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ii
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 stafistica1 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?], 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 policies by the U.S. Environmental Protection
Agency and to augment plans implementation by the states.
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LAKE NAME
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Banks Lake
Chelan Lake
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Green Lake
Keechelus Lake
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REPORT ON KEECHELUS LAKE, WASHINGTON
STORET NO. 5306

I. CONCLUSiONS
A.  Trophic Condition:*

Survey data indicate that Keechelus Lake is oligotrophic.
Chlorophy11l a values in the lake ranged from 0.5 ug/1 in Juiy
to 2.1 ug/1 in October, with a mean of 1.4 ug/1. Potential
for primary production as measured by algal assay control
yields was low on all three sampling occasions. Lake water
transparency was excellent. Of the 13 Washington lakes sampled
in 1975, 11 had higher median total phosphorus and inorganic
nitrogen values, and all had higher median orthophosphorus
levels than Keechelus Lake.

Survey limnologists did not report any problem algal blooms

or macrophytes during their visits to the.lake.

*See Appendix E.



Raté—Limiting Nutrient:

The algal assay results indicate that Keechelus Lake was
limited by available phosphorus on all three sampling dates
(07/21/75, 09/12/75, 10/28/75). Lake data suggest nitrogen limi-
tation during the July sampling and phosphorus limitation during
September and October.

Nutrient Controlliability:
1. Point sources -

There were no known municipal or industrial point sources
impacting Keechelus Lake during the sampling year. The present
phosphorus loading of 0.44 g P/mz/yr is less than that proposed
by Vollenweider (1975) as an "oligotrophic" level. Unless
this loading rate is substantially increased, the excellent
trophic condition of Keechelus Lake should be maintained.

2. Nonpoint sources -

Meadow Creek contributed 17.4% of the total phosphorus

loading to Keechelus Lake. Gd]d Creek contributed 22.6% and

the minor tributaries and immediate drainage contributed 56.0%.



IT.

LAKE AND DRAINAGE BASIN CHARACTERISTICS:

Lake and drainage basin characteristics are itemized below.
Lake morphometry data were provided by Wolcott (1965). Tributary
flow data were provided by the Washington 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 is included as Appendix A.

A.  Lake Morphometry:

Surface area: 10.36 kmz.
Mean depth: 18.7 meters.

Maximum depth: 27.4 meters.

Volume: 193.658 x 106 m3.

Mean hydraulic retention time: 220 days.

QL WN —



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

1.  Tributaries - .
Drainage Mean flow
Name area (km2) (m3/sec)
B-1 Meadow Creek 20.4 1.47
E-1 Gold Creek 36.3 2.61
Minor tributaries and
immediate drainage - 74.6 6.12
Totals 131.3 10.20
2. Outlet - A-1 Yakima River 141.7 10.18

C. Precipitation:

1. Year of sampling: 218.2 cm.
2. Mean annual: 167.2 cm.



ITI. LAKE WATER QUALITY SUMMARY

Keechelus 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 three 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, and 18.9-1iter
depth-integrated samples were composited for algal assays. Maximum
depths sampled were 29.0 meters at Station 01, 58.2 meters at Station
02, and 4.3 meters at Station 03. 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 Timiting

nutrient study are presented in III-C.
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B.

Biological Characteristics:

1.

Phytoplankton -

Sampling

Date

07/21/75

09/12/75

10/28/75

Dominant

=W N~

AW~

—t
.

Genera

Cyclotella
Chroomonas

Melosira
Cryptomonas

Other genera
Total

Chlorophytan Cell

Dinobryon
Melosira

Cryptomonas

Other genera
Total

Chroomonas
Dinobryon

Other genera

Total

666

195
195

542

24
24

48



Chlorophyll a -

Sampling Station Chlorophyll a

Date Number (ug/1)
07/21/75 01 0.5
02 1.4
03 1.0
09/12/75 01 1.2
02 1.5
03 . 1.4
10/28/75 01 1.7
02 1.8
03 2.1



C.

Limiting Nutrient Study:

1. Autoclaved, filtered, and nutrient spiked -

a. 07/21/75

Spike (mg/1)

Ortho P
Conc. (mg/1)

Inorganic N
Conc. (mg/1)

Maximum Yield
(mg/1-dry wt.)

Control
0.05 P
0.05P +1.0N
1.00 N

b. 09/12/75

Spike (mg/1)

Control
0.05 P
0.05P + 7.0 N
1.00 N

c. 10/28/75

Spike (mg/1)

<0.005
<0.055
<0.055
<0.005

Ortho P
Conc. {mg/1)

0.083
0.083
1.083
1.083

Inorganic N
Conc. {(mg/1)

O wwo
PO Ww

Maximum Yield
(mg/1-dry wt.)

0.005
0.055
0.055
0.005

Ortho P
Conc. (mg/1)

0.040
0.040
1.040
1.040

Inorganic N
Conc. (mg/1)

o—wo
IRENPLEN

Maximum Yield
(mg/1-dry wt.)

Control
0.05 P
0.05P +1.0N
1.00 N

0.005
0.055
0.055
0.005

0.035
0.035
1.035
1.035

OOV OO
N W WO N
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Discussion -

The control yields of the assay alga, Selenastrum capri-

cornutum, indicate that the potential for primary productivity in
Keechelus Lake was moderately low during the three sample collection
times (07/21/75, 09/12/75, 10/28/75). In each assay a significant
increase in yield over that of the control occurred when phosphorus
was added alone and in combination with nitrogen, indicating phos-
phorus limitation. The addition of nitrogen alone did not stimulate
growth significantly beyond the control yields.

The mean inorganic nitrogen to orthophosphorus ratios in the
lake samples were approximately 9/1, 17/1, and 18/1 on the July,
September, and October sampling dates, respectively, suggesting
nitrogen limitation during the July sampling period and phosphorus

limitation during September and October.



IV.

1

NUTRIENT LOADINGS
(See Appendix D for data)

For the determination of nutrient loadings, the Washington
National Guard collected near-surface grab samples from each of the
tributary sites indicated on the map (page v). Sampling was begun
in September 1974, and was completed in August 1975.

Through an interagency agreement, stream flow estimates for
the year of sampling and a "normalized" or average year were provided
by the Washington District O0ffice 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 tributaries
are those measured minus known point source loads, if any.

Nutrient Toadings for unsampled "minor tributaries and immediate
drainage" ("ZZ" of USGS) were estimated by using the mean annual
nutrient loads, in kg/kmz/yr, in Meadow Creek and Gold Creek at

Stations B-1 and E-1 and multiplying the means by the ZZ area in km2.
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A. Waste Sources:
1.  Known municipal - None
2. Known industrial - None

B. Annual Total Phosphorus Loading - Average Year:

1. Inputs -
% of
Source - ' kg P/yr total
a. Tributaries (nonpoint load) -
B-1 Meadow Creek 785 17.4
E-1 Gold Creek 1,025 22.6
b.  Minor tributaries and immediate
drainage (nonpoint load) - 2,535 56.0
c. Known municipal STP's - None
d. Septic tanks* - None
e. Known industrial - None
f. Direct precipitation**- 180 4.0
Totals 4,525 100.0
2. Outputs - A-1 Yakima River 1,685
3. Net annual P accumulation - 2,840

*Dion, N.P. et al., 1976.
**Estimated (See NES Working Paper No. 175).



13

C. Annual Total Nitrogen Loading - Average Year:

1. Inputs -
Source kg N/yr
a. Tributaries (nonpoint load) -
B-1 Meadow Creek 8,240
E-1 Gold Creek 30,305
b. Minor tributaries and immediate
drainage (nonpoint load) - 46,250
¢. Known municipal STP's - None
d. Septic tanks* - None
e. Known industrial - None
f. Direct precipitation** - 11,185
Total 95,980
2. Outputs - A-1 Yakima River 40,835
3. Net annual N accumulation - 55,145

*Dion, N.P. et al., 1976.
**Estimated (See NES Working Paper No. 175).

% of
total

100.0
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Mean Annual Nonpoint Nutrient Export by Subdrainage Area:

Tributary kg P/kmz/yr kg N/kmz/yr
Meadow Creek 39 404
Gold Creek 28 835

Mean Nutrient Concentrations in Ungaged Streams:

Mean Total P Mean Total N

Tributary (mg/1) (mg/1)
C-1 Roaring Creek <0.007 <0.248
D-1 Cold Creek <0.007 <0.265
1-F Cedar Creek* <0.008 0.228
1-G S. Fork Cedar River* <0.008 <0.227
1-H Rix River¥* <0.010 0.323
1-J Boulder Creek* <0.011 0.319
1-K Smay Creek* 0.010 0.328
1-L Friday Creek* . 0.022 <0.225
1-M Greer River* <0.010 <0.116

*Special interest streams outside the watershed of Keechelus Lake.
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Yearly Loadings:

In the following table, the existing phosphorus annual 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 apply to lakes with
short hydraulic retention times or in which light penetration is

severely restricted by high concentrations of suspended solids in

the surface waters.

Total Yearly
Phosphorus Loading

(g/m2/yr)
Estimated loading for Keechelus Lake 0.44
Vollenweider's "eutrophic" loading 1.08

Vollenweider's "oligotrophic" loading ‘ 0.54
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VI. APPENDICES

APPENDIX A
CONVERSION FACTORS



CONVERSION FACTORS

Hectares x 2.471 = acres

Kilometers x 0.6214 = miles

Meters x 3.281 = feet

Cubic metors x 8.107 x 1077 = acre/fect
Square kilometers x 0.3861 = square miles
Cubic meters/sec x 35.315 = cubic fect/sec
Centimeters x 0.3937 = inches

Kilograms x 2.205 = pounds

Kilograms/square kilometer x 5.711 = 1bs/square mile
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TRIBUTARY FLOW DATA
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TRISUTARY FLOwW INFOPMATION FOR WwASHINGTON 11 /14776
LAKE CODE S306 KFECRELUS

MEAN MONTHLY FLO«S anD DATLY FLO~S(CuN)

TRISTADY MONTH YEAR MEAN FLOW NaAY FLOw D2y FLOw DAY FLOW
530AF 9 74 N.5A9 22 N,ARD
1n 74 D453 13 N.283
11 T4 le461 14 0.320
1? T4 3,681
1 75 3.540
? 74 1.436
3 75 1.240
4 T8 1.01% 15 7.163
) 75 fehR3
6 75 T.164 [ 10,222
7 75 3.171 In 1,906
530677 9 74 1.337
1n T4 1.062
11 T4 3.370
12 74 8,608
1 75 8,297
? 75 3.370
3 75 2.917
4 75 3.540
S 75 15.688
6 75 15.065
7 75 T.4467
} 75 2.650



APPENDIX C
PHYSICAL AND CHEMICAL DATA
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A,90 13 0.020K 0,200« 0,020
7,00 12 0.020K 0,200K 0.020K
6,90 12 0,020k N,200K 0,N20K
6,90 16 0.020K 0.200K n,030
6.95 16 0,020k 0,200K 0.n70

nNoARTY
PHNS=DIS
ORTHO
MG/ P

0,016
n.011x
0.,006K
0,013«
0,013
0,007

0,007

0.002

n.007k
0,007
0.002%
0,007
N.0n7

0,007
N.00><
0.00><



STNIFET RET=IEVAL NDATE 7//11/716

NATL FUTR0PRICATION SURPVEY 530602

Fra-L AS VEGAS 47 20 55.0 121 22 05.0 3
KEECHELUS LAXE
83037 wASHINGTON

11EPBLES ?lii12n2
N198 FEET NEPTHE CLASS 00
nnelo 00300 0onT? non9s 00400 0nelo 00610 00&25 00AR0 ngaTl
DATF TI+F DEPT- waTE®R 00 THANSP CMDICTVY P T ALK NH3 =N TOT KJEL NDOPRNN3 PHNAS-NIS
Fonw 0F Tk e CECCHT FIELD cacol TOTAL N N-TOTaL ORTHO
T0 DAY FEET CENT MG/L INCRHFS MICPOMHO Sui MG/L MG/ MG/L MG /L MG/ P
78/nA7721 29 3% goen 12.5 10.n 270 Po 750 19 0,070 N,a00 N,N2NK 0.002
N3 3% nnns 13.1 Q.0 20 T.50 - 16 0.070 0.200K 0.Nn20K n,002K
69 35 nn2s 12.9 9.7 18 7.60 17 0,070 0,7200K 0.020K N, 002K
09 35 0050 5.0 11.0 [} 7.00 12 0,030 N.”200K 0.0n30 N.002K
N9 35 nlon 1.5 11.2 11 7.00 12 0,030 0.300 0.0A/0 n,002K
09 35 p1S9 Ne9 1n.R 12 T.00 16 0.030 0.200K N.070 0,002k
n9 35 0141 Ne7 10,6 15 7.10 la 0.030 0,200% 0,070 0,007K
78/09/712 15 10 0000 17.1 R.A 252 . 33 700 15 0,020 N.200¥% 0.020K 0.003
15 10 00905 17.0 A.8 33 7.00 19 0,020 0,200% 0,020K 0,003
15 10 nnl1s 16.9 G4 33 7.00 15 0,070 0,200K 0,020 0,003
15 18 0nan 15,7 Ko 9 31 7.00 16 0,020 0,200%x 0,020K 0,003
15 16 004s 9,0 10,2 29 6 RS 15 0,070k N,200K - 0,020 N, 004
15 19 0085 5.2 10.8 27 &, 70 ls 0,070K 0,700k D,0A0 0,003
15 14 0125 4,9 10.6 29 6,55 15 0,020 0.,200% 0.,N60 0,002
15 17 n16S 4,9 10,72 29 A,50 1% 0,020 0,020% N,070 0,002
75/710/28 NG S8 090N 9.7 9.8 192 12 7.00 27 0,030 0.200% 0.n20K 0,007
N3 5% 9no= 4 10.? 22 7.00 la 0.020K 0.200% 0.,n2Nn 0.0006
N9 65 0Q2R F.7 10.9 20 700 16 0.020K 0.200K 0,020 0.000
19 855 9nsSS R, 11.0 17 eSO 16 0,020K 0.200K N,040 0,002
09 55 009n S.3 10,2 17 A B0 17 0,020K 0,200K 0.n70 0.002
09 55 niz20n 4.7 10.0 14 6,70 16 0.020K 0.200K 0.08R0 0.002
n9 88 n1sk 4,8 10.0 11 6,70 15 0.070K N,200K N.NRO 0.003

K YALUE KNOWN TO BE LESS
THAN INDICATED



CTOLEFT R
NaTL EUT
EPA-LAS

DeTF
Fa0ne
™

5/07721

715/709712

715/710/28

FYSIEVAL NATF Ta/7}171F
ROP=ICATION SHRAVEY
VEGAS

NGRES
TIME PNEPTR PRAS-TNT
OF
Day  FEET  wh/1 P

nQ 3% Nnaa nN,0n7
69 3% 60QS N.006
N9 3% 025 N NNE
ng 35 005N 0,006
ng 35 0109 0.007
ng 35 n1KN 0.00A
nNg 35 0191 . N.N013
15 10 0000 0,006
15 10 000% 0,006
15 10 0015 n,009
15 10 0030 0.00R
15 10 0045 N.019
15 10 008 0.008
15 10 0128 N,008
15 14 0165 0.0009
09 55 noann NeD0A
ne 855 nanw 0.007
N9 35 002° 0.008
N9 S5 005% Ne.N13
08 855 009" N.0N6
NS 5% 0120 n,no0s

N3 55 n1s% 0.005

32217
CHLRIPHYL

2

SIEVAN

los

0nn3l
TCOT LT
DEMNTNA
PERCENT

530602

47 20 55.0 121 27 05.0 3
KFECHELIS LaxF
53037 WASHINGTAN

11FPALES 2li12n2
019% FEET NEPLPTH  CLASS 00



SYQQET RETRAIEVAL

DATE TA/7Y1/714

NATL FUTROPHICATION SuRviyY
EPA-L AS VFGAS

DATF TIvFE DFOT=

Fagw OF
T DAY

Te/n7/21 10
10
10
75/09/717 14
14
14
75710728 09
ng
ns

3n
n
3n
a0
40
4n
35
5
38

FFET

nann
anocs
nnla
anon
0ans
nnla
ongn
nans
nol3

DATF TIME DEPTH

Fonu 0F
T0 Day

15/17/721 10
i0
10
75709712 14
14
14
75710728 09
ne
09

30
30

40
4N
40
35
25
3%

FFET

nnon
anns
noLé4
onno
anns
anjs
0non
0nns
ol

NNARS
PHNS=TNT

MGrsL P

D002
NeGN7
0.007
n.007
n.nin
n.on?
N,0NKR
0.007
1. NDA

K VALUE KNOWN TO BE LESS
THAN INDICATED

00300
Do

MG/

Yt
DDOVOVWLPDON

.
O VDD D2ODM

¢ o & ¢ v o o &

——

32217
CHLKPHYL
A
UG/L

1.n

l.“

ong77 n0094
THAMIP CNDUCTVY
SECCHIT FIELD
ITMNC~ES MICROMHQ

139 1x

nngilt
INCDT LT
2EMNING
PERCFNT

5306023
47 27 35.0 121 27 50.0 3
KFEECHELUS LAaKE
53037 WASHINGTON

1304937
11ERALES 2111202
anl17 FEET QDFLTH  CLASS 0n
00400 00410 00610 0n6a2sS (LI k]
P T ALK NH3=N TOT KJUEL NOPENNR
CACO3 TOTAL N N=TOTAL
Sti MG/L MG/L MG/ MG/L
Te05 la 0,070k 0,500 0, n20K
T.60 11 0,020k 0,200k 0,n20K
7,40 14 0,020k 0,700k 0,n20K
6.80 la 0,020K 0,200k 0.,N20K
6.80 17 0.020 0.200 0,020K
14 0.0?20K 0.2C0K N.020K
6465 22 0.070 0.7N0K 0.020K
6490 23 0.,0720K N.200K 0,020K
7.05 27 0,070k n,200x 0,020K

nea7l
2HNS=-DIS
0~TrHO
MG/ B

0.002
0,002
n.011
0,002k
n,010
N,002%
0.00%5
0.003
0,006



APPENDIX D

TRIBUTARY AND WASTEWATER
TREATMENT PLANT DATA



STORETY RETRIEVAL DATE 74/11/16

MATL FUTROPHICATION SURVEY 830641
EPA- | AS VEGAS 47 18 20.0 121 19 45.0 &
YAKIMA RIVER
s3 KITTITAS CO HwY
O/KEECHELUS LAKE 130442
BRDG ON GRAVEL KD 13 MI Nw OF ELLENSRURG
11ERPALES 211i2na
000N FEET DFPTH  CLASS np
nNn630 00625 age1N nNneT] nns6es
DATE TIME DEPTH NOZ2ANO3 TNT KJEL NH3=N PHOS=DIS PHOS=-TOT
Fonw 0OF N-TOTAL N TOTAL ORTHD
T D&y  FEET MG/L MG/ MG/L MG/L P MG/L P
74709722 11 32 nNeN?20 N.100K 0.N10 0,005k 0.,005K
74710719 15 40 0,074 0.100K 0,020 0.015 N.015
74711716 11 135S 0.016 04100 0.016 0,008K 0,010k

K VALUE KNOWN TO BE LESS
THAN INDICATED



STORET RETRIEVAI NATE TA/11/1A

NATL FUTROPHICATIOM SURVEY : 530611 *

EPA- | AS VERAS ' 47 1R 40.0 121 21 00.0 4
MEADOW CREEX

53 KITTITAS CO HWY
T/HbECHELUS LAKE 130402
BRDG ON GRAVEL RO 15 MI Nw OF ELLENSRIAG
11FFALES 2l112ne
0000 FEET DEPTH CLASS 0On
nn&3o np625 00610 00671 00R6S
NDATE TIME NEPTH NO2INO3 TOT KJEL NH3=N PHNS-DIS ©BuNR-TOT
FRrovw OF N-ToT AL N TOTAL ORTHO
TN naYy  FEET MG/ MG/ MG/L MG/L P MG/t P
Ta/06/22 10 45 0.1A0 0.100% 0,005 0.010 0,010
74719719 15 50 0.NNA 0.100% nN.010 0.005 0.00%
74711716 11 4S5 NeN0NR 0e.100K 0070 0.008K 0.010K

K VALUE KNOWN TO BE LESS
THAN INDICATED



STORET RETLIEVAL DATE 76/11/716

NATL FUTROPHICATION SURVEY 5306C1
EPA- | AS VEGAS 47 19 40,0 121 22 25.C &
ROARING CREEK
53 KITTITAS CO HwY
T/KEECHELYUS LAKE 130492
BROG ON UNIMPR RD 17 MI NW OF FLLFNSB!HIRG
11EPALES 2111204
noONn FEET DERTH CLASS 0o
905630 00625 00610 0671 N0ARS
DATE TIME NEPTH NO23ND3 TOT KJEL Nh3~n PHOS=DIS PHNS-TOT
FROM oF N-TOTAL N TOTAL 0RTHO
TO nay FEET MG /L MG/L MG /L MG/ F MG/L P
764709722 11 05 0.0h6 0.,100K 0,015 0,005 0.005%
74/10/19 16 05 0,048 05300 0,015 0.005 0.005
T4/11/716 12 05 0,032 0.200 0.024 0.00RK 0.,010K

K VALUE KNOWN TO BE LESS
THAN INDICATED



STORPET RETSITEVAL DATE T7&/11/16
NATI FUTRNPHICATIOMN SURVEY
EFrA=- | AS VEGAS

0nAk30 00625
DatTF TIME AFPTH NQO2ANO2R TNT KJEL
Fonm OF N=TOTAL N
™ nay  FEET MG /L MG/
74709722 12 3n n,048 N, 100K
764710719 14 §5 0.032 t.200
74711716 10 45 0,014 0.400

K VALUE KNOWN TQ BE LESS
THAN INDICATED

00610
N 3=N
TOTAL

MG /L

N, 010
0.025
N,016

00671
PHOS=DIS
ORTHG
MG/L P

0.005k
0.005K
N.no8K

530601
47 22 00.0 121 23 38%.n &
COLD CREEK
53 KITTITAS CO Hwy
T/KEECHELUS LAKF 130492
RR BRDG 1.8 MI S OF HYAK OF ELLENSRLIOA
11EPALES 2111206
N000 FEET DEPTH CLASS 00
00645
oH40S-TOT
MG/L P
0.005K
0.,005K
0.010K



STNRET RETRIFVAL

NATL EUTROPHICATIOM SURVEY
EPA- | AS VEGAS

DATE
Fieom
T

T4/09/22
74710719
T4/%1/16

QDL ED]

TIMF DEPTH NORENNT
OF N=TNTAL
nav FEET MG/

11 S0 0,052

14 25 n,04n

10 20 N.088

K VALUE KNOWN TO BE LESS
THAN INDICATED

DATE 74/11/18

nNo62%
10T KJUEL
N
MG /L

N+ 100K
0.100K
o.?on

0nA10

NH3=N

TOTAL
MG/

n.015
0.070
0.008

neATl
PHNOS=DIS
ORTHO
MG/L P

0.005K
0.005%
D.008kK

S306E1

47 23 40,0 121 22 S50.0 &

G0LD CREEK

S3 KITTITAS CO HWY

T/KEECHELUS LAKE 139492
BANK SMPL .5 MI NE OF HYAK OF ELLFNSRBUEG
11EP&LES 2l112n4

0000 FEEY DFEFTH CLASS 00

00665
PHOS=-TOT

MG/L P
0.005K

0,005k
0.010K



STNEET DETIIFVAL GATE 76/117/1A
NATL EUTROPHICATION SHRVEY
EPA~ | AS VEGAS

n0630 00625

DATE TIME DEPTH NO2ANO3 TOT KJEL
Fonm nF N=TOTAL N

10 nay FFET MG /L MG/
74709728 12 4D N.062 0,100
74710720 19 45 0,002 0,200
74711716 11 25 0,178 0,300
Tas12/714 11 25 N.088 0.100
75706717 12 00 0.020 0.050
75708714 11 N N.040 0,200

K VALUE KNOWN TO BE LESS
THAN INDICATED

00610
NH3-~N
TOTAL

MG/L

0.010
0.070
0,088
0,005
0.015
0,015

00671
PHOS=-DNIS

ORTHOD

MG/L P

0.005K
0.,005%
0,008K
N.005x
0.005k
0,005k

53061F
47 22 10,0 121-37 25.M0 &
CEDAR RIVER
S3 15 RANDERA
T/XEECHELUS LAKE 131191
COYOTE PS ACC RD XING 1.4 M CHES 40P | x
11EPALFS ?1112n4

00n0 FEET DEPTH CLASS 00

00465
PHOS=-TOT

MG/ P

NeDOSK
0,005

0,010K
0.010K
0.010K
0.010K



STORET RETRIEVAL DaTFE 74/11/1%

NATL EUTROPHICATION SuRVEY 530616
EPA- (AS VEGAS 47 18 20,0 121 30 S0.0 4
S FORK CEDAR RIVER
53 19 BANDERA
T/KEECHELUS LAKE 1311091
LOGGING RD RRDG 6 M] UPSTEM OF N FORK
11FP2LES 21112na
NoON FEFT DEPTW  CLASS 040
n0k30 no625 0nsl1N 0N671 N0LES
DATE TIVE DEPTH NN2ANOR T0T KUEL N 3=N PHOS=DIS PHNS=TOT
FROM OF N~TOTAL N TOTAL ORTHO
T0 DAY FEET MG/ MG/ MG /L MG/L P MG/L P
T4/09/28 19 95 N.008 0.100K 0.005 0.006x 0.005
74710720 11 15 0.016 0.100 0.015 0,005% 0.005
764711716 11 50 N.024 0.100« 0,068 0,008k 0.010K
15706717 12 45 0,005 0.015 0,005k 0,010K ”
75/n8/716 14 50 0.010 0.550 0,015 N.005 0,010K

K VALUE KNOWN TO BE LESS
THAN INDICATED



STOZET RETRIFVAL DATE 74711716
MATL EUTRCPHICATION SyovEY
EPA~ |LAS VEGAS

00530

DATE TIME DEPTH O2ANQO3R
Fanm 0OF N-TNTAL

T0 DAY FEETY D4R
74709728 12 0N n,028
74710720 10 15 n.N32
74711716 10 S8 n.072
T4712/714 10 S0 0.064
75706717 11 00 0.030
75708716 12 45 0.N70

K VALUE KNOWN TO BE LESS
THAN INDICATED

00625
T6T KJEL

N

MG/L

H.,300
0.100
0.200
0.200

0.600

0ne61n
NP3 e-n
TOTAL
MG/L

N.025
0.015
0.016
0.005
0,020
0.015

00671
PHOS-DIS
ORTHO
MG/l P

0.005K
0.005x
0.008K
0.005kK
0.020
0.005

53061+

47 21 04,0 121 39 45,0 4

RIX RIVER

53 15 3ANUERA

T/KEECHELUS LAKE

BANK SMPL 1
11ERPALES
0Qnp FEET

npc6S
PHOS-TOT

MG/L P

04005
6,005
0.,010K
0,010k
0,020
N.010K

131101
Ml UPSTRM COYOTE PASS KD BRG
2111204

DEFTH CLASS 0N



STOREY RETRIEVAL ULAYE 76/11/16

MATL FUTROPHICATIOM SURVEY 530614
EPA- LAS VEGAS 47 22 00.0 121 50 30:N0 4
BOULDER CREEK
53 15 BANDERA
T/KEECHELUS LAKE 171191
PQIVATE RD XING 8 M SE CHESTER MORSFE LK
11EPALES 21112qa
0000 FEEY DEPTH CLASS 00
nne63n 00625 00610 00671 N0&65
DATE TIME NEPTH NOPANDI TOT KJEL NH3=N PHOS-DIS PHOS-TOT
FROM OF rM=TATAL N TOTAL 0RPTHO
TO DAY FFET MG/L MG/ MG/L MG/L P MG/ P
74/09/728 11 1S 0.036 0.200N 0.010 0.005# 0.010
74710720 59 55 n.052 0.300 0,030 0.005K 0.015
74711716 10 25 0,096 0.300 0,056 0.008K 0.,010K
74712714 10 20 0.0NR8 0.200 - 0.010 0.005 0.010K
15708716 11 S0 0.025 0.300 0.020 0.005 0.010K

K VALUE KNOWN TO BE LESS
THAN INDICATED



STORET RETRTIEVAL DATF 74/11/14

MATL FUTPOPRICATIOYN SuRVEY 53061K
EPA- LAS VEGAS 47 13 30,0 121 36 10.0 &
SMAaY CREEX
53 7.5 GREENWATER
T/7KEECHELUS LAKE 131191
SEC RD RRDG 2.4 MI E OF mMAYWOOD
11EPALES 2111204
0000 FEET DEHFTH ClLASS 00
nn63n 00625 00510 n0671 00465
DATE TIME DEPTH NOPANOR TOT KJUEL Nh3=N PHOS=-DIS PHOS=-TOT
FROM al3 N=-TOTSEL N TOoTaL ORTHO
™™ DAy FEET MG/ MG/ MG /L MG/L P MG/L P
74/03/72% 18 nn N.02R 0.300 0,018 0,005k 0,010

K VALUE KNOWN TO BE LESS
THAN INDICATED



STORET QETRIEVAL DATE 7+/11/14

MATL EUTROPHICATION SyRvEY
EPA~- LAS VEGAS

nNgé3n

DaTF TIME DEPTH NO2NOR

FrOM nF N=-TOT2aL

T NnAaY  FEET ME /|
74/09/20 11 25 NeN3s
T4/11/0% N.016

K VALUE KNOWN TO BE LESS
THAN INDICATED

0n62<
TOT KJEL

N

MG/L

Ne100X
24300

00610
NH3=N
TOTAL

MG/

N, Nn2%
0.0n8

530A1L
47 13 15.0 121 27 20.0 4
FRIDAY CREEK

53 15 LESTER

T/KEECHELUS LAXE 131192
BANK SMPL ABOUT 1.9 M1 NE OF LESTFR
11EPBLES 2111278

na00 FEET OFSTH  CLASS na

00671 00665
PHOS=NIS ©=0S~TOT
ORTHO
MG/L P Mo/ P
N.N1S N 020
0.024 0,024



STOPET RETRIEVAL NDATF 7:/11/16
NATL EUTROPHICATION SjovEy
EP&a~ |_AS VEGAS

o0nA30 no625
DATE TIME DEPTH NO2ANN3 70T KJUEL
FRnm OF M=T~TAL N
™ NaY FFET LRVANR MG/
74706720 12 4R N,N24 0.100x
T4/711/05 eNOA 0,100x

K VALUE KNOWN TO BE LESS
THAN INDICATED

00610
NH3 =N
TOTAL

MG/L

0,010
0,00NR

00671
PHOS=0B1S
ORTHNO
MG/ P

0.010
0.00R

53061%
47 12 S50.0 121 25 20.0 &
GREEN RIVER
53 18 LESTF®
T/<EECHELHS LAKE

131192

BANK SMPL AHOUT 3.3 MT £ OF LESTEw
11FPALES 21112604
D000 FERT DFEPTH  CLASS N0

nn&6s

PLOS~-TOT

Ma/L P

0,010
0.,010K



APPENDIX E

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.



LAKE DATA TO BE USED IN RANKINGS

- LAKE MEDIAN MEDIAN ° 500~ MEAN 18- 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
S302 BANKS LAKE 0.n021 0.040 364.533 7.373 ., - 10.800 0.007
5303 CHELAN LAKE ' " 0.005 0.070 111.900 0.905 6.400 0.003
5304 DIAMOND LAKE 0.014 0.060 303,667 14.537 14.200 0.010
5305 GREEN LAKE | 0.027 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
5307 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 T 0.166
5309 MOSES LAKF . 0.115 0.150 463.600 | 29.060 14,600 0.038
5310 O0ZETTE LAKE 0.010 . 04110 . 403,333 1.225 7.200 0.009
5311 SAMMAMISH LAKE 0.015% 05210- 374,000 7.290 14.600 0.006
5312 WHATCOM LAKE 0.009 0.320 288,000 3.422 10,800 0.009
5313 LOWER GRANITE RESERVOIR 0.033 0.150 435,500 4.875 7.200 | 0,022



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

LAKE MENIAN MEDIAN 500~ MEAN 15~ MEDTIAN
CODE L AKE NAME TOTAL P INORG N MEAN SEC CHLORA MIN DO DISS ORTHO P
5301 AMERICAN LAKE 29 ¢ 3 .50 ( 6) 67 ( 8) 50 ( 6) s (.M s8 ( T
5302 BANKS LAKE , © 42 ¢ 5) 100 ( 12) 58 ( ) 25 (3 46 ( 5) 71 ¢ A)
5303 CHELAN LAKE 100 (¢ 12) 67T &) 100 ( 12) 100 ¢ 12) 106 ( 12 92 ( 11)
5304 ODIAMOND L AKE : 62 ( T) 5 ( 9) 75 ( 9) 17 ¢ 2) 33 ( &) 25 ( 5)
5305 GREFN LAKE 29 (3 83 ( 100 17 ( 2) 15 ( 9) 62 ( T 46 ( 5)
5306 KEECHELUS LAKE i 92 ( 11) 92 ( 11) g2 (11 83 ( 10) 75 ( 9) 100 ( 12)
$307 MAYFIELD LAKE 4 62 ( ‘7) 58 | Ip) 33 ( &) ‘s ( T 62 ( n 71 « 8)
5308 MEDICAL LAKE 0« 0 8 ( 42 (°5) 8 ¢ 1) 4 ( 0 o (¢ o
5309 MOSES LAKE . 8 1) 29 ¢ 3) 0 0) 6 { 0) 21 ¢ 2) 8 ﬁ 1)
5310 OZETTE LAKE 75 (9 42 ( 5) 25 ( 3 92 ( 11) 87 ( 1M 33 (4
©311 SAMMAMISH LAKE ' 50 ( 6) 17- ¢ 2) 50 ( 6) 33 ¢ 4)A 21 ( 2) B3 ( 1n)
5312 WHATCOM LAKE T 83 ( 10) 0.0 O 83 ( 10) 67 ( 8) - 46 ( 5) 46 ( 5)

5313 LOWER GPANIfE RESERVOIR 17 ¢ 2) 29 ( 3) 8 ( 1) 42 ( 5) 87 ( 10) 17 ¢ 2)

-



