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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
planning [§303(e)], water quality criteria/standards review
[6303(c)], 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 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 policies by the U.S. Environmental Protection
Agency and to augment plans implementation by the states.
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REPORT ON LUNA LAKE, ARIZONA
STORET NO. 0404

I.  CONCLUSIONS
A.  Trophic Condition:*

Based on Survey data and field observations, Luna Lake
is considered eutrophic, i.e., nutrient rich and highly pro-
ductive. 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 the lake ranged from 1.7 ug/1l
to 4.2 pg/1 with a mean of 3.4 ug/1. Potential for primary
production as measured by algal assay control yields was high
throughout the sampling year. Of the 11 Arizona lakes sampled
in 1975, none had higher median total phosphorus values
(0.182 mg/1), 7 had higher median inorganic nitrogen levels
(0.050 mg/1) and none had higher median orthophosphorus values
(0.131 mg/1) than Luna Lake.

Survey limnologists reported floating mats of algae during
April sampling and algal blooms on the June and September samp-

ling dates.

*See Appendix E.



Rate-Limiting Nutrient:
The algal assay results indicate that Luna Lake was limited
by available nitrogen during both sample collection times (04/30/75,
10/06/75). The lake data further suggest primary limitation by
nitrogen in Luna Lake throughout the sampling year.
Nutrient Controllability:
1. Point sources -
During the sampling year, point sources were calculated
to contribute 18.4% of the total phosphorus load to Luna Lake.
The Alpine Conservation Center contributed this entire load.
The present phosphorus loading of 1.90 g P/m2/yr to Luna
Lake is over three times that proposed by Vollenweider (1975)
as "eutrophic" for a lake of such volume and retention time.
While elimination of point source loading to the lake would
substantially reduce the overall load, nutrient input would
still exceed Vollenweider's eutrophic level. Evaluation of
surrounding land use practices is needed to determine "noﬁpoint"
nutrient sources before‘further recommendations on nutrient
controllability can be made.
2. Nonpoint sources -
Nonpoint sources, including precipitation, contributed
81.6% of the total phosphorus load to Luna Lake during the
sampling year. The San Francisco River contributed 64.9%
and ungaged drainage areas were estimated to have contributed

15.8% of the total.
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LAKE AND DRAINAGE BASIN CHARACTERISTICS

Lake and drainage basin characteristics are itemized below.
Lake morphometry data were provided by N.L. Rathbun (1974). Tribu-
tary flow data were provided by the Arizona District Office of the
U.S. Geological Survey (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 methods as outlined in National Eutrophi-
cation Survey (NES) Working Paper No. 175. A table of metric/
English conversions in included as Appendix A.
A. Lake Morphometry:

Surface area: 0.30 kmz.

Mean depth: 2.5 meters.

Maximum depth: 6.3 meters.

Volume: 0.742 x 106 m3.

Mean hydraulic retention time: 107 days.

TN —



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

1. Tributaries «
Drainage2 Mean Flow
Name area (km (m3/sec)
A-2 San Francisco River 75.4 0.10
Minor tributaries and
immediate draingage - 17.8 0.01
Total 93.2 0.11
2. Qutlet - A-1 San Francisco River 93.5 0.08

C. Precipitation:

1. Year of sampling: 32.0 cm.
2. Mean annual: 28.8 cm.



ITT.

LAKE WATER QUALITY SUMMARY

Luna Lake was sampled three times during the open-water season
of 1975 by means of a pontoon-equipped Huey helicopter. Each time,
samples for physical and chemical parameters were collected from
two stations on the lake and from one or more depths at each station
(see map, page v). During each visit, depth-integrated samples
were collected from each station for chlorophyll a analysis and
phytoplankton identification and enumeration. During the first and
last visits, 18.9-liter depth-integrated samples were composited
for algal assays. Maximum depths sampled were 4.6 meters at Station
01 and the surface 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 maximum
depth for each site. Results of the phytoplankton counts and chloro-
phyll a determinations are included in III-B. Results of the limiting

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

1. Phytoplankton -

Sampling
Date

04/30/75

06/18/75

10/06/75

Dominant

QB WM =
« o o e

Q1B W N =

W N =

Genera

Cryptomonas
Chroomonas?
Cyclotella

Synedra
Ankistrodesmus

Other genera
Total

Oscillatoria
Anabaena

Fragilaria
Aphanizomenon

Cryptomonas

Other genera

Total

Cryptomonas
Oscillatoria

Nitzschia

Other genera

tha]

Algal
Units
Per ml

2,990
1,627
308
132
88

44

5,189

420
262
210
105
105

1,102
34
34

102



Chlorophyll a -

Sampling Station Chlorophyll a
Date Number (ug/1)
04/30/75 01 4.2

02 ---
06/18/75 01 4.0

02 1.7
10/06/75 01

ow
o —

02



C. Limiting Nutrient Study:

1. Autoclaved, filtered, and nutrient spiked -

a. 04/30/75

Ortho P Inorganic N Maximum Yield
Spike (mg/1) Conc. {mg/1) Conc. (mg/1) (mg/1-dry wt.)
Control 0.110 0.044 6.2
0.05 P 0.160 0.044 6.9
0.05P+1.0N 0.160 1.044 36.3
1.00 N 0.110 1.044 33.5
b. 10/06/75

Ortho P Inorganic N Maximum Yield
Spike (mg/1) Conc. (mg/1) Conc. (mg/1) (mg/1-dry wt.)
Control 0.280 0.140 13.3
0.05 P 0.330 0.140 13.7
0.05P+1.0N '0.330 1.140 © 47.9

1.00 N 0.280 1.140 48.6
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Discussion -

The control yields of the assay alga, Selenastrum capri-

cornutum*, indicate that the potential for primary productivity
in Luna Lake was high at bpth sample collection times (04/30/75,
10/06/75). In both samples, the addition of nitrogen alone and
in combination with phosphorus produced a significant increase
in growth over that of the control, indicating nitrogen limitation.
Spikes of only phosphorus did not stiﬁu]ate growth significantly
beyond control yields. |

The mean inorganic nitrogen to orthophosphorus ratios (N/P)
in the lake data were less than one on all three sampling occasions
further suggesting primary limitation by nitrogen (a mean N/P

ratio of 14/1 or greater generally reflects phosphorus limitation).

*For further information regarding the algal assay test procedure
and selection of test organisms, see U.S. EPA (1971).



IV.

1

NUTRIENT LOADINGS
(See Appendix D for data)

For the determination of nutrient loadings, the Arizona
National Guard collected monthly near-surface grab samples from
each of the tributary sites indicated on the map (page v), except
for the high runoff months of April and May when two samples
were collected. Sampling was begun in December 1974, and was
completed in November 1975.

Through an interagency agreement, stream flow estimates for
the year of sampling and a "normalized" or average year were pro-
vided by the Arizona District Office of the USGS for the tributary
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/ka/year in San Francisco River, at
Station A-2 and multiplying the means by the ZZ area in km2.

Nutrient loads for the Alpine Conservation Center wastewater
treatment plant were calculated from provided monthly chemistry

data and estimated flows.



12

Waste Sources:

1. Known municipal -
Pop.* Mean Flow Réceiving
Name Served  Treatment* (m3/d x 103) Water
Alpine 112 Activated 0.042** Unnamed Creek/
Conservation Sludge San Francisco River
Center

2. Known industrial - None

*Provided by treatment plant operator.
**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 San Francisco River 370 64.9
b. Minor tributaries and immediate

drainage (nonpoint load) - 90 15.8
¢. Known municipal STP's -

Alpine Conservation Center 105 18.4

d. Septic tanks - None Known
e. Known industrial - None

f. Direct precipitation* -

'm
o
ve)

Total 570 100.0%
2. Outputs - A-1 San Francisco River 540

3. Net annual P accumulation - 30

*Estimated (See NES Working Paper No. 175).
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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 San Francisco River 3,165 69.9
b. Minor tributaries and immediate
drainage (nonpoint load) - 750 16.6
c. Known municipal STP's -
Alpine Conservation Center 285 6.3
d. Septic tanks - None Known
e. Known industrial - None
f. Direct precipitation* - 325 7.2
Total 4,525 100.0%

2.  Qutputs - A-1 San Francisco River 2,320

3. Net annual N accumulation - 2,205

*Estimated (See NES Working Paper No. 175).
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Mean Annual Nonpoint Nutrient Export by Subdrainage Area:

Tributary kg,P/kmz/yr kg,N/ka/yr
San Francisco River 5 42

Yearly Loadings:

In the following table, the existing phosphorus loading is
compared to the relationship 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 Tight penetration
is severely restricted from high concentrations of suspended solids

in the surface waters.

Total Yearly
Phosphorus Loading

(g/m2/yr)
Estimated loading for Luna Lake 1.90
Vollenweider's "eutrophic" loading 0.58

Vollenweider's "oligotrophic" loading 0.29
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VI. APPENDICES

APPENDIX A
CONVERSION FACTORS



CORVERSIOM TACTCRS

Hecteves x 2,471 = acres

iCiYometers » 0.6214 = miles

Feters x 3.281 = feet

Cubfc meters » 8.107 x 10'4 = acre/feet
Square kilometers x 0.3861 = square miles
Cubic meters/sec x 35.315 = cubic feet/sec
Centimeters x 0.3937 = inches

Kifograms x 2.205 = pounds

Kilograms/square kilometer x 5.711 = 1bs/square mile
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APPENDIX C
PHYSICAL AND CHEMICAL DATA
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00665
UATE TIME DEPTH rRUS=TUT
FROM OF
o DAY FEET MG/L P
75704730 11 05 0000 Uelbs
75706718 11 30 0000 0160
75710706 10 Q0 0000 Ue658

K VALUE KNOWN TO BE LESS
THAN INDICATED

00300
ou

MG/L

32217
CrlrPHYL

A
uG/L

Q0077 00094
TRANSP CnDUCTVY
SECCHI Fletv
INCHES MICROMKHOU

192

225

48 174
Goo3l
INCUT LT
REMNING
PERCENT

040402
33 49 90.0 109 0o 33.0 3
LUNA LAKE
Qeuvl ARIZUNA
llerPaLES 760109 2111202
QuU«s FEET OUErTH  CLASS 00
004900 0Q4lv 00610 ug62s
[adal 1 aLx NH3=nN TOol xJtL
CACOs TUTAL N
Su MG/L MG/L Me/L
Heb(0 o4 0.030 G700
F450 103 0.020K Oe00U
3,80 116 0,040 1.000

v063y
NOZENG3
N=T10Taw

16 /L

0.(20K
U.020K
0.020K

00071
PHOS=UIS
ORTHO
Mo/ P

O0.116
0.128
0.33¢



APPENDIX D

TRIBUTARY AND WASTEWATER
TREATMENT PLANT DATA



STORET RETRIEVAL UATE 76/11/3v

NATL EUTROPHICATION S ‘EY 0404A1
EPA=- LAS VEGAS 33 49 38,0 109 04 45.0 4
SAN FRANCISCU wIVER
s 15 ALVINE
O/LUNA LAant 110491
BNK BELO SPLaAY 4,5 M] ESt OF ALPINE
11EFALES 21112u4%
0000 FEET OE¥YTmn CLASS 00
00630 00625 00610 00671 00665
DATE TIME DEPTH NO2&NO3 TOT KJUEL NH3=N PHOS~0IS PHOS~TOT
FROM OF N=TQOTAL N TOTAL ORTrO
T0 UAY  FEET MG/L MG/L MG/L MG/L F MG/L P
T4s12708 11 15 0,032 1700 0.025 0.115 0.220
75702701 10 40 Ue008 14500 04,024 0.144 0.170
75703708 11 10 0.008 06975 0,028 0.192 0,240
75704705 09 10 4,730 0.5%0 0,050 0.180
75704718 17 45 04005 0.650 0,020 0.145 0.180
79705702 09 35 0.00% 0750 0,025 0.120 0.165
75/05/18 07 00 04015 04350 0,019 0.125 0.220
75/06/15 09 00 U.010 0.650 0,025 0,100 0,153
75707716 09 15 0.010 1,100 0,030 0,090 0.150
75708716 17 00 0.015 0.850 0.055 0,230 0.250
75709711 11 05 0,030 1,200 U.090 0e200 0,230
79710713 16 50 0.050 1.000 0,030 0.240 0.260

75/11/15 12 25 0.060 0.900 0.020 0.250 0.290



STORET RETRIEVAL DATE 74/11/30

NATL EUTROPHICATION St =Y 0404A2

EPA- LAS VEGAS 33 49 55.0 109 06 30.0 4
SAN FRANCISCO HIVEW
o0& 1> ALPINE
T/LUNA LAKE 110491
DRT RO BRODG 247 M1 E£SE OF ALPInt
11EPALES 2lilege
0000 FEET UEFTH CLASS 00

00630 00625 00610 00671 00665
DATE TIME DEPTH NO2LNO3 TOT KUEL NH3=N PHOS=DIS PHOS=-TOT
FROM of N=TUTAL N TOTAL ORTHO
T0 DAY FEET MG/L MG/L MG/L MG/L P MG/L P

T4/12/708 11 30 0e.008 0.600 0,010 0.090 0.105

75s02/701 11 10 0.006 1.100 Ve02¢ Oellz 0,130

75703798 11 20 0.008 1.050 0.094 0.128 0.190

75704705 09 30 0.005 0.750 0,040 0.090 0.110

75704718 18 00 0,005 0,700 0.025 0.105 0.130

75/05/702 09 3> 0.005 0.700 0,015 0.070 0.100

75705718 07 12 G.010 1.275 0,030 0.115 0,140

75706715 09 15 0.005 1.100 0,025 0.170 0,190

75,07716 09 30 0.005 0.600 0,025 0.158 0.180

7S5s08716 17 15 0.005 0,750 0,020 0.115 0,140

75709711 11 20 Ue002 1.900 0,085 0.240 0.275

75/10/13 17 00 0.00S 0.700 0.02 0.230 0.280

75711715 12 S0 0.005 1.600 0.020 0.125 0.170



STORET RETRIEVAL VATE 76/11/30

NATL tUTROPRICATION S:. vEY 0404XA AS0404XA »000112
EPA- LAS VEGAS 33 51 00.0 109 08 30.0 &
ALPINE CURKe CENTER
06 15 alLPINE
T/ZLUNA LAKE 1104ev]
UNNAMED CREEK
l11EPALES 2141204
0000 FEET OEPTHR CLASS 00
00630 00625 00610 00671 00665 S0051 50053
DATE TIME DEPTH NO2&NO3 TOT KUEL NH3=N PHOS=DIS PnOS-TOT FLOW CONDUIT
FROM OF N=TuTAL N TO1AL ORTHU RATE FLOW=MGD
T0 DAY FEET MG/L MG/L MG/L MG/L ¥ MG/L P INST MGu MONTHLY
7%/07/711 13 1> Vel2% 30.000 18,000 8.600 8.600
75707731 14 00 Ve025 15,500 T+400 6.800 7.600
75/708/22 Be400 10.500 0.120 7000 T.700
75709715 08 45 3.400 5,700 0.100 2.900 3.500
15/10/06 10 15 5,000 9.200 0.082 4,400 44900
7-/11/710 10 30 94200 20,000 0,043 5.300 10,000
75712708 10 30 1V.500 8,000 (o340 4.900 8,700
76701719 15 30 11.500 6,200 0.037 4,890 5.800

Te/06/13 10 00 6,400 6,700



APPENDIX E

PARAMETRIC RANKINGS OF LAKES
SAMPLED BY NES IN 1975

STATE OF ARIZONA

Mean or median values for six of the key parameters evaluated
in establishing the trophic conditions of Arizona lakes sampled
are presented to allow direct comparison of the ranking, by parameter,
of each lake relative to the others. Median total phosphorus, median
inorganic nitrogen and median dissolved orthophosphorus levels are
expressed in mg/1. Chlorophyll a values are expressed in ug/1.
To maintain consistent rank order with the preceding parameters,
the mean Secchi disc depth, in inches, is subtracted from 500.
Similarly, minimum dissolved oxygen values are subtracted from 15

to create table entries.



LAKE DATA TO BE USED IN RANKINGS

LAKE . MEDIAN MEDIAN 500~ MEAN 15- MEDIAN
CODE LAKE NAME TOTAL P INORG N  MEAN SEC CHLORA MIN DO  DISS ORTHO P
0401 BIG LAKE 0.032 2.090 3864000 2.900 9.000 0.007
06402 FOOLS HOLLOW 0.059 0.090 4664600 10.633 140800 Ge0l4
0403 LAKE HAVASU 04015 0.179 420.231 3.548 10.800 0.005
0404 LUNA LAKE . 0.182 0.050 3964250 3.400 12.200 0.131
0405 LYMAN LAKE 04099 0.060 4844667 2.633 9.009 0.056
0406 LAKE MOHAVE 0.017 0.240 369,667 4.404 84600 0.010
0407 LAKE PLEASANT 04027 0.040 449,154 9.808 144900 04004
0408 LAKE POWELL 0.009 0.400 239.000 1.333 12.200 0.010
0409 RAINBOW LAKE 0.046 04045 440.759 16.367 12,000 0.009
0410 ROOSEVELT LAKE 0.020 0.040 4294917 4.073 14.000 0.008
0411 SAN CARLOS. RESERVOIR 04056 0.060 474,500 14.750 14.600 0.009

3201 ULAKE MEAD 0.020 0.505 453,600 1.150 8,000 0.007



PERCENT OF LAKES WITH HIGHER VALUES (NUMBER OF LAKES WITH HIGHER VALUES)

LAKE ; MEDIAN MEDIAN 500~ MEAN 15~ MEUIAN
CODE LAKE NAME TOTAL P INORG N MEAN SEC CHLORA MIN DO DISS ORTHO P
0401 BIG LAKE 45 ( 5) 41 € &) 82 { 9 73 ( 8) 77 ( 8) 73 ¢ 8)
0402 FOOLS HOLLOW 18 ¢ 2) 41 ¢ 4) 18 ( 2) 18  2) 9 ( 18 (2
0403 LAKE HAVASU 91 ( 10) 27 ( 3 6a 7 55 ( 6) 64 ( 7) 91 ( 10
0404 LUNA LAKE 0« 73 ( 8) 73 ( 8) 64 ( 7) 41 (&) 0 ¢ 0)
0405 LYMAN LAKE 9 ( 1) 64 ¢ T 0 ¢« 0 82 ( 9) 77 ( 8) 9 1
0406 LAKE MOHAVE 82 ( 9)" 18 t 2 91 ( 10) 36 (&) 91 ( 10) 32 ¢ 3)
0407 LAKE PLEASANT sS ( 6) 95 ( 10) 36 ( 4) 27 ¢ 3) 0 ¢ 0 100 ¢ 1D
0408 LAKE POWELL 1060 ¢ 1) 9 ¢ 1) 100 ( 11) 91 ( 10) 41 (&) 32 ¢ 3
0409 RAINBOW LAKE 36 ( 4) 82 ( 9) 45 ( 5) ot 0) 55 ( 6) 45 ( 5)
0410 ROOSEVELT LAKE 68 ( T 95 ( 10) 55 ( 6) 45 ( 5) 27 (D 64 ( 1
0411 SAN CARLOS RESERVOIR 27 ¢ 3 55 ( 6) 9 ¢ 1) 9 ( 1 18 ( 2 55 ( 6)

3201 LAKE MEAD 68 t 7) 0 ( 0) 27 ( 3) 100 ( 1)) 160 ¢ 11) g2 ( 9



