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ii
FOREWORD.

The- National Eutrophication Survey was initiated in 1972 in
responseto 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

lanning [§303(e)], water quality-criteria/standards review
E§303(c 1, clean lakes.[§314(a,b)],.and:water quality monitoring
[8106.and §305(b)] activities mandated. by the Federal Water
Pollution Control: Act Amendments- of 1972..
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Beyond the single lake analysis, broader based correlations
between nutrient concentrations (and loading) and trophic condition
are teing 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 policies 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 OKLAHQMA

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 Thunderbird

Hister Reservoir

COUNTY

Greer, Kiowa
Murray
Caddo, Comanche

Haskell, McIntosh,
Okmulgee, Pittsburg

Caddo
Woodward
Custer
Adair

Mayes, Delaware, Craig,
Ottowa

Ok 1ahoma

Tulsa, Creek, Osage, Pawnee
Nowata, Rogers

Cherokee, Sequoyah
Clevetland

LeFlore
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REPORT ON ALTUS RESERVOIR, OKLAHOMA
STORET NO. 4001

I.  CONCLUSIONS
A. Trophic Condition:*

On the basis of field observations and Survey data,
Altus Reservoir is considered eutrophic, i.e., nutrient rich
and highly 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 lake.

Chlorophyll a values in Altus Reservoir ranged from
7.3 ug/1 in the summer to 26.8 pg/1 in the fall, with a mean
of 14.8 pg/1. Potentials for primary production as measured
by algal assay control yield were moderate in spring and high
during October sampling. Of the 16 Oklahoma lakes {including
Lake Texoma) sampled in 1974, 9 had higher median total phos-
phorus values, 15 had higher median inorganic nitrogen values,
and 11 had higher median orthophosphorus levels than Altus
Reservoir.

Survey limnologists did not report any problem algal

blooms or aquatic macrophytes during their visits to the lake.

*See Appendix E.



Rate-Limiting Nutrient:

Mean inorganic nitrogen to orthophosphorus (N/P) ratios in the
lake data were 11/1 or less on all sampling occasions, indicating
primary Timitation by nitrogen in the reservoir. Algal assay results
suggest Altus Reservoir was 1imited by available phosphorus levels
in March and colimited by both phosphorus and nitrogen during October
sampling.

Nutrient Controllability:
1. Point sources -
During the sampling year there was one known point source,

Quartz Lodge, .impacting Altus Reservoir. However, no chemistry

or flow data are available on .the plant at this time and

nutrient loadings for the plant are not included in the lake
nutrient budget (pp. 15 and 16). In addition, it is suspected
that a portion of the sewage treatment plant effluent from

Granite, released to ground, ultimately will impact Altus

Reservoir, but estimates of loading directly attributable to

this source are not presently available.

The present estimated annual phosphorus loading of

0.42 g P/m2/yr to the reservoir is greater than that proposed

by Vollenweider (1975) as "eutrophic" for a lake with such

volume and retention time. Additional investigation is needed
to determine loading levels contributed by the Quartz Lodge

plant.
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2. Nonpoint sources -

Nonpoint sources (including precipitation) contributed
all of the calculated loading to Altus Reservoir during the
sampling year. The North Fork Red River contributed 88.9%,
Lake Creek contributed 2.7%, and ungaged drainage areas contri-
buted an estimated 4.2%.

The phosphorus export rates of the North Fork Red River
and Lake Creek were 2 and 3 kg/ka/yr, respectively, (see
Section IV-D). The rates are somewhat lower than those of
the unimpacted tributaries draining into nearby Elsworth Lake*

(range of 3-6 kg/kmé/yr).

*See Working Paper No. 583, "Report on Elsworth Lake".
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LAKE AND DRAINAGE BASIN CHARACTERISTICS

Lake and drainage basin characteristics are itemized below.
Lake morphometry data were provided by the Oklahoma Department of
Pollution Control. Tributary flow data were provided by the
Okiahoma District Office of the U.SL Geological Survey (USGS).
Qutlet drainage area inciudes the lake surface area. Mean
hydraulic retention time was obtained by dividing the lake volume
by mean flow of the outlet. Tributary drainage areas plus the
lake surface area do not equal the outlet drainage area probably
because of differences in the pool elevation used by the different
sources in their calculations. 'Precipitétion values are estimated
by methods as outlined in National Eutrophication Survey (NES)
Working Paper No. 175. A table of metric/Eng]ish conversions is
included as Appendix A.
A. Lake Morphometry:

Surface area: 25.41 kmz.

Mean depth: 6.4 meters.

Maximum depth: 23.5 metgrs.

Volume: 162.624 x 106 m3.

Mean hydraulic retention time: 759 days (2.1 yr).

R wnhny~
L] L[] - . .



B.

C.

Tributary and OQutlet:
(See Appendix B .for flow data)

1.

Tributaries -

Name

A-2 North Fork
B-1 Lake Creek

Red River

Minor tributaries and

immediate drai
Tota
2. Outlet -
A-1 North Fork
Precipitation:
1.  Year of sampli
2. Mean annual:

nage -

1s

Red River

ng: 77.7 cm.

63.3 cm.

Dra1nag§
area(km<)

5185.2
107.0

Mean flow

(m®/sec)

3.82
0.1

0.16

4.09

2.48



I1I.

LAKE WATER QUALITY SUMMARY

Altus Reservoir was sampled three times during the open-water
season of 1974 by means of a pontoon-equipped Huey helicopter. Each
time, samples for physical and chémical parameters were collected:
from three stations on the lake (Station 03 was only sampled twice)

and from a number of depths at each station (see map, page V).

During“each visit, depth-intégrated samples were collected from

each station” for chlorophyll a analysis and phytoplankton identifi-
cation and enumeration. During the first and last visits, 18.9-liter
depth-intégrated samples were composited for 'algal assays. Maximum
depths sampled were 9.8 meters at-Station 01, 4.9 meters at

Station 02, and 7.9 meters at Station03. 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. II1I-A- for waters at the surface and.at the maxi-
mum depth for each site. Results.of the-phytoplankton counts and
chlorophyll a detérminations.are included in I1I-B. Results of

the 1imiting nutrient study are presented in III-C.
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B. Biological Characteristics:

1.  Phytoplankton - -

Sampling
Date

03/29/74

06/10/74

10/24/74

Dominant

G W~ W~

D Bwho -

Genera

Oscillatoria
Chroomonas
Carteria
Dactylococcopsis

Stephanodiscus

Other genera
Total

Oscillatoria
Chroomonas
Carteria

Microcystis
Merismopedia

Other genera
Total

Navicula
Oscillatoria
Centric diatoms

Cryptomonas
Lyngbya

Other genera

Total

Algal
Units

per_mi

7,319
232
155

242
212

664
2,962
4,928
1,437

667

205

205

309

7,751



Chlorophyll a -

Sampling Station Chlorophyll a
Date Number (ug/1)
03/29/74 01 10.9
02 11.4
03 --—-
06/10/74 01 7.3
02 9.0
03 8.2
10/24/74 01 25.4
02 19.0
03 26.8



10

C. Limiting Nutrient Study:

1. Autoclaved, filtered, and nutrient spiked -

Ortho P Inorganic N Maximum Yield
Spiked(mg/1) Conc.{mg/1) Conc. (mg/1) (mg/1-dry wt.)
a. 03/29/74
Control .0.010 0.078 0.5
0.05 P 0.060 0.078 2.6
0.05 P+ 1.0N 0.060 1.078 22.2
1.00 N 0.010 1.078. 0.8
b. 10/24/74
Control 0.021 0.178 4.0
0.05 P 0.071 0.178 5.3
0.05 P +1.0N 0.071 1.178 25.5
1.00 N 0.021 1.178 5.7
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Discussion -

The control yields of the assay alga, Selenastrum capri-

cornutum, indicate that potential for primary production was
moderate in Altus Reservoir during spring sampling and high during
autumn. In March, the addition of orthophosphorus alone produced
a significant increase in yield over that of the control, indicat-
ing the sample was phosphorus limited at that time. The addition
of nitrogen alone did not result in a significant increase in yield
over that of the control. In October, additions of either phosphorus
or nitrogen produced similar growth responses, suggesting colimita-
tion by the two nutrients. In both assays, the simultaneous
addition of both phosphorus and nitrogen produced the maximum
yield increase over their respective control yields.

The mean inorganic nitrogen to orthophosphorus (N/P) ratios
in the lake data were 11/1 or less on all sampling occasions,
suggesting that nitrogen was the primary controlling nutrient
1imiting productivity in Altus Reservoir (a mean N/P of 14/1 or

greater generally reflects phosphorus limitation).
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NUTRIENT LOADINGS
(See Appendix D for data)

For the determination of nutrient loadings, the Gklahoma
National Guard collected a number of monthly near-surface grab
samples from each of the tributary sites indicated on the map
(page v), including the high runoff month of April when two
samples were collected. Sampling was begun in December 1974,
and was completed in September 1975.

Through an interagency agreement, stream flow estimates for
the year of sampiing and a "normalized" or average year were
provided by the Oklahoma District Office of the USGS for the
tributary sites nearest the lake.

In this report, nutrient loads for sampled tributaries
except North Fork Red River at Station A-1 were determined by
using a modification of a USGS computer program for calculating
stream loadings. Nutrient loads indicated for tributaries are
those measured minus known point source loads, if any. Loadings
for the North Fork Red River, Station A-1, were calculated from
mean annual concentrations and mean annual flows. It should be
noted, however, that loadings for A-1 are calculated from limited
data (Station A-1 was sampled only four times during the 1974

sampling year) and may not reflect actual nutrient loadings from

that tributary.
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Nutrient loadings for unsampled "minor tributaries and
immediate drainage" ("ZZ" of USGS) were estimated by using the
mean annual nutrient loads, in kg/km2/year, in Lake Creek at

Station B-1, and multiplying the means by the ZZ area in kmz.
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llaste Sources:

1. Known municipal -
Pop. gn Flow 3 Receiving

Name Served Treatment /d x 10°) Water
Quartz Lodge* ? ? ? Altus Reservoir
Granite** 900 Stabilization 0.347*** -

pond,

released to

ground
2. Known industrial -~ None

*Peavy, Howard S., personnal communication.
**j,S.EPA, 1971.
***Est1mated at 0.3785 m /cap1ta/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 North Fork Red River 9,520. 38.9

B-1 Lake Creek 290 2.7
b. Minor tributaries and immedi- :

ate drainage (nonpoint load) - 445 4.2
C. Known municipal STP's -

Quartz Lodge ?
d. Septic tanks* - 5 <0.1
e. Known industrial-- None
f. Direct precipitation** - 445 4.2

Totals 10,705 100.0

2. Output - A-1 North Fork Red River 3,910

3. Net annual P accumulation 6,795

*Estimate based on 8 lakeside residences and 1° park..
**Est1mated (See NES Working Paper Mo. 175) ‘
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Annual Total Nitrogen Loading - Average Year:

1. Inputs -
Source kg N/yr
‘a. Tributaries (nonpoint load) -
A-2 North Fork Red River 855,890
B-1 Lake Creek 8,080

b. Minor tributaries and. immedi-
ate drainage (nonpoint load) - 11,220

¢. Known municipal STP's -
Quartz Lodge ?
d. Septic tanks* - 120

e. Known industrial - None
f. Direct precipitation** - 27,435
Totals 902,745
2. QOutput - A-1 North Fork Red River 96,825

3. Net annual N accumulation 805,920

*Estimate based on 8 lakeside residences and 1 park.
**Estimated (See NES Working Paper do. 175).

% of
total

oM~
O o

<0.1

3.1
100.0
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Mean Annual Nonpoint Nutrient Export by Subdrainage Area:

Tributary kg P/kmé/yr kg,N/ka/yr
dorth Fork Red River 2 : 165
Lake Creek 3 76

Mean Nutrient Concentrations in Ungaged Streams:

Mean Total P Mean Total N

Tributary (mg/1) (mg/1)
C-1 Unnamed Stream 0.208 . 2.704

Phosphorus levels in Unnamed Stream, tributary C-1, are
substantially higher than those found in the other gaged tributaries
to Altus Reservoir. The reasons for these inflated phdsphorus values

are not known.
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Yearly Loading:

In the following table, the existing phosphorus annual
lToading is compared to those 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 “"mesotrophic" loading would 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

(a/m?/yr)
Estimated loading for Altus Reservoir 0.42
Vollenweider's "eutrophic" loading 0.34

Vollenweider's "oligotrophic" loading 0.17
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VI. APPENDICES

APPENDIX A
CONVERSION FACTORS



CONVERSION FACTORS:

Hectares x 2.471 = acres

Kilometers x 0.6214 = miles

Metefs x 3.281 = feet

Cubic mecters x 8.107 x ]0-4 = acre/feet
Square kilometers x 0.3861 = squarce miles
Cubic meters/sec x 35.315 = cubic feet/sec
Centimeters x 0.2937 = inches

Kitograms X 2.205 = pounds

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



APPENDIX B
TRIBUTARY FLOW DATA



-TRIBUTARY FLOWN INFORMATION FOR OKLANOMA

03s25/77

LAXE CODE 4001 ALTUS RES.
TOTAL ORAINAGE AREA OF LAKE(SQ KM) S48 e
SUB=DRAINAGE NORMALIZED FLOAS (CMS)
TRIMUTARY ARFA(S) KM) JAN FER MaR APR AT JUN JUL AUG SER
4001A1 Sad0.4 025 0.65 0«85 1.67 1.22 heb4 7.22 8.92 2.32
4001A2 S185.2 1.98 2+55 2+10 3.40 14,50 10011 345 1.33 1,59
00151 107.0 04031 0e037 0e0dd 0,035 04340 0¢253 0.130 0.05v Dell6
00122 17349 0,065 0,051 0.085 Cell9 0.4H1 0396 0.184 0.03¢% Oeloa
SUMMARY
TOTAL DRAINAGE AREA OF LAKE = S480e4 TOTAL FLOAN IN
SUM OF SUB-DRAINAGE AREAS = 5465,.2 TOTAL FLOw QUT
MEAN MONTHLY FLOWS AND DAILY FLOWS(ICMS)
TRIBUTARY MONTH YEAR MEAN FLOW DAY FLOW DAY FLOW DAY FLOW
4001A1 11 Ta 0.034 2 0.034
12 T4 0,034 15 0.034
1 75 0,034 18 - 04034
2 75 0,036 i6 0034
3 75 0.036 16 0.034
4 75 0.034 19 0.034
S 75 0,034 18 0.034
6 75 0.034 2l 0.034
7 75 0,034 27 0.03¢
8 75 0.034 9 0.034
9 75 0,034 13 0.C34
10 75 0.034 5 0.034
4001A2 11 74 5,947 i1 8.212
12 Ta 2.237 14 2.322
1 75 3.256 18 24917
b 75 9.663 16 44,6440
3 75 3.228 15 34455
“ 75 e TN ) 2.180 20 1.897
S 5 124120 11 1.218
7 75 8,778 23 0.793
8 75 2.917
9 75 l.756
10 75 Ue085 5 0.085
4001B8]) 11 T4 0.283 2 04340
12 74 0.1C5 14 0s113
1 75 0.079 13 0,079
2 15 0.113 16 0.125
3 75 0,099 15 0.102
4 75 0.142 S 0.076 26 0.105
S 75 0,088 11 04566 18 04340
) 75 04510 2l 0.0
7 75 0.071 23 040
8 75 0396 9 C.510
9 75 0.042 13 Ga.071
10 75 0042 S 0.003

ocT

1.10
2.32
Oellv
0.167

48494
29.58

NUV

0.28
0,99
0040
0,057

JEC

0.45
l.‘.[’
0,031
0045

“E AN

248
3.22
6,110
J.156



TRIEUTARY FLCa INFORMAT[OW FUR OUnLAAOMA 63725777
LAaKE CODE «Co0l ALTUS RES.

MEAN MONTHLY FLO®S AND OAILY FLOWSICMS)

TRIBJUTARY MONTH YEAR MEAN FLOw DAY FLOw DAY FLOW DAY rLOA
“oulidz 1l Ta 0aa25
12 T4 C.150
1 75 0.113
2 75 0,159
3 75 Ds142
S 75 v.122
6 75 0,708
7 75 0,0v9
8 75 0.538
9 75 0,059
10 75 Ue059



APPENDIX C
PHYSICAL AND CHEMICAL DATA



STORET RET@IEVAL DATE 77703/24
«00101
34 53 15.0 099 17 30.0 «
ALTUS RESERVOIR

] QKL AMDMA
101591
JTrv~a/AMBNT /L AKE 1 1EPALES 04001002
Guidn FEET DRe=Tr CLASS 00

060J10 00300 01077 060934 00400 00«10 00510 00028 00630 00671
JaATE TIME DEPTH WATER o TRANSP CNDJUCTVY PH T ALK N = TuT Kudl  NO2sNO3 PhOS-015S

FrROM OF TEMM SECChI FIELD CACU3 TOTaL N N=-TOTAL ORTAY
T DaYy FEET CENT AG/L INCRHES MIC~OMHQO Su MG/ L Mou/L MG/L MG/L MG/L P
74703729 15 0S5 0000 10.7 30 1685 B35 la46 0,030 0.700 0.030 0,010
16 0S5 0005 1c.7 10.0 1683 8e35 151 0.030 0.700 0.020 0.015
15 0S5 0015 lu.5 10.0 1681 8430 150 0.030 0700 0.020 0.012
1S 05 0030 1C.4 12,0 1674 8430 149 0.030 0.700 0.020 0.010
Tar06/10 10 20 0600 23ec S4 2242 Bel3 146 0.05v 1.000 0,050 0.00v
10 20 o000sS 23,1 Tea 2243 delu 146 0,0Ua0 0.600 0,020 0.006G
10 00 Q315 23.17 T.4 2242 8420 145 V.040 0600 0.020 U.004
10 00 0025 23.7 6.6 2242 8.20 143 0.050 0+500 0.020 0.000
10 00 0032 23.5 6.8 2232 Belh laa V4090 0,600 0,060 0.007
Te/10/24 15 00 0000 16.5 8,6 25 2017 A.19 106 0.040 0.800 0.020K 0.01m
1S n°n 0005 16,5 Re2 2C19 2.19 15 0,050 0600 0.020K 0,011
1S 09 0015 1645 8.C 1957 Be10 23 0.050 04600 0.,020K 0.009
15 00 0026 16.5 7.2 1959 B.15 105 0.120 24300 - 0.020K Q.U2b

K VALUE nNOWN 10 34
LESS THaN INDICATED



STORET RETRIEVAL DATE 77/G3/24
400191
34 33 15,0 099 17 30.0 &
ALTUS RESERVOI?

&G OKL AnUMA
101591
/TYPA/AMBNT/LARE 11EPALES 04901092
0036 FEET DEPT~ {CLASS 0O
Ut 665 32217 ¢=n31
DATE TIME DEFPTH PHOS-TOT CrLePmv.  INCIT LT
FROr OF A REANING
TO LAY  FEET MG/L ® JG/L PERCENT
74703729 15 05 0000 U037 1¢.9
1€ 0S5 0005 11e038
15 ¢S 0C15 0040
15 05 0030 0,040
74706710 12 00 0000 {e04] 7.3
19 ¢co 0091 S0.9
10 00 0005 U.034
10 00 0010 le2

10 00 0015 2.037
1¢ 00 0025 0,034
10 00 0032 0.035
T4/10/24 15 00 €000 14057 25.4
15 00 0005 0.060
15 00 0015 c.076
15 350 0026 Jeu35



STORET RETRIEVAL DATE 77/03/26¢
«@9102
34 55 30.0 099 Iz 15.0 &
nLTud RKESERVUIX

@y OKLAHOMA
101591
/TYRA/AMENT /L ARY 11EPALES L«001002
0020 FEET DE®Thn  CLASS 09
39001u 00300 IN077 0009« 00400 0ysl0 ouslo 00625 00630 00671
DATE TIME DEPTA WATER Co TRANSP CNDUCT VY rn T ALK NH3=N TOT KJUEL NO2&nNO3 PHOS=DIS
FROm of TEue SECCHI FIELD CACO3 TOTAL N N-TOTAL URTHO
10 DAy FEET CENT MG/L INCHES MICROMHO S MG/L MO/L MG/L MG/ MG/L P
14703729 16 45 0000 11,0 30 1701 Hell 130 0.040 0.800 0.030 0,010
16 a5 €005 11.0 10.2 1701 Be40 145 0.040 0.600 0.030 0.012
16 45 0015 10.9 10.2 1701 Be40 146 U030 0.700 0,020 0.010
74706710 11 15 0000 2ueb 33 2245 d45¢ 143 0.050 1.000 0.02¢ 0.00%
11 15 0905 23,7 7.0 2236 7e30 145 0,079 0.600 0.030 0.011
11 15 0016 23406 €.8 2234 8e.1C 146 0,100 0.500 0.070 0.009
Ta/16/24 14 25 0009 166 8.6 18 2013 827 107 0,030 0.900 0.020K 0.000
14 25 €005 1646 8,2 2ull de2S 102 0.030 0.600 0,020K 0.007
14 25 0012 1645 8,6 2015 8.25 101 0.030 0.600 0.020K 0.012
00665 32217 06031
DATE TIME DEPTH PHOS=TOT CHLRPHYL INCOT LT
FROM OF A REMMING
TO DAY FEET MG/L P UG/L PERCENT’
74703729 16 4S 0000 0.036 l11.4

16 45 0005 9.063
16 45 0015 0.039

Ta/06/10 11 15 0000 J.043 9.0
11 15 Co0l S5C.0
11 15 00¢5 r.Cc36
11 15 00G6 1.0
11 15 oolé ve04a6

T4/10/724% 14 25 0000 (.063 19.0
la 25 0005 G060
la 75 0012 0.067

K V4LUE KNOwWN TQ d¢
LESS THAN INDICKTED



STORET RETRIEVAL OATE

/TYPA/AMBNT /L A-E

DATE TIvE

F RO OFf
T0 LAY

74/06/10 10

T4/10/24 la

)
45
a5
49
45
45
45

DEPT ~

FEET

0000
0005
0015
0026
0000
0665
002t

177037264

30010
wATER

TEMe

CENT

Paed
23,46
23.8
23.6
16.6
1646
6.6

00665

DATE TIME DEPTH PHOS-TOT

FROM OF

TO OAaY

74/06/10 10
10
10
10
10
10
Ta/19/24 la
14
lo

45
a5
45
45
S
45
45
45
45

FEET

0300
0001
0005
00068
0015
0026
0002
0065
0021

K ValUE KNUWN TO BE
LESS Tran INDICATED

MGsL P
V.049
L.0638

€.033
J7.042
0.057
0,056
0.061

00300
v

32217
CHLRPHYL
A
UG/L

B.2

26,8

o0aT7
TrANSH
SECCHI]
INCHES

35

0031
INCOT LT
REMNING
PERCENT

5040

1.9

000654
CANUUCT VY
FItLw
M CROMHO

2266
2245
2246
2240
2vl9
2ul19
2uel

400103

34 S 35.0 099 17 4040 &

ALTUS RESERVOIR

4 OKL AMOMA
11£PALES
0030 FEET DePT
Q00400 00uly
PH T ALK
CACO3
Su MG/L
8e2Nn 144
Be22 145
8s40 143
B+30 142
8e27 101
8.27 192
He25 104

luls31
vs00l0ue
n o CLASS (0
00610 00625
NH =iy TOT KJEL
TOTAL N
MG/L MG/L
0.040 0.600
0.040 0.500
0.060 0.500
0.090 0.600
G030 0.600
0.030 v.600
0.040 0.600

00030
NU2HNUD
N-TOTAL

MG/L

0.020
0.020
0.020
0.050
V.020K
0.020K
0.020K

00671
PHOS=-DIS
URTHO
MG/L P

0.010
OQUOQ
0.008
0.010
0,010
0.01d
0.008



APPENDIX D

TRIBUTARY AND WASTEWATER
TREATMENT PLANT DATA



STORET RETRIEVAL DAlE 77/03/2+
4001Al
Ja 53 0040 099 17 50.0 4
ALTUS CANAL

“«0 7.5 LAKE ALTUS

0/aLTUS LARE 101591

AALR OVR IRRGTION CANNL 1000 FT SELUO LM
/T1PA/AMNT/STRE AM LIEPALES 04u01004

0000 FEXT DEPTH  CLASS 0

GC63v 00625 20610 00671 00665

DATE TIME DEPT~ ~024NO3 TOT ®JfL NA3=N Pr0S=01S  PhOSeTOT
FROm or N=TCTAL N TUTAL ORTHO

TO UAY FEET MG/L MG/L MG/L MG/L P MG/L P

75702716 15 20 J.576 1.200 0,072 0.016 0.030

15706/21 14 20 0,100 1,250 2.025 0.010 0.050

75708709 1C S0 2.120 04650 3.120 0.020 0.U60

75/09/13 17 10 14525 0,700 v.060 0,025 0.060



STORET RETRIEVAL uATE 77763724
400142
35 04 25,0 065 22 00,0 4
N FORK REw RIVER

a0 15 RETRIP
[/Z7aLTUS LAKE 1)15v1
ZNDRY RD 3RDG = MI ENE OF wILLOW
/TYSAZAMSNTZSTS A 11€PALES 04001004
0000 FEET DERTH  CLASS uo
30630 00625 91610 0667l 00665
DATE TIME DEPTH NG2ANO3 T0T <JUEL Na13=l P=0%+-)1IS PnCS-TIT
FROM OF N=TOT AL N - TOTaL OFTHOQ
Tu VAY  FEET MG/L MG/L MG/ MG/L P MG/L P
T4/12/711 10 45 0.699 1.450 0.07¢ D015 04119
75/701/18 l« 30 ra712 1.600 0.096 0010 V4050
75703715 10 20 2.672 24800 Cel04 0.032 0el40
75704705 17 20 0.280 1,900 C.040 0.005 G.040
75704720 la 25 V.239 2000 G025 CeQ10 Delld
75735711 10 4S5 .915% 0.450 2.020 0.010 Cel9Y

15767723 10 00 C.0i0 0.6590 0.015 0015 0.070



STIRET <cTRIEVAL VATE 77/93/24

/TYPA/ANSNT/STOEAM

040630

DaTE TIME DEPT= NO2aN03
FRO™ OF N=TOTaAL

TO vay FEET MG/L

T4/127%4 10 15 0.800
75701718 la GO 0.840
75702716 15 00 14660
75763715 10 o0 1.450
75/964/05 17 30 v.500
75704720 l& 15 €360
75795711 10 30 0,600

75709713 17 25 0580

00625
TuT KUEL
N
MG/L

1.500
1599
0.800
1.300
1,400
2.200
1.500
0.750

07610
N el
TLTAL

MG/ZL

0.C90
9136
0e072
0.048
04030
0.035
0.330
6.015

00671
Pn0S=uIS
Ur TR0
MG/L ¥

0s010
0010
0.032
0040
0.015
G010
0.015
D.045

«00ibl

35 03 15.0 069 22 40.0 «

Lant CREEX
&0 15 »
17aLTUS LAKE

ETROP

101591

UK HWwY 6 oROG 7 W UF WILLIW

l11EPALES
0000 FEET

00665
rrUS=TuT

MG/L P

04050
Ce030
0,040
0.200
0.090
0.050
0.120
0.110

DEPTH

04u01004
CLASS 09



STOrET RETRIEVAL JATE 77/63/24

/TYPA/AMSNT /STRE OM

L0530

DATE TI~E DERT~ NUZANG3
FrROM oF N=TOTAL

TQ DAY FEET MG/L
Ta/12/714 11 15 1.960
75/01/18 13 on 2.275
75702716 1S 4S 2.030
75703715 10 40 Bs54u
75/04705 17 00 leaGo
7S5/94/720 14 25 Ce91G
75705711 10 &S 04329
75/706/21 14 40 0.005
75709713 17 00 0.200

K.VALUE KaOwWn TO BE
LESS THAN INOICATED

00625
T0T KJEL
N
MG/L

1.000
0.630
1.0090
S.400
0s700
1.650
1.590
2.200
0.650

03610
NM3=ri
TUTAL

MG/L

0.055
0.032
0.040
0ell2
ve030
0.050
G280
0,035
G025

00671
PRGS=01>
OWTHO
MG/L P

0.005
Ce00SR
0.016
0.108
0.005
0e007
Ced20
ve010
t.025

4p01C1

35 03 50,0 999 20
UNNAMED ST~EAM

0 15 RETRLP

T/7aLTuS LaAKE

orDG N/7S SCTN LNE

11eP4LES
G000 FEET DEXTH
00665

Phus=-TuT

MG/L P

0.030
0.029
0.0206
1.450
0.020
0040
0el20
0.090
0,040

35.0 &

101591
KD 1.3 M1 SE JCT =dY b6
N4001004
CLASS 20



APPENDIX E

PARAMETRIC RANKINGS OF LAKES
SAMPLED BY NES IN 1974

STATE OF OKLAHOMA



LaxF NATA T RE USED IN ~aheINGS

LAKE MENLL reulan s00=- “EAN 15- MEDTAN
CODE LAKE w~a“E TOTAL P INORG N mEAn SEC CHLORA . MIN DO DISS ORTHNO P
400 ALTUS PESERVNIR densl veNON 4hB, 625 14.750 Baulio 0.010
4002 ARBRUCKLE taxf ven20 0,070 443,600 7027 14,600 0.008
4003 LARE ELLSWOLT= e N3 n.070 459,400 Ha430 G,400 0,009
4004 LAKE EUFaULA 0.0kl 0,408 482.513 44,383 14,200 0,029
«005 FO0R’RT COH3 RETEAVOIR (he M 38 velle 454,067 14,567 8.400 G.012
400m FORT SUPPLY PESERVIIP 0.070 0,135 4A5.167 9.733 7.800 Gs01a
40N7 F0Se DA RESFEPVOIR 0027 0,080 463.857 4,862 8.400 0.006
4008 LAKE FRanNCES Del42 1.780 484,333 T.973 8,200 G093
4005 GRAMD LAKF 0' THE CHE=0x V.NB7 0.740 468,857 6,768 14,800 0.038
4010 LaxkE HEFNER D.nS7 0.250 461,000 S5.667 9.000 0,036
4011 KEYSTONE RESFRVOIR 0+136 0.690 +84,303 214427 14,900 0,096
40lz OOLUGAH LAKE 0eN5G 0.5&0 4R3,000 5,137 16,600 0,031
4013 TFNKILLER FERRY RESERVNI Ne03% 0550 435,500 6.646 15.000 0.016
6014 LAKE THUNDERRIRD 0.027 0.150 465.000 B8.422 12,000 0.009
4015 WISTER RESERVIIw Ne0B0 0.230 478,500 4,812 15.000 0.016

4n3se  TEXOMA LAKE 0.n45 0.160 460.875 12.325 14,600 0,016



PERCENT NF L AKES wITH HIGHES

LARE
coDe

LGl
w0np
003
4004
4009
" 4006
«0N7
4008
400G
4010
4011
4yle
40313
4nla
4015

4834

LAKE NAWE

ALTUS weQEwylYo
ABFHCKLE { I<F

LAk ELLS«0-T-

LAKE EUFALILA

ForT Cu%8 ~£RE=yvi[2
FNRT SUPPRLY BESTRuDIR
FNSS DA RESEAVUIK
LAKE FRANCES

GURAND LAKFE (' THE CrbEoor
LAKE HEFNEW

KEYSTONE RESEPYGIw
0O0LOGAR LAKCE

TENFILLE® FEORY <FSFRVNL

LAKE THUNDERBIRD

WISTER RESERVOIR

"TEXDMA LAKE

vaLuES

(NDMBRFR OF | AKES wITh HIGHER VALUES)

YENTAN
TOTLL P
& 9)
100 13)
=9 1¢)
an 3)
73 11
33 )
93 14)
n o)
13 2)
47 n
7 1}
4N 6)
67 1m
87 ( 13)
27 4y
53 3)

MEDT AN

INOWG N
109 ¢ 13)
“h (13
30 0 13
33 (5
T4 1D
AT (10
8o (12}
0o 0)
7 ¢ D
40 (o)
13 ¢ 2)
20 (3
27 (  4)
60 ( 9)
47 M
53 ( 8)

500~
MEAN SEC
«7 T
91 ( la)
s 12)
27T (&)
RT ( 13)
0t 0
60 ¢ 9)
70 1)
4n | é)
67° ( 104
13 ¢ 2)
20 ( 3)
100 ¢ 15)
53 8)
"33 ( 5)
73 «(

27
a7
47

60

B0 (
67 (
40 (
93 (

20

15)
1)
4)

13
7

IJ)

0)
12)
10)

6)

14)

gy

15~
MIN DO
an ( 11
33 (&)
60 (9}
7 (T
80 (11
100 ( 15)
80 ( 11
93 ( 14).
20 ( 3)
67 ( 100
13 ¢ 2)
33 ( a)

3 0)
53 ( &)

3 oM
33 (&)

MEDTAN
DISS 0PT~O P
73 1)
v3 ( 1a)
ol ( 13)
33 ( =)
67 1)
60 9)
100 ¢ 1S)
7 ¢ 1)
13 ¢ 2)
co ¢« 3)
o o)
27T (&)
50 7)
80 ( 12)
40 ( 8&)
50 ¢ . 7)



