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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, concentrations,
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 non-point
source pollution abatement in lake watersheds.

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 meacurements of relevant paramecters
associated with lake degradation, the generalized model
can be transtormed into an operational representation of
a lake, its drainage basin, and related nutrients.

c. MWith 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
documonted. The report is formatied to provide state environmental
agencies with specific information for basin planning [5303(e)], water
quality criteria/standards veview [8303(c)]}, clean lakes [§314(a,b)],
and water quality wonitoring [§106 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 implenentation by the states.
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HILLS CREEK RESERVOIR
STORET NO. 4104
I. CONCLUSIONS
A. Trophic Condition:

Survey data indicate Hills Creek Reservoir is eutrophic.

It ranked fourth in overall trophic quality when the eight
Oregon lakes and reservoirs sampled in 1975 were compared

using a combination of six parameters*. Three of the water
bodies had less median total phosphorus, dissolved orthophos-
phorus, and inorganic nitrogen; one had less mean chlorophyll a,
and all but one of the other water bodies had greater mean
Secchi disc transparency.

Survey Timnologists did not observe surface concentrations
of algae, but summer blooms of blue-green algae (Anabaena sp.)
have been reported (Larson, 1974).

B. Rate-Limiting Nutrient:

Because of significant changes in nutrients in the sample
between the time of collection and the beginning of the algal
assay, the results are not considered representative of conditions
in the reservoir at the time the sample was coliected (10/30/75).

The reservoir data indicate nitrogen limitation all three
sampling times. However, because of turbidity (Klingeman et al.,
1971), primary productivity probably is Tight-1imited.

C. Nutrient Controllability:
1. Point sources--No known municipal or industrial point

sources impacted the reservoir during the sampling year. Septic

* See Appendix A.
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tanks serving lakeshore dwellings were estimated to have con-
tributed less than 0.1% of the total phosphorus load, but a
shoreline survey is needed to determine the significance of
those sources.

The present phosphorus loading of 3.66 g/m*/yr is more than
twice that proposed by Vollenweider (Vollenweider and Dillon,
1974) as a eutrophic loading (see page 11). Though the high
;turbidity of the reservoir may be suppressing primary production,
every effort should be made to minimize phosphorus inputs to
slow the aging of the reservoir.

2. Non-point sources--Non-point sources, including direct
precipitation, added over 99.9% of the total phosphorus load
during the sampling year. The Middie Fork Willamette River
added 70.9% of the total Toad; Hills Creek, 10.9%; and the un-
gaged tributaries contributed an estimated 17.7%.

The phosphorus export rate of Middle Fork Willamette River
and Hills Creek were 43 and 32 kg/km?*/yr (see page 10). These
export rates are considerably higher than those of unimpacted
forested watersheds in the eastern United States (Omernik, 1976).
The higher rates may be due to unstable soil materials in the

watersheds (Klingeman et al., op. cit.).
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II. RESERVOIR AND DRAINAGE BASIN CHARI\CTERISTICSJr
A, Morphometry++:
1. Surface area: 11.07 kilometers?.
Mean depth: 39.2 meters.
Maximum depth: 90.5 meters.

Volume: 433.571 x 10% m3.

ol > w N
. . [ e

Mean hydraulic retention time: 152 days.

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

1. Tributaries -

Drainage Mean flow

Narte area (km?)* (m3/sec)*
Middle Fork Willamette River 668.2 22.37
Hills Creek 136.5 4,31

Minor tributaries &

immediate drainage - 191.7 6.36

Totals 996.4 33.04**

2. Outlet -

Middle Fork Willamette River 1,007 ,5%%* 33.04

C. Precipitation¥¥¥*,
1. Year of sampling: 123.4 centimeters.

2. Mean annual: 117.0 centimeters.

1 Table of metric conversions--Appendix B.

1+ Anonymous, 1972; Martin and Hanson, 1966.

* For limits of accuracy, see Working Paper No. 175, "...Survey Methods,
1973-1976".

** Sum of inflows adjusted to equal outflow.

*** Includes area of reservoir,

#*%** See Working Paper No. 175.



III. WATER QUALITY SUMMARY

Hills Creek Reservoir 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 a number of depths at two stations on the reservoir (see map, page
v). During each visit, a single depth-integrated (4.6 m to surface)
sample was composited from the stations for phytoplankton identifi-
cation and enumeration; and during the last visit, a single 18.9-Titer
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 depths sampled were 67.1 meters
at station 1 and 54.9 meters at station 2.

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

summarized in the following table.



TARAMETER

TEMP (C)

3ISS OXY (MG/L)
INDCTVY (MCROMO)
*H (STAND UNITS)
TOT ALK (MG/L)
TOT P (MG/L)
IRTHO P (MG/L)
NO2+NO3 (MG/L)
AMMONIA (MG/L)
SJEL N (MG/L)Y
INORG N (MG/L)
TOTAL N (MG/L)
SHLRPYL A (UG/L)

SECCHI (METERS)

J2.038
2.030
0.029
J.020

J.200

Ao

SUMMARY OF ©AYSICAL AND CHEMICAL CHARACTERISTICS FOk nILLS CREEX RESERVOIR

IST SAMPLING (

2

RANGE

23.
0.059
0.041
0.040
0.040
G.400
Ved TV
0.430

lev

1.5

SITES

MEAN
S.6
113

%0,

0ela?
0.240

0.3

3/728715)

MEDIAN

Se8

1le5

“0.

STORET CUDE «l0«

2ND SAMPLING (

2 SITES
KANGE MEAN
- 19.5 12.0
= 15.4 10.0
- 4le. 28,
- 9.3 8.2
- 30. 25
- 0.045 0.029
- 0.038 0.025
- J0.080 0.034
- 0.090 0.049
- 1.200 0.321
- 0.170 0.082
- 1.280 0.355
- 4e2 4.0
- 2.0 1.9

MEDIAN

1

7/16/75)

3.1
9.3

28.

S.7
7.6
23.
6.9
28,
0.022
0.007
0.020
0.020
0.200
0,040

0.220

1.5

3RD SAMPLING (10/30/75)

2 SITES
RANGE MEAN
- 14.0 10.9
- 9.8 8.8
- 50. 4l
- 7.9 7.2
- 3. 31.
- 0.061 0.034
- 0.028 0.017
- 0.080 0.038
- 0.020 0.020
= 0.200 0.200
- 0.100 0.0538
- 0.280 Ve238
- 2.1 2.2
- 1.5 1.5

MEDIAN
12.3
9.0
40,
7.2
31.
0.031
0.014
0.030
0.020
0.200
0.050
0.230
2.2
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Biological characteristics:

1.

Phytoplankton -

Sampling
Date

03/28/75

07/16/75

10/30/75

Chlorophyll a -
Sampling

Date

03/28/75

07/16/75

10/30/75

Domi

nant

Genera

1.
2.

= N —

O BWwN -
e o o o &

Chroomonas (?) sp.

Cryptomonas s
Total .

Fragilaria sp.

Cryptomonas sp.
Asterionella sp.

Chroomonas (?) sp.

Total

Melosira sp.

Asterionella sp.

Fragilaria sp.
Chlamydomonas sp.
Centric diatoms
Other genera

Total

Station

N — N =t

N =

Number

Algal Units

per ml

219
7

- 236

1,569
297
212

42

——

2,120

4,118
223
148
M
m

75

————

4,786

Chlorophyll a
(ng/1)

0.
1.

- PN S w
~N o~ N o o



Limiting Nutrient Study:

Due to significant changes in the nutrients in the sample from
the time of collection to the beginning of the assay, the results
are not considered representative of conditions in the reservoir
when the sample was taken (10/30/75).

The reservoir data indicate nitrogen limitation all three sam-
pling'times. The mean inorganic“qitrogen to orthophosphorus ratios
were 1 to 1 ih April, 3 to 1 in July, and 3 to 1 in October; and

nitrogen 1im1tation would be expected.



IV. NUTRIENT LOADINGS
(See Appendix E for data)

For the determination of nutrient loadings, the Oregon 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 January and February when two samples were collected. Sampling was
begun in October, 1974, and was completed in September, 1975.

Through an interagency agreement, stream flow estimates for the
year of sampling and a "normalized" or average year were provided by the
Oregon District Office of the U.S. Geological Survey for the tributary
sites nearest the reservoir.

In this report, nutrient loads for sampled tributaries were deter-
mined by using a modification of a U.S. Geological Survey computer pro-
gram for calculating stream loadings*. Nutrient loads for unsampled
"minor tributaries and immediate drainage" ("ZZ" of U.S.G.S.) were esti-
mated using the means of the nutrient loads, in kg/km?/year, at stations
A-2 and D-1 and muitiplying the means by the ZZ area in km2.

No known wastewater treatment plants impacted Hills Creek Reservoir

during the sampling year.

* See Working Paper No. 175.



A. Waste Sources:
1. Known municipal - None
2. Known industrial - None

B. Annual Total Phosphorus Loading - Average Year:

1. Inputs -
kg P/ % of
Source yr total
a. Tributaries (non-point load) -
Middle Fk. Willamette River 28,760 70.9
Hills Creek 4,395 10.9
b. Minor tributaries & immediate
drainage (non-point load) - 7,190 17.7
c. Known municipal STP's - None - -
d. Septic tanks <5 <0.1
e. Known industrial - None - -
f. Direct precipitation** - 195 0.5
Total 40,540 100.0
2. Outputs -
Reservoir outlet - Middle Fk
Willamette R. 36,130

3. Net annual P accumulation - 4,410 kg.

* Estimate based on three shoreline dwellings; see Working Paper No. 175.
*#* See Working Paper No. 175.
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C. Annual Total Nitrogen Loading - Average Year:

1. Inputs -
kg N/ % of
Source yr total
a. Tributaries (non-point load) -
Middie Fk Willamette River 119,655 59.4
Hills Creek 30,910 15.4
b. Minor tributaries & immediate
drainage (non-point load) - 38,820 19.3
c. Known municipal STP's - None - -
d. Septic tanks* - 30 <0.1
e. Known industrial - None - -
f. Direct precipitation** - _11,950 _ 5.9
Total 201,365 100.0

2. Outputs -

Reservoir outlet - Middle Fk
Willamette R. 256,375

3. Net annual N loss - 55,010 kg.

D. Non-point Nutrient Export by Subdrainage Area:

Tributary kg P/km3/yr kg N/km?/yr
Middle Fk. Willamette R. 43 179
Hills Creek 32 226

E. Mean Nutrient Concentrations in Ungaged Streams:

Mean Total P Mean Total N

Tributary Conc. (mg/1) Conc. (mg/1)
Buck Creek 0.041 0.230
Coffeepot Creek 0.050 0.274

* Estimate based on three shoreline dwellings; see Working Paper No. 175.
** See Working Paper No. 175.
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F. Yearly Loads:

In the following table, the 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 meso-
trophic 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
Total Accumulated Total Accumulated
grams/m2/yr 3.66 0.40 18.2 loss*

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

"Dangerous" (eutrophic loading) 1.80
"Permissible" (oligotrophic loading) 0.90

* There was an apparent loss of nitrogen during the sampling year. This
may have been due to nitrogen fixation in the reservoir, solubilization
of previously sedimented nitrogen, recharge with nitrogen-rich ground water,
or unsampled point sources discharging directly to the reservoir. What-
ever the cause, a similar nitrogen loss has occurred at Shagawa Lake, Minne-
~sota, which has been intensively studied by EPA's former National Eutro-
phication and Lake Restoration Branch (Malueg et al., 1975).
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V1. APPENDICES

APPENDIX A

LAKE RANKINGS .



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
4101 BROWNLEE RESERVOIR 0.079 0,560 4284133 16,207 14.500 0,043
4102 DIAMOND LAKE ' 0.028 0,040 294,500 7.300 6.800 0.011
4103 HELLS CANYON RESERVOIR 0.068 0,640 429,111 18.722 12.400 0,045
4104 HILLS CREEK RESERVOIR 0038 0.060 ' 435.200 2.333 7400 0.027
4105 OWYHEE 0095 04425 4804417 3.350 13.200 . 0.064
4106 OXB0W RESERVOIR : 54071 0.590 4254555 10.311 12.200 0.040
4107 SUTTLE LAKE 0.031 0.040 95,000 9.167 6.800 0.020

4108 WALDO LAKE 0005 0.040 -100.000 0.350 6.800 0.006



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

LAKE MEDIAN MEDIAN S00- MEAN 15- MEDIAN INC
CODE LAKE NAME TOTAL P INORG N MEAN SEC CHLORA 4IN DO DISS ORTHO P NG
4101 BROWNLEE RESERVOIR 14 ¢ 1) 29 ( 2) 43 ( 3) 14 ¢ 1) ¢ ¢ 0) 29  2) 1z
4102 OIAMOND LAKE 86 ( 6) 93 ( 6) 71 ¢ S) 57 ( @) 86 ( 5} 86 ( 6) 41
4103 HELLS CANYON RESERVOIR 43 ¢ 3 14 ¢ 1) 29 (2 ¢ ( 0) 29 ( 2) 14 ¢ 1) 12
4304 HILLS CREEK RESERVOIR 57 ( &) 57 ¢ &) 16 ¢ 1) 86 ( 6} S7 (&) 57 ¢« 4) ' 32
4105 OWYHEE 0o J) 43 (3} o« ) 1 9S) 14 ¢ 1) o« O 12
4106 OXBOW RESERVOIR 29 . 2) ot 0) 57 ¢ &) 29  2) 43 ( 3) 43 ¢ 3) 20
4107 SUTTLE LAKE 71 ¢ 5) 71 (.  S) 86 ( 6) 43 ( 3) 86 ( 5) 71 ( 9) 42

4108 WALDO LAKE 100 ¢ 7) 93 ( 6) 100 ¢ 7 100 ¢ 7) g6 t S) 100 ¢ 1) 57



LAXES RANKED BY INDEX NOS,

RANK

&

[ A ¥

LAKE CQODE

4168
4102
4107
4104
%106
4101
%103

4105

LAKE NAME

WALDO LAKE

OIAMOND LAKE

SUTTLE LAKE
HILLS‘CREEK RESERVOIR
OXBOWw RESERVOIR
BROWNLEE RESERVOIR
HZLLS CANYON RESERVOIR

OWYHEE

INDEX NO



APPENDIX B

CONVERSION FACTORS



“CONVERSION FACTORS

Hectares x 2 471 = acres

Kilometers x 0.6214 = miles

‘Meters x 3.281 = feet
-Lubic meters x 8.107 x 10'4 = acre/feet

Square kilometers x 0.3861 = square miles
Cublc meters/sec x 35.315 = cubic feet/sec

“I:entimeters x 0.3937 = ihches

‘Kﬂograms' x 2,205 = pounds '

iilograms/square kﬂometer x 5. 711 = lbs/square mﬂc



APPENDIX C

TRIBUTARY FLOW DATA



LAKE CODE 4ld&

TOTAL DRAINAGE AREA OF LAKE(SY KM)

TRIBUTARY

4104A1
4104A2
410401
“104227
“l0aiF
410416

1007.5
668.2
136.5
203.6

14,2
47.9

SUB-DRAINAGE
AREA (S0 KM)

TRIBUTARY FLOW INFORMATION FOR OREGON

JAN FER

53.80 33.98
36.381 30.87
Te79 6.06
Geb3 Teld6
0.340 0,425
0.7048 0.850

TOTAL DRAINAGE AREA OF LAKE
SUM OF SUB-DRAINAGE AREAS

HILLS CREEK RESERVOIR

1¢67.

MaR

15.35
30.30
6.03
T+36
0.142
0.283

MEAN MONTHLY FLOWS AND UDAILY FLOWS (CMS)

TRIBUTARY

41044l

AN V4

MONTH

10
11
12

ot ot
OO NPNESEWN =YD OONOUN S WN -~

YEAR

74
74
74
75
75
75
75
75
75
75
75
75
T4
74
T4
75
75
75
75
75
75
15
75
75

MEAN FLOW

36.812
36.812
49,271
58,333
12,295
39,644
34,547
30,299
44,174
21.2¢9
27.609
37,095

8,212
10.675
26,108
37.095
34,263
33.414
23.305
42,475
37.095
18,094
11,242

9,543

DAY

19
15
16

APR

20.40
29.“5
5.89
7.08
0.057
0.142

FLOW

37.095
35.113
53.802
49,838
104421
45,024
33.697
414626
45,873
14.215
36.812
37.661

Te759

T.929
41909
50.687
21.606
294459
23.078
344,547
39.077
124997
10,959

9,543

MAY

28.88
32.85
6,77
8.21
0.028
0.057

1007.5
1070.4

Day

17

24

28

17
24

28

NORMALIZED FLOWS(CMS)
JUN JUL AUG

24.52 16.03 20495
20667 11.38 8.27
4.05 1.43 0.85
4.81 1.7G 0.99
0.01¢ 0.006 0.003
0.028 0.014 0.006

SUMMARY

03/11/76

SEP oCT
33.41 37.10
733 9.49
0.81 1.26
0.99 1.56
0.006 0.0006
0.008 0.014

TOTAL FLOw IN
TOTAL FLOW OUT

FLOW DAY

75.323

10.307

41.343

37.095
28.883

40.210

FLOA

388.11
396.61

NOV

54,09
22.34
%30
5.38
0.028
0.057

DEC

58,05
29417
6.60
8.21
0.283
0.566

MEAN

33.04
22.37
4.31
S.26
0.110
0.224



TRIBJTARY FLCw [NFORMATICN FOR OREGON oB/11/76
LAKE COLE «le #ILLS CREEXK RESERVOIR

AEAN MONTALY FLOXS AND DAILY FLOWS (CMS)

TRIBJITARY MONT YEAR MEAN FLOw DAY FLOW DAY FLOW DAY FLOW
«lQ4avi Id 74 0.708 19 V566
11 Ta 1.5¢1 15 0.566
12 714 5.975 16 13.847
1 75 9,458 6 13.762 17 12.205
4 75 8,778 7 3.823 264 T7.362
3 75 5.097 7 44531
N 75 3.285 22 3.002
5 75 9.061 21 5.862 28 7.900
6 75 6,654 10 Tobd?
7 75 t.982 28 0.793
8 15 0.623 29 0.595
9 75 0.340 16 0340
4104i¥ 10 74 0.0 19 0.0
11 74 0.014 15 0.0
12 T4 0,042 16 Ve028
1 75 0.142 6 1.133 17 0.01¢4
2 75 0.850 7 0.566 4} 2.265
3 5 0,057 7 0s014
“ 75 0.014 18 0.006
5 75 0.008 27 v.003
6 75 0.0C6 10 0.006
7 75 0.014 24 0.006
8 75 0.0 22 0.0
9 75 0.0 12 0.0
«10416 10 14 0.0 19 0.0 .
11 T4 0,028 15 0.0C8
12 T4 0.085 16 0.057
1 75 0.340 6 24265 17 0.051
2 75 1.962 7 1.557 21 S.663
3 75 0,142 K4 0.037
4 75 0.024 i8 0e017
S 75 0.020 21 G.008 a7 6.008
6 75 0.011 10 UeOlw
7 75 Ue023 24 0.911 28 0.0006
8 75 Ge0 22 040
9 75 0.0 12 040



APPENDIX D

PHYSICAL and CHEMICAL DATA



STORET RETRIEVAL DATE 76/38/12
410401
43 642 23.0 122 25 20.0 3
HILLS CREEK RESERVOIR
©1039 OREGON

130991
iiTPALES 2111202
0159 FEET OEPTH CLASS 00
00010 00300 00077 00054 00400 00410 00610 00625 00630 00671
DATE TIME DEPTH WATER Do TRANSP CNDUCTVY PH T ALK NH3-N TOT KJEL NO2&NO3 PHOS-DIS
FROM OF TEMP SECCHI FIELD CACO3 TOTAL N N-TOTAL ORTHO

T0 DAY FEET CENT MG/L INCHES MICROMHO SuU MG/L MG/L MG/L MG/L MG/L P
75703728 09 4«0 0000 6.2 1l.6 54 47 7.80 22 0.030 0.200K 0.020 0.040
09 40 0005 6el 11.6 46 770 22 0.020 0.200K 0.020K 0.032

09 40 0015 6.1 11.6 46 7.60 23 0.020 0.200K 0.020 0.032

09 4«0 0050 S.7 11.4 46 750 22 0.020 0.200K 0.020 0.032

09 40 0100 Sel 11.4 47 750 e2 0.020 0.200K 0.020 0.040

06 40 0140 S.1l 10.8 48 T<40 23 0.020 0.200K 0.030 0.040
75707716 14 SO0 G0OO 18.5 9.0 78 41 Be40 25 0.050 0.400 0.030 0.012J
14 50 0005 18.9 9.0 36 S.20 22 0.040 0.300 0.020K 0.013J
14 59 0015 18.2 8,2 34 8.25 24 0.060 0.300 0.020K 0.015J

14 S0 0040 13.2 10,6 27 8.70 25 0.050 0.300 0.020K 0.026
14 S0 0100 6.8 10.0 24 8.90 26 0.030 0.200K 0.020K 0.030K
14 50 0150 3.8 15.4 24 8460 30 0.030 0.200 0.040 0.035J
l4 50 0220 3.0 9.0 28 790 28 0.030 0.200 0.050 0.029J

75710730 13 40 0000 13.9 9.6 60 38 790 30 0.020K 0.200K 0.020 0.007
13 40 0005 14.0 9.0 48 T«70 33 0.020K 0.200K 0.020K 0.008

13 40 0018 13.9 9.0 49 T.50 30 0.020K 0.200K 0.020K 0.012

13 40 0050 11.3 8.2 23 T35 28 0.020K 0.200K 0.040 0.022

13 40 0080 7.9 8.2 38 720 29 0.020K 0.200K 0.060 0.027

13 40 0125 6.0 9.0 35 7«10 30 0.020K 0.200K 0.060 0.028

13 40 0170 Se7 8.4 34 7.05 33 0.020K 0.200K 0.080 0.027

K& VALUE <MOWN TO =¥ LESS
THAN INDICATED

J#? VALUF KNOWN TO BE IN ERROR



STORET RETRIEVAL DATe

DATE
FROM
T0

15703724

75707716

75710730

TIME DEPTH

OF
DAY

09
09
09
09
g9
09
14
14
14
1o
i
14
14
13
13
13
13
13
13
13

FECT

0000
0005
0015
0050
o100
0140
0000
0005
0015
0049
c100
0150
0220
0000
0005
0018
0050
0080
0125
0170

t6/38/.2

00665
PHOS=-TUT

MG/L P

0,040
00039
9.038
0,038
C.040
0.059
0,017
¢.018
0.020
0.023
0,029
04040
V.04]
0,022
0.022
0.029
0034
Je041
004l
0.063

322117
CHLRPHYL

A
JG/L

0.6

%10aCl
43 42 23.0 122 25 20.0 2
HILLS CREEK RESERVOIR
41¢39 OREGON

130991
11EPALES 2111202
0159 FEEY DEPTH CLASS G0
00031
INCOT LY
REMNING
PERCENT



STUOREY RETRIZYAL DATE 7a/f8712

60019

DATE TIME DEPTri  WwATER
FROM oF TEMP
T0 DAY FEET CENT

75703728 10 00 0000
10 00 0005

10 00 0C1S

10 o¢ 00S0

10 00 0100

i0 a0 C156

15/707/716 16 1S 0000
14 15 0005

14 15 0015

14 15 0040

14 15 0090

14 15 0140

. 14 15 0i80
75710730 14 20 0000
14 20 00605

14 20 0018

14 20 9050

14 20 0080

14 20 0122

o ¢ & & & © @0 o

°

e ]

Yt e
CONWWWWWXITWLoD O NGO

WNWOOOON e NIUUITQA =0 QO

00300
Do

MG/L

il.4

[
NN OOV OOWOO®®OO O
L]
oo DOOC O

K# valLUr XNOwN TO BE LESS

THaN INDICATED

J® VALUE KNOWN TO 3E IM ERROR

00077
TRaNSP
SECCHI
INCHES

60

72

00094
CNDUCTVY
FIELD
MICROMHO

33
33
3z
32
33
34
16
41
33
29
20
28
15
49
50
50
47
40
38

«10402
43 39 52,0 122 25 28.0 3
nIils CREEK RESERVOIR

41039 JREGON
130991
LIEPALES 2111202
0160 FEET DEPTH CLASS 00
00400 Q0410 00610 00625 00630
Pr T ALK NH3=N TOT KJEL NO2&NO3
CACO3 VOoTAL N N-TOTAL
Su MG/L MG/L MG/L MG/L
7.50 21 0.049 0.400 0.030
Te40 20 0.020 0.200 0.020K
T7.40 20 0.020K 0.200K 0.020K
7.40 21 0.030 0.200K 0.020K
T30 21 0.020 0.200K 0.020K
7.20 22 0,030 0.260 04040
9.30 29 0,090 1.209 0.080
8.90 19 0.050 0.300 0,020
T7.90 21 0.070 0.200 0.020K
7450 22 0.080 0.300 0.030
T7.20 25 0.040 0.200K 0.040
7.00 25 0.030 0.200K 0.040
6.95 27 0.030 0.200K 0.040
7.00 32 0.020K 0.200K 0.030
7¢25 32 0.020K 0.200 040201
720 31 0.020K 0.200K 0.020K
720 31 0.020K 0.200 0.020K
6.90 33 0.020K 0.200 0.080
6.30 33 0.020K 0.200 0.030

00671
PHOS=-DIS
ORTHO
MG/L P

0.039
0.033
0,041
0.035
0.030
0.031
00,0259
0.015J
0.0200
0.026K
0.036J
0.0384
00,0294
0,010
0,013
0.014
0.016
0.027
0.014



STORET RETRIEVAL DATE 7e/G2/12

DATE
FROM
T0

75703/28

75707716

75/7106/30

00665
TIME DEPTH PHOS-TOT
OF
DAY FEEY MG/L °

10 00 0000 ve053
16 a0 0005 0.043
i0 00 0015 0.042
10 00 0050 Celas
10 99 2100 G.047
10 00 0156 N.G46
14 15 6000 0.030
14 15 000S 0.020
14 15 0015 0.020
14 15 0040 9.622
la 1S5 0090 €.038
14 15 0140 9.039
le 15 0180 C.045
14 20 0000 0.023
14 20 0005 0.025
1« 20 0018 0.026
14 20 0050 0.031
14 20 0080 0.045
14 20 0122 0.061

32217
CHLRPrYL
A
UGsL

1.0

4e2

00031
INCDOT LT
REMNING
PERCENT

410402
43 39 52.0 122 25 28.0 3
HILLS CREEK RESERVOIR
41039 OREGON
130991

Y1EPALES 2111202
0160 FEET OEPTH CLASS 00



. APPENDIX E

TRIBUTARY DATA



STORET RETRIEVAL DATE 76/06/:2

00630
DATE TIME DEPTH NO26NO3
FROM oF N=TOTAL
T0 DAy FEET MG/L
76/106/19 10 30 0,040
74711715 10 18 0.016
76712716 11 35 0.024
75/01/06 14 10 0,048
757817317 13 2?2 0,856
75762707 10 32 0.045
75703707 12 20 0,015
75/704/22 10 S5 0,005

K VALUE KNOWN TO BE
LESS THAN INDICATEO

00625
TOV KJEL
N
MG/L

0, 100K
0.700
0,200
0.100K
0,100K
6,150
0,050K
00400

06610
NH3=N
TOTAL

MG/L

$.010
¢.025
6025
0005
6.008
0,020
6.008
0,020

&©104A1

63 62 4000 122 2% 35.7 4

MID FORK WILLAMETTE RILV

4} 15 CAKRIDGE

O/HILLS CREEK RESERVOIX 130991

BELO HILL CRK DAM 2.8 #I SE OF CAKRIDGE
11EPALES 2111204

6000 FEET DEPTH CLASS 00

60671 00665

PHOS=DIS PHOS-TOT

ORTHO

Mo/ P MG/L P
0.010 0,015
0805 9,020
0,015 0.030
9025 0.050
00032 0,050
6040 0.040
0032 0.040
0,039 0.030



STORET RETRIEVAL DAYE T76788/12
410682
%2 35 25.0 322 26 35.0 &
MID FORK WILLAMETTE RIV
43 15 OAKRIDGE
T/HILLS CREEK RESERVOIR 130991
8NK NEAR RIGDON RD Bos4 MI S HILL CRR DAM
LikPALLEDS 2111204
0000 FEET DIPTH CILLASS 00

006306 20625 60610 00671 00665
DATE TIME DEPTH NO28NO3 TOT KJEL NA3-N PHOS~DIS PHOS=TOT
FROM OF N=TOTAL N TOTAL ORTHO
70 DAY FEET MG/L MG/l MG/L MG/L P MG/L P
74710719 12 45 0.616 0.100K 0.010 0.040 0,040
Ta/12/716 13 30 9,024 G.200 6.025 ¢<C30 0.050
75701706 11 4} 0.008 0.200 0.020 6050 0.060
75/7061/17 12 So 6.908 0,300 0.016 0.032 0,040
75702707 11 15 0,008 ¢.100K 0.024 0.040 0.040
75702724 11 03 0,008 6.100 0.008 0.032 0.040
75703707 10 48 0.206 0.100K 0.008 04024 0.030
15/34/22 10 25 ¢.015 0.450 0.020 0.030 0.039
75/05/21 10 35 0,005 0.050K 0.010 0.020 0.030
75706710 12 30 0,005 0.050K 0.005 0.015 0.015
75701728 11 00 0.005 0.1090 0.010 0035 0.05¢
75/69/16 15 15 0.010 0.200 0.005K 0.025 0.060

K VALUE KNOWN TO BE
LESS THAN INDICATED



STORET REVRIEvAL CATE

DATE
FROM
70

T4/10/19%
Ta/t)t/1S
15761706
15701717
75/02/07
75/02/2%
75/03/07
15/064/22
75/05/21
75706710
75767728
75749/16

K VALUE KNOWN TO BE
LESS THAN INDICATED

TIME DEPTH
aF
DAY FEET

12
Il
14
12
il
10
10
10
10
12
ii
15

35
146
3s
43
30
56
43
20
45
40
20
20

7e/c8/12

00630
NO2&NO3
N=TOTAL

MG/L

0.024
€.008
0,008
¢.008
0.008
0.008
0.008
0.00S
0.040
0.010
0.005
0.010

00625
TOT KJUEL
N
MG/L

0.100K
0.600
0.100K
0.260
0,160K
0.,100K
0.100K
0.300
0.200

0.200
0,400

90610
NH3=-N
TOTAL

MG/L

c.005
0.020
0.030
g.008K
0.016
0.008
0.012
0,020
0.015
0,015
2.010
0.005K

410481
43 35 60.0 122 26 300 4
BUCK CREEKX
41 15 OAKRIOGE
T/HILLS CREEK RESERVOIR 130992
RIGDON RD BRDG 10Q.4 M! S OF OAXRIDGE
11EPALES 2111204

0000 FEET DEPTH CLASS 00

00671 00665
PHOS-DIS PHOS-TOT
ORTHO
MG/L P MG/L P
0.035 0.035
0.030 0.040
¢.055 0.090
04032 0.050
0.032 0,035
0.032 6040
0021 8.030
0.025 0.030
0020 C.030
0.015 0.015
0.030 0,050
0.035 0.050



STORET HEVRIEVAL

DATE
FROM
i0

Ta/10/12
T6/11/715
Ta/12/10
¥5/701/05
75701717
75702767
75702724
75763707
15704722
75765721
15766/10
T75/07/23
75769716

CATE V6756712

00630

TIMZ DEPTH NO2&NO3

oF
Day

12
10
14
14
i2
b
10
1
10
1o
13
10
1S

10

60
55
55
00
43
33
00
e2c
00
45
oS

N=YOTAL

FEET MG/L

0,850
0.016
0,032
6.016
G.916
0003
0.008
0,068
0.005
00490
C.015
0.020
0,025

K VALUE KNOWN TO BE
LESS THAN INDICATED

09625
TOT KJUEL

N

6L

0,300
1,059
6100
0,100
6,200
0,100
0.500
0e100K
0,050K
0.400
6,050
96250
G100

G610
NH3=N
TOVAL

MG/L

6015
0,020
0.015
0:010
§.08068K
0:02¢
0,010
0.016
0.010
G065
0,010
0.015
06015

00671
PHOS-DIS
ORTHO
MG/L P

0040
0.045
Qo045
8,059
0.048
0.048
0048
0.040

9.050
0.0605
00045
0:040

L104CE

%3 37 UEOG 122 25 @joc &
COSTEFPOY CREEK

43 15 CAKRIDGE

T/7nriLLS CREEXK RESERVOIR 130991
UNPYD RD BRCC 8.5 MI S OF O0AKRIDGE

11ERALES
0660 FEET

Go655
PrOS5-707

MGsL P

0045
0.050
0.060
0.080
2,059
0050
0.070
0,040
Ge0%0
0040
0010
0.05¢6
0.060

DFEPTH

2111206
CLASS 00



STORET RETRIEVuL VATE Tersisrs12

DATE
FROM
TO

T4/10/19
T4/11/715
Tar12/16
75/01/06
15/61/17
75702707
15702724
75703707
75704722
75705721
75/06/ 10
75/07/28
75709716

K VALUE KNOWN TO BE
LESS THAN INDICATED

00630

TIME DEPTH NO2&NO3

OoF
DAY

il
09
11
13
12
09
10
10
09
09
13
10

10
SS
15
S6
oo
SS
07
SS
2s
4S
00
15

N-TOTAL
MG/t

0.016
0.008
0,048
0,016
0.016
0.008
0,008
¢.008
0,005
0,040
0.020
G.005
0.010

00625
TOT KJUEL

N

MG/L

0.100
0.300
0.200
0.400
0.100K
0.200
0.125
0.150
0.200
04350
0.050K
0.100
04400

Go610
NH2A=N
TOTAL

MG/L

0.010
0.015
0.030
0.050
0.096
0.024
0.008K
0.008
0.01S
0.025
¢.010
0,007
0.005

41¢avl

43 4} D0.0 122 22 150 4

HILLS CREEK
41 15 QAKRIDGE

T/7HILLS CREEK RESERVOIR 130991
BNK 2 MI SE OF KITSON HOT SPRINGS
11EPALES 2111204

0000 FEET OEPTH CLASS 00

00671 00665
PHOS=-DIS PHOS=TOT
ORTHO
MG/L P MG/L P
0.030 0.030
0.025 0.030
0.035 0.040
0.040 0.060
0.032 0.035
0.010 0.020
0.028 04035
0.028 0.023
0.020
0.012 0.031
0.030 0.030
04025 04030
04015 0.040



