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CONVERSION FACTORS AND VERTICAL DATUM

Multiply By To obtain

acre-foot (acre-ft) 1,233 cubic meter
cubic foot per second (ft3/s) 0.0283 cubic meter per second
foot (ft) 0.3048 meter
mile (mi) 1.609 kilometer

In this report, NGVD of 1929 refers to the National Geodetic Vertical Datum 
of 1929 a geodetic datum derived from a general adjustment of the first-order 
level nets of the United States and Canada and formerly called Sea Level Datum of 
1929.
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SIMULATION OF WATER-SURFACE ELEVATIONS
FOR THE SNAKE RIVER IN THE DEER FLAT

NATIONAL WILDLIFE REFUGE, IDAHO

By 
L.C. Kjelstrom

ABSTRACT

Fish and wildlife habitats in the Deer Flat National Wildlife Refuge are being 
studied to assess the effects of decreased discharges in the Snake River downstream from 
Swan Falls Dam. One phase of the assessment was the use of a hydraulic model to 
simulate water-surface elevations for selected discharges at cross sections of the Snake 
River from Swan Falls Dam to the mouth of the Owyhee River. Water-surface elevations 
at 280 cross sections were measured for various discharges of the river. The hydraulic 
model was calibrated by adjusting roughness coefficients so that simulated water-surface 
elevations matched measured elevations. Relations between roughness coefficients and 
discharges were used to estimate roughness coefficients for other discharges. Water- 
surface elevations were simulated with the model for discharges of 3,900 and 5,600 cubic 
feet per second.

INTRODUCTION

Numerous dams and reservoirs in the Snake River upstream from the Deer 
Flat National Wildlife Refuge in southwestern Idaho allow strict regulation of 
flow in the river. Swan Falls Dam (fig. 1), at the upstream end of the refuge, was 
built in 1901 for hydroelectric power generation and is currently (1991) owned and 
operated by the Idaho Power Company. In 1977, some Idaho Power Company 
customers filed a complaint with the Idaho Public Utilities Commission. The 
customers claimed that diversions of the Snake River upstream from the dam 
reduced the quantity of water available for hydroelectric power generation at the 
dam. Idaho Power Company's water right, granted by the Federal Energy 
Regulatory Commission, was 8,400 ft3/s (as measured at the U.S. Geological 
Survey stream-gaging station, Snake River near Murphy). Subsequently, Idaho 
Power Company filed a suit in State Court against some diverters of Snake River 
flow upstream from the dam. The Idaho Supreme Court determined that the 
water rights of Idaho Power Company at Swan Falls Dam were not subordinated 
to subsequent appropriations and remanded the case to the State District Court for 
resolution. In 1984, Idaho Power Company agreed to subordinate its water rights 
to future upstream development until discharge decreased to a minimum of 5,600 
ft3/s during the nonirrigation season (November through March) and 3,900 ft3/s 
during the irrigation season (April through October).

Public Law 100-216, passed in 1987, requires that the U.S. Department of 
the Interior, the National Oceanic and Atmospheric Administration, the State of 
Idaho, and the Idaho Power Company recommend studies to determine effects of
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the decreased discharges allowed by the 1984 agreement. Some of the studies 
recommended would assess the effects of decreased discharges on fish and 
migratory bird habitats in the Deer Flat National Wildlife Refuge.

Numerous islands in the Snake River in the Deer Flat National Wildlife 
Refuge serve as habitat for many species of birds and other wildlife. A discharge 
of 3,900 ft3/s downstream from Swan Falls Dam could lower the water surface in 
the river enough to cause slack or shallow water and possible formation of land 
bridges between many of the islands and riverbanks. These conditions might 
provide predators easy access to the islands, endangering birds nesting there. 
The altered chemical and physical conditions of the habitat caused by sustained 
decreased discharges during the warm summer months could endanger fish, 
particularly the white sturgeon, a species designated as sensitive (the species' 
survival could be endangered) in the State of Idaho.

Water-surface elevations and other channel and flow characteristics of the 
Snake River can be used to assess the effects of small discharges on the habitat for 
many species of fish, birds, and other wildlife. Water-surface elevations for 
selected discharges can be determined with hydraulic models. A study that used 
a hydraulic model to simulate water-surface elevations for selected discharges of 
the Snake River in the Deer Flat National Wildlife Refuge was made from 1989 
through 1991 by the U.S. Geological Survey, in cooperation with the Federal 
Energy Regulatory Commission and the U.S. Fish and Wildlife Service.

PURPOSE AND SCOPE

The purpose of this report is to present data on the effect of simulated 
discharges of the Snake River on surface elevation, area, and mean velocity of 
water in channels at 280 cross sections in the Deer Flat National Wildlife Refuge.

The reach of the Snake River included in this study is from Swan Falls 
Dam to the confluence of the Snake and Owyhee Rivers (fig. 1). A computer model 
was used to determine surface elevations, areas, and mean velocities of the Snake 
River at cross sections for selected discharges.
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DESCRIPTION OF STUDY AREA

The Deer Flat National Wildlife Refuge is located in southwestern Idaho 
and eastern Oregon. It includes about 90 islands in a 65-mi reach of the Snake 
River between Swan Falls Dam and the confluence of the Snake and Owyhee 
Rivers. Topography along the 65-mi reach is a plateau dissected by erosion into a 
series of mesas and intervening valleys. The rock sequence in the area consists of 
resistant layers of volcanic rock (basalt) underlain by less resistant layers of 
poorly consolidated sedimentary rock (clay, silt, sand). For about 10 mi 
downstream from Swan Falls Dam, the Snake River flows through a steep, 
narrow canyon. Farther downstream, the canyon gradually broadens; 
downstream from Marsing, rolling lowlands border the Snake River.

River channels at the 280 cross sections range from narrow and deep with 
rapidly moving water to broad and shallow with slowly moving water. The river 
is generally only a few hundred feet wide in the upstream part of the reach but is 
generally more than 1,000 ft wide in the downstream part of the reach.

Bed material in the Snake River for several miles downstream from Swan 
Falls Dam consists largely of cobbles and boulders. Farther downstream, gravel 
bars are present. Sand and silt deposits are present downstream from the 
confluence of the Snake River and tributary streams and wherever velocities are 
low. Generally, the bed material is stable. During the past 30 years at the Snake- 
River-near-Murphy stream-gaging station, the rated stage for a discharge of 6,500 
ft3/s ranged from 3.18 to 3.45 ft. Currently (1991), the rated stage is 3.37 ft.

Riparian vegetation includes thick growths of willows and other 
phreatophytes where riverbanks are wet; grass and sagebrush predominate 
where banks are dry. Willows generally grow along the edges of islands and 
cover many small, low-elevation islands. Larger islands are likely to include a 
grass-covered central plateau.

Inflow to the Snake River in the Deer Flat National Wildlife Refuge includes 
runoff from tributary drainage basins, irrigation return from field drainage 
ditches, and ground water. Runoff from precipitation or snowmelt in tributary 
drainage basins contributes substantially to river flow for only a few days in the 
winter or early spring. During the irrigation season, numerous drainage ditches 
return water diverted for irrigation to the river. Throughout 1990, banks on both 
sides of the river were wet several feet above the water surface in numerous 
places. Seepage water was observed moving toward the river from wet areas on 
the bank. Most wet areas were near irrigated fields. Outflow from the Snake 
River is mostly from pumping stations that divert water for irrigation along the 
reach.



DATA COLLECTION

Level lines were run to transfer elevation above the NGVD of 1929 from U.S. 
Coast and Geodetic or U.S. Geological Survey benchmarks to temporary 
benchmarks placed at various sites along the river and at one or both sides of the 
river where cross sections were located. About 500 temporary benchmarks were 
placed; the level-line network included 18 previously established benchmarks.

Field surveys were made to determine ground elevation at 280 cross 
sections of the Snake River and to measure water-surface elevations at left and 
right banks of cross sections for known discharges. Water releases from Swan 
Falls Dam were held steady at various discharges while water-surface elevations 
were measured. To assure that discharge was steady, the water-surface elevation 
at a given cross section was determined at the start and end of the day and the 
determined value was compared with the discharge record near Murphy.

Discharge information was obtained from records of the U.S. Geological 
Survey stream-gaging station near Murphy, about 4 mi downstream from Swan 
Falls Dam. Discharge also was measured at bridges at Marsing and Homedale, 
Idaho, and Adrian, Oreg. Tributary inflow data were obtained from records of 
stream-gaging stations near the mouths of Succor and Jump Creeks. Outflow at 
one pumping station (fig. 1) was measured by inline flow meters. Estimates from 
electrical power data (Goodell, 1988, p. 21) indicate that, in 1980, this station 
diverted about 40 percent of 140,000 acre-ft diverted by 124 pumping stations.

Discharge measurements and records indicate differences of inflow and 
outflow between the irrigation season and the nonirrigation season. Discharge 
values at the stream-gaging station near Murphy and the bridge at Adrian 
indicated a gain of 450 ft3/s on July 31, 1990, and a gain of about 60 ft3/s on 
March 28, 1991. On July 31, about 250 ft3/s was being diverted at the pumping 
station as measured by the inline flow meters; irrigation withdrawal and return 
flow were near their annual high. No water was being diverted on March 28 and 
surface-water inflow was minimal.

HYDRAULIC MODEL

DESCRIPTION OF MODEL

WSPRO (Water-Surface PROfile), a step-backwater program developed by 
the U.S. Geological Survey (Shearman and others, 1986; Shearman, 1990), was 
used to simulate water-surface elevations at the cross sections in the Snake River 
for discharges of 3,900 and 5,600 ft3/s. The model uses the standard step method 
(Chow, 1959, p. 265) to determine changes in water-surface elevation from a 
downstream cross section to an upstream cross section by balancing the total 
energy head at the sections. This method requires definition of the geometry and 
roughness coefficient of each of a series of cross sections which segment the river 
reach. Cross-section geometry is defined by a series of land-surface-elevation 
values measured at variably spaced distances from a reference point and along 
horizontal lines perpendicular to the direction of flow. The roughness coefficient



represents the resistance to flow in channels. Factors that affect roughness 
coefficients include the type and size of materials that compose the bed and banks 
of the channel, shape of the channel, variation in dimensions of channel cross 
sections, vegetation, and degree of channel meandering.

MODEL CALIBRATION

Information to calibrate the model was obtained by measuring water- 
surface elevations at the 280 cross sections for known discharges of the river. 
Discharge values at the stream-gaging station near Murphy were adjusted for 
inflow and outflow on the basis of discharge measurements at three downstream 
bridges and measured or estimated discharge in tributaries, drains, and 
diversion pipes. The adjusted discharge values, which ranged from 4,920 ft3/s 
through 9,320 ft3/s, were used for model calibration. Water-surface elevations 
were measured in various segments of the reach each day. About 55 
combinations of discharges and segments of the reach were used to calibrate the 
model.

An equation commonly used to estimate velocity in streams is the Manning 
formula that relates flow velocity (V), friction slope (S), channel roughness (ft), 
and hydraulic radius (R) of the channel cross section:

17 1.49 7,2/3 r 1/2v = ~fTR s (1)

Roughness coefficients (n values) were adjusted for succeeding simulations 
so that the simulated water-surface elevations matched those measured by field 
survey. By establishing a relation between roughness coefficients and discharges, 
roughness coefficients can be estimated for selected discharges. Generally, 
roughness coefficients increase as discharges decrease and decrease as 
discharges increase, due to the greater effect of the streambed on discharge when 
water is shallow.

At cross sections where islands were located, the total discharge was 
distributed into two or more individual channels. At some of these cross sections, 
the surveyed water-surface elevations were different for the individual channels. 
When current-meter measurements of discharge were not available for such a 
cross section, the division of flow was computed. Initial discharge values for each 
channel were computed from mean velocities apportioned for the cross section. 
The hydraulic model apportions the velocity in a river channel by assigning 5 
percent of the discharge to each of 20 equal-conveyance tubes and computing the 
mean velocity for each of the tubes. Velocities measured using a current meter 
and mean velocities apportioned by the hydraulic model at cross section 264 are 
shown in figure 2. Cross section 264 is at the cableway measuring site for the 
Snake-River-near-Murphy stream-gaging station.
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Final discharge values were determined in combination with changes of 
roughness coefficient values. Because changing the roughness-coefficient value 
changes the discharge value, model calibration for individual channels of a cross 
section required adjusting both values until the simulated water-surface elevation 
matched the surveyed elevation.

SIMULATION OF WATER-SURFACE ELEVATIONS

The hydraulic model was used to simulate water-surface elevations at river 
discharges of 3,900 and 5,600 ft3/s. Simulated elevations for a discharge of 5,600 
ft3/s are considered excellent because measured water-surface elevations for 
discharges of about 5,600 ft3/s were used for calibration. For a discharge of 3,900 
ft3/s, the model was verified by extrapolating stage-discharge rating curves at only 
four discharge-measurement sites. If releases from Swan Falls Dam were about 
3,900 ft3/s, water-surface elevations at selected cross sections could be measured 
and model results checked. Water-surface elevations for discharges up to 20,000 
ft3/s were simulated; simulated values corresponded well with rated changes in 
stage for increases in discharge. Most roughness coefficients changed little for 
discharges from 9,000 to 20,000 ft3/s. Simulated water-surface elevations for 
discharges greater than 20,000 ft3/s probably should be checked by measuring 
water-surface elevations at selected cross sections.

Data on channel characteristics and effects of simulated discharges of 3,900 
and 5,600 ft3/s at cross sections are presented in table 1 (back of report). Locations 
of study subreaches are shown in figure 3 (back of report). Locations of cross 
sections in each subreach are shown in figure 4 (back of report). Graphs of water- 
surface elevations at a discharge of 3,900 ft3/s and land-surface elevations at cross 
sections are shown in figure 5 (back of report).

SUMMARY

In 1984, water rights of the Idaho Power Company at Swan Falls Dam were 
subordinated to future upstream development. Idaho Power Company and the 
State of Idaho agreed on minimum discharges of 5,600 ft3/s from November 
through March and 3,900 ft3/s from April through October. Subsequent 
legislation required that an assessment be made of the effects of the minimum 
discharge requirements at Swan Falls Dam on fish and wildlife habitats in the 
Deer Flat National Wildlife Refuge. A hydraulic model that simulated water- 
surface elevations for selected discharges of the Snake River in the Deer Flat 
National Wildlife Refuge provided information needed for the assessment. A 65- 
mi reach of the Snake River from Swan Falls Dam to the mouth of the Owyhee 
River, which includes about 90 islands used by migratory birds for nesting in the 
Deer Flat National Wildlife Refuge, was modeled. The hydraulic model was 
calibrated using measured water-surface elevations at 280 cross sections for 
known discharges of the river. Roughness coefficients were adjusted for 
succeeding simulations so that the simulated water-surface elevations matched
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measured elevations. Relations between roughness coefficients and known 
discharges were used to estimate roughness coefficients for other discharges.

Hydraulic properties such as area, mean velocity, and surface elevation of 
water at cross sections were simulated for discharges of 3,900 and 5,600 ft3/s. The 
model can provide the same type of data for other discharges of the Snake River. 
Calibration discharges from 4,920 to 9,320 ft3/s make it possible to reasonably 
simulate discharges from 3,900 to 20,000 ft3/s. Simulations of water-surface 
elevations for discharges less than 3,900 ft3/s and greater than 20,000 ft3/s need to 
be checked by measuring water-surface elevations at selected cross sections.
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EXPLANATION FOR COLUMN HEADINGS IN TABLE 1

XSID Identification number of cross section.

CHANNEL "Main" indicates only one channel; "left" or "right" indicates 
location of multiple channels in cross section looking 
downstream; "mid" indicates centrally located channel.

SRD

Q
LEW 

REW 

AREA 

VEL

WSEL

Distance (Section Reference Distance), in feet, of cross section from 
river mile indicator 385 (as shown on the Nyssa, Idaho-Oreg., 
7.5-minute topographic map).

Discharge in channel at cross section, in cubic feet per second. 

Distance of left edge of water from reference point, in feet. 

Distance of right edge of water from reference point, in feet. 

Area of water in channel at cross section, in square feet.

Mean velocity of water in channel at cross section, in feet per 
second.

Elevation of water surface in channel at cross section, in feet above 
National Geodetic Vertical Datum of 1929.

EXPLANATION FOR SYMBOLS IN FIGURE 4

2400

225

Topographic contour. Interval, in feet, is variable. 
National Geodetic Vertical Datum of 1929

Cross section and number
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