06031 0,025 0.011 0034 0,028 0.020 0.020 0,037
4015¢€C1 149,7 1el3 1,75 2446 2e41 3485 1.22 1.13 0.40 le02 1.08 0.85 0.99 1.52
44 150! hEb, 3 5.10 11,61 12.18 17.27 16,99 5.38 S.10 1+39 2.27 2461 3.648 5,38 1.36
«p1522 409,2 3.1 6,51 7.r8 9.63 10.19 3.11 3.11 0.85 1,70 1470 2.27 3,11 4435
SUMMARY
TOTAL ORAINAGE AREA OF LAKE = 257067 TOTAL FLOW IN = 339,37
SUM UF SUB=DRAINAGE AREAS = 25707 TOTAL FLOw OQUT = 323,176
MEAN MONTHLY FLOWS AND DAILY FLOWSICMS)

TRIBUTARY MONTH YEAR MEAN FLOW DAY FLOW DAY FL.OW OAY FLOW
401541 11 Ta 91.18¢ 2 1.699

12 T4 92.313 17 88,915

1 75 22,653 1S5 34,263

2 75 84,384 13 109.586

3 75 82.402 28 04425

4 75 - 73,624 22 3.058

5 75 61,164 12 112.934 22 30,299

[ 15 63.996 12 884,349

7 75 31.998 8 30,016

8 75 0,566 15 0.566

9 75 D.453

16 75 0.368 7 0,396
491542 11 T4 6G,4,315 2 224625

12 T4 15,291 17 11,298

1 75 15,999 15 11,298

2 75 45,873 i3 13,592

3 75 67.315 28 484,218

4 75 42,475 22 0.0

5 75 33,131 12 17.658 22 8.382

5 75 34,547 12 21,691

7 75 1,557 8 1,926

8 75 0,368 15 00113

9 15 0,510

10

75 0.368 7 6e122



LAXE COOE
MEAN
TRIBUTARY

«J15d1

4y15C1

401501

401522

«01S

TRIGUTAKY FLOW INFORMATION FUR OxLAHOMA

2aISTER RES,

MONTHLY FLUWS

MONT

1
1

— bt e
ODNC NS WN=N=DODONTUNE NN

— ot gt
-0} o O

— g
DOV DNIPNSEN=eN~=D 0N NS WN

——

YEAR

T4
T4
75
75
75
75
15

AND UATILY FLOWS(CMS)

MEAN FLOW

veldt
0.062
J.068
0.212
tela?
d.105
0.10%
0.139
Ve003
0.002
0,006
0.0¢C1
7.909
2,095
2.265
7.079
“4.814
3.398
3.398
4.531
0.283
0.057
0.193
0,025
6,246
9.628
19,477
32.281
22,37
15,857
164141
26,954
1359
U258
04878
Cel22
21,521
5.663
6.230
19,255
9,345
9.628
12,459
0.850
0.1583
0,566
0.074

DAY

2
17
15
13
28
22
12
12

15

7

2
17
15
13
28
22
12
12

8
15

FLOW

Qelau2
0.051
9.028
Vo062
1159
0.02v
0,040
0.031
2.008
0.0

[ ]

15.9408
1.274
1.133
1.699
19.008
0,736
1.699
le016
Q368
0252

0023
68244
S5.947
7+362
T.646
66,261
2,039
8.212
6796
1.671
l.161

0e136

Day

22

22

FLOW

0.017

0.538

Le727

UAY

03725777

FLOW



APPENDIX C
PHYSICAL AND CHEMICAL DATA



STORET RETRIEVAL DATE 77/03/28
401501
34 56 15.0 094 43 10.0 3
WISTER RESERVOIR
40079 OKL AHOMA

100991
/TYPA/AMBNT /L AKE 11EPALES 040010462
0035 FEET DEPTH CLASS 00
00010 00300 00077 00094 00400 00410 00610 00625 00630 00671
DATE TIME DEPTH WATER 0o TRANSP CNDUCTVY PH T ALK NH3=N TOT KUEL NU28NO3 PHOS-DIS
FROM OF TEMP SECCHI FIELD CACO3 TOTAL N N=TOTAL ORTHO

T0 DAY FEET CENT MG/L INCHES MICROMHO SU MG/L MG/L MG/L MG/L MG/L P
74/03/28 16 15 €000 14.5 15 41 7.8 10K 04060 0.500 0.120 0.026
16 15 0005 14.5 9.4 42 8.10 10K 0.060 0.500 0.120 0.025
16 15 €015 12.0 8.6 40 8.10 10K 0100 0e400 0.130 0.030
16 15 0030 1lel 8.2 39 790 10K 0.120 0.400 0.140 0.021
74706707 1a 30 0000 24,2 18 62 6.80 20 0.170 0.700 0.150 0.012
14 30 0005 24.1 6.8 63 6.70 20 0.160 0.500 0.160 0.012
14 30 0025 23.7 6.6 62 6490 19 0.160 0.500 0.160 0.010
14 30 0040 23.6 6.2 62 670 21 0.180 0.600 0.150 0.011
74708726 13 30 0000 27.2 G4 36 69 6.44 30 0.090 0.600 0.020 0.078
13 30 0005 27.2 S.0 69 6450 31 0.090 0.400 0.020 0.077
13 30 0015 25.0 0.2 98 6.7 41 0.520 0.900 0.030 0.070
13 30 0030 = 22.9 0.2 136 6453 47 1.000 1.500 0.030 0.v21
74710721 14 25 0000 17.7 6.0 12 41 6.18 18 0.140 0.700 0.150 0,010
14 25 0005 17.7 6.8 41 617 14 0.090 0.400 0.140 0.007
14 25 0020 17.6 6.0 43 615 13 0.100 0.400 0.130 0.007
14 25 0033 17.5 6e4 4] 617 13 04110 0.500 0.130 0.015

K VALUE KNOWN TO BE
LESS THAN INDICATED



STORET RETRIEVAL DATE 77/03/28
401501
34 56 15.0 094 43 10.0 3
WISTER RESERVOIR
40079 OKLAHOMA

100991
/TYPA/ZAMBNT/LAKE 11EPALES 04001032
0035 FEET DEPTH CLASS 00
. 00665 32217 00031
DATE TIME DEPTH PHOS~TOT CrLRPHYL INCUOT LT
FROM of A REMNING
T0 DAY FEET MG/L P UG/L PERCENT
T4/03/28 16 15 0000 v.061 5.3

16 15 0005 0.059
16 15 001S 0.064
16 15 0030 0.066

74706707 14 30 0000 0.087 6.5
14 30 0005 0.075
l¢ 30 0025 t.082
14 30 0040 0.107

74708726 13 30 0000 0.118 4.3
13 30 000S 0.116
13 30 0015 t.136
13 30 0030 0.183

74/10/21 14 25 0000 2.075 4.8
14 25 0002 1.0
14 25 0005 0,063
14 25 0020 0.078
14 25 0033 0.079



" STORET RETRIEVAL DAYE 77/03/28

401502

34 55 5240 094 46 32.0 3
WISTER RESERVOIR

40079 OKLAHOMA

100991
/TYPA/AMBNT/LAKE 11EPALES 04001002
0033 FEET DEPTH CLASS 00 -
00010 00300 00077 00094 00400 00410 00610 00625 00630 00671
DATE TIME DEPTH WATER DG TRANSP CNDUCTVY PH T ALK NH3=N TOT. KJEL NO2aNO3 PHOS-DIS
FROM oF TEMP SECCHI FIELD CACO3 TOTAL N N-TOTaL ORTHO
T0 Day FEET CENT MG/L INCHES MICROMHO SuU MG/L MG/L MG/L MG/L MG/L P
74/03/28 16 35 0000 13.8 19 46 T80 10K 0.060 0.400 0.070 0.019
16 35 0005 13.7 9,2 46 780 10K 0.070 0.600 0.070 0.016
16 35 0015 10.9 8.2 47 T.60 10K 0.090 0.400 0.110 0.024
16 35 0028 9.6 8.0 43 Te40 10K 0.100 0.400 0.120 0.018
74706707 1S5 00 0000 23.3 18 56 6.80 17 0.140 0.700 0.130 0.010
15 00 0005 22.8 5.8 S3 5+80 17 0.130 0.600 0.140 0.017
15 00 0015 21.9 5.8 48 13 0.110 0.600 0.160 0.015
15 00 0035 21e3 5.6 43 11 0.170 0.800 0.190 0.013
74708726 13 00 0000 28.2 Se2 36 73 6eb44 28 0.060 0.600 0.020K 0.099
13 00 0005 27.8 2.8 75 6.28 32 04110 0,400 0.,020K 0.072
13 00 0015 25.9 0.0 95 6+33 38 0,400 0.900 0.030 0.039
13 o0 o027 23.2 0.0 138 6453 38 1.290 1.700 0.030 0.047
T4710/21 14 50 0000 17.9 8,0 18 - 43 6417 10 0.060 0.700 0.100 0.015
14 S0 0005 17.8 6.8 ' 43 6017 13 0,080 0.400 0.070 0.007
14 50 0015 17.8 6.2 43 6.15 15 0,080 0.400 0.060 0.008
14 50 0026 17.7 6.4 45 6e1]) 16 0,080 0.600 0.060 0,007

K VALUE KNOWN TO BE
LESS THAN INDICATED



STORET RETRIEVAL DAYE 77/03/28
401502
34 55 52.0 094 46 32.0 3
WISTER RESERVOIR
40079 OKLAROMA

100991
/TYPA/AMBNT/LAKE 11EPALES 04001002
0033 FEEY DEPTH CLASS 00
00665 32217 00031
DATE TIME DEPTH PHOS-TOT CHLRPHYL INCDT LT
FROM OF A REMNING
T0 DAY FEET MG/L P UG/L PERCENT
74703728 16 35 0000 0.066 2.6

16 35 000S 0.067
16 35 0015 6.067
16 35 0028 0.070

74706707 15 00 0000 3.090 2.7
1S 60 0005 0.099
1S5 00 0015 0.119
15 00 0035 0.216

74708726 13 00 0000 0.121 3.9
13 00 0005 0.127
13 00 001S 0.156
13 00 0027 Cel79

T4/10/21 14 50 0000 3.077 8.4
14 S50 0003 1.0
14 50 0005 0.063
14 50 0015 0.073
14 S0 0026 0.104



APPENDIX D

TRIBUTARY AND WASTEWATER
TREATMENT PLANT DATA



STORET RETRIEVAL UATE 77/G3/2¢

/TYPA/AMANT/STREAM

DATE
FROM
10

Ta/11/702
Tar712/17
75701715
75/02/13
75703728
75704722
75705712
75/035/22
75/06/12
75/07/08
75738715
15/16/07

00630

TIME DERPTA NO2aANO3

OF
UAY

i1
14
11
10
10
10
11
13
12
13
10
13

29
nA

4S
P13

28
0l

19

53
n2
4S
49

N=TOTAL
MG/L

vell6
O0elvo
0.080
v.089
0.060
0.0159
0.040
0.020
0.010
V015
0.025
0.290

60625
TUT KJEL
Nv
MG/L

0.500
V600

2.500.

0.600
0.650
0,950
04900
0,650
0.650
1,200
1.200
0.,700C

006190
NH3=N
TOTAL

MG/L

34072
‘30270
0.064
J.064
0.060
Ce02%
0,080
0.085
0.,05¢
0.230
2540
0.035

00671
PHOS=DIS
ORTHO
MG/L P

0.012
0060
7015
0,016
0.010
0010
04010
0.01C
0.010
0.100
0055
04005

451541

34 56 03.0 094 37 «0.0 4
PUTEAU RIvER
40 15 HMEAVENER
O/LARKE WISTER RESERVOIR 100991
OUTLET OF WISTER DAM 2,5 MI SE OF WISTER
11EPALES 06400100«

0000 FEET DEPTm  CLASS 00

00665
PrOS=-TuT

MG/L P

0.050
0.070
0.030
0.06¢C
Ve09¢0
Uel00
0,060
0.05¢C
0,060
0.200
0.1190
Ce080



STORET RETRIEVAL CATE 77/03/24

/TYRa/AMBNT /ST RF am

00530
DATE TIME DERPT- NO2enNO3
FrOM vig N=ToTAL

T0 D&y FEET MG/L

Ta/11702 12 nn 3.080
Ta/12/717 16 395 V072
75701715 113 36 N0l
75702713 13 15 o008
75703728 12 15 Vel00
15/04/22 12 15 3.00%
75705712 11 45 te050
75705722 14 05 Ue005
75/06/12 13 35 ve065
75707708 13 490 0.005
75708715 12 on 7.015
757130707 14 4S5 0.005

K VALUE n40wN TO dg<
LESS TwAN INDICATED

00625
TCT KutL
N
MG/L

0.600
Ge500
0.60C
¢.500
1.150
G.590
0,400
0.300
2.200
0,450
0.700
0,300

0q€10
NH 3=
TOT AL
M/l

2.055%
5.030C
Del32
0.056
c.oac
2.010
¢el22
0.020
¢.130
0.025
6025
0.020

0co71
°Prus=uls
URTAO
MG/L P

0620
0.010
¢.010
f.016
Ce25
0005
J.010
0.010
0.010
0.005
G.005
0.005K

4nlsSa2

34 51 30,0 903% 47 20.0 4
POTEAY RIVER

4 15 =€AVEMCK

T7LAKE WISTER RESErVOUIR 100992
HWY 290/59 3RPDG 2.7 Ml Swa UF HEAVENER
11EPALES Va0010Ca

06G9 FEET  OEPTm  CLASS U0

00665
»ROS-TIT

MG/L P

0.080
OelU&0
0.05¢
0.030

0,040
0e040
0,050
0.070
0.040
0,040
Je040



STORET RETRIEVAL UATE 77/03/724
401581
34 52 20,0 094 36 20.0 4
0IL BRANCH
40 1S HEAVENER
T/LAKE WISTER RESERVOIR  1G0991
HAY 270 BRNG 1,0 MI S HEAVENER aABOV STP
/TYPO/AASNTZ/STwEAM 11ZFALES 04001000
0000 FEET DEPT~ CLASS 90

0Coe30 00625 G610 00671 00665
DATE TIME DEPTH ~O2aNO3 T0T nRJEL NH3=N Pr0S=-0IS  PROS-TOT
FR0M OF N=TOTAL N TOTAL ORTHO
T0 vAY FEET MG/L MG/L MG/ZL MG/L P MG/L P
74711702 11 45 0,224 0,100 J.030 V010 04020
74712717 14 25 %.212 04600 del4C 0010 0,010
75761715 13 58 Vel64d 2.300 4072 G+005 0.020
75702713 13 30 N.208 0.200C 0.016 0.008K 0.010x%
75703728 12 290 ve095 0,859 0.252 Ds022 0.125
15/764/22 12 21 0.035 . G300 G020 040051 Ce020
15/05/712 11 33 G.160 04250 3.035 G.010 0.02¢
75705722 13 56 0ellS 04525 04055 040605 0.010
75706712 13 25 d0.110 0.300 04030 0005 0.020
75/07/08 13 30 0.065 0550 0.120 0.005 0.020
75708715 11 4C 0.040 1.000 0:115 04020

75710707 14 30 G.005 0.500 04045 €005 0,030

K VALUE KNOWN TO BE
LESS THAN INDICATED



STORET =ETRIEVAL VATE 77/03/24

401582

34 S1 45,6 094 34 30.0 4

OlL o~ANCH

40 1> HEAVENER

T/7LARE WISTER RESERVUIR  10609%1

2NDRY RD BROG 2.6 MI St HEAVENER dLO STP
/TIPA/AMENT , STRE AM 11EPALES 0460100«

000v FEET DEPTH  CLASS 00

00639 00625 00610 00671 00665
DATE TIME LePTn NU2aNOS TOT KUEL NH 3= PrOS=01S PHOS-TOT
FROM OF N=TOTAL N TOTAL OURTHO
Tu DAY  FEET MG/L MG/L an/L MG/L P MG/L P
Tazllrz02 12 20 Ce256 0.70C J.100 Ce.l120 0,200
Ta/712/717 14 57 2.640 1.300 0.26¢C 0.375 0690
75761715 14 16 Se830 44800 (e 940 1,400 14500
75702713 13 S0 0.510 1.900 Jeba8 0.390 0720
75703728 2 390 Ce0YS lelSC 06065 uellC
75704727 12 33 1.650 1350 $e200C 1570 1. 700
75/05/712 11 »?? 1.090 0.800 G080 G360 0.500
15/05/722 13 39 1.050 24000 04770 1.150 04130
75796712 13 1o 04450 0.200 0,095 0.210 06340
75/07/08 13 21 1.150 24300 1.250 1.950 24000
75708715 11 206 €.2590 8,750 64550 10.800 12.000

75/10/07 14 10 0.630 645090 3.900 7.500 8,200



STORET RETRIEVAL UATE T7/03724
4515C1
34 50 40,0 094 51 0040 «
HOLSON CREEK
“J LEFLORE CO ™MaAP
T/LAKE wISTER RESERVOIR 100992
2NDRY RD XING 4 MI S OF SUMMERFIELD
/TYP 4/ AMNT/STRI AM LYePALES 04601004
00060 FEET WDEPTHM CLASS @0

¢C630 00625 01610 00671 00665
Oalt TIME OEPTH NO2ANG3 TOT KJEL Nt 3= PHYS=0[S  PHOS-TUT
FROM OF N=TOTAL N TOTAL OURTHO
70 Day  FEET MG/L MG/L MG/L MG/sL P MG/L P

Ta/11/702 10 20 D.048 6210 0.025 0.010 . 0.020
Ta/12/747 13 28 Ve 032 0.400 04135 Ue010 0.010
75701715 12 47 0.016 0.500 JeCT74 0.01¢ 0,020
75702713 12 2S5 0.020 C.100 0.010 0.005 0.010
15/03/724 11 25 L.025 0.75¢C %4120 0.010 0.040
75/04/22 11 3% 0,005 06350 20035 0.005 0,025
15705712 12 48 f.015 1,400 0.030 0.005 0.020
75/05/22 14 32 0. 015 0.300 0.020 04010 0.020
15/76G6/12 14 21 0.020 0.350 0.025 0.010 0.040
75/07/068 14 4 0.030 G.275 0230 0.010 0.010
715/08/1S5 12 50 0.025 0.250 0.020 0.005K 0.010
757106707 15 35 c.010 6.3%C 2.C15 Ue010 0.025

K VaLUE KNOWM TU BE
LESS THAN INDICATED



STORET RETRIEVAL JATE 77/G3/24

491501

34 S5 1040 035 5S4 20.0 4

FOurRCHE MOLINE

40 7.5 LEFLURL

T/7LAKE WISTER RESErVOIX 1231392

2NDRY RD wsRuU6G 3.6 M NE OF LEFLORE
/7TYPA/AMHNT/STREAM 11EPALES 04v01004

0000 FRET OEPTH  CLASS Uy

00630 00625 02610 04671 00665
DaTE TIME OEPTH NO2LNO3 TuT KJUEL NH3=N PHOS=NIS  PHus=-TOT
FROM OF N=TOTAL N TOTAL VRTHO
TO DAY FEET MG/L MG/L MG/L MG/L P MG/L P
T4/1i/702 09 30 9.02¢4 0.700 J.040 0.050 0.130
74712717 13 00 0,064 0,700 0.040 0.020 0.050
75701715 12 21 ve064 1.000 0.040 0.035 0.100
75762713 11 S5 0,056 0.300 0.032 0.024 0,050
75703728 11 ©3 0,050 1.300 G.085 0.025
75704722 11 04 G.010 1250 0e620 0.010 0.050
75705712 12 SS 04105 0.600 3.060 0.020 0.100
75/05/22 14 53 0.107 0.600 0.025 Ce022 0.090
75706712 14 42 0.070 0.650 0.035 0.025 0.120
75707708 14 136 C.100 0,400 0.040 0.015 0.060
75/G68/715 13 75 0.010 04850 0,040 0,015 0.100

75710707 16 o¢ 0.010 0.500 ¢.010 0.012 0.11¢



APPENDIX E

PARAMETRIC RANKINGS OF LAKES
SAMPLED BY NES IN 1974

STATE OF OKLAHOMA



LARKE DaTa TO BE HSED IN RANKINGS

LAKE wENnlaN “EDT AN 500~ MEAN 15=- MENTAN
COoDE  LacKE wamt ToTel P2 INDFG N MEAN SEC CHLO~A MIN DO DISS ORTWO &
4001 ALTUS RECSERw T ¢efla} 0,060 4hH,HeD 14,750 84400 0.010
4507 ARRUCYLE LAkE nonzu 0.070 563,600 7.027 14,000 0.00R
4003 LAKE ELLSWORTW TeP27 He 070 «S9,40u0 Het 30 9,400 Le0OO
¢O04 LawE EUFALLA Nt} fe605 GRZ,513 44383 14,200 0,029
4005  FrarT COHR WFSEWRV.OIK Do Nelln 454,607 14967 Hea (0 ve0i2
¢33A  FORT SUPPLY SESERVOIR N.070 N.115 4R5,167 9,733 7.800 0,014
4007 FOSS Dar ReESERYIIx Cohengd Ge099 463,857 4,862 84400 0.006
400P LAKE FRANCES Nelay 1.784 484,333 T.973 8,200 0.693
4009 GRAND LAXE 0! THK CAEL0K NenNRT (o740 4hKHLR5T 6e768 14,800 0,038
4011 LAXKE hEFM;w 0enST 0.250 461,000 S5.667 9,000 0.036
4011 KEYSTONnE RESFRVOIR Ne136 0.690 484,303 2l.427 14,900 0096
4012 O00LOGAH LAKE 04059 0.580 4A3,000 5.137 14,600 0,031
4013 TENKILLFR FEOQY RESERVQ] 0,036 04550 435,500 6646 15,000 0.016
40lae  LAKE TrUNPERRTRD a.na7 Ge150 465,000 Bos22 12.000 0009
4015 WwISTER RESERVOIR D.080 0.230 478,500 4.R1l2 15,000 0.016

4834 TEXOMA LAxc ’ 0.Nns5 DelhD 4604875 12.32% 14,600 0.014



PERCENT OF LAKES wITH HIOGrES VALUES (NUMBFK OF LAKES wWITH RHIGHFR VALUES)

LAKE MENTAN MEDIAN 500- MEAN 15= MEDTAN
CODE LAKE NamF TAOTAL ¥ INORG N MEAN SEC CrHLOKA MIN DO DISS ORTWD P
4001  ALTUS WISFRYNTR AN () 100 ( 1b5) a7 (T 13 ¢ &) 80 ( 11 73 C 1))
a002 AQBUCKLE LAKE 100 ¢ 15) S0 (13) 93 { 14) 53 ( R) 33 t &) 93 ( ls)
00 LARE FLLSHARTS an (12) en € 13) B0 12) 32 (%) 60 ( 9) H?T (1Y
4004 LAKE EUFAILA 20 () 33 ( 5) 27 (&) 100 ¢ 15) a7 T 33 (&)
400 FCPT CNAg RETE2U)TIH 73 0011 73 0 1) A7 (13 7 1) sJ ( 11) of ( 10}
4006 FORT SUPPLY WesSkrvOIR 33 ¢ 3) 67 ( 19! 0 ¢« 0) 21 (&) 100 ¢ 15) 60 ( Q)
40NnN7  FNSS oM WESERVOLY 93 ( 14%) K ( 12) e (9 87 ( 13) 80 ( 11} 100 ¢ 1)
4008 LAKE FHANCES ¢ ¢ Q) v ¢ 0) 7T ( 1) 47T ¢« T 93 ( la) 7 1
4009 GRAND LAKE Q' THE ChFE-OK 12 ¢ 2y T D 40 ( 6) 60 (  9) 20 ¢ 3) 13 )
4010 LAKE HEFNE® al (7 40 (  6) 67 ( 10) 73 ¢ 11) 67 ( 10} 20 (N
60il KEYSTONE RESERVOIR T 1 13 ¢ /2) 13 ¢ 2) o« 0) 13 ¢ 2) 0 ( 0)
4012 OO0LNGAH LAKE N (6} 20 (3 20 ¢ 3 80 ( 12) 33t &) 27 (4}
4013 TENKILLER FERRY RESERVO] 67 ( 10) 27 (  4) 100 ¢ 15) 67 ( 10) 3¢ 0) 50 ¢ M
60146 LAKE THUNDERRIRD 87 (13 60 (  9) 53 ( &) 40 () 53 ( 8) 80 ( 12)
4015 WISTER RESERVAIK 27 (@) «l ¢ 1) 33 (%) 93 ( 14) 3¢ 0 40 (&)

48346  TEXOMA LAKE &3 ( 8) 53 ( 8) 73 (1) 20 (3 33 (¢ &) 50 ¢ )



