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MEMORANDUM 

 
TO:  Bob Ellis, PhD 
FROM: Ken Vigil, John Vlastelicia 
DATE: August 10, 2006 
 
SUBJECT: Preliminary Water Quality Review 
  Proposed Drift Creek Reservoir (East Valley Irrigation District) 
 
 

INTRODUCTION 

The purpose of this technical memorandum is to summarize our preliminary review of 
water quality issues (primarily temperature) associated with the East Valley Water 
District’s (EVWD’s) proposed irrigation reservoir on Drift Creek.  The EVWD’s 
proposal to construct an impoundment on Drift Creek provides both challenges and 
opportunities related to water quality.  This initial water quality review focuses on 
temperature, since it appears to be the parameter of greatest interest/concern for the 
proposed project. 
 
The tables and figures referenced in this memorandum are all included at the back of the 
document (along with the appendix materials) for convenience. 
 

REGULATORY ISSUES/STATUS 

The federal Clean Water Act requires that states adopt water quality standards to protect 
the integrity of surface waters of the U.S.  In Oregon, the Oregon Department of 
Environmental Quality (DEQ), with review and approval by the U.S. Environmental 
Protection Agency (EPA), develops water quality standards.  DEQ and EPA utilize the 
standards as regulatory tools to prevent pollution of surface waters, and to assess whether 
the quality of Oregon’s rivers and lakes are adequate for aquatic life, recreation, drinking, 
agriculture, industry, and other uses.   

 

Oregon water quality standards for temperature are aimed at protecting temperature-
sensitive beneficial uses in waters of the State, including specific salmonid life cycle 
stages.  As such, temperature criteria may vary between streams, and between different 
reaches of any given stream, based on the beneficial uses that stream or reach provides.   
 
The State identifies Drift Creek as being used for salmon and trout rearing and migration 
(OAR 340-41-340, Figure 340A).  Additionally, Drift Creek is classified by State 
regulations as salmon and steelhead spawning habitat from October 15 to May 15 (OAR 
340-41-340, Figure 340B).  Based on the temperature criteria outlined in OAR 340-41-
0028, the seven-day average maximum temperature of a stream identified for salmon and 
trout rearing and migration use may not exceed 18.0˚C (64.4˚F).  For stream reaches 
identified as having salmon and steelhead spawning use, the seven-day average 
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maximum temperature may not exceed 13.0˚C (55.4˚F) during the designated spawning 
periods.   
 
Drift Creek is identified on DEQ’s 303(d) list as being water quality limited for 
temperature in the summer because it exceeds temperature criteria for salmon and trout 
rearing and migration (River Mile 0 to 9.5).  Drift Creek is not identified on the 303(d) 
list for parameters other than temperature.   
 
The Pudding River, into which Drift Creek flows, also appears on DEQ’s 303(d) list for 
summer temperature due to exceedances of the 18.0˚C criteria for salmon and trout 
rearing and migration.  The section of the Pudding River into which Drift Creek flows is 
also identified on the 303(d) list as water quality limited for bacteria (fecal coliform and 
E. coli) (Fall/Winter/Spring) and DDT (year-around).   
 

EXISTING CONDITIONS 

General 
The Pudding River watershed (5th field HUC# 17090009) comprises approximately 528 
square miles of land in Marion and Clackamas counties, much of which is used for 
agriculture, timber harvesting, manufacturing, and recreation.  Several large streams flow 
to the north and west from the Cascade Mountains into the Pudding River, which drains 
to the Molalla River, a Willamette River tributary.  The Drift Creek subbasin (6th field 
HUC# 170900090106) comprises an area of approximately 25 square miles (4.8% of 
total basin area) in the upper portion of the Pudding River watershed (Figure 1).   
 
Hydrology/Temperature 
Preliminary streamflow estimates used for this review were obtained from summer field 
measurements (base flows) and an Oregon Water Resources Department (OWRD) peak 
discharge estimation tool (http://map.wrd.state.or.us/apps/wr/wr_mapping/), which 
estimates peak discharges for selected stream locations based on prediction equations.   
 
Preliminary estimates of water temperature used in this review were based on field 
measurements and DEQ temperature data from five locations on Drift Creek and the 
Pudding River, as summarized below: 
 

• Drift Creek at Victor Point Road (Station #32054) – Data from Summer 2004 

• Drift Creek at Hibbard Road (Station #32057) – Data from Summer 2004 

• Drift Creek at RM 2.5 (Station #s 23864 and 25385) – Data from Summers 2000 
and 2001 

• Pudding River at Sunnyview Road (Station #32056) – Data from Summer 2004 

• Pudding River below Drift Creek (Station #31878) – Data from Summer 2004 
 
Graphs for the temperature data collected at these DEQ stations are presented in the 
appendix.  The project researchers have installed automatic temperature recorders on 
Drift Creek and are in the process of collecting more detailed temperature data.   
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The approximate base and peak flows for Drift Creek immediately upstream of its 
confluence with the Pudding River are outlined below. 
 
 
Drift Creek Flow Rate Estimates 
Base Flow  5 to 10 cubic feet per second (CFS) 
2-Year Peak  873 CFS 
10-Year Peak  1,570 CFS 
100-Year Peak  2,500 CFS 
 
Summer water temperatures in Drift Creek typically range from approximately 10˚C to 
20˚C, with maximum temperatures often approaching 25˚C in portions of the creek in 
July and August.  Water temperatures in the vicinity of the proposed dam site are 
generally cooler than water temperatures lower in the system.  Summer 2004 data from 
the DEQ gage on Drift Creek at Victor Point Road (Station #32054) indicate water 
temperatures generally ranging between 15˚C and 20˚C between about mid-June and 
mid-September, with temperatures exceeding 20˚C on a few occasions in July and 
August (temperatures peaking at about 21˚C).  DEQ data collected during the same 
period from the gage at Hibbard Road (Station #32057) downstream of the proposed dam 
site indicate temperatures in excess of 20˚C as early as mid-June and as late as early 
September, with temperatures between 20˚C and 25˚C common from mid-July through 
mid-August (temperatures peaking at about 25˚C).   
 
The portion of the Upper Pudding River subbasin above the Drift Creek confluence 
comprises an area of approximately 34 square miles.  The base and peak flows for the 
Pudding River just above its confluence with Drift Creek are outlined below. 
 
Upper Pudding River Flow Rate Estimates 
Base Flow  5 to 10 CFS 
2-Year Peak  756 CFS 
10-Year Peak  1,400 CFS 
100-Year Peak  2,280 CFS 
 
Available data indicate that summer water temperatures in the Pudding River generally 
range between 10˚C and 25˚C from June through October, with maximum temperatures 
exceeding 25˚C.  The data indicate that water temperatures above the Drift Creek 
confluence (DEQ gage at Sunnyview Road, Station #32056) are generally above 15˚C 
between about late June and mid-September and are frequently between 20˚C and 25˚C 
in July and August.  Maximum temperatures for the gage at Sunnyview Road often 
exceeded 25˚C in 2004, with peaks as high as 28˚C.  (note: The 2004 data for gage 
#32056 are being viewed cautiously.  The extremely high temperatures recorded, and the 
marked difference between daily highs and lows, could indicate that the temperature 
recorder was exposed to the air during low water periods and that certain data are 
indicating air temperatures rather than water temperatures.)  Pudding River water 
temperatures below the Drift Creek confluence in 2004 (Station #31878) were generally 
above 15˚C between approximately mid-June and mid-September and often exceeded 
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20˚C in July and August.  Peak temperatures below the Drift Creek confluence 
approached but did not exceed 25˚C in 2004.   
 
Based on these preliminary reviews of basin areas, flow rates, and water temperatures, it 
is clear that that the quantity and quality of water from Drift Creek greatly influences the 
quantity and quality of water in the upper Pudding River.  The Drift Creek subbasin (25 
square miles) is similar in size to the portion of the Upper Pudding River subbasin above 
the Drift Creek confluence (34 square miles).  Therefore, future changes in either the 
flow rate or the temperature of Drift Creek would be expected to significantly influence 
the corresponding conditions on the upper Pudding River. 
 

IMPOUNDMENT TEMPERATURE COMPARISONS 

Water temperature characteristics of surface impoundments (lakes, reservoirs, etc) are 
influenced by several factors, including the availability and intensity of sunlight, the 
depth of the water body, and the water body’s exposure to wind.  Shallow water bodies 
are generally more evenly heated and thoroughly mixed, and thus temperatures 
throughout the water column are typically relatively uniform in these types of 
impoundments.  Deeper impoundments, on the other hand, have a tendency to stratify at 
certain times of the year due to density differences that develop from uneven heating and 
inadequate mixing.  In such water bodies, a marked transition zone (metalimnion) will 
develop, separating a warmer layer of surface water (the epilimnion) from a colder 
bottom stratum (hypolimnion).   

 

Vigil-Agrimis, Inc. (VAI) obtained and reviewed temperature data and information for a 
number of lakes and reservoirs in Oregon and Washington.  Sources of information 
included the Portland State University Center for Lakes and Reservoirs, the Washington 
Department of Ecology, and the comprehensive lake survey entitled Atlas of Oregon 

Lakes, a joint publication by authors affiliated with Portland State University and DEQ.   
 
The vast majority of these lakes exhibited thermal stratification during the summer.  As 
would be expected, the tendency of deeper lakes to stratify was stronger than that of 
shallow water bodies, although temperature stratification was documented in lakes with 
maximum depths as little as 13 feet.  For lakes with maximum depths between 30 and 60 
feet (comparable to the proposed reservoir, which will have a projected maximum depth 
of 50 feet), the depth of the thermocline (plane of maximum temperature change) ranged 
from approximately 3 feet to 20 feet.  The average depth of the thermocline measured in 
these lakes was approximately 12 feet.   
 
Table 1 is a summary of this temperature stratification review on Oregon and Washington 
lakes and reservoirs.  The appendix also includes examples of lake water quality and 
temperature stratification data for lakes and reservoirs in Oregon and Washington with 
similar characteristics to the proposed irrigation reservoir.
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Based on VAI’s review of the data, which focused on impoundments with characteristics 
(e.g. climate, depth) similar to the proposed reservoir, it appears that temperature 
stratification will likely develop in the proposed Drift Creek reservoir during the summer, 
when high stream temperatures are generally of greatest concern.  This stratification 
phenomenon has the potential of reducing stream temperatures by providing cooler 
discharge water (from the lower depths of the reservoir) during these periods.   

 

GENERAL WATER QUALITY CONSIDERATIONS 

Water from the deepest, bottom part of the reservoir would provide cooler water during 
the summer, but not necessarily water with the best overall water quality.  The deepest 
parts of reservoirs tend to be deficient in dissolved oxygen in the summer, which is an 
undesirable condition.  The deepest parts of lakes and reservoirs can also have higher 
sediment concentrations, which could be undesirable.  The shallowest parts of reservoirs 
or lakes typically have undesirable water quality conditions too, including high 
temperatures and high algal concentrations.  The mid depths of lakes and reservoirs 
typically have the best overall water quality conditions during the summer.  Figure 2 
provides a simple graphical representation of these concepts.  
 
Several examples are included at the end of this memorandum in the appendix to 
document these depth and water quality relationships on existing impoundments.  The 
purpose of these examples is to show general trends in impoundment water quality and 
present typical references.  These examples have some similarities with the proposed 
Drift Creek reservoir as outlined in the above section.  However, every water body is 
unique.  The project team needs to develop detailed bathymetric data on the proposed 
reservoir to move forward on the water quality/temperature evaluation. 
 
To manage water quality and temperatures, the designers of the proposed reservoir will 
have to provide an outlet control structure that allows water to be discharged from 
multiple depths.  This type of outlet structure would offer the most discharge flexibility 
and allow the dam operators to optimize their management of the impoundment to 
provide irrigation benefit, while protecting natural resources. 

 

RESERVOIR STORAGE 

Based on work done by others (Stuntzner, 2005) and recent discussions, we understand 
that the proposed Drift Creek Reservoir may have a storage capacity of approximately 
9,000 acre-feet with a dam height of 50 feet. 
 
The District will likely be required to discharge some of this stored water during the 
summer months to keep appropriate base flows in Drift Creek downstream of the dam.   
Because of the probability of thermal stratification (as outlined above), the District could 
design the reservoir so that the discharge water is drawn from the middle depths of the 
reservoir.  This approach would tend to provide higher quality discharge water: water 
with lower temperatures and other more favorable water quality conditions. 
 
The water quality reviewers performed some simple flow balancing to estimate the 
amount (volume) of water that could be discharged to meet required base flow conditions 
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during the summer months.  We assumed that the base flow discharge needs (based on 
preliminary flow measurements) would be on the order of 5 to 10 cubic feet per second 
(CFS).  Furthermore, we assumed that this discharge rate may need to be maintained for 
approximately 120 days (June through September).  To meet these discharge needs, then, 
approximately 2,000 acre-feet of stored water may need to be reserved for base flow 
discharges during the summer months. 
 
Based on the proposed storage volume of approximately 9,000 acre-feet, it would appear 
that the proposed reservoir would have sufficient capacity to store the appropriate volume 
of higher quality water for this purpose. 
 
The reservoir storage capacity and discharge needs will need to be evaluated in greater 
detail as the project moves forward and additional information becomes available.  For 
example, a detailed bathymetric map of the proposed reservoir is not yet available, but 
will need to be completed to further define storage capacity.  Moreover, the base flow 
discharge requirements will need to be defined more clearly through discussions with 
regulatory agencies. 

 

TEMPERATURE MANAGEMENT 

Releasing cooler, base flow water to Drift Creek from the proposed reservoir would 
provide the opportunity of improving water quality conditions in Drift Creek below the 
reservoir and also in the Pudding River. 
 
The researchers completed some simple mass balance modeling to evaluate the potential 
effect on water temperatures of these discharges.  By considering the flowrate and 
temperature of the upstream Pudding and the flowrate and temperature of the Drift Creek 
discharge, we estimated the resultant temperature of the Pudding River downstream of its 
confluence with Drift Creek. 
 
Table 2 provides a summary of this analysis based on the limited existing conditions 
information summarized earlier in this memorandum. 
 
Based on this simple review, it would appear that discharging cooler water from the 
proposed Drift Creek reservoir could result in a temperature decrease in the Pudding 
River (downstream of the confluence with Drift Creek) of approximately 2˚C or more 
 
Furthermore, since summer temperatures on Drift Creek are typically in the range of 20 
to 25˚C, the discharges of cooler water from the proposed reservoir could cool the waters 
in Drift Creek below the dam by 5˚C, or more. 

 

WATER RIGHTS 

It is beyond the scope of this memorandum to evaluate water rights on Drift Creek.  
However, it is important to note as this project moves forward that water rights issues 
may play an important role in determining the required summertime stream flows in Drift 
Creek below the proposed reservoir.  These instream flow requirements will likely dictate 
the summertime water releases from the reservoir. 
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For example, water releases from the dam may be required for water rights related to 
summertime irrigation of downstream farms and for fish and other aquatic organisms and 
their habitat. 

 

CONCLUSIONS 

The investigators draw the following conclusions based on this preliminary review of 
water quality: 
 

1. The existing temperature conditions on Drift Creek in the project area appear to 
violate state water quality standards. 

 
2. The existing temperature conditions on the Pudding River downstream from its 

confluence with Drift Creek appear to violate water quality standards. 
 

3. Both of these streams are identified on DEQ’s 303(d) list as being water quality 
limited for temperature in the summer. 

 
4. The proposed impoundment would be expected to stratify during the summer 

months, providing the opportunity to discharge cooler water collected below the 
surface of the reservoir.   

 
5. Water from the middle depths of the reservoir would likely have the best water 

quality during the summer with respect to temperature, dissolved oxygen, and 
other water quality parameters. 

 
6. Water from the middle depths of the reservoir could be 5˚C, or more, cooler than 

the surface water during the summer months. 
 

7. Discharging this cooler water during the summer could reduce the temperature of 
Drift Creek below the proposed reservoir by 5˚C, or more, during the summer 
months. 

 
8. Discharging this cooler water during the summer could also result in reductions in 

the temperature of the Pudding River (below its confluence with Drift Creek) by 
approximately 2˚C, or more during the summer months. 

 

 

RECOMMENDATIONS 

The investigators have the following recommendations based on this preliminary review: 
 

1. Complete a detailed topographic survey and bathymetric analysis of the proposed 
reservoir site to clearly define depth/area/volume relationships and storage 
capacity. 
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2. Review instream water rights and summertime base flow discharge needs with 
appropriate agencies to determine the rate and quantity of water that would need 
to be discharged from the reservoir. 

 
3. Review and summarize the instream temperature data that is currently being 

collected on Drift Creek and the Pudding River. 
 

4. Set up a meeting with DEQ to review the proposed project as it relates to water 
quality and learn what opportunities and constraints may exist for the project in 
this regard, from their point of view. 

 
5. Submit this preliminary water quality review memorandum to DEQ prior to the 

meeting to inform them of some of the issues associated with this project. 
 
 



PRELIMNARY WATER QUALITY REVIEW FOR 
PROPOSED DRIFT CREEK RESERVOIR 
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Table 1

Lake Stratification Review Summary

Lake Name
Volume     

(acre-feet)

Surface 

Area (acres)

Max. Depth 

(feet)

Avg. Depth 

(feet)

Depth of 

Thermocline 

(feet)

Oregon Lakes

Munsel Lake 3,521 104 96.1 33.8 19.7
Woahink Lake 27,715 739 74.8 37.4 44.0
Eel Lake 14,237 348 68.6 41.0 22.3
Bradley Lake 532 23 33.5 23.3 6.2
Clear Lake 6,291 153 83.6 41.0 28.9
Clear Lake 2 13 316 119.1 54.1 38.4
Garrison Lake 1,482 131 31.5 11.8 12.1
Henry Hagg Lake 59,000 1,153 109.9 51.2 ?
East Sutton Lake 1,147 62 33.5 20.3 9.8
West Sutton Lake 27,715 52 33.1 17.1 16.1
Oswego Lake 10,100 395 55.1 25.6 23.0
Collard Lake 876 42 56.7 21.0 16.1
Blue River Lake 85,000 935 248.0 90.9 19.7
Cottage Grove Lake 33,500 1,139 73.1 29.5 19.7
Cooper Creek Reservoir 3,800 166 69.9 23.3 13.1
Dexter Lake 27,500 1,025 56.1 26.9 3.3
Fall Creek Lake 125,000 1,860 161.0 67.2 19.7

Washington Lakes

Crocker Lake 663 76 13.0 9.0 3.3
Horseshoe Lake 9,002 141 150.0 64.0 6.6
Island Lake 2,246 108 31.0 21.0 NA
Leland Lake 1,415 107 20.0 13.0 6.6
Liberty Lake 16,000 710 30.0 23.0 19.7
Limerick Lake 1,210 129 24.0 9.0 ?
Long Lake (reservoir) 2,180 339 12.0 6.0 NA
Mason Lake 49,000 1,000 90.0 48.0 16.4
Medical Lake 5,000 160 60.0 32.0 13.1
West Medical Lake 4,900 220 35.0 22.0 13.1
Moses Lake 131,000 6,800 38.0 19.0 NA
Offutt Lake 2,900 200 25.0 15.0 8.2
Phillips Lake 1,800 110 25.0 16.0 NA
Potholes Lake 500,000 28,000 142.0 18.0 19.7
Spanaway Lake 4,600 280 28.0 16.0 6.6
Sutherland Lake 20,800 369 86.0 57.0 13.1
Ward Lake 2,100 65 67.0 33.0 13.1
Wildcat Lake 2,200 120 33.0 18.0 9.8
William Symington Lake 422 60 23.0 7.0 ?
Big Lake 7,470 520 23.0 14.0 13.1
Browns Lake 1,085 84 23.0 13.0 6.6
Campbell Lake 2,770 367 16.0 8.0 NA
Curlew Lake 39,519 921 130.0 43.0 6.6
Deer Lake 57,000 1,110 75.0 52.0 16.4
Desire Lake 933 71 21.0 13.0 8.2



Table 1 (continued)

Lake Name
Volume     

(acre-feet)

Surface 

Area (acres)

Max. Depth 

(feet)

Avg. Depth 

(feet)

Depth of 

Thermocline 

(feet)

Washington Lakes 

(cont'd)

Duck Lake 3,000 278 30.0 11.0 6.6
Erie Lake 711 113 12.0 6.0 NA
Gillette Lake 1,600 47 85.0 34.0 3.3
Harts Lake 3,100 120 50.0 26.0 3.3
Loomis Lake 825 165 9.0 5.0 NA
Martha Lake 2,034 62 70.0 33.0 6.6
McMurray Lake 4,500 160 52.0 29.0 13.1
Lake Sacajawea 353 61 21.0 6.0 ?
Starvation Lake 233 30 14.0 8.0 3.3
Terrell Lake 2,950 435 10.0 7.0 NA



TABLE 2

RESULTANT PUDDING RIVER TEMPERATURE

WITH SUMMER BASE FLOW RELEASES FROM DRIFT CREEK

BASED ON TEMPERATURE (MASS) BALANCE APPROACH

Upstream Upstream Reservoir Discharge Reservoir Discharge Combined D/S Combined D/S Reduction in D/S
Pudding R. Pudding R. Drift Ck. Drift Ck. Pudding R. Pudding R. Pudding R.
Flowrate Temperature Flowrate Temperature Flowrate Temperature Temperature

(CFS) ºC (CFS) ºC (CFS) ºC ºC

5 19 5 15 10 17.0 2.0
5 19 5 15 10 17.0 2.0
5 19 5 15 10 17.0 2.0
5 19 5 15 10 17.0 2.0
5 19 5 15 10 17.0 2.0
5 19 5 15 10 17.0 2.0
5 19 5 15 10 17.0 2.0
5 19 5 15 10 17.0 2.0
5 19 5 15 10 17.0 2.0

10 20 10 15 20 17.5 2.5
10 20 10 15 20 17.5 2.5
10 20 10 15 20 17.5 2.5
10 20 10 15 20 17.5 2.5
10 20 10 15 20 17.5 2.5
10 20 10 15 20 17.5 2.5
10 20 10 15 20 17.5 2.5
10 20 10 15 20 17.5 2.5
10 20 10 15 20 17.5 2.5
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DEQ Summer Temp. Data 2004- Drift Creek at Victor Pt. Rd. (Station #32054)
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DEQ Summer 2000 Temp. Data- Drift Creek Mile 2.5 (Station #23864)
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DEQ Summer Temp. Data 2001- Drift Creek Mile 2.5 (Station #25385)

0

5

10

15

20

25

6/
27

/2
00

1

7/
4/

20
01

7/
11

/2
00

1

7/
18

/2
00

1

7/
25

/2
00

1

8/
1/

20
01

8/
8/

20
01

8/
15

/2
00

1

8/
22

/2
00

1

8/
29

/2
00

1

9/
5/

20
01

9/
12

/2
00

1

9/
19

/2
00

1

9/
26

/2
00

1

Date

T
e
m

p
e
ra

tu
re

 (
d

e
g

. 
C

)



DEQ Summer 2004 Temp. Data- Drift Creek at Hibbard Road (Station #32057)
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DEQ Summer 2004 Temp. Data- Pudding River at Sunnyview Road (Station #32056)
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DEQ Summer 2004 Temp. Data- Pudding River below Drift Creek (Station #31878)
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