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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
anvironimental agencies, information on nutrient sources, concentrations,
and impact on selected freshwater lakes as a basis for formulating
comprehiensive and coordinated national, regional, and state management
practices relating to point-source discharge reduction and non-point
scurce pollution abatement in lake watersheds.

ANALYTIC APPROACH

The mathematical and statistical procedures se]eéted for the
Survey's eutroprication analysis are based on related concepts that:

a. A geineralized 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
& lake, its drainage basin, and related nutrients.

¢. 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 water-
shed 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 [§303(c)], 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.
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Beyond the single lake analysis, broader based correlations
between nutrient concentrations (and loading) and trophic condi-
tion are being made to advance the rationale and data base for
refinement of nutrient water quality criteria for the Nation's
fresh water 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 EPA
and to augment plans implementation by the states. . '
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WALDO LAKE
STORET NO. 4108
I. INTRODUCTION:

Due to inaccessibility and absence of permanent influent streams,
no tributary samples were taken. Therefore, this report primarily relates
to the laxke sampling data. However, the nutrient budget calculated
7or Waldo Lake by Powers et al. (1977) is discussed on page 2.

IT. CONCLUSIONS:

A. Trophic Condition:

Survey data indicate that Waldo Lake is oligotrophic. It
ranked first in overall trophic quality when the eight Oregon
lakes and reserveirs sampled in 1975 were compared using a com-
bination of six Take parameters*. None of the other waterbodies
had less median total phosphorus and orthophosphorus, none had
less and two had the same median inorganic nitrogen, none had
less mean chlorophyll a, and none had greater mean Secchi disc
transparency. Malueg et al. (1972) classified Waldo Lake as
ultra-oligotrophic and ranked it among the most pristine lakes
in the world.

B. Rate-Limiting Nutrient:

The results of the algal assay indicate that Waldo Lake was
phosphorus limited at the time the sample was taken (10/31/75).
The Take data indicate nitrogen limitation in July and phos-

phorus limitation in October.

# See Appendix A.



Nutrient Controllability:

1. Point sources--As far as is known, the only point sources
that could impact Waldo Lake are septic tanks serving three
lakeshore campgrounds. However, a shoreline survey would be
necessary to determine the significance of those sources.

A nutriént budget for Waldo Lake calculated by Powers et al.
(op. cit.) resulted in phosphorus loading estimates ranging from
0.010 to 0.028 g/m?/yr. However, even the highest loading
estimate is less than that proposed by Vollenweider (Vollen-

weider & Dillon, 1974) as an oligotrophic loading (see page 8).
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I1I. LAKE AND DRAINAGE BASIN CHARACTERISTICST
A, 1orphometry++:
1. Surface area: 26.7 kilometers?.
Mean depth: 35.6 meters.
Maximum depth: 127.0 meters.

Volume: 950.520 x 10° m3.

[$7] L= (98] [a%]
o o © -

Mean hydraulic retention time: 21.2 years¥*.
B. Precipitation¥*:
1. Year of sampling: 123.40 centimeters.

2. Mean annual: 117.00 centimeters.

+ Table of metric equivalents--Appendix B.
++ Malueg et al., 1972.

* Powers et al., 1977.

**% See Working Paper No. 175.



IV. WATER QUALITY SUMMARY

Waldo Lake 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 a
number of depths at two stations on the lake (see map, page v). Dur-
ing each visit, a single depth-integrated (4.6 m to surface) sample
was composited from the stations for phytoplankton identification
and enumeration; and during the last visit, a single 18.9-liter
depth-integrated sample was composited for algal assays. Also each
time, a depth-integrated sample was collected from each of the stations
for chlorophyll a analysis. The maximum depth sampled at both stations
was 53.3 meters.

The sampling results are presented in full in Appendix C and are

summarized in the following table.



PARAMETER

TEMP (C)

DISS OXY (MG/L)
CNDCTVY (MCROMO)
PH (STAND UNIYS)
TOT ALK (MG/L)
TO0T P (MG/L)
ORTHO P (MG/L)
NO2+NO3 (MG/L)
AMMONIA (MG/L)
KJEL N (MG/L)
INORG N (MG/L)
TOTAL N (MG/L)
CHLRPYL A (UG/L)

SECCHI (METERS)

1¢.
0.005
0.009
0.020
0.020
0.200
0.0460
0.220

0.2

15.2

Lo SUMMARY OF PHYSICAL aND CREMICAL CHARACTERISTICS FOR wALDO LAKE

1ST SAMPLING ( 7/16/75)

2 SITES

RANGE ME AN MED I AN
-~ 13,1 7.8 6.1
- 1149 967 9.9
- Te 6o 6.
- 7.0 6.2 6.2
- 10, 10, 106
= 90175 0.0290 0.006
- 0.013 0.011 0.011
- 0.04vV 0.021 0.020
- 0.030 0.021 0.020
~ 0.900 0250 0.200
- 0.060C 0.042 0.040
- 0.920 0.271 0.220
- [ 0.3 0.3

15.2 152 15.2

STORET COLE 4108

2ND SAMPLLING

2 SITES

Qe =~ 1046

le - 1.

6e2 - Te8

]

100 10.

0006 =~ 0,007

0.002 =~ 0,003

0.020 - 0.020

0,020 - 0.020
0,200 =~ 0.200

0.040 - 0,040
0.220 - 0.220

[ S - Qet

15.2

15.2

(18/30/75)

ME AN MEDIAN
9.6 16.0
9.9 9.6
1. le
7.0 Tel
10. 10.
0.005 0.004
0.002 0.002
0.020 0.020
0.020 0.020
0.200 0.200
0.040 0.040
0.220 0.220
0.4 0.4
15.2 1S.2

L-2-2-2+2 -2

L 2-2-2-2-2-4

- 2-2-2-2- 33

[-2-2-2-%-2-2

[-2-2-%-2-2-3

- 2-2-2-2- 23

L-X-2-2-2-2-4

[-2-2-1-2 243

3-2-2-2-X-2-4

-2-2-2-2-2-3

(- 2-2-2-2-2+4

t-2-2-2-2-2-1

-2-2-1°2-2-4

L-2-2-2-2-2.J

RANGE MEAN

3RD SAMPLING
0 SITES

MEDIAN

LX-2e2-2-2:2-2-2-2-2-2-2-2-2-2-2-2°2-2-2-3-3-1
02-2-2-2-2-2-2-2-2°2-1-2-2-2-2-X-2-2-3-2-%-2 -1
LY -2-2-2:2-2-2-2-2-2-2-2-2-2-2-2-2-2:%-2-3-2-4
C3-2-2-2-%-2-2-2-2-2-2-2-2-2-2-2-2-3.2-2:2-%-4
E2-2-2-2-2-X-2-2-2-2-%-2-2-2-2 XL 2-%-F- LT :
LX-2-2-X-2:-2-2:3-2-2-2-3-2-2-2-2-2-2-3-X-3-%-]
-2 2-2-2-2-2:-2-2-2°2-2:-2-2-3-2-3-2-2-3-1-2-4
E3-2-2-2-2-0-2-2-2-2-2-2-2-2-2-2-2-2-2-2-3-3 -4
E3-2-2-2-2-2- 2 2-1-2-2-2-2-1-2-3-2-2-2-2-1-4-4
PR-2-2-2-2-2<X-2-2-2-2-2-2-2-2-X-2-2-3-2-1-3-]
CX-2-2-2-X-2-X-2-2-2-%-2-2-1-2-%-2-%-2-%-3-L-]
LR 2222222222 2-2 2-2-2-2-2-%-2-2-2-3
£ 3-2-2-2-2-2-2-2-2-2-2-2 2-2-2-2 2-2-2 X-3-2-4

E3-2-2-2-2-4-2:2-2-.2-2-2-2°2-2-2-2-2-2-X-3-2-3



B. Biological Characteristies:

1. Phytopiankton -

Sampl ing
Date

07/16/75

16/31/7%

2. Chlorephyll a -

Sampiing
Date

07/16/75

10/30/75
10/31/75

C. Limiting Nutrient Study:

Dominant
Genera

1. Asterionella sp.
2. Peridinium sp.
3. Synedra sp.

Total

Asterionella sp.
Melosira sp.

Synedra sp.
Glenodinium sp.

Total

By g
. [ ] [ ] ®

Station
Number
1
2
1
2

1. Autoclaved, filtered, and nutrient spiked -

Spike (mg/1)

Control

0.050 P

0.050 P+ 1.0N
1.0N

Ortho P
Conc. (mg/1)

Inorganic N

Conc. (mg/1)

Algal Units
per ml

ameal  mmeud —
I«b-bl\)l\? ~ I-h-ﬁto

Chlorophyll a
(ug/1)

0.2
0.4

0.4
0.4

Maximum yield
(mg/1-dry wt.)

<0.0C05 0.025
<0.055 0.025
<0.055 1.025
<0.005 1.025

o—
SWNO
L ] L] * .
— O (W~



2. Discussion -

The control yield of the assay alga, Selenastrum capri-

cornutum, indicates that the potential primary productivity
of Waldo Lake was low at the time the sample was collected
(10/31/75). Note that there wa§ a significant growth res-
ponse to the addition of phosphorus alone, but no increase
occurred when only nitrogen was added. These results indicate
that phosphorus was limiting at that time. However, the lake
data indicate nitrogen limitation in July; i.e., the mean in-
organic nitrogen to orthophosphorus ratio was 4 to 1, and

nitrogen limitation would be expected.



V. YEARLY LOADS:

In the following table, the estimated existing phosphorus loadings
are compared to those proposed by Vollenweider (Vollenweider and Dillon,
1974). Essentially, his "dangerous" loading is one at which the receiving
water would become eutrophic or remain eutrophic; his "permissible"
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 "dangerous" and
"permissible"”.

Note that Vollenweider's model may not be applicable to water
bodies with short hydraulic retention times.

Total Phosphorus Total Nitrogen

grams/m2/yr* 0.01 - 0.028 0.22 - 0.44

Vollenweider phosphorus loadings
(g/m?/yr) based on mean depth and mean
hydraulic retention time of Waldo Lake:

"Dangerous" (eutrophic loading) 0.24
"Permissible" (oligotrophic loading) 0.12

* Nutrient budget estimates by Powers et. al., 1977.
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Vil, APPENDICES

~ APPENDIX A

LAKE RANKINGS



LAKE DATA TQ BE USED IN RANKINGS

LAKE , MEDIAN MEDIAN 509- ME AN 15~ MEDIAN
CODE LAKE NAME TCTAL P INORG N MEAN SEC CHLORA MIN DO  DISS ORTHO P
4101 BROWNLEE RESERVOIR 0.079 0.560 4284133 16.207 14.500 0.043
4102 DIAMOND LAKE ¢.028 €040 294,500 7.300 6+800 0.011
4103 HELLS CANYON RESERYOIR 0.068 0,640 429,111 18.722 12.400 04045
4104 HILLS CREEKX RESERVOIR ¢.038 0.060 435,200 2.333 7400 0.027
4105 OWYHEE 0.095 04425 480+4617 3.350 13.200 0.064
4106 OXBOW RESERVOIR 0.071 0,690 425,555 10.311 12.200 0.040
4107 SUTTLE LAKE 0,031 0,040 95,000 9.167 6.800 0.020

4308 WALDO LLAKE 6.005 0.040 =100.000 0.350 6.800 0.006



PERCENT OF L aAxKES WITH HIGHER

LAKE
COoDE

4101
4102

4103

4104
4105
4106
4107
4108

LAKE NAME

BROWNLEE RESERVOIR
DIAMOND LAKE

HELLS CANYON RESERVOIR
HILLS CREEK RESERVOIR
OWYHEE

OXBOW RESERVUIR

SUTTLE LAKE

WALDO LAKE

29 {
71
100 ¢

T 29

93
14
57
43

71
23

MEDIAN
INORG N

{
{

2}
6)
1
4)
3)
0)
5)
6)

500~
MEAN

43
I3
29

14

0.

57
86
100

3)

5)
2)
1)
0)
4)
6)
n

MEAN
CHLORA

14
57
v}
86
71
29
43
100

(
{

n
4)
0)

6)

S).

2)
)
7)

15~

0
86
29
57
14
43
86
86

"MIN DO

(
(

0)
S)

4)
1)
3)
S)
S)

100

MEDIAN
DISS ORTHO P
29 ( 2)
86 ( 6)
14 ¢ 1)
57 ( 4)

0o ¢ O
43 ( 3)
71 ¢ D)

4

INDEX
NO

129
479
129
328
128
201
428
579



LAKES RANKED BY INDEX NOS,

RANK

® &N 0o 0N & W N

LAKE CODE LAKE NAME

4108
4102
4107
4104
4106
4101
4103

4105

WALDO LAKE

DIAMOND LAKE

SUTTLE LAKE

HILLS CREEK RESERVOIR
OXBOW RESERVOIR
BROWNLEE RESERVOIR
HELLS CANYON RESERVOIR

OwWYHEE

INDEX NO

S79
479
428
328
201
1259
129
128



APPENDIX B

CONVERSION FACTORS



CONVERSION FACTORS

Hectares x 2.471 = acres

Kilometers x 0.6214 = miles -

Neters x 3.281 = feet '

'Cubic meters x 8.10? X 10'4<="acrelfhet
Square kilometers x 0.3861 = square miles
Cubic meters/sec x 35.315 = cubic feet/sec
Centimeters x 0.3937 = inches |

jwigégrams X 2.205 = pounds

Kilograms/square kilometer x 5.711 = lbs/square‘mile



APPENDIX C

PHYSICAL and CHEMICAL DATA



STOREY RETRTEVAL DATE T7470AR/12

DATE
FROM
10

75707/16

75716730

DATE
FROM
T0

75701/16

75716730

TIME DEPTH
oF
Day FEET

13 00 co000
13 00 000S
13 00 G015
13 00 0040
13 00 0080
13 00 0120
13 o0 0175
10 30 0000
10 30 0005
10 30 0020
10 30 6050
10 30 0090
10 30 0135
10 30 0175

TIME DEPTH
oF
DAY FEET

13 00 0000
13 00 000S
13 00 0015
13 00 0040
13 oo o080
13 00 0120
13 00 0175
10 30 0000
10 30 0005
10 30 0020
10 30 0050
10 30 0090
10 30 0135
10 30 0175

K VALUE KNOWN TO BE
LESS THAN INDICATED

coolo
WATER

TEMP

CENT

13.1
12.8
11.1
640
“4e5
3'9
3.3
10.0
10.0
10.0
10.0
Fe9
St
7.9

00665
PHOS-TOT

MG/L P

0.006
0.006
0.008
0.005
9.005
0.007
0.006
0.007
0.005
0.005
0.00S
0.004
o'oo“
0.004

00300
Do

MG/L

Yt ot oottt

OOV VOV IVOCrOO VDL
DREEEREEEEEEEXIX

NP OONOO PSS

-t

32217
CHLRPHYL
A
UG/L

0.2

05077
TRANSP
SECCHI
INCHES

€00

600

00031
INCOT LT
REMNING
PERCENT

00094
CNDUCTVY
FIELD
MICROMHO

«108G1
43 41 4T.06 122 93 15.6 3
wALDO LAKE
41039 OREGON
131392
11EPALES 2111202
0999 FEET OEPTH CLASS 00
00400 00410 00610 00625
PH T ALK NH3=N TOT KJEL
CACO3 TOTAL N
Su MG/L MG/L MG/L
6.20 10K 0.020 0.200K
6.30 10K 0.020 0.200K
6.30 10K 0.030 0.200K
6.20 10K 0.020K 0.200K
6.25 10 0.020K 0.200K
650 10« 0.020K 0.200K
7.00 10 0.020K 0.200K
7.50 10K 0.020K 0.200K
7.30 10K 0.020K 0.200K
7.20 10K 0.020K 0.200K
7.05 10K 0.020K 0.200K
10K 0.020x 0.200K
6.25 10K 0.020K 0.200K
6.20 10K 0.020K 0.200K

00630
NO2&NO3
N=-TOTAL

MG/L

0.020K
0.020K
0.020K
0.020K
0.020K
0.020K
0.020K
0.020K
0.020K
0.020K
0.020K
0.020K
0.020K
0.020K

00671
PHOS~DIS
ORTHO
MG/L P

0.011K
0.012K
0.012K
0.011K
0.013K
0.011K
0.012K
0.002K
0.002K
0.002K
0.002K
0.002K
0.002K
0.002K



STORET RETRIEVAL DATE 76708712

DATE
FROM
70

75/07/16

75716731

DATE
FROM
T0

75707716

75710731

00010
TIME DEPTH WwATER:
oF TEMP
DAY FEET CENT °
13 20 0000 - 12.8
13 20 0005 12.1
13 20 0015+ 11.5
13 20 0040 6:3
13 20 '0090 bets
13 20 0120 3.8
13 20 0175 3.6
10 05 0000 10.0
10 05 000S 10.0
10 05 0020 10.0
10 05 0050 10.9
10 0S 0090 10.0
10 05 0135 9.1
10 05 0175 846
00665
TIME DEPTH PHOS-TOT
oF .
DAY FEET' MG/sL P
13 20 0000 0.005
13 20 0005 0.005 |
13 20 0015 0.005,
13 20 0040 6.024
13 20 0090 0.012
13 20 0120 0.007
13 20 0175 0.175
10 05 0000 0.006
10 05 0005 0.004
10 05 0020 0.004
10 05 0050 0,004
10 05 0090 0,005
10 05 0135 0.005
10 0S5 0175 0.004

K# VALUF rNOWN TO BE

J# VALUT

THAN

INDICATED

KNOWN TO BE

00300
00

MG/L

L]

.

ot gt
o« 0 8 8 9 &6 ¢ 0 0 0
oprCOCrRIODOENEN

OCODVOVPVVIOLDOCDOO®P

* o

-

32217
CHLRPHYL

A
UG/L

0.4

LESS

In ERROR

00077
TRANSP
SECCHI
INCHES

600

600

00031
INCDT LT
REMNING
PERCENT

00094
CNDUCTVY
FIELD
MICROMHO

410802
43 44 12.0 122 02 18,0 3
WALDO LAKE
41039 OREGON
131392
11EPALES 2111202
0999 FEET OEPTH CLASS 00
00400 00410 00610 00625
PH T ALK NH3=-N TOT KJEL
CACO3 TOTAL N
SV MG/L MG/t MG/L
6.20 10 0.020 0.200K
6.15 10K 0.020K 0.200K
6.10 10K 0.020 0.200K
6.00 1ok 0.020K 0.200K
6400 10K 0.,020K 0.200K
6400 10K 0.020K 0.200K
6.20 10K 0.020K 0.900
7.30 oK 0.020K 0.200K
780 10K 0.020K 0.200K
T30 10K 0,020K 0.200K
7410 10K 0.020K 0.200K
690 10K 0.020K 0.200K
6.80 10K 0.020K 0.200K
6.70 10K 0.020K 0.200K

00630
NO2&NO3
N-TOTAL

MG/L

0.040

0.020K
0.020K
0.020K
0.020K
0.,020K
0.020K
0.020K
0,020K
0.020K
0.020K
0.020K
0.020K
0.020K

00671
PHOS-DIS
ORTHO
MG/L P

0.011K
0.012K
0.011K
0.0104
0.009J
0.009K
0.010

0.003

0.002K
0,002K
0.002

0.002K
0.002K
0.002K



