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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
E]annin [5303(e)], water quality criteria/standards review

§303(cg], clean lakes [§314(a,b{], and water quality monitoring
[5106 and §305(b)] activities mandated by the Federal Water
Pollution Control Act Amendments of 1972,



iii

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 guideiines and policies by the U.S. Environmental Protection
Agency and to augment plans implementation by the states.
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Banks Lake
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IT.

REPORT ON LOWER GRANITE RESERVOIR, WASHINGTON
STORET NO. 5313

INTRODUCTION

Lower Granite Reservoir was included in the National Eutrophi-
cation Survey (NES) as a water body of special interest to the
Washington Department of Ecology. Tributaries and nutrient sources
were not sampled, and this report relates only to the data obtained
from lake sampling.
CONCLUSIONS
A. Trophic Condition:*

Based upon Survey data Lower Granite Reservoir is consid-
ered 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.

Potential for primary productivity as measured by algal
assay control yield was high in the lake on both sampling
occasions. Secchi disc visibility was only about 1.5 m (60
inches) throughout the lake except at Station 06 where it was
substantially higher. Of the 13 Washington 1akgs sampled in
1975, 2 had higher median total phosphorus levels (0.033 mg/1)

3 had higher median inorganic nitrogen values (0.150 mg/1) and

*See Appendix C.



2 had higher median orthophosphorus levels (0.022 mg/1) than Lower
Granite Reservoir.

Survey limnologists did not observe any problem conditions
during their visits to the lake.
Rate-Limitng Nutrient:

Algal assay results indicate nitrogen limitation in Lower
Granite Reservoir during July sampling and phosphorus limitation
in September. The lake data suggest primary limitation by nitrogen

on both sampling rounds.



II11. LAKE CHARACTERISTICS

A. Lake Morphometry:*

1.
2.
3.
.

Surface area: 36.42 km2.

Mean depth: 13.7 meters.
Maximum depth: 41.2 meters.

Volume: 498.954 x 10° mS.

B. Precipitation:

1.
2.

Year of sampling: 67.0 cm.

Mean annual: 53.1 cm.

*Lake surface area and maximum depth were provided by the Washington
Department of Ecology (1973). Mean depth and volume were estimated
on the basis of National Eutrophication Survey (MNES) data.

AbnalY

1] S Eavironmental Protection Agency
Corvallis Environmental Ressarch Lab.
200 SW 35th Street

Corvallis, Oregon 97330



IV.

LAKE WATER QUALITY SUMMARY
Lower Granite Reservoir was sampled two 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 six stations on the lake and from a number of 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 both visits,
18.9-Titer depth-integrated samples were composited for algal assays.
Maximum depths sampled were 36.9 meters at Station 01, 28.4 meters
at Station 02, 26.5 meters at Station 03, 10.7 meters at Station 04,
9.8 meters at Station 05, and 7.9 meters at Station 06. For a more
detailed explanation of NES methods, see NES Working Paper No. 175.
The results obtained are presented in full in Appendix B 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.



LOWER GRANITE RESERVOIR
STORET CODE 5313

PARAMETER Né&
TEMPERATURE (DEG CENT)
0.-1.5 M DEPTH 12
MAX DEPTHe@ 6
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00200‘00300 00200
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PHYSICAL AND CHEMICAL CHARACTERISTICS
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B.

Biological Characteristics:

1.

Phytoplankton -
Sampling

Date

07/23/75

09/12/75

Dominant

NP wrh -

P WwMN —

Genera

Skeletonema
Centric Diatoms

Fragilaria
Chroomonas

Nitzschia
Other genera

Total

Melosira
Chroomonas
Skeletonema

Cyclotella
Nitzschia
Other genera

Total

Algal
Units

per_ml

630
540
210
60
60

150

1,650

810
778
195
162
130

812

2,887



Chlorophyll a -

Sampling Station Chlorophyll a
Date Number (pg/1)
07/23/75 01 9.6
02 4.5
03 4.2
04 2.5
05 2.6
06 5.1
09/12/75 01 5.1
02 3.7
03 4.5
04 4.9
05 5.3
06 7.5



C. Limiting Nutrient Study:
1. Autoclaved, filtered, and nutrient spiked -

a. 07/23/75 Stations 01-04

Ortho P Inorganic N Maximum Yield
Spike (mg/1) Conc. (mg/1) Conc. (mg/1) (mg/l-dry wt.)
Control 0.008 0.080 3.9
0.05 P 0.058 0.080 4.1
0.05P +1.0N 0.058 1.080 17.2
1.00 N 0.008 1.080 16.0

Stations 05, 06

Control 0.015 0.055 2.8
0.05 P 0.065 0.055 2.9
0.05P +1.0N 0.065 1.055 27.6
1.00 N 0.015 1.055 5.6
b. 09/12/75 Stations 01-03
Control 0.020 0.230 1.1
0.05 P 0.070 0.230 9.7
0.05P +1.0N 0.070 1.230 20.6
1.00 N 0.020 1.230 1.1
Stations 04-06
Control 0.020 0.240 1.6
0.05 P 0.070 0.240 9.4
0.05P +1.0N 0.070 1.240 13.0
1.00 N 0.020 1.240 2.1



Discussion -

The control yields of the assay alga, Selenastrum capri-

cornutum, indicate that the potential for primary production in
Lower Granite Reservoir was high on both sampling occasions
(07/23/75, 09/12/75). During July sampling, the addition of
nitrogen spikes produced a substantial increase in yield over that
of the control, indicating nitrogen limitation. During September
sampling, a significant increase in yield accompanied the addition
of orthophosphorus, indicating phosphorus limitation at that time.
In a1l assays the maximum growth response over that of the control
was achieved with the simultaneous addition of both nutrients.

The mean inorganic nitrogen to orthophosphorus ratio (N/P) in
the lake data were approximately 6/1 and 10/1 in July and October,
respectively, suggesting nitrogen limitation in Lower Granite

Reservoir on both lake sampling occasions.
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VI. APPENDICES

APPENDIX A

CONVERSION FACTORS



CONVERSION FACTORS

Heclares x 2.471 = acres

Kilometers x 0.6214 = miles

Meters x 3.281 = feect

Cubic meters x 8.107 x 1074 = acre/feet
Square kilometers x 0.3861 = square miles
Cubic meters/sec x 35.315 = cubic feet/sec
Centimeters x 0.3937 = inches

Kilograms x 2.205 = pounds

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



APPENDIX B
PHYSICAL AND CHEMICAL DATA



QTNZET RETRIEVAL HATF 7+#/1171m

AT FUTEOO=]CATIOY SadyE Y 5313n1
Eca-1_aS VFGuS 45 39 03.0 117 25 03.0 3
LOWER GRANITF RESERVOTIR
353023 48SHINGTON
11EvRALES 7401146 2111202
0118 FEET DFPTWH  CLASS 00
nnnln n0300 onn77 LLU Y 00400 00410 00610 0nRkR25 0nA0 nns7l
DATF TIME DEPTY wNATER 0o TRLNSP CNDUCTVY PH T ALX NH3=N TOT XJUFL NOPKNND3 PHAS=DIS
£30 - oF TF VP <ECCHI FI1ELD cacnl TOTAL N N=TOTAL ORTHO
™ DAY FFET Ce™NT MG/L INCHES MICROMMO <t MG/L MG/L MG/L MG/L MG/L P
75707723 N9 45 0nnn 19,1 9.4 60 119 A,30 S1 0,020 0.300 0,n20x n,n113
n9 4S5 00NS 19.,n 9,2 116 R,40 49 0,070 0,300 0,030 n,010
N9 4SS nnl1s 18,7 8,6 115 8.30 S0 0,020 N,200x N, Nn40 n,010
N9 45 0Nn3k 17.9 B.6 120 p,00 52 0,020 0.,200K 0,n9n n,022
n9 45 0075 17.4 [,2 119 AR, 00 53 0.050 0.200% 0.110 0,022
09 45 nlj)eé 17,1 q,0 122 7.95 S4 0,060 0,200 N.110 0,019
75%/09/12 09 30 0a0an 1€.1 A.8 60 2217 8,20 99 0,040 0.500 0,1A0 n,01AR
n9 I Nnns 16,7 Re6 263 R, 20 94 0.,020K N.300 0,170 n,o19
N9 30 00n3S 15,7 8.4 223 8.00 81 0.030 0.200 0,190 N,027
09 306 0070 15.3 8.0 216 7.95 79 0.030 0.200 0,190 0.073
N9 30 0121 14,7 7.8 225 A.,10 76 0.040 0.200 0,180 n,022
0066S 32217 00031
DATF TIME NDEPTH PHOS=-TOT CHLRPHYL INCDT LT
FROM oF A RFMNING
10 DAY FEET MG/L P uG/L PERCENT
75707723 09 45 nann 0.073R8 9.6
09 45 0005 N.N33
09 45 NH)S n.,029
ng 45 0035 0,031
09 45 0075 0,031
N9 45 nile n,036
75/n09/712 09 30 0000 0.N42 S.1
09 30 Nn00S 0.061
N9 30 0035 n.031
N9 30 0079 0,032
09 30 0121 0,027

K VALUE KNOWN TO BE LESS
THAN INDICATED



CTNCET ETRIFVAEL NATF T7A/1171A

VAT FUTIAS=ICATION [002VEY f311392

FEA-LAS VERAS 4% 32 55.0 117 15 0S.n0 3
LOwWER GRANTITE 2ESERVOIR
5307S WASHINGTON

11EPALES T7K0116 2111202
nNo97 FEET DEPTH CLASS 00
nnonlo 00300 00077 00064 00400 00410 00410 00APS 00630 nnATI
DaTF TI“E DEPT~ waATFC [8]¢] TRANGP CNDUCTVY PH T ALK NH3=N TOT K JFL  NOP&ND3 PHOS-NTS
F20w NF TF P SECCHTY FIELD caco3l TOTVAL N N=TOTAL 0P T~O
TN Day FEFRTY CFNT MG/ INCHES MICROMHO Su MG/L MG/L MG/L MG /I MG/L P
7I5/n7/723 10 30 0000 18,6 8.7 48 130 AR,10 S7 0,020 0,200 NelnN n,015
10 30 nnasS 1R. 4 B.6 124 R,20 S6 0,020 N.,200K 0.100 0.020
10 30 0015 18,4 B.6 130 R,20 S6 0.020 0.,200% 0,100 nN.n21
10 30 0030 18,4 A,6 130 8.20 59 0,030 0,200 0090 n,029
10 30 00K5 17,9 8.6 128 8,10 56 0.030 0.200 0.100 n,025
10 30 np9? 17.9 B4 130 A.NO ST 0,030 N.200% N 100 n,026
79/09/12 10 10 0none 15.9 9.0 96 261 R.25 82 0,020k 0.200 0,170 n,n19
i¢c 10 o00= 15.9 2,2 260 8,20 8% 0,020k 0,700 0,220 0,023
10 10 002" 15.9 8.4 238 8.20 86 0,020K 0,200 0,220 0,024
10 1n 0045 15.7 8,2 236 e,10 as 0,030 0,200 0,220 0,074
10 10 00nAR1 15.1 8,0 220 R.,20 A7 0,0”?0K 0.200 04220 8,023
NNARS 32217 no0031
DaTE TIME DFPTH PHOS=-TOT CHLRPHYL INCDT LT
FRNOM OF A QFMNING
T0 DAY FFET MG/ P UG/L OFHCENT
75/67/723 10 30 000N N.02R 4,5
10 30 noos 0.02A
10 30 NoLs ne,a0133
10 36 nn3n n,031
10 306 N0KRE D1.NPR
10 3n 00973 n.n2zn
75/09/712 10 10 0000 n,nN36 3.7
10 10 0nQOS n.N36
10 10 002N n.n37
10 10 nna&sS N.034
10 10 003 0.035

£ KNOWN TO BE LESS
¢ VALl‘|‘!}U\N INDICATED



STNRET RETSIFVAL DBATE TA/11/14

NATY FYTRNSSICATI Y SHIRye v 531303

EEA-LAS VEGAS 46 27 05.0 117 12 45.n 3
LOWER GRANITE RESERVOI®
53003 WASHINGTON

11EFALES 760114 2111202
nr9l FEET OF~»T= CLBSS 00
nnolan 20300 00077 nnnay cnsano0 00611 00610 aN&2s onen nnAaTl
DATF TIMF DEPT~ wATER no TwANSP CNAUCTVY PH T ALK NH3=N TOT <JEL NOC&NNA PHNS=N]IS
Foo NF TEMB SECCHI FIELD caco3 TOTaL N N=TOTAL DRTHNO
TO f.ay FFET CFNT MG/, INCHES MIC20MHO S MG/L MG/L MG/L MG/L MG/ZL P
I5/n07/23 10 S5 0004 14,3 Q9,0 S4 129 2,20 SH 0.0”0K N.200K% 0s100 n.o2t
10 85 onqpnc 18,2 8.6 131 A 10 S5 0,020 0.200% NeNSD 0.02°7
10 S5 ool 18.2 8.8 128 8,15 57 0.020 N.200x 0.090 n,020
10 55 0n3n 18,1 1n,2 129 A.15 S5 0,020 0.200% 0.030 0,020
10 5SS 006" 18.1 9.4 129 R.20 57 0.020K Nn.200 0.090 0,020
10 85 0nR7 18,1 8.6 130 8.25 S1 0.020 N.3n0 N.100 n.n273
715704Q/12 10 30 noon 15,9 Q.2 R4 237 R, 25% 8a 0,070k n,300 0,220 Nan2e
10 30 0nnsS 15.9 8.8 236 R, 30 B4 0,0720K Ns400 0,230 0,024
10 30 0029 15.8 846 238 8,20 86 0,070 D.7200% N.?40 N.02%
10 30 005N 15,R 8.8 236 f.,30 as 0.0720 N,7200K 0,740 n,027
10 30 0086 15.7 R.b 234 8.25 1) 0.,0720K 0.200K 0.240 0,025
0NeAhs 32217 00n31
DATE TIME DEPTH PHOS-TOT CHLRPHYL INCDT LT
FROM OF A IFMNING
™0 nay FEET MG/L P G/L PENCENT
1S/07/723 10 S5 ange 0,074 4.2
10 8% 0OOR 0.N24
10 &85 a01% 0.026
10 55 003n 0.N27
10 &8 0050 n,0731}
17 85 Q00R7 N.02R
75709712 10 30 0000 N.N37 4,5
10 30 non= n,nan
10 30 0020 N.N&N
10 30 005n Ne03K
10 30 00430 0.041

K VALUE KNOWN TO BE LESS
THAN INDICATED
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DaTF TIME DEPTH
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FEFET
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0000
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R,25 132 0.070K N300 0600
R,30 122 0.0720 0.400 0.400
AL.25 122 0.020K 0.300 0.41N

NoeTl
PHNS-NIS
ORTHO
MG/L P

N.01R
n.0246
0.019
0,076
0.032
n.o039
nN.041
NaN4&0



STIPET DET~IEVAL DATE 7as11/1%

AT FHTROAR=ICATIN  Su3vfy
EPA-LAS VEGSS
010
DATE TI<E DEPTH  WATER
FDOM Of TrMmD
T Nav  FEET CENT
75707723 12 15 nnon 16.9
12 15 000% 16,4
12 15 nol= 16,4
12 15 00256 16.3
7S/09/12 11 40 onQn 12.7
11 40 0no= 12,7
11 49 002t 12.%6
NNRAS
DATE TIME DEPTH PHNS=-TOT
Frou OF
T0 DAY FEET MG/L P
T&/07/723 12 15 noon NeN14
17 15 anas n.n13
12 15 0015 N.015
12 15 noz2e N.015%
75709712 11 40 oo0o0¢0 n.0A1
11 40 000S 0.014
11 40 np21 0.013

K VALUE KNOWN TO BE LESS

THAN INDICATED

N300
DO

MG/

VD OOD®OP
L]
DI HLOXON

32217
CHLRPHYL
A
UG/L

Sel

00077
ThAMGP
RECCHT
TNCHES

132

1n8

00031
INCDT LT
RFEMNING
PFRCENT

0009
CNDUCTVY
FIELD
MICROMHO

24
23
22
25
17
13
13

531304
46 25 40,0 117 01 08,0 3
LOWER GRANITE RESERVOIR

16069 WASHINGTON
11FPALES 740114 2ll1i12o02
0030 FEET (DELT= CLASS 00
006400 0na&lo 00610 0NA2S 00630
PH T ALK NH3=N TOT KJFL NOP&ANOR
Caco3 TOTAL N N=-TOTAL
Sil MG/L MG/L MG/L MG/L
R,05 16 0.020K 0,200 0.,Nn20
7.70 13 0,020 0,200 0,020K
7.60 la 0,020 0,”200x 0,020K
7.60 16 0,020 0,200x 0,02nK
A,25 114 0,070K 0,300 0,380
R,25 la 0,0720K 0,300 N,N3N
R, 00 15 0.,070x n,300 0.,020K

nonTl
PHNS=NIS
0RPTHO
MG/L P

0.006
0,009
0,011
0,010
n.037
0,007
N,00%



APPENDIX C

PARAMETRIC RANKINGS OF LAKES
SAMPLED BY NES IN 1975

STATE OF WASHINGTON

Mean or median values for six of the key parameters evaluated
in establishing the trophic conditions of Washington 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.



-AKE DATA TO BE USED IN RANKINGS

- AKE MEDTIAN MEDIAN 500~ MEAN 15~ MEDIAN
CODE LAKE NAME TOTAL P INORG N MEAN SEC CHLORA MIN DO DISS ORTHO P
5301 AMERICAN LAKE 0.027 0.105 343.000 4.822 15.000 0.007
35302 BANKS LAKE 0.021 0.040 364.533 T.373 ., 10.800 0.007
5303 CHELAN LAKE 0.00S 0.070 111.900 0,905 6,400 0.003
5304 ODIAMOND { AKE ’ 0.014 0.060 303,667 14,537 14.200 0.010
3305 GREEN LAKE 0.0n27 0.050 415.000 2.983 10.600 0.009
5306 KEECHELUS LAKE 0.007 0.040 280,250 1.400 9.200 0.002
3307 MAYFIELD LAKE 0.014 0.100 402.000 4,250 10.600 0.007
5308 MEDICAL LAKE 0.275 0.225% 401.714 16.425 15.000 0.166
5309 MOSES LAKE 0.115 0.150 463,600 29.060 14,600 0.038
5310 O07ETTE LAKE 0.n10 0.110 403.333 1.225 7.200 0.009
5311 SAMMAMISH LAKE 0.015 0.210 374,000 7.290 14,600 0.006
5312 WHATCOM LAKE 0.009 0.320 288,000 3.422 10.R00 0.009

5313 LOWER GRANITE RESERVOIR 0.033 0.150 435.500 4,875 7.200 0.022



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

LAKE
CoDE

5301
5302
$3n3
S304
$305
5306
5307
5308
5309
S310
5311

5312

5313

LAKE NAME
AMERTCAN LAKE
BANKS LAKE
CHELAN LAKE
DIAMOND (AKE
GREFN LAKE
KEECHELUIS LAKE
MAYFTELD LAKE
MEDICAL LAKE
MNSES LAKE
OZETTE LAKE
SAMMAMISH |AKE

WHATCOM LAKE

LOWER GRANITE RESERVOIR

MENTAN
TOTAL P
29 ( 3)
42 ( 5)
100 ¢ 12)
6?7 ( 7)
29 (¢ 3
92 (1)
62 ( T)
0o (¢ 0)
8 ¢ 1)
75 ¢ 9)
50 ( 6)
83 ( 10}
17 ¢ 2

MEDIAN

INORG N
50 ( 6)
100 ¢ 12)
67 { &)
5 ( 9)
83 (1
%92 (11
S8 (T
8 ¢ 1
29 )
42 ( 5)
17 ¢ 2)
o« 0)
29 (3

500~

MEAN
67
58

100
75
17
92
33

42

25
50
83

SEC

« 8)
«t N
(12
« 9
( 2)
(1
(t &)
t 5)
« 0)
« 3)
« 6)
« 10)
t 1

MEAN
CHLORA
S0 ( 6)
25 (¢ 3

100 ¢ 12)
17 ¢ 2)
5 ¢ 9
83 ( 10)
S8 ¢ 7

8 ¢ 1)

o« o
92 ¢ 11
33 ¢ &)
67 ¢ 8)
42 ( S)

15~
MIN DO

4 (. M
46 ( S)
100 ¢ 12)
33 ¢ &)
6?2 ( T
75 (9
62 ( 7)

4 ¢ 0)
21 ¢ 2)
87 ( 10)
21 ( 2)
46 ( S)
87 ( 10)

YEDIAN

DISS ORTHO P

S8
71
92
25
46
100

71

33
83
46

17

«t N
( BA)
(1)
« 3
« s
{12
« 8)
¢ 0)
t
t s)

t1n)



