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Figure 14. Okanogan River nr Tonasket Historical Daily Streamflow Exceedances and MIF 
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1.0 Introduction 
The Similkameen River drains over 3600 square miles and runs through southern British 
Columbia, Canada, eventually emptying into the Okanogan River near Oroville, Washington 
(Figure 1).  The Similkameen contributes approximately 75% of the average annual flow of the 
Okanogan River.  Proposals for a dam site upstream of the confluence with the Okanogan have 
been studied since the 1920s. 

The Water Management section of the Seattle District Army Corps of Engineers is currently 
performing a study to asses a proposed dam for purposes of water supply and storage needs, 
flood damage reduction benefits, and benefits to instream flow and temperature management on 
the Similkameen and Okanagan Rivers.   

To meet some of the purposes of the study, a computer model of the proposed dam was 
developed.  This modeling analysis supports the study by providing both quantitative and 
qualitative analysis, especially as it pertains to the ability of the proposed projects to meet the 
purposes listed above.  The model evaluated three dam configurations, a Low, medium or large 
dam at the proposed Shanker’s Bend dam site in the Similkameen River, located approximately 5 
miles northwest of Oroville, WA (Figure 1). 

 
 

Figure 1.  Similkameen River Basin  
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1.1 Description of Model 
The object oriented modeling program Stella, Version 9.0, was used to perform the model 
simulations for this study.  The operation of the proposed dam configurations was simulated 
using historic, unregulated streamflow records (Section 2.1.1), derived reservoir storage-
elevation relationships (Section 2.1.1), and streamflow routing procedures.  Typical rules include 
drafting a reservoir according to a specified rule curve, imposing maximum and/or minimum 
flow requirements, or providing a user-specified outflow over a specified period of time.   

The simulations were conducted using a weekly time step, providing weekly-averaged output 
values for reservoir elevation, project releases, and river flows and stages.  The first “water-
week” begins October 1st of each calendar year.  Each water-week contained seven days except 
the last which contained eight days and week number 22 which contained eight days when the 
water-year was a leap year. 

The model includes a “control panel” which allows the user to change some of the model 
assumptions before each model run.   

1.2 Description of Modeled Simulations 
The purpose of the overall water supply study is to evaluate the potential benefits from three 
different dam scenarios.  The no project alternative and these three dam scenarios were the basis 
for the four different simulation sets completed for this model study (Table 1).  Benefits to flood 
risk reduction, power generation and meeting minimum instream flow requirements were 
evaluated for all scenarios.   

Table 1.  Simulation Runs for Similkameen Water Supply Study  

 Name Description Options 

Simulation 
Set 1 

No Project 
Alternative 

No dam or storage, alternative 
quantifies existing state 

 

Simulation 
Set 2 

Low Dam Dam designed not to impact 
peak stages on Palmer Lake 

Flood Control, Power 
Generation, Additional 

Summer Augmentation Flow 

Simulation 
Set 3 

Medium Dam Dam size designed to have no 
backwater into Canada 

Flood Control, Power 
Generation, Additional 

Summer Augmentation Flow 

Simulation 
Set 4 

Large Dam Dam size designed to prevent 
inundation of the towns of 

Loomis, WA or Cawston, B.C.

Flood Control, Power 
Generation, Additional 

Summer Augmentation Flow 

2.0 Data Used in Modeling Proposed Projects 
This section describes the data used as input to the model.   
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2.1.1 Hydrologic Data 
A 76-year data set from three available USGS gages was used in this study (Table 2).  The 
overlapping period of time from these three gages (water-years 1931-2007) encompasses a 
variety of hydrologic conditions, and is therefore a good data set for evaluating the dam 
alternatives. 

Table 2.  USGS Gages Streamflow Employed in Modeling 

USGS Gage Gage Name Period of Record Purpose in Model  

12442500 
(3550 mi2) 

Similkameen River near 
Nighthawk, WA 

1911-2007 Represents inflow record 

12439500 
(3195 mi2) 

Okanogan River at Oroville, 
WA 

1944-2007 Used to calculate local flow for 
temperature analysis 

12445000 
(7260 mi2) 

Okanogan River at 
Tonasket, WA 

1929-2007 Used to calculate local flow for 
minimum instream flow and flood 
damage reduction analyses 

 

2.1.2 Stage-Storage Curve for the Proposed Dams 
To determine the appropriate stage-storage curve for the proposed projects, both historical 
analyses1 and GIS analysis of digital elevation maps were used.  In GIS, fill volumes were 
calculated from the basin digital elevation map starting at the dam site elevation up to each full 
dam height, in ten-foot increments.  Since GIS analysis does a poor job of estimating volume 
below the water line, it was assumed that the accuracy of the GIS analysis improved with 
elevation.  The resulting stage-storage curve is a mix of historical data and that calculated using 
GIS  (Figure 2).  Active storage is the volume of water within the designed operating range.  
Bottom operating range elevations was provided in the Similkameen River Water Storage & 
Power Generation Facility Draft Appraisal Evaluation (Entrix, April 2009). 

Table 3.   Summary of Assumed Project Stage - Storage Relationship 

 Top Elevation 
(ft) 

Assumed Total 
Storage 
(kAF) 

Bottom of 
Operating 
Range (ft) 

Assumed Active 
Storage 
(kAF) 

Low Dam 1155 43 1134 24 
Medium Dam 1175 169 1134 150 

Large Dam 1289 1704 1203 1405 

                                                 
1 Previous analyses from 1987 NHC Flood Control Analysis and DOE Calculation dated 8/13/87, sent via email 
correspondence from Dave Cummings 4/10/08. 
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Figure 2.  Assumed Proposed Dam Stage-Storage Relationship 

2.1.3 Assumptions for Evapotranspiration 
Evaporation rates can be quite high and can impact water available for storage.  The freesurface 
evaporation rate as measured at Conconully reservoir from 1956-1970 was 30 inches per year 
(MWH, 2009).   The model assumes a 30” per year annual loss to evaporation.  To convert this to a 
volume change of water, an average flow rate in acre-feet per week is calculated based on the 
reservoir elevation, the volume of water per foot at that elevation, assuming 30” loss per year, and 
converting for time.  This additional “withdrawal” of water occurs at each timestep.  

2.1.4 Water Supply Forecasts 

In snowmelt-dominated basins like the Similkameen, the quantity of flow volume during the 
spring runoff season is well-correlated to snow-water equivalent (SWE) in the basin, which can 
vary greatly from year to year.  A water supply forecast was derived based on historic SWE and 
spring flow volume data.  This water supply forecast was then used to help balance the need to 
provide flood damage reduction downstream (that is, draft the reservoir enough) with the need to 
ensure the reservoir fills (that is, don’t draft the reservoir too much).  This was especially 
important in the large dam scenario where the volume available in the reservoir is greater than 
the average spring flow volume for the Similkameen River.   

The water supply forecast used for this study was determined using a regression analysis of 
historical snowpack datasets in the basin, specifically the April 1 Snow Water Equivalent (SWE) 
for Blackwall Peak and Hamilton Hill (1968-2007).  The resulting regression equation, which is 
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used to estimate volumetric runoff into the reservoir for the period April through July, is given 
by: 

WSF = 171*26.35B30.89 swe −+∗ sweH  

Where: 

WSF = Volumetric inflow forecast, April through July (kAF) 

Bswe = April 1st Snow Water Equivalent, Blackwall Peak (inches) 

Hswe = April 1st Snow Water Equivalent, Hamilton Hill (inches) 

The associated forecast standard error for the above regression is 172 thousand acre-feet (172 
kAF).  To determine a water supply (volumetric inflow) forecast for years prior to 1968 (prior to 
available snowpack records), the following equation was used:   

WSF = Observed Runoff Volume  + est. of forecast error 

Where: 

est. of forecast error  = SE * η  (kAF) 

SE   = calculated forecast standard error 

η     = normally distributed random number 

The resulting water supply forecasts used in the model analysis for the period of record is 
provided in Table 4.  The relationship between the water supply forecast and the reservoir draft 
for flood damage reduction is given by a Storage Reservation Diagram  (SRD), discussed in 
Section 3.3.   

3.0 Rules used in Modeling Proposed Projects (Hydro-Regulations) 
To evaluate flood control methods for this study, standard rules for operating the dams (these 
standard rules are also called “hydro-regulations”) were used in order to compare the differences 
between the different Simulation Sets (Table 1).  The model results can be affected by many 
factors, including (but not limited to):  the period of record used for modeling, the assumed water 
supply forecasts, and the rules used to trigger operational changes.  To minimize bias, a 
consistent set of rules regarding flood control drafts, residual volume tracking, and foresight 
were applied in all model simulations.  Since hydraulic constraints from any turbines or outlet 
works were not known at the time of this study, they were not incorporated into the analysis and 
would need to be considered in follow-on studies. 

The proposed projects were each regulated over the historic record available on a weekly-
average basis following the same rules (hydro-regulations).  Since standard hydro-regulations 
were used the different scenarios were then compared to determine the performance of the 
different scenarios.   

In general the hydro-regulations were to meet the following requirements given in order of 
priority:   

1. Pass inflow if reservoir is full 

2. Flood Damage Reduction:  Reduce flows if possible at Okanogan River near Tonasket to 
below the flood stage of 15.0 feet (currently rated at around 20,300 cfs) 

 8 of 23 



Table 4.  Modeled Water Supply Forecasts (WSF) 

Water-
year 

Observed 
Apr-Jul  
Runoff 
(kAF) 

Estimated 
Forecasted 
Apr-Jul 
runoff 
(kAF)  

Water-
year 

Apr. 1 
Blackwall 
Peak 
SWE (in) 

Apr. 1 
Hamilton 
Hill SWE 
(in) 

Observed 
Apr-Jul  
Runoff 
(kAF) 

Calculated 
Forecasted 
Apr-Jul 
runoff 
(kAF) 

Observed 
Forecast 
Error 
(kAF) 

1931 650 820 1968 36.1 13.3 1,359 1413 55 
1932 1,090 1160 1969 25.9 14.5 1,150 1140 -10 
1933 1,508 1537 1970 22.9 13.1 808 999 190 
1934 1,898 1932 1971 45.1 19.3 1,840 1903 63 
1935 1,410 1751 1972 58.9 33.5 3,090 2831 -260 
1936 1,040 1396 1973 22.7 11.4 697 933 236 
1937 1,235 1315 1974 49.4 18.6 2,092 2010 -82 
1938 1,480 1299 1975 34.9 17.7 1,339 1532 193 
1939 1,004 607 1976 48.3 20.8 1,720 2055 335 
1940 641 551 1977 15.9 9.7 605 662 57 
1941 640 708 1978 29.1 16.7 1,365 1315 -50 
1942 1,267 1136 1979 22.2 10.7 812 891 79 
1943 1,437 1609 1980 28.0 14.8 1,391 1214 -176 
1944 857 820 1981 23.3 8.9 1,120 864 -256 
1945 1,176 1131 1982 34.6 16.7 1,460 1487 27 
1946 1,556 1792 1983 30.8 12.4 1,340 1218 -122 
1947 1,179 1433 1984 22.2 7.6 1,062 783 -279 
1948 1,996 1970 1985 26.2 12.8 1,029 1090 61 
1949 1,658 1859 1986 30.1 11.5 1,248 1165 -84 
1950 1,926 2051 1987 29.1 11.2 1,003 1123 119 
1951 1,840 1783 1988 30.6 10.9 933 1157 224 
1952 1,114 944 1989 30.1 15.7 1,061 1313 252 
1953 1,404 1227 1990 34.1 13.5 1,566 1358 -207 
1954 1,833 1836 1991 53.6 18.1 2,300 2122 -177 
1955 1,518 1673 1992 26.3 6.5 736 871 135 
1956 1,917 1921 1993 21.0 11.1 939 870 -69 
1957 1,487 1392 1994 22.4 9.3 885 848 -38 
1958 983 1117 1995 33.0 11.4 1,305 1251 -54 
1959 1,869 1806 1996 34.3 14.3 1,661 1391 -270 
1960 1,233 897 1997 42.5 18.3 1,947 1788 -159 
1961 1,438 1172 1998 26.3 9.1 1,231 962 -269 
1962 1,038 1180 1999 50.9 16.5 1,707 1984 277 
1963 1,066 910 2000 28.8 11.3 1,070 1116 46 
1964 1,715 1548 2001 16.1 8.9 567 640 73 
1965 1,260 1204 2002 41.2 15.7 1,546 1655 109 
1966 912 1029 2003 24.5 9.6 779 925 146 
1967 1,607 1580 2004 27.2 10.5 1,143 1038 -105 

   2005 17.6 3.3 621 488 -134 
   2006 29.3 9.5 1,065 1068 3 
   2007 38.5 12.8 1372 1471 99 
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3. Meet Instream Flow Requirements at Similkameen River at Nighthawk and Okanogan 
River near Tonasket. 

4. Option to follow Flood Control rule curve based on water supply forecast. 

5. Option to provide additional releases from the reservoir during the months of June, July, 
August, September, and/or October for downstream purposes, which could include (but 
are not limited to) meeting irrigation demand and providing cool reservoir water to help 
meet desired temperature criteria. 

Each of these hydro-regulations is described in more detail in the following sections. 

3.1 Instream Flow Requirements 
There are four sites where minimum instream flow requirements are identified in the Washington 
Administrative Code (WAC) 173-549-020 for the Okanogan River Basin.  The dams were 
regulated to meet the minimum instream flow requirement for two of the four sites (Table 5).   
Although Similkameen River Near Nighthawk gage is upstream of the proposed dam sites, the 
releases from the dam were modeled to meet these instream flow requirements since it was 
assumed that the existing minimum instream flow requirements for this gage would hold for the 
minimum dam outflow.  Values were averaged to weekly based on the water week timesteps for 
the model.  To meet the instream flow requirements, the model set the dam release to flow 
greater than the minimum instream flow minus the calculated historic local flow for that date.  
Local flow is defined as the inflow to the river between the dam site and the downstream point of 
interest (i.e., Okanogan River near Tonasket). 

3.2 Flood Damage Reduction 
The control point used for local flood control analysis is USGS gage number 12445000, 
Okanogan River near Tonasket, Washington.  The highest river stages at Tonasket generally 
occur during the months of May, June, and July.  To provide flood damage reduction, the model 
would set dam releases to less than the difference between flood stage flow at Tonasket (15.0 
feet, approximately 20,300 cfs) and the calculated local flow for that date.  It was assumed that a 
reasonably reliable 10-day and 5-day streamflow forecast was available that allowed reduction in 
outflow, if necessary.  The only exception to this rule is if the dam release needed to be larger to 
avoid overtopping the reservoir.     

3.3 Flood Control Rule Curves  
For all dam scenarios there is an option to have a flood control rule curve.  If the flood control 
option is selected, the Low Dam and Medium Dam scenarios draft the reservoirs empty for flood 
control beginning April 1st in water-years with a water supply forecast larger than 1970 kAF 
(1948, 1950, 1972, 1974, 1976, 1991, 1999).   The reservoirs are then allowed to be full by the 
first week of July. 

For the Large Dam scenario, the Large Dam drafts for flood control beginning April 1st in water-
years with a water supply forecast greater than 1,400 kAF.  The ultimate draft depends on the 
water supply forecast, with the larger forecasts requiring deeper drafts (Table 6). 
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Table 5.  Instream Flow Requirements from WAC 173-549-020 

Month Day Similkameen R. Nr 
Nighthawk 12442500 (cfs) 

Okanogan R. Nr. 
Tonasket 12445000 (cfs) 

Jan. 1 400 800 
 15 400 800 

Feb 1 400 800 
 15 400 800 

Mar. 1 425 800 
 15 450 800 

Apr. 1 510 910 
 15 640 1,070 

May 1 1,100 1,200 
 15 3,400 3,800 

Jun. 1 3,400 3,800 
 15 3,400 3,800 

Jul. 1 1,900 2,150 
 15 1,070 1,200 

Aug. 1 690 840 
 15 440 600 

Sep. 1 400 600 
 15 400 600 

Oct. 1 450 730 
 15 500 900 

Nov. 1 500 900 
 15 500 900 

Dec. 1 500 900 
 15 450 850 

Note:  The proposed dams were not regulated to meet minimum instream flow 
requirements at Malott. 

3.4 River Temperature 

Data from two Washington State Department of Ecology (DOE) water quality stations were 
analyzed to determine when river temperature exceeds the state standard and by what magnitude.  
River temperatures at both the Similkameen River at Oroville site (49B070) and the Okanogan 
River at Oroville site (49A190) exceeded DOE water quality temperature standards the majority 
of samples in July and August of each year (Table 7, Table 8, Table 9, and Table 10).   It is 
during these months flow releases from the proposed dams may improve downstream water 
temperature.  In the Large Dam simulation set, adding additional summer water demand is 
optional, up to 5,000 cfs for any or all of the months of June, July, August, September and 
October.  It is not specified in the model if this water is provided for downstream temperature 
control, downstream irrigation withdrawal, or other purposes.  It is also not specified from what 
depth in the reservoir the water is withdrawn. 

To determine the possible benefit to downstream water temperature, the required outflow 
temperature from the proposed dams is calculated for years with existing temperature records at 
Okanogan River at Oroville.  The required Similkameen outflow temperature is than compared 
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to existing dams with similar characteristics to the proposed large dam to qualitatively assess the 
chance of success of temperature management (Section 4.3). 

Table 6.  Optional Flood Control Draft - Large Dam 

Observed 
Apr-Jul Forecast Storage 

Water-year 
Runoff 
(kAF) 

Apr-Jul 
(kAF) 

Reservation 
(kAF) 

Corresponding 
Elevation (ft) 

1933 1508 1537 1144 1223 
1934 1898 1932 1063 1230 
1935 1410 1751 1358 1207 
1943 1437 1609 1216 1217 
1946 1556 1792 1399 1203 
1947 1179 1433 1039 1231 
1948 1996 1970 1102 1227 
1949 1658 1859 990 1234 
1950 1926 2051 1182 1220 
1951 1840 1962 1093 1227 
1954 1833 1836 968 1236 
1955 1518 1673 1280 1212 
1956 1917 1921 1053 1230 
1959 1869 1806 937 1238 
1964 1715 1548 1154 1223 
1967 1607 1580 1187 1220 
1968 1359 1413 1020 1232 
1971 1840 1903 1035 1231 
1972 3090 2831 1400 1203 
1974 2092 2010 1141 1224 
1975 1339 1532 1138 1224 
1976 1720 2055 1186 1220 
1982 1460 1487 1093 1227 
1991 2300 2122 1254 1214 
1997 1947 1788 1394 1204 
1999 1707 1984 1116 1226 
2002 1546 1655 1261 1214 
2007 1372 1471 1077 1228 

Note:  Flood Control drafts begin each year on April 1st, Full refill allowed by 2nd 
week of July. 
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Table 7.  Similkameen River at Oroville – Temperature Sampling Data – 49B070 

 
Jun 

Avg °C 
Jul  

Avg °C 
Aug  

Avg °C 
2001 14.9 20.1 - 
2003 - 21.6 21.7 
2006 - 21.8 19.6 

Standard 18.0 18.0 18.0 
Average 14.9 21.2 20.7 

Table 8.  Similkameen River at Oroville – Percent Samples above 18° C 

Year 
First day of 

sample 
Last day of 

sample  Jun Jul Aug 
2001 6-Jun 31-Jul Samples > 18°C  11% 85% - 
2003 8-Jul 31-Aug Samples > 18°C  - 100% 96% 
2006 9-Jul 4-Aug Samples > 18°C  - 100% 91% 
   Average 11% 95% 93% 

Table 9.  Okanogan River at Oroville – Temperature Sampling Data – 49A190 

 
Jun  

Avg °C 
Jul  

Avg °C 
Aug  

Avg °C 
Sep  

Avg °C 
Oct  

Avg °C 
2001 19.6 23.3 22.8 19.5 - 
2002 - 18.0 21.2 22.8 22.8 
2003 - 23.1 19.6 23.6 - 
2004 - 23.1 19.6 23.6 23.6 
2005 - 23.1 19.6 23.6 - 
2006 - 23.1 19.6 23.6 - 
2007 - 23.1 19.6 23.6 - 

Standard 18.0 18.0 18.0 18.0 18.0 
Average 19.6 22.4 20.3 22.9 23.2 

Table 10.  Okanogan River at Oroville - Percent Samples above 18° C 

Year 
First day of 

sample Last day of sample  Jun Jul Aug Sep Oct 

2001 6-Jun 30-Sep Samples above 18°C  78% 100% 100% 90% - 

2002 9-Jul 31-Oct Samples above 18°C  - 49% 90% 100% 100%

2003 8-Jul 9-Sep Samples above 18°C  - 100% 90% 100% - 

2004 1-Jun 30-Sep Samples above 18°C  - 100% 90% 100% 100%

2005 10-Jul 30-Sep Samples above 18°C  - 100% 90% 100% - 

2006 9-Jul 30-Sep Samples above 18°C  - 100% 90% 100% - 

2007 2-Jul 30-Sep Samples above 18°C  - 100% 90% 100% - 

   Average 78% 93% 91% 99% 100%
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3.5 Irrigation Demand 
Similar to temperature requirements and minimum instream flows, the highest demand for water 
for irrigation occurs during the summer months.  Table 11 shows the estimated monthly 
irrigation consumptive use, given in terms of percentage of annual use, for several crops 
commonly grown and irrigated in the Okanogan River valley. 

In the Large Dam Simulation Set, adding additional summer water demand is optional, up to 
5,000 cfs for any or all of the months of June, July, August, September and October.  It is not 
specified in the model if this water is provided for downstream temperature control, downstream 
irrigation withdrawal, or other purposes. 

Table 11.  Estimate of Seasonal Distribution of Irrigation, Okanogan River Basin 

Crop May Jun Jul Aug Sep Oct Annual 

Alfalfa 13% 24% 29% 21% 13% 1% 100% 

Pasture 13% 24% 28% 21% 13% 1% 100% 

Apples w/cover 9% 24% 31% 22% 14% 1% 100% 

Cherries w/cover 12% 23% 29% 21% 13% 1% 100% 
Pears/Plums 
w/cover 11% 23% 30% 22% 14% 1% 100% 

Average Values 11% 23% 29% 21% 13% 1% 100% 

Source:  National Engineering Handbook, Part 652 Irrigation Guide, USDA, September 1997 

3.6 Power Generation 
While operating to enhance power production was not added as an option to the model scenarios, 
each Dam Simulation Set calculates power produced (in MW) and then sums this over the year 
and reports the average power produced per year (in MW) so that potential benefits to power 
production can be given.  The power equation is given by: 

1000*82.11
** QhxPower ∗≅ η  

Where: 
x  = number of turbines, assumed to be 1 
η   = efficiency (unitless), assumed to be 0.9 
h  = net head (feet) 

reservoir elevation is based on model output 
(calculated) 

tailwater elevation assumed to be 1049 feet. 
head loss assumed to be 1 foot. 

Q  = flow (cfs), based on model output (calculated) 
 
Since the design values of many of these parameters were unknown at the time of the model 
analysis, the Stella model “control panel” allows the user to make changes to each of the 
assumed values given above.  The model has an option to run with or without power plant 
capacities of 19.6 MW, 23 MW and 74 MW. 
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4.0 Model Results 
The model results were analyzed in order to quantify the differences between the No Dam, Low, 
Medium and Large Dam Simulation sets. Benefits to flood damage reduction, instream flow 
enhancement, and temperature management are presented in the following sections. 

4.1 Instream Flow Requirements 
There was a large improvement in all dam scenarios when it came to meeting the required 
minimum instream flow (MIF) requirements that are given by the WAC 173-549-020 (Table 5).  
The percentage of weeks that failed to meet the MIF at Tonasket improved from a 22% failure 
rate in the No Project simulation to only 7% in the Low Dam simulation (Table 12).  The 
Medium Dam scenario only failed to meet the MIF in 1% of weeks, where the Large Dam 
scenario did not have any weeks where the MIF were not met. 

Table 12.  Results:  Meeting Instream Flow Requirements  

 No Project Low Dam Medium Dam Large Dam 

Failure Weeks* 888 329 128 0 

Percent of 
Weeks Failed 

22% 8% 3% 0 

*Simulation Period WY 1931-2007 

4.2 Flood Damage Reduction  
There are 23 years from water year 1931 through 2007 where the daily average flows for the 
Okanogan River near Tonasket (USGS Gage 1245000) exceeded the 15.0 feet flood stage at 
Tonasket.  Of those years, 15 had week-average flows above the flood stage at some point during 
the year (1934, 1948-1951, 1955-1957, 1961, 1964, 1972, 1974, 1986, 1991, 1997, 2008).   Since 
flood damage reduction was not a concern in many years, drafting the dams for flood damage 
reduction only occurred in years where the water supply forecast exceeded a specific threshold, 
as given in Section 2.1.5.3. 

When operating for flood damage reduction, the Low and Medium Dams were able to prevent 
some flood damages (as defined as a week-average flow in excess of 20,300 cfs) while the Large 
Dam was able to eliminate flood damages altogether using appropriate forecasting and reservoir 
drawdown (Table 13).  Due to forecast uncertainty, the number of years that reach full refill in 
the Large Dam Scenario is only 95% when operating for flood control, however.   

Table 13.  Results:  Providing Flood Damage Reduction 

 No Project Low Dam Medium Dam Large Dam 

Failure Weeks 29 19 7 0 

Which Water 
Years - Simulation 
Period WY 1931-
2007 

See Paragraph 
4.2 

1948, 1949, 1950, 
1955, 1956, 1961, 
1964, 1972, 1974, 
1986, 1991, 1997 

1948, 1972, 
1974 

None 

Refill Percent N/A 95% 87% 77% 
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4.3 River Temperature 
A 1986 Corps temperature model study evaluated a reservoir of similar size to the Low Dam 
Simulation (elevation 1155 feet) and found that a dam of that size likely could decrease river 
temperatures on the Similkameen River between 1 to 2° C below ambient water temperatures.  In 
general, since the Similkameen River provides a fair contribution of the flow to the Okanogan 
River downstream of the confluence (between 50 – 80%); it has ample opportunity to influence 
temperatures at the confluence with the Okanogan River (Table 14).  It appears that during the 
period from August to March the MISF closely matches a curve described by the 80% 
exceedance flow on any one day. 

Table 14.  Similkameen River Average Contributing Flow to the Okanogan River 

 July August September 
Okanogan at Oroville (cfs) 588 453 472 

Similkameen at Nighthawk (cfs) 2345 767 514 
Total (cfs) 2933 1220 986 

% From Similkameen 80% 63% 52% 

A simple mixing model was used to determine the required temperature of discharge from the 
dam to attain temperatures at or below 18 C in the Okanogan River, assuming no change in flow.  
That is, same amount of water as historical flow, but the water is cooler.  The mixing calculation 
is represented by the following equation: 

( )
( )orovillesimilk

orovilleorovillesimilksimilk
mainstem QQ

TQTQ
T

+
+

=
**

 

An estimate of benefit is shown in Table 15 and Table 16. 

Table 15.  Required Average Release Temperature from proposed Shanker’s Bend dam to 
meet various targets downstream of confluence - July 

 
2001 

(20.1)* 2002 
2003 

(21.6)* 2004 2005 
2006 

(21.8)* 2007 Average
18° C Target 16.6° 17.2° 16.4° 16.4° 12.7° 14.3° 17.4° 15.8° 
17° C Target 15.4° 16.0° 15.1° 15.1° 10.7° 12.8° 16.2° 14.5° 
16° C Target 14.1° 14.9° 13.9° 13.9° 8.7° 11.3° 15.1° 13.1° 
15° C Target 12.9° 13.7° 12.6° 12.6° 6.7° 9.7° 14.0° 11.8° 
* parenthesis were actual average temperatures, when available 

Table 16.  Required Average Release Temperature from proposed Shanker’s Bend dam to 
meet various targets downstream of confluence - August 

 2001 2002 
2003 

(21.7°C) 2004 2005 2006 2007 Average
18° C Target 14.5 15.0 14.4 14.3 12.9 14.6 15.9 14.5 
17° C Target 12.8 13.3 12.7 12.8 10.9 12.9 14.4 12.8 
16° C Target 11.1 11.7 11.1 11.2 8.9 11.1 13.0 11.2 
15° C Target 9.3 10.0 9.4 9.7 7.0 9.4 11.5 9.5 
* parenthesis were actual average temperatures, when available 
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To predict if such temperatures would be available in the proposed dams, projects with similar in 
depth, storage, residence time and located in a similar climate to the Similkameen project were 
identified and their thermal stratification was quantified.  Lake Spokane on the Spokane River 
and Brownlee Reservoir on the Snake River were identified as projects that would be expected to 
have similar temperature structures as the forebay of the Similkameen project (Table 17). 

Table 17.  Dam Characteristics:  Proposed, Lake Spokane and Brownlee Reservoirs 

Reservoir Length Maximum 
Depth 

Storage Residence Time 

Proposed Large 
Dam 

~ 36 miles ~ 240 feet1 1,400,000 acre-
feet 

~ 306 days 

Proposed Med 
Dam 

~ 22 miles ~ 110 feet1 150,000 acre-feet ~ 33 days 

Proposed Low 
Dam 

~ 15 miles ~ 90 feet1 24,000 acre-feet ~ 5 days 

Lake Spokane 22 miles 170 feet 240,000 acre-feet ~ 15 days 

Brownlee 
Reservoir 

40 miles 300 feet 1,500,000 acre-
feet 

~ 34 days 

1.  Elevation of low level outlet would be 1065 feet, as per Similkameen River Water Storage & 
Power Generation Facility Draft Appraisal Evaluation (Entrix, April 2009) 

Temperature profiles taken in the Lake Spokane forebay station show that the reservoir is 
thermally stratified from about June through September.  In general, lake stratification is 
strongest in August when inflows are low and solar heating is greatest.  Temperature modeling 
by HDR of the July and August, 2001 time period showed surface temperatures reach 24° C to 
25° C and decrease with depth, with temperatures below 16° C, 14° C and 12° C existing deeper 
than about 60, 80, and 100 feet, respectively. 

Brownlee Reservoir temperature profiles taken near the forebay show that the reservoir is 
thermally stratified from about June through September.  Temperature modeling by Idaho Power 
of the July and August 1995 time period showed show surface temperatures reach  22°C to 23°C 
and decrease with depth, with temperatures below 16°C, 14°C, and 12°C existing deeper than 
about 100, 110, and 120 feet, respectively. 

From the required temperature releases shown in Table 15and Table 16 and the comparison of 
the proposed Large Dam to Brownlee Reservoir and Long Lake, it appears that beneficial 
temperature management on the Okanogan River is likely with the proposed Large Dam and 
possible with the proposed medium dam.  The ability to lower the temperature during the 
summer months below the state standard at the confluence of the Okanogan and Similkameen 
Rivers seems especially likely with the proposed Large Dam.  This possibility is improved yet 
again when considering the additional summer flow augmentation water that is available with the 
Large Dam Simulation Sets.  While cold water will be available in the proposed medium dam, 
further study is needed to determine if sufficient cold water would be available to last through 
the summer.  Further study is also needed to determine the influence of cold water releases 
further downstream on the Okanogan River to the confluence with the Columbia River. 
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4.4 Refill Reliability and Summer Flow Augmentation 
The Large Dam refill percent rate is minimally affected with additional summer augmentation up 
to about 1,000 cfs during July, August and September (Table 18).  This is in addition to 
augmentation to meet the minimum instream flow requirement, but does not include drafting the 
reservoir for flood damage reduction.  For user-specified augmentation rates greater than 2,000 
cfs, refill percentage decreases and the chance of impacting the ability to fill the reservoir in 
subsequent years magnifies (over-year failure).  The reservoir fill rate is more sensitive to flow 
demands later in the summer. 

Table 18.  Results:  Influence of Summer Flow Augmentation Rate on Large Dam Refill  

 Percentage of Modeled Years Reaching Refill 

User-Specified 
Augmentation 

Months of June 
– August 

Months of July- 
Sept 

Months of July- 
October 

1,000 cfs  97% 97% 96% 

2,000 cfs 92% 94% 85% 

3,000 cfs 79% 82% 54% 

4,000 cfs 55% 55% 31% 

5,000 cfs 37% 36% 17% 

 

Table 19.  Results:  Number of years July/August Flow Augmentation Rate not met 

User-Specified 
July – August 
Augmentation 
Rate 

Low Dam:  
Number of years 

Augmentation 
Rate not met (out 

of 77 years)  

Low Dam:  
Weeks through 

simulation 
period where 

MIF is not met 

Medium Dam:  
Number of years 

Augmentation 
Rate not met (out 

of 77 years) 

Medium Dam:  
Weeks through 

simulation 
period where 

MIF is not met 

0 cfs 0 269 0 54 

25 cfs 5 280 1 55 

100 cfs 6 322 2 59 

150 cfs 9 341 2 62 

300 cfs 20 423 2 75 

500 cfs 32 501 2 87 

1000 cfs 64 653 4 155 

The mean annual flow for the Similkameen River at Nighthawk (USGS Gage 12442500) is 
approximately 2,300 cfs.  The mean annual minimum instream flow at the same location is 954 
cfs, resulting in a net difference of 1,350 cfs over the year (i.e., on an average annual basis, flows 
in the Similkameen River exceed the minimum instream flow by 1,350 cfs).  This suggests that 
in a year with average basin runoff, the runoff volume in excess of that required to meet the 
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minimum instream flow in the Similkameen River represents only enough to fill 57 percent of 
the storage capacity of the large reservoir.  Furthermore, as shown in Figure 3, there is 
considerable inter-annual variability in the annual runoff volume at the proposed dam site. 

There are about 15% of years in the historic record that would be able to fill the reservoir in one 
year.  Once filled, the reservoir could reliably meet minimum instream flow requirements 
without lowering its ability to refill the following year.  This is shown by the fact that the net 
volume into the reservoir remains positive.  Net Inflow volume begins to be negative in a larger 
portion of the years with summer augmentation (July, August and September) of around 3,000 
cfs (Figure 4).  The model study shows that despite occasional annual negative inflow rates, the 
reservoir is still able to reliably fill in the spring for augmentation at around 2,000 cfs 
augmentation rate (Table 18).  However, at higher augmentation rates the reservoir starts to have 
over-year refill failures. 

Net Annual Inflow Volume into proposed Large Reservoir 
Annual Net Volume = Toatal Annual Inflow Volume - Total Annual Similkameen River at 

Nighthawk Minimum Instream Flow Volume (1929-2007)
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Figure 3.  Comparison Volumes:  Inflow and Similkameen Minimum Instream Flow  
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Net Annual Inflow Volume into proposed Large Reservoir 
Annual Net Volume = Total Annual Inflow Volume - Total Annual Minimum Instream Flow 

Volume - July, August and September Augmentation  (1929-2007)
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Figure 4.  Comparison Volumes:  Inflow and Summer Augmentation 

4.5 Additional Water for Irrigation  
While increased irrigation demand was not explicitly modeled, the additional summer flow 
augmentation analysis shows that more water may be available for irrigation, depending on the 
priority given for instream flow augmentation versus downstream irrigation (Table 18).  

4.6 Power Generation 
While power generation would not be a primary purpose of the proposed projects, it could 
possibly be a secondary benefit.  For comparative purposes, approximate average annual power 
generation, in MW, was calculated for each scenario.  Assumptions for the calculation are given 
in Section 3.6.  When operating to meet the flood control rule curve and the minimum instream 
flow requirements as given by WAC  173-549-020, the average annual power generation for the 
Large Dam scenario averages 27 MW per year when restricted by plant capacity of 74 MW, on 
average (Table 20).   Without the plant capacity restriction and given these hydroregulations, 
average annual power generation reaches 42 MW. 

5.0 Conclusions 
The Low Dam and Medium Dams (approximately 24,000 acre-feet and 150,000 acre-feet of 
active storage at full pool, respectively) could potentially provide benefits to flood damage 
reduction, the attainment of minimum instream flow requirements on the Similkameen and 
Okanogan Rivers, and benefits to hydropower production (Table 21).  With further study, the 
Medium Dam may show benefit to downstream temperature management, as well. 
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Table 20.  Results:  Relative Power Generation - Average MW per year 

 Low Dam Medium Dam Large Dam 

Powerhouse Capacity1 19.6 MW 23 MW 74 MW 

W/Flood Control, Minimum 
Instream Flow, Powerhouse 
Capacity2 

9 MW 11 MW 27 MW 

W/Flood Control, Minimum 
Instream Flow, Unlimited 
Powerhouse Capacity2 

17 MW 19 MW 42 MW 

1.  Powerhouse capacities given by Similkameen River Water Storage & Power 
Generation Facility Draft Appraisal Evaluation (Entrix, April 2009) 

2.  Dams were not modeled to optimize power production. 

The Large Dam, approximately 1,400,000 acre-feet of active storage at full pool, would provide 
benefits to flood damage reduction, the attainment of minimum instream flow requirements, 
attainment of state standard temperature requirements at the confluence of the Similkameen and 
the Okanogan Rivers, reliable additional summer flow augmentation of up to approximately 
2,000 cfs for the months of July, August and September (for irrigation, instream flow use, or 
other purposes), and large benefits to hydropower production (Table 21). 

5.1 Proposed further studies 
Suggestions for further studies are provided herein to direct further study on the potential cost 
and benefits of developing the Shanker’s Bend dam site.   

1. To further evaluate the potential availability of colder release water to benefit 
downstream temperature requirements, a thermal stratification model of both the large 
dam and medium dam should be built, calibrated and evaluated. 

2. Continue to use the Stella Model to evaluate the potential availability of summer 
augmentation flow, and the augmentation impacts to summer refill, recreation, and 
annual refill percentage. 

3. To further evaluate benefits to hydropower and flood control, optimization model may be 
employed to better balance the potential benefits from flood control drawdown, 
hydropower operation, and summer augmentation operations. 

4. To further evaluate the costs and benefits of the proposed project, conceptual design of 
the hydraulic components of the dam (outlet flow capacity, turbines, etc) should be 
performed.  Impacts of hydraulic constraints on model assumptions should be evaluated. 



 

Table 21.  Results:  Summary of Potential Benefits for Low, Medium and Large Dam Simulations  

 Minimum 
Instream Flow 

Flood Risk 
Management 

Temperature 
Management 

Summer Flow 
Augmentation 

Hydropower 
Production, Avg. 

Annual MW 

No Project 78% of weeks 
flow exceeds MIF 

19 out of 78 years 
with flows above 

flood stage 

None None None 

Low Dam 92% of weeks 
flow exceeds MIF 

12 out of 78 years 
with flows above 

flood stage 

Possible reduction of 1 -
2*C at discharge point 

Some in Jul – August 9 MW 

Medium 
Dam 

97% of weeks 
flow exceeds MIF 

3 out of 78 years with 
flows above flood 

stage 

Likely attain temperature 
standard at confluence, 
however not known if it 

would be sustainable 
throughout summer 

Up to 500 cfs 
available Jul - Aug 

11 MW 

Large Dam 100% of weeks 
flow exceeds MIF 

No years out of 78 
with flows above 

flood stage 

Likely attain temperature 
standard 

Up to 2,000 cfs 
augmentation water 

avail. Jul-Sep* 

27 MW 
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