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FORWARD

Due to the tremendous volume of information presented in this report,
final publication has been split into ten volumes. The first volume
(Volume A) contains the main report which describes study methodologies and
sample data tables. The remaining nine volumes (Volumes A-J) contain
sets of complete data tables for all the streams studied. Page viii of this
volume contains a listing of the contents of all of the volumes. A listing of
the distribution of the different report volumes is contained on pages 98 and
99 of this report.

Those desiring information from or copies of any of the reach sheets should
contact the Idaho Water Resources Research Institute or the water research
institute in the particular state in which the stream or streams of interest

are located. Institute addresses are shown on the distribution Tist.
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EXECUTIVE SUMMARY

In September of 1977, the University of Idaho Water Resources Research
Institute entered into a contract with the then named Energy Research and
Development Administration, (now the U.S. Department of Energy) to make a
study entitled, "A Resource Survey of Low-Head Hydroelectric Potential
Pacific Northwest Region." The University of Idaho Water Resources Research
Institute in turn entered into subcontracts with the water resources research
institutes of Oregon, Washington and Montana to do portions of the study
involving their respective states. The following report is the completion
report for the first phase of work under this contract.

The purpose of this first phase study was to evaluate the theoretical
low-head hydroelectric potential of the Pacific Northwest Region. For pur-
poses of this study, lTow-head hydroelectric power was defined as power pro-
duced from power sites with gross hydraulic heads ranging from 3m to 20m and
with power plant sizes greater than 200 kW.

The study area includes all of the Columbia River system in the United
States and all other river basins in Idaho, Oregon and Washington. The total
area studied is approximately 292,000 square miles.

The initial study assignment was to define the low-head hydro potential
by identifying all possible sites. It was soon realized that the task of identify-
ing every possible low-head hydroelectric site was too formidable under the pro-
ject time and cost Timitation. It was mutually determined that a better approach
would be in the first phase (this report) to define the theoretical power
potential of the streams by reaches. These have been defined such that each
reach contains a reasonably homogeneous stream segment. Corresponding to the

flow required to produce 200 kW at 20 meters of head, the uppermost reaches
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are bounded by a requirement of 36CFS 50 percent of the time. Reaches were
chosen so that major tributaries to the stream would enter at either the up-
stream or downstream end point of the reaches.

As a means of defining the flows available in the reaches over time, a
duration curve approach has been used. The duration curve technique was chosen
because it was considered that this method would yield the most information
concerning streamflow variability while staying within the time and cost
limitations of the study. The basic data used to develop the duration curves
for the study reaches were the U.S.G.S. streamflow data. Several different
methods were developed to determine characteristic duration curves for reaches
that did not contain gage sites. These methods are described in detail in the
section of this report entitled Analysis Techniques.

After generating a duration curve for the midpoint of a particular reach,
the first step was to compute the theoretical power potential for that particular
reach. The plant capacity was computed for five different flow rates correspond-
ing to the 10, 30, 50, 80 and 95 percent exceedance levels. The head used was
the total head available in that particular reach. An efficiency of 100% was
used in all power and energy computations. Operation was assumed to be run-of-
river, the only consideration of storage is where the effect of upstream storage
already exists. In those cases the effect is included in the derived duration
curve.

The theoretical annual energy available from the previously computed plant
capacities was determined by applying an integration technique to the flow
duration curve. For each capacity level the plant factor was also calculated.
This is the ratio of the energy previously calculated to that which would be

produced were that capacity fully productive 100% of the time.






The results of the energy and power computations are displayed on Reach
Characteristic Sheets contained in the appendices of this report. They contain
information on physical location of the reach, hydrologic and hydraulic
characteristics of the reach, flow duration and theoretical power and energy
values for the reach. A typical annual hydrograph for each reach and a map
showing the reach location are also included.

Table II in the main report contains summaries of the theoretical power
and energy values for various streams in the region and also summarizes the
potential by state. A summary of these tables follows. The values listed
as P30, P50 and E30 and E50 are the theoretically available power and energy
values calculated as described above.

SUMMARY OF THEORETICAL MAXIMUM
DEVELOPABLE POWER POTENTIAL

Power (MW) Energy (GWH)
STATE P30 P50 E30 E50

Washington 13928 8862 80124 61314
Oregon 12105 6786 64951 46324
Idaho 9147 5443 53365 38338
Montana 3576 2044 19848 14689
Wyoming 620 295 3345 2205
Nevada ) 8 76 53
Total 39391 23439 221709 162923

This phase of the study also identifies in general terms the feasibility
and restraint considerations which could affect hydro power development in
each of the reaches. Such aspects as land-use restrictions, utility displace-
ment, special fish problems, availability of transmission lines and load
considerations were evaluated. These are summarized for each reach in Table
IT of the various state appendices.

The final aspect of this phase of the study involved ranking the most
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promising reaches. The ranking was done based on the information contained in
the feasibility, transmission, and load tables and on the flows in the reaches.
The rankings for each of the four subunits and for the entire Pacific Northwest
study are contained in Table III. Although there seems to be many promising
reaches for hydro development in the study area, some of the more promising areas
as revealed by the reach ranking include the Willamette River (in Oregon), Clark
Fork River (in Montana), Kootenai River (in Idaho and Montana), and Snake

River (along the Idaho-Oregon and Idaho-Washington Border and in Idaho and
Wyoming).

It must be stressed that the power and energy values presented in this
report are theoretical values based on development of total head in a reach at
100% efficiency and the results should be used in that context only.

In continuing phases of this project, the study teams will attempt to
evaluate the low head/small hydro potential at existing sites not presently
producing hydro power and those sites that have been proposed for hydroelectric

development in the past.
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I. INTRODUCTION

In September of 1977, the University of Idaho Water Resources Research
Institute entered into a contract with the then named Energy Research and
Development Administration, (now the U.S. Department of Energy) to make a
study entitled, "A Resource Survey of Low-Head Hydroelectric Potential --
Pacific Northwest Region." The University of Idaho Water Resources Research
Institute in turn entered into subcontracts with the water resources research
institutes of Oregon, Washington and Montana to do portions of the study
involving their respective states.

The first formal meeting of all the state study teams was held during
October, 1977. Study methodologies and logistics were discussed at this
meeting. A representative of the newly formed Department of Energy which
replaced the Energy Research and Development Administration was present at
the meeting. On the day following this meeting, members of interested state
and federal agencies were invited to a briefing meeting on the study. At
this meeting, study objectives and outlines were discussed and comments were
received from the agencies. Study team coordination meetings have been held
at the end of each quarter to discuss study progress and problems encountered
in applying study techniques. Part of the June Quarterly Meeting was used as
an agency briefing meeting. Interested agency officials were invited to a
general briefing on the progress and early results of the study. Many use-
ful recommendations were made by those attending the meeting.

The purpose of this first phase study was to evaluate the theoretical
Tow-head hydroelectric potential of the Pacific Northwest Region. For pur-

poses of this study, low-head hydroelectric power was defined as power pro-






duced from power sites with gross hydraulic héads from 3m to 20m and with
power plant sizes greater than 200 kW.

The study area includes all of the Columbia River Basin and all other
river basins in Idaho, Oregon and Washington. Columbia River Basin areas of
the states of Montana, Wyoming, Utah and Nevada are also included in this area.
A map of the study area is contained in Figure 1. The total area studied is
approximately 292,000 square miles.

The second phase of this study which will be completed by September 1979,
will be an evaluation of the small-scale hydro potential at existing dams with-
out power and at already identified potential dam sites in the Pacific North-
west region. The study criteria has been changed somewhat for this phase of
the study. Instead of the 3m to 20m lTimitation as in phase 1, the new criteria
will be to make detailed analyses of proposed and existing non-generating dams

with generating capabilities of 200 kW to 15MW.
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IT. ANALYSIS TECHNIQUES

The initial study assignment was to define the low-head hydro potential
by identifying all possible sites. It was determined that the task of
jidentifying every possible low-head hydroelectric site was too formidable
under the project time and cost limitation. It was determined that a better
approach would be to define the theoretical power potential for sections of
the streams called reaches. These reaches were arranged so that each reach
contained a fairly homogeneous stream segment. Reaches were assigned to all
segments of streams that had flow capabilities of 36 CFS at least 50% of the
time. This corresponds to the flow required to produce 200 kW at 20 meters
of head. Reaches were chosen so that major tributaries to the stream would
enter at either the upstream or downstream end point of the reaches.

In order to define the regime of flows available in a reach over time,
a duration curve approach was used. A typical duration curve is shown in
Figure 2. The abscissa is exceedance percentage and the ordinate scale is
flow. The duration curve technique was chosen because it was considered
that this method would yield the most information concerning streamflow
variability while staying within the time and cost limitations of this study.
The duration curves developed for this study will also be very useful to
those doing preliminary feasibility studies of hydro sites on any of the
streams in the study area, since the availability of these curves will
eliminate some of the preliminary hydrology work that would normally be
required.

For purposes of this study it has been assumed that any new Tow-head
hydro projects would operate essentially as run-of-river power plants. Any

storage that would be made available at new sites would make more power
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available than is computed using the run of river assumption. Therefore,
power estimates in this study are conservative as far as the effect of on

site storage is concerned.

Duration Curve Development

Since duration curves are normally developed from data at gage locations,
methods had to be developed to construct synthetic duration curves for reaches
of the stream where no stream gages were available. These techniques for
developing synthetic duration curves were developed for both unregulated
and regulated streams.

The first techniques that will be described will be those that are appli-
cable to natural, unregulated streams. The approach in this technique was to
develop generalized duration curves at known gage locations that could be
applied to ungaged locations.

The first step in this procedure was to develop duration curves of daily
flows for all gage locations within the basins of interest. For the states
of Washington, Oregon and Montana, daily flow duration curves were provided
by the U.S. Geological Survey using their computerized streamflow data access
system. The duration curves for Idaho gage locations were developed using
the University of Idaho's Hydrologic Information Storage and Retrieval
System (HISARS) which contains U.S.G.S. streamflow data. In either case,
the duration values were determined using the same method. First each daily
flow for the period of record was categorized into one of a series of pre-
selected flow intervals. The number of daily flows in each interval was then
determined. The exceedance percentage for each interval was computed by
first determining'the number of flow values contained in intervals with flow

magnitudes higher than the interval of interest. This number was divided






by the total number of flows in all intervals to obtain the exceedance
percentage. The duration curve was developed by plotting the upper flow
value for each interval versus the exceedance percentage for that interval.

The next step in getting the generalized duration curves was approached
using several different methods. The Idaho and Oregon study teams used a
method which involved developing a family of parametric duration curves. This
technique will be referred to at later times as technique "Idaho A."

The first step in this method involved plotting the duration curves for
the known gage locations. Flow values for several exceedance values were
picked from each of these curves as shown in Figure 3. A1l the flow values
for each exceedance percentage were plotted against average annual runoff (QAA)
at the gage. A separate curve was developed for each of the exceedance values.
A correlation analysis was performed for each set of curve points to obtain a
best fit curve to the data. An example of the final curves developed from
this family of curves approach is shown in Figure 4. Because of the variability
of the slope of the best fit lines, it would be possible to have intersections
of these lines. This was not a problem in any of the basins that were studied
since line intersection occurred at points where QAA was greater than that
which was experienced anywhere in the basins.

In order to use these curves, all that is required is QAA at the point of
interest. The procedure for getting average annual runoff at ungaged points
will be discussed later in this report. To construct the required duration
curves at the unknown point, a vertical Tine is made from the known QAA value
and the flow values are picked off the particular exceedance percent curve at
the intersection points. The flow values can then be plotted against the

particular percent exceedance value to get the new synthetic duration curve.
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Instead of a graphical technique, the Oregon study team used a computer
subroutine. The parametric flow duration curves developed for each of the
18 major drainage basins (see earlier discussion) were used in a regression

analysis to develop equations of the form

0; = A;[0AAD%
where: A and B are constants determined by regression analysis and i represents
the 10, 30, 50, 80 and 95 exceedance percentages.

A second technique used to generate the required generalized duration
curves was developed by the Washington study team. This technique will be
referred to at later times as technique "WSU".

The first step in this technique was to plot the flow duration data pro-
vided by the U.S.G.S. on Tog probability paper with the "Exceedance Q" / QAA
as the ordinate and the "Exceedance Percentage" as the abscissa. An example
of this plot is shown in Figure 5. An examination of these plots showed that
the data banded rather well with the 25% exceedance point being essentially
common for all data. However, on individual station comparisons within a
basin the 80% to 90% exceedance data scattered from +40% to +200% about a
mean curve.

The conclusion was drawn that no single curve would fit all data in a
basin and that the time required for a regression analysis and judgment of
how many curves to use and where to use them required more time and money
than was available. The procedure selected was to use the U.S.G.S. data
for the required exceedance values and assign each station its logical area
of influence within the basin. A table of Exceedance % vs. Q%/QAA was prepared
for every station. The QAA value for the period of record was used for this

calculation.
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A third slightly different technique was developed by the Montana study

team.

This technique will be referred to as technique "Montana A." The first

step in this technique involved plotting the flow duration curves in dimension-

less form for the known gage locations. Once the individual flow duration

curves were plotted, they were subjected to a smoothing procedure to develop

average curve profiles representative of conditions in specific sub-reaches.

The specific steps involved in this procedure were as follows:

1.

Flow values obtained from the U.S.G.S. data were first non-
dimensionalized by expressing them as ratios of Q/Q10.

Flow duration curves for all gaged sites were next plotted in
dimensionless form using probability of exceedance values of

95, 90, 80, 75, 50, 25, and 10 years. Plotting was accomplished

by way of a special plotting subroutine on the XDS Sigma 7 computer
together with a Cal Comp plotter. A sample of these dimensionless
curves is shown in Figure 6.

Where possible, several dimensionless flow duration curves were
smoothed or averaged by visual inspection and the resulting smoothed
profile assumed to be representative of conditions in hydrologically
similar subreaches of a given river basin. At least two factors
were found to have a significant effect upon the shaping of the
dimensionless flow duration curves. These factors were: (1) the
magnitude of the mean annual stream flow at a given site and (2) the
degree of regulation or other human influence occurring in the
reaches above the specific site. The smoothing process undertaken
here allowed river reaches possessing similar flow duration curve
characteristics to be represented by a single average flow duration

curve.
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4. The averaged dimensionless flow duration curve was next used to
synthesize flow duration curve profiles for ungaged sites. This was
accomplished by first estimating the average annual flow, QAA, for the
reach using techniques that will be described later. The 010 value
was then estimated by a 010 vs QAA regression equation that was
developed for the Columbia Basin in Montana. The regression equation

that was developed is:

Q]O = 2.98 QAA

Next, the Q10 values were multiplied by the ordinates of the dimen-
sionless flow duration curve to obtain the ordinates of the synthetic
flow duration curve for the given reach.

The method of obtaining duration curves for regulated sections of streams
in many cases is different than that used on natural streams. Regulated stream
flow data for the major streams in the region were obtained from the Bonneville
Power Administration. These data were developed in connection with power studies
that they were making. These studies were monthly operational studies in which
the streamflows for the period 1930 through 1968 were adjusted to reflect a 1978
level of depletion for irrigation and reservoir evaporation. These flows were
then used in a system-power and streamflow-simulation model using 1978 loads
with reasonable secondary-power demands. An output of flows was developed for
most major power producing dam sites in the region. Duration curve development
using this data will be referred to as technique "BPA".

One special use of the BPA data was made for the Clearwater River in
Idaho. In this case the North Fork of the Clearwater River, a large tributary
to the main stem of the river, is controlled by Dworshak Reservoir. BPA

regulated data were available only for the North Fork and not for the main stem.
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To get controlled flows in the main stem first the unregulated North Fork
inflow was subtracted from the gaged flows downstream of the confluence of the
North Fork and the mainstem. Next the BPA regulated flow data for the North
Fork were added to the resulting difference. The regulated flow values were
then processed through a duration value computation program to determine a
regulated duration curve. This technique will be referred to Tater as "BPA
special".

Regulated flow data for some Idaho streams were obtained from the Idaho
Department of Water Resources (IDWR). These data were generated on a monthly
basis using a reach loss-gain model developed by the Idaho Department of Water
Resources. Depletions used in the model were based on 1975 levels of
development. Actual reach duration curves were found by interpolating be-
tween points where duration curves were known. Duration curve development
using this method will be referred to as technique "Idaho B".

A second method used to generate reach duration curves also used the
IDWR data but in a different manner than the interpolation technique used in
the "Idaho B" method. In reaches where there was inadequate regulated flow
data available from the Idaho Department of Water Resources, it was necessary
to synthesize flows both downstream and upstream of the IDWR regulated flow
data points. The technique developed was to use the IDWR data as a starting
point and to develop flows downstream and upstream by either adding or sub-
tracting tributary inflow between the points of interest.

The following method was used to generate the tributary inflow data for
the period of record of interest:

1. Select a gaging station which overlaps as long as possible with
the period of record for the IDWR data and would substantially

reflect the response of natural tributaries which are flowing
into the main stream.
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2. For each month of overlapping record determine the total f]ow
(cfs-days) that had passed the gage over the entire overlapping
period of record. Divide the flow in each month by the total
flow to determine the percentages of total flow that occured
in each month.

3. Assume that the inflow from the tributaries is distributed in
the same fashion as the representative gage. The total average
tributary inflow was found by using Normal Annual Precipitation
Maps using the method described in the following section titled
Average Annual Runoff. The total runoff inflow for the period
was found by multiplying the average annual runoff for the
tributary area by the number of complete years of record that
the natural gage and the regulated flow data overlapped. The
monthly distribution of this total flow was accomplished by
multiplying the ratios found in step 2 by this total flow.

The distributed natural flows were then added to or subtracted from the
IDWR regulated flows depending on whether the reach of interest was upstream
or downstream of the known regulated flow point. The resultant monthly flows
for the overlap period were then processed through a duration program to get
the duration values at the desired points. The process was repeated for as
many reaches as was desired upstream or downstream for the known regulated flow
point. A computer program was developed to make the required computations for
the simulations. The program is very generalized and can be used to simulate
an entire river system if desired. The inflow model method using the IDWR
regulated flows will be referred to as method "Idaho C".

In some basins where there was regulation but no IDWR or BPA regulated
flow data was available the best U.S.G.S. gage records were used. In these
cases the period of record for the gages that was used was chosen so that this
record best reflected the regulation that would be expected with today's condi-
tions. Two methods of using the U.S.G.S. data were used in Idaho. The first
was straight interpolation between gage locations. This will be referred to as
method "Idaho D". The second method was to use the inflow model described above

but the U.S.G.S. data were used as starting points instead of the IDWR
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regulated-flow data. The method will be referred to as method "Idaho E".

With exception of one reach on the Spokane River, it was found that the BPA
requlated flow data for the Stafe of Washington did not differ significantly from
the U.S.G.S. gage records. Also for some cases regulated flow data were not
available to develop flow duration curves. Therefore method "WSU", which is
described in the section on natural flow-duration curves, was used for all streams
in Washington whether or not flows were regulated.

Since the Montana duration curve takes into account degree of regulation
in the stream no special technique was used to develop regulated curves for
streams in that State.

Average Annual Runoff

The technique for obtaining average annual runoff for the ungaged portions
of the river basin was essentially the same in all study areas and involved
determination of average annual precipitation volume. The first step was to
obtain the best available Normal Annual Precipitation (NAP) maps for the
particular study areas. The sources of these maps are listed in Table 1,
"Hydrologic Potential Analysis Techniques." An example of one of these maps
is shown in Figure 7. This example map was obtained from the Pacific Northwest
River Basins Commission from a study entitled "Columbia-North Pacific Region
Comprehensive Framework Study."

The scale of base maps used varied with hydrologic productivity of the area
of interest. In the high runoff areas, 7 1/2 minute quadrangle maps were used
where ever available; otherwise, 15 minute maps were used to identify all
the streams that could produce the minimum power output of 200 kW at the
maximum head of 20 meters. These high runoff areas were primarily the coastal

basins of Washington and Oregon. In the less productive sections of the
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study regions, map scales of 1-250,000 proved to be quite adequate. U.S.G.S.
topographic maps were used to deve]op‘basin description maps. Each sub-basin
outline with reach end-point locations was delineated on the topographic maps.
Following this, the drainage divides were delineated for each reach. In

some cases, part of this work had been done previously by the U.S.G.S. and

by using projection techniques the basin boundaries could be transferred

from the U.S.G.S. basin maps to a suitable scale map with only minor correc-
tions required.

The next step involved getting the NAP map's scale to match the scale of
the maps which were used to delineate the various reaches. This problem was
solved by using optical projection techniques. Two slightly different
techniques were used. The first involved making 35 mm slides of portions of
the original NAP maps. By projecting the slides through a normal slide projector,
scales of sub-basin and NAP maps could be matched very easily. The second
technique involved using large (8-1/2" x 11") transparencies of the NAP maps.
These transparencies were projected onto the sub-basin maps using a standard
overhead projector. Either of these methods resulted in good scale and place-
ment accuracy when care was taken in adjusting the_location and magnification
of the projection.

The next step was to measure the areas between the isohyetal lines within
each individual reach area. Several techniques were explored to accomplish
this task. Use of an electronic planimeter or electronic digitizer-computer
combination has proven to be very accurate and by far the quickest method
for obtaining these values. Each of the areas was assigned an average
precipitation amount based on the values of the surrounding isohyetal lines.

The areas were then multiplied by the average precipitation to obtain the
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total annual precipitation volume input to each individual reach area.

Because of the various map scales used, different conversion factors were
required to get the precipitation input volume into conventional units.

If a 1 to 250,000 map scale was used and the planimetered areas were measured
in inches a conversion factor of 419.4 was applied to the precipitation area
product to obtain a result with the units of CFS-days/year. If different

map scales or different area measuring units were used or different precipita-
tion input units were desired, the conversion factor was adjusted accordingly.
These precipitation inputs were summed in a downstream direction to get the
total precipitation input for the basin upstream of the mouth of each reach.
This summation will be referred to as )PA later in this report.

Next, the ratio of annual precipitation input to annual runoff, "K factor,"
was determined. Since the U.S.G.S. stream gaging station records have different
time bases and the NAP maps are based on a particular time period, it was
desirable to settle on one common time base. The time base selected was the
same as the time period used in developing the NAP maps that were used in a
particular area. This permitted use of the isohyetal map without modification.

Justification for adjusting stream flows to the common time base was
confirmed by situations where upstream average flows were greater than the
downstream averages. Adjustments were applied to gages in the Palouse and
Puyallup Basins in Washington with corrections ranging up to 25% for the Palouse
and up to 10% for the Puyallup. Because of wet and dry trends, all stream
gage records without complete records for the same period as the NAP map
period require adjusting even with records for long periods of runoff. Stream
record adjustment and a common time base will also facilitate further runoff
value adjustments should different precipitation rates or trends be anticipated

in future dam-site analysis and development.
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When gaging stations had records for the NAP map period, QAA values were
calculated for that span of years. However, if any part of the NAP map period
record was missing from the gage record the following procedure was used.

A reference station with a long period of record spanning the NAP map
period and earlier years, if possible, was selected. The choice was limited
to stations typical for the drainage area, free of significant flow regula-
tion, and free of abnormal conditions. In some cases the reference station
had to be selected from those in an adjacent basin. Values of QAA for the
adjusted stations that agree with the period for which the NAP map was made

were obtained from the following equation:
QAA
NAP Period Ref. Sta. [QAA

Comparison yrs. Adj. Sta.]

QAA = QAA

NAP period Adj. Sta. Comparison yrs. Ref. Sta.

Next, the ratios of average annual precipitation input to adjusted average
annual runoff (K) were computed for each gage station. Adjusting these K
values to be applicable to the ungaged areas of the basin was approached in a
different manner by the different study teams.

The Washington study team used the following approach. K values for
areas above the farthest upstream gage were taken to be the same as at that

gage.

For drainage areas between two U.S.G.S. stations, K was calculated by:

QA jownstream sta. - QAAupstream sta.

K =

JPA contributing the difference

For basins where no U.S.G.S. gaging stations were established, a K value
was selected from the surrounding basins on the basis of similarity of conditions

affecting the precipitation and runoff.
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The Idaho study team used a slightly different technique. K values for
reaches between gage locations were calculated by Tinear interpolation of the known
gage K values. K values for reaches upstream of gages were found by extrapo-
lation of K value data from adjacént areas with similar hydrologic conditions
and from interpretation of factors that would effect the rainfall runoff
relationship, e.g. aspect of basin, mean elevation of basin, and slope of
basin. A certain amount of sound engineering judgment is required in applying
this technique especially when extrapolations are being made from the known
gage data. A good knowledge of the general hydrology of the area is also
important in this process.

The Montana study team used a slightly different technique to predict
the average annual streamflow at ungaged points. Their technique consisted
of correlating observed average annual flow values (QAA) for gaged drainage
basins with an index variable indicative of average annual precipitation
conditions over the basins. This analysis resulted in the development of

the following prediction equation for the Columbia Basin within Montana.

QA = 0.326 [Jpa70-982

where: QAA = Average Annual Streamflow (CFS)

A = drainage basin area between adjacent
precipitation isohyets (sq. mi.)
P = the normal annual precipitation for that part

of the drainage basin represented by A. (inches)

The procedure developed for delineating A and P consisted of super-
position of average annual precipitation contours onto U.S.G.S. 1-250,000 scale
topographic maps. Here the average annual precipitation contours were obtained
from U.S. Soil Conservation service precipitation contour maps for Montana.
Individual values of A were then found by planimetering areas within the

drainage basins between adjacent isohyets. P was then taken to be the average
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of the adjacent precipitation isohyetal values. Once the index variable, )PA,
was found for a given drainage basin mean annual flow for the site could be
estimated from the above equation.

The Oregon study team used a method involving correlation analysis between
average annual flow at each gaging station, and the product of drainage area
and normal annual precipitation for the area tributary to the station. This
was done for each of the 18 major basins in the state or for hydrologically
similar portions thereof. This analysis resulted in the development of predic-
tion equations of the form

Qua = AL(P)"(DA)T®

where: A,B are constants determined by regression analysis

P = normal annual precipitation for the drainage area

DA = drainage basin area tributary to the gaging station.
To apply the equation to reaches, the corresponding P and DA values were deter-
mined at each end of the reach, the average annual discharge was then calculated
at each end, and these were averaged to obtain the mean value of average annual
discharge for the reach.

Power Computations

After generating a duration curve for a particular reach, the next step
was to compute the theoretical power potential for that particular reach.
The plant capacity was computed for five different flow rates corresponding
to the 10, 30, 50, 80 and 95 percent exceedance levels. The basic power

equation used was:

. __QH
P = 71800 ©
where:
P = power in megawatts
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flow in CFS

head available in the reach in feet
efficiency

conversion factor

The Q value used was that flow which would be available at the midpoint
of the reach. 1In all but the farthest upstream reach the head used was the
total usable head in the reach which was computed by subtracting the elevation
of the downstream point of the reach from the elevation of the upstream point
of the reach. In the farthest upstream reaches of a stream, an additional
20 meters of head was added to the total head available in that reach. This
was done to account for the fact that there is sufficient discharge at the
farthest upstream point in a reach to generate the minimum power with 20
meters of head. The efficiency used for all power computations was 1.0.

It is recognized that no hydro power generating system could operate at

this efficiency. Since it would be impossible to predict the actual efficiencies
that would be used, it was felt that using a common efficiency of 1.0 would

be better than trying to second guess what the actual power generation system
efficiency would be. The user can then apply his own particular efficiencies
directly to the values represented in the tables and figures to find his own
estimate of the actual power generated.

The theoretical annual energy available from the power plants sized at the
specific exceedance values of Q was computed by integrating the area under the
curve of Q versus exceedance and multiplying this by the head available and the
proper conversion factors to get the average energy output per year. Figure 8
shows the area under the curve at the 30% exceedance value. Another value that
is computed is the plant factor. This is the ratio of the actual energy gene-
rated computed by using the area under the duration curve to the energy that would
be generated if the plant was operated at full capacity for a given exceedance

value of discharge 100% of the time. Figure 8 shows the relationship between
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the actual power generated and the power with 100% generation.

The power and energy values computed for each reach are theoretical values
based on total head available in the reach. These values should not be
confused with the power available at existing or proposed sites in a reach.

The correlation between the theoretical values and that available at existing
or proposed sites is dependent on such factors as total head and reservoir
storage at the existing and proposed sites and the location of these sites in

the reach.
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III. PRESENTATION OF DATA TABLES

This section of the report will be primarily used to describe the various
tables and appendices that are used to display the results of the studies made
in connection with this project.

The first table that will be described will be Table I, "Analysis
Techniques Table." The purpose of this table is to identify some of the more
important data sources and analysis techniques that were applied to a particular
basin. The first column, "Basin Name" is self-explanatory. The next column
under "Basin Characteristics” is used to describe what the flow classification
is; e.g. whether it was a natural flow system or whether there was regulation
for irrigation, power production, flood control, etc. The regulation type
column is simply used to list the type of regulation on the stream, if any. The
"Source of Flow Data" column is used to document the source of flow data used
in a particular basin. The "Duration Curve Development" column and the "Dura-
tion Curve for Regulated Stream" column are used to identify what technique was
used to generate the duration curves for a particular basin. The different
techniques have been described in the chapter on analysis techniques and each
technique has been assigned an identifier which is listed in this column.

The column entitled "Map Scale Used" is used to describe the scale of maps
used in the analysis techniques. The column entitled "NAP Maps" is used to
identify the source of the normal annual precipitation maps used in deter-
mining the average annual runoff.

The next table that will be discussed is Table II, "Maximum Developable
Power Potential." Summaries of theoretical power potential are presented for
each major basin in each state and also a summary for each state and the entire

Pacific Northwest Study Region is presented. The power and energy values
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listed are merely a summation of the values computed for each reach within a
particular area. The state totals for Washington, Oregon and Idaho were
adjusted so that the power and energy totals for the Snake River common boundary
reaches are shared on a 50 percent each basis between the bordering states.
Columbia Basin reaches that are in Wyoming and Nevada are contained in the Idaho
Summary Table. No entries for Utah are made since no Columbia Basin streams in
that state met the minimum power requirement.

The next three data tables that will be described are contained in the
appendices of this report. Appendix I, II, and III contain all the reach data
tables for reaches of streams meeting the minimum flow requirements in the
State of Washington, Oregon and Idaho respectively. Appendix III also contains
reach data tables for all Columbia basin streams meeting the minimum flow re-
quirements in Nevada and Wyoming. Appendix IV contains data tables for all
Columbia River Basin streams in Montana meeting the minimum flow requirements.
Appendix Table I is the Reach Index table. This table is provided to expedite
finding the location of a particular Reach Hydro-Potential Characteristic Sheet
in the appendix. The items contained in this table are the stream name, reach
numbers for that particular stream and the inclusive page numbers for the Reach
Hydro-Potential Characteristic Sheets for that particular stream.

The next table that will be discussed is appendix Table II, the Feasibility,
Transmission and Load Restraint table. The first column of this table contains
the Reach Identification number. This is the same number that is described
on page 31 in the section on the reach hydro potential characteristic tables.
The next section of the table is entitled "Feasibility Restraints." Under
this heading there are four columns of items that could cause problems

related to the development of a low-head hydro project in a particular reach.
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In all cases it was assumed that the Tow-head potential would be developed
using some sort of dam. In some cases if other techniques such as a long
penstock with a relatively minor diversion structure were used some of the
adverse offects listed in the table could be reduced or eliminated. An "X"
marked in a column means that this particular item could be a problem in
that reach. Column 1 of this group is entitled "Land Use Restrictions."
A‘check in this column indicates that one or more of the following land

use restrictions were in force in the area: wild and scenic rivers (in
this case either an "instant river" or a "study category river"); national
recreation areas; national parks; national wilderness areas; known reserved
natural areas; or identified archeological sites. In many cases available
information concerning identified archeological sites was very limited.
Because of this limitation some reaches that were not flagged as containing
archeological sites may well contain sites that would be revealed with more
detailed studies.

Column 2 of this group is entitled "Utility Displacement." A check in
this column indicates a potential problem if a hydro development would cause
relocation of one or more of the following: major highways, railroads, power
lines, telephone lines or gas and oil lines. Location of these items was ob-
tained from U.S.G.S. maps or other easily accessible mapping. A ground
reconnaissance was not carried out for each reach.

Column 3 of this group is entitled "Building Displacement." A check in
this column indicates that a Tow-head hydro development may require reloca-
tion of residence or commercial buildings. Location of buildings in possible

inundated areas was made by inspection of U.S.G.S. quad maps. A ground

29






reconnaissance was not carried out for each reach. In general, no check
was recorded unless more than four residences or commercial buildings per
mile in any section of a reach seemed'to be in danger of inundation.

Under the column labeled "Fish Problem," a check was recorded if the reach
supports a known run of salmonids or if a sturgeon population which is an
endangered species is present.

The next major heading is "Transmission and Load Considerations." The first
two columns under this heading are concerned with transmission facilities. The
first item gives the distance from the center of the reach to the nearest power
1ine shown on detailed transmission line maps published by the Bonneville Power
Administration. The second column is used to identify the size of the
transmission Tine and the utility operating the 1ine shown on the maps. The
next two columns are concerned with Load Considerations. The first column
identifies the type of local load that was present in the area that was closer
than the transmission line identified above. The type of load was shown by a
number representing the following:

1) Known local residential load
2) Known local industrial load
3) Known local water pumping load

Again, there was no ground reconnaissance made for each reach to identify
these loads. Load information was obtained from available maps. The last
column under load factors contains the distance in miles from the center of
the reach to the nearest town with a population greater than 1000 people.
U.S.G.S. maps were used to determine these distances.

Appendix Table II immediately follows Table I in all of the appendices
with exception of Appendix II which is the Oregon appendix. This appendix
is organized by major basins and Table II is contained seperately in the

section for each basin.
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The next item that will be discussed will be the reach Hydro-Potential
Characteristic sheets. These sheets contain the vital statistics for all the

reaches that were studied.

The first item on this table is the reach identification number, which
is a 19 digit number used to identify each reach in the study. The number is
constructed as shown below:

(1) (2) (3) (4) (5) (6)
XX=XXX=XXX-XXX-XXX-XXXXX

(1) State Identifier: 01 = Washington, 02 = Oregon,
03 = Idaho, 04 = Montana,
05 = Nevada, 06 = Wyoming.

(2) This group contains the numbers of all rivers discharging
directly into the Pacific Ocean or first order streams
in closed basin systems.

(3)(4)(5) These groups contain the numbers of rivers that are
tributary to the rivers listed in the previous group.

(6) This group contains the actual number assigned to a
particular reach.

The first major grouping of items on the characteristics sheets is the
locations group. This group is there to help the reader identify the loca-
tion of the reach. The state item lists the state or states in which the
reach is contained. The county item identifies the county or counties in
which a particular reach is contained. The township and range portion describe
the township and range in which the midpoint of the reach is contained. The
latitude and longitude is the approximate latitude and longitude of the.
midpoint of the reach. The stream and major basin items are the name of the
stream and major basin on which the reach is located. The river mile item is
the river miles for the farthest upstream and downstream points of the reach.

The next major grouping on the characteristics sheets is the hydrologic

31






and hydraulic characteristics. This group along with the next three groups
contains results of the hydrologic analysis portion of the study. The first
jtems in this group are upstream and downstream elevations which are listed
for each reach. These are the elevations of the farthest upstream and
downstream points in the reach. The total available head is also shown.

In most cases this was merely the upstream elevation minus the downstream
elevation for the reach. In the reaches located farthest upstream on a
stream, an additional 20 meters of head was added to compensate for the
fact that a dam could be constructed at the farthest upstream point and
still be capable of generating the minimum power requirement of 200 kW.

The next item is average slope in the reach. This is simply:

(upstream elevation - downstream elevation)/length of the reach

The next item is the drainage area above the mouth of the reach. This
is the drainage area above the farthest downstream point in the reach. The
inflow classification item reflects whether flow in the reach is naturally,
unaffected by regulation, or whether it is regulated by upstream management
for flood control, power production, irrigation, etc.

Major group III contains the flow and theoretical maximum potential
power production in the reach. The flows which are shown in the table are
those which would be average for the reach for the given exceedance values.
The power and energy values computed were based on these flows combined with the
total head available for the reach. These power and energy values are theoretical
in nature and the total theoretical potential is not the same as what would
be obtained from potential and existing sites in the reach. The analysis tech-
niques used in computing the plant size annual energy output and load factor
are explained in the section on analysis techniques.

The next item is a typical annual hydrograph for the reach. The abscissa
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for this graph is time in months and the ordinate is average monthly flow
divided by average annual flow. The values presented in the graph were obtained
from analyzing the record of a stream gage that would be characteristic for the
reach. To obtain the approximate annual distribution of discharges for the
reach, all that is required is to multiply the graph ratios by the average
annual flow which is Tisted on the graph. In the case of Washington reaches,
the average annual flow is Tisted above the graph as QMR. In some cases there
may appear to be a discrepancy between the distribution of flows shown in the
power table and the distribution of flows as represented on the average annual
hydrographs. The reason for this apparent discrepancy is due to the fact that
the hydrograph ratios are for the most representative gage in the area, and the
flow values at this gage may or may not have a distribution of flows that is in
complete agreement with the reach duration values.

The upper map shown on the reach characteristic sheets is merely a
locator map to show the approximate location of the reach. The lower map
shows the actual Tlocation of the reach. The reach is denoted by a heavy dark
line traced over the reach. The arrowhead denotes the direction of flow and
the downstream point of the reach. The page number assigned to the reach
characteristics table was handled slightly differently by the different
state study teams. The Idaho and Montana table page numbers are simply
the letter "I" or "M" respectively followed by a number indicating the
numerical sequence of that particular sheet. The Washington reach charact-
eristic sheet page number begins with the letter "W" followed by a number
indicating the Washington State Water Resources Inventory Area that the reach
is contained in followed by the numerical sequence number of that table.

The Oregon page number system is identical to the Washington system
with the exceptions that the identifying letter is "0" and the numerical

sequence number is initialized to 1 at the beginning of each new major basin.
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TABLE I
HYDROELECTRIC POTENTIAL
ANALYSIS TECHNIQUES
Washington
BASIN CHARACTERISTICS HYDROELECTRIC POTELTIAL ANALYSIS TECHNIQUES

DURATION

BASIN NAME FLOY SOURCE DURATIOH MAP SOURCE CURVE FOR

CLASSIFI- REGULATION OF CURVE SCALES OF REGULATED

CATION TYPE FLOY DATA DEVELOPMENT USED NAP_MAPS STREAM
Nooksack R Natural USGS WSu 7.8 & 15" SCS NA
Silesia R Natural USGS WSU 7:5' & 15* SCS NA
Chilliwack R Natural USGS WSU 7:.5" & 15 SCS NA
Sumas R Natural USGS WSU 7.5" & 15' SCS NA
Samish Natural USGS WSU 7:5* & 15! SCS NA
Skagit R Regulated Power USGS WSU 7.5' & 15" SCS NA
Stillaguamish R |[Natural USGS WSU 7.5' & 15° SCS NA
Snohomish R Regulated Power USGS WSU 7.5 & 15 SLS NA
Sammamish R Regulated Power/Pot.W USGS WSu s & A SCS NA
Cedar R Regulated Power/Pot.W USGS WSU 75" & 15" SCS NA
Green R Regulated Power/Pot.W USGS WSU 7.9" & 15 SCS NA
Puyallup R Regulated Power USGS WSU 7.5' & 18 SCS NA
Nisqually R Regulated Power USGS WSU 1«3 & 15 SCS NA
Chambers R Natural USGS WSU 7.5" & 15' SCS NA
Deschutes R Natural USGS WSU 7.5 & 15" SCS NA
Sherwood Cr Natural USGS WSU 7.5' & 15" SCS NA
Gosnell Cr Natural USGS WSU 5" & 15" SCS NA
Kennedy Cr Natural USGS WSu Z;8" & 15 SCS NA
Goldsborough Cr [Natural USGS WSU 7.5 & 15° SCS NA
Tahuya R Natural USGS WSU 7.5 & 15° SCS NA
Lilliwaup Cr Natural USGS WSu 7.5" & 15' SCS NA
Dosewallips R Natural USGS WSU I.5" & 15" SCS NA
Ducksbush R Natural USGS WSU 7:5' & 15" 505 NA
Hamma Hamma R Natural USGS WSU 7.5 & 1% SCS NA

USGS = U.S. Geological Survey

Pot. W = Potable Water Supply
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TABLE I
HYDROELECTRIC POTENTIAL
ANALYSIS TECHNIQUES
Washington
BASIN CHARACTERISTICS HYDROELECTRIC POTELTIAL ANALYSIS TECHNIQUES

DURATION

BASIN NAME FLOY SOURCE DURAT IO MAP SOURCE CURVE FOR

CLASSIFI- REGULATION OF CURVE SCALES OF REGULATED

CATION TYPE FLOY DATA DEVELOPMENT USED HAP_MAPS STREAM
Skokomish R Regulated Power USGS WSU 7.5' & 15' SCS NA
Little Quileene |{Natural USGS WSU 75" & 15" SCS NA
Big Quileene Natural USGS WSU 7:5" & 15° SCS NA
Elwha R Regulated Potable W USGS WSU 7.5' & 18" SCS NA
Morse Cr Regulated Potable W USGS WSU 7:5" & 15' S5CS NA
Dungeness R Regulated Irrigation USGS WSU 5" & 1%° SCS NA
Sekiu R Natural USGS WSU 7.5" & 158° SCS NA
Hoko R Natural USGS WSU 7.5 & 15’ SCS NA
Clallam R Natural USGS WSU 3" '8 I8 SCS NA
Pysht R Natural USGS WSU 7.5' & 15' SCS NA
Deep Cr Natural USGS WSU 7.5' & 15 SCS NA
Lyre R Natural USGS WSU 7.5' & 15' SCS NA
Sooes R Natural USGS WSU 7-5' & 15' SGS5 NA
Ozette Cr Natural USGS WSU 7.5' & 15! SGS NA
Quillayute R Natural USGS WSu 7.5" & 15' SCS NA
Dickey R Natural USGS WSU 7.5" & 15" SCS NA
Goodman Cr Natural USGS WSU 7.5' & 15! SCS NA
Hoh R Natural USGS WSU 7.5' & 15° SCS NA
Cedar Cr Natural USGS WSU 7.5 & 15" SCS NA
Mosquito Cr Natural USGS WSU 7.5' & 158’ SCS NA
Queets R Natural USGS WSU 7.5" & 15’ SCS NA
Raft R Natural USGS WSU 7.5' & 15' SCS NA
Quinault R Natural USGS WSU 7.5' & 15" SCS NA
Moclips R Natural USGS WSU 7:.5' & 15’ SCS NA

USGS = U.S. Geological Survey
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TABLE I
HYDROELECTRIC POTENTIAL
ANALYSIS TECHNIQUES
Washington

i §

BASIN CHARACTERISTICS HYDROELECTRIC POTELTIAL AMNALYSIS TECHNIQUES :

DURATION |

BASIH NAHE FLOW SOURCE DURATIOH MAP SOURCE CURVE FOR

CLASSIFI- REGULATION OF CURVE SCALES OF REGULATED

CATION TYPE FLOY DATA DEVELOPMENT USED HAP_MAPS STREAM
Copalis R Natural USGS WSU 7.5" & 15* SCS NA
Humptulips R Natural USGS WSU i.9" & 15" SCS NA
Hoquiam R Natural USGS WSU 7.5" & 15' SCS NA
Wishkah R Natural USGS WSu 7.5' & 15’ SCS NA
Elk R Natural USGS WSU 7.5 & 15" SCS NA

Johns R Natural USGS WSU 7.5' & 15 SCS NA 1
Chehalis R Regulated Power/Irri. USGS WSU 7.5' & 15' SCS NA
North R Natural USGS WSU F.5" &.J5° SCS NA
Smith Cr Natural USGS WSU 7.5 & 15 SCS NA
WiTlapa Cr Natural USGS WSU 7.5' & 15' SCS NA
North Nemah R Natural USGS WSU 7.5' & 15° SCS NA
Bear R Natural USGS WSu 25" & 16’ SCS NA
Naselle R Natural USGS WSU 7.5" & 15" SCS NA
Palix R Natural USGS WSu 79 & 15" SCS NA

Grays R Natural USGS WSU Fah" & 15" SCS NA i
Skamokawa R Natural USGS WSu 7.5 & 15' SCS NA
ETochoman R Natural USGS WSU 7.5" & 15" SCS NA
Mill Cr Natural USGS WSu 7.5'" & 15" SCS NA
Abernathy Cr Natural USGS WSU 71.5" & 15" SCS NA
German Cr Natural USGS WSU 7:5' & 15" SCS NA
Coal Cr Natural USGS WSU 7.5" & 15' SCS NA
Cowlitz R Regulated Power USGS WSU 7:5" & 15" SES NA
Kaloma R Natural USGS WSU 7.5" & 15" SCS NA
Lewis R Regulated Power USGS WSU 7.8' & 1§’ SCS NA

USGS = U.S. Geological Survey
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TABLE I
HYDROELECTRIC POTENTIAL
ANALYSIS TECHNIQUES |

Washington ‘
BASIN CHARACTERISTICS HYDROELECTRIC POTENTIAL ANALYSIS TECHNIQUES i

DURATION

BASTH NAME FLOW SOURCE DURATICH MAP SOURCE CURVE FOR

CLASSIFI- REGULATIOH OF CURVE SCALES OF REGULATED

CATION TYPE FLOY DATA DEVELOPMENT USED NAP_MAPS STREAM

Salmon Cr Natural USGS WSU 7:9' & 158’ SCS NA
LaCamas Cr Natural USGS WSU 7.5' & 15’ SC3 NA
Washougal R Natural USGS WSU 7.5" & 15’ SCS NA
Hamilton Cr Natural USGS WSU 7.5" & 15' SCS NA
Rock Cr Natural USGS WSU 75" & 15' SCS NA
Wind R Natural USGS WSU 7.8' & 15’ SCS NA
Little White Salmon| Regulated Power USGS WSU 7.5' & 15' SCS NA
White Salmon R | Regulated Power USGS WSU 7:5" & 15" SCS NA
Klickitat R Natural USGS WSU 7:5" & 15' SCS NA
Walla Walla R Regulated Irrigation USGS WSu 7.5" & 15° SCS NA
Palouse R Natural USGS WSU 7.5" & 15" SCS NA
Grande Ronde R | Natural USGS WSU 7:.%' &5 SCS NA
Asotin Cr Natural USGS WSU 7.5" & 15 SCS NA
Tucannon R Regulated Irrigation USGS WSU 7.5 & 15" SCS NA
Yakima R Regulated Irrigation USGS WSU 1.5" & 1% SCS NA
Columbia R Regulated Irri./Power USGS WSU 7.5" & 15' SCS NA
Crab Cr Regulated Irrigation USGS WSU 7.5" & 15" SCS NA
Wenatchee R Regulated Irri./Power USGS WSU 7.5" & 15' 508 NA
Entiat R Natural USGS WSU 7:5" & 15" SCS NA
Chelan R Regulated Power USGS WSu 7.5" & 15' SCS NA
Pasayten Natural USGS WSU 7.5' & 15' SCS NA
Methow R Regulated Irrigation USGS WSu 7.5 & 15" SCS NA
Okanogan R Regulated Irri./Power USGS WSU 7.5" & 15' SCS NA
Newpelem R Natural USGS WSU 758" & 15" SCS NA

USGS = U.S. Geological Survey
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TABLE I
HYDROELECTRIC POTENTIAL
ANALYSIS TECHHIQUES

Washington
BASIN CHARACTERISTICS HYDROELECTRIC POTELTIAL ANALYSIS TECHNIQUES
DURATION
BASIH NAME FLOU SOURCE DURATICH MAP SOURCE CURVE FOR
CLASSIFI- REGULATION OF CURVE SCALES OF RECULATED
CATION TYPE FLOY DATA DEVELOPMENT USED NAP_MAPS STREAM
Sanpoil R Natural USGS WSU 7:5" & 15' SCS NA
Spokane R Regulated Power USGS WSU 7.%8' & 15 SCS BPA
Colville R Regulated Power USGS WSU 7.5" & 15° SCS NA
Kettle R Natural USGS WSU 7:5' & 15’ SCS NA
Big Sheep Cr Natural USGS WSU 7.5 & 15’ SCS NA
Pend Oreille R |Regulated Power USGS WSU 7.5" & 15° b2} NA

USGS = U.S. Geological Survey
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TABLE I
. HYDROELECTRIC POTENTIAL
ANALYSIS TECHHIQUES
OREGON
BASIN CHARACTERISTICS HYDROELECTRIC POTENTIAL ANALYSIS TECHNIQUES
DURATIO:
1 NAH FLOW SOURCE DURATION MAP SOURCE CURVE FO
A B CLASS&FI- REGULATION 1 OF CURVE SCALES OF REGULATED
CATION TYPE FLOY DATA DEVELOPMENT USED NAP HMAPS STREAM
1. North Coast Basin
Nestucca R. Natural & M&I USGS/ONRD2 Idaho A 1:240,000 OWRD USGS
Regulated 1:62,500
1:24,000
Other Streams Natural none . ! ! o !
2A. Upper Willamgtte Basin
Willamette R. Natural & MP USGS/OWRD2 Idaho A 1:250,000 OWRD USGS
Main Stem Regulated 1:64,500
(RO021 - R0024) 1:24,000
Long Tom R' 1] 11} 11} n n 1} i
MCKenZie R. 1" " 1] 1 n " n
Coast Fork

Willamette R.

Middle Fork
Willamette R.

1FC = Flood Control; I = Irrigation; MP = Multiple Purpose; M&I

P = Power; R = Recreation.
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USGS = U.S. Geological Survey; OWRD = Oregon Water Resources Department

= Municipal and/or Industrial; N = Navigation;
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TABLE 1
HYDROELECTRIC POTENTIAL
ANALYSIS TECHHIQUES
OREGON
BASIN CHARACTERISTICS HYDROELECTRIC POTENTIAL ANALYSIS TECHNIQUES
DURATxog
! FLOW SOURCE DURATION MAP SOURCE CURVE FO
RAREaBE CLASS&FI- REGULATION 1 OF CURVE SCALES OF REGULATED
CATION TYPE FLOY DATA DEVELOPHMENT USED NAP_MAPS STREAM
2B. Mid-Willamette Basin
Willamette R. Natural & MP USGS/OWRD2 Idaho A 1:360,000 OWRD USGS
Main Stem Regulated 1:64,500
(RO0O05 - R0020) 1:24,000
Yamhi]] R. 1t I, M&I " L] " " "
RiCkY‘ea]] Cr‘. 1] M&I " 1" 1" n "
Sant-iam R. " MP 1] 1] " 1] "
Other Streams Natural none = H I A L
2C. Lower Willamptte Basin
Scapoose Cr. Natural none USGS/ONRD2 Idaho A 1:250,000 OWRD USGS
' 1:64,500
1:24,000
Willamette R. Natura] & MP i i i " -
Main Stem Regulated
(ROO01 - RO004)
Clackamas R. . P,R o # " L .
Tua‘]at-in R' " I " 1] " n 1]
1

P = Power; R = Recreation.

2
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USGS = U.S. Geological Survey; OWRD = Oregon Water Resources Department

FC = Flood Control; I = Irrigation; MP = Multiple Purpose; M&I = Municipal and/or Industrial; N = Navigation;







TABLE I
HYDROELECTRIC POTENTIAL
AHALYSIS TECHNIQUES

OREGON
BASIN CHARACTERISTICS HYDROELECTRIC POTEMTIAL ANALYSIS TECHNIQUES
DURATION
BASIN NAHME FLOW SOURCE DURATION MAP SOURCE CURVE FOR
CLASSIFI- REGULATION 1 OF CURVE SCALES OF REGULATED
CATION TYPE FLOY DATA DEVELOPMENT USED NAP_MAPS STREAM
3. Sandy Basin
Sandy R. Natural & M&I,P USGS/OWRD2 Idaho A 1:250,000 OWRD USGS
Main Stem Regulated 1:64,500
1:24,000
Bull Run R. n ' n n n n n n
Other Streams Natural none i " " " "
4. Hood Basin
A11 Streams Natural none USGS/OWRD2 Idaho A 1:125,000 OWRD USGS
1:64,500
1:24,000
5. Deschutes Basfin
Deschutes R. Natural & TP USGS/ONRD2 Idaho A 1:350,000 OWRD USGS
Main Stem Regulated 1:64,500
' 1:24,000
CrOOked R. 1" I ’ 1] n " 1] "
Little Deschutes R . i I I i L n L
Other_ Streams Natural none - . " " 4

¢ = Flood Control; 1 = Irrigation; MP = Multiple Purpose; MaI
P = Power; R = Recreation.

Municipal and/or Industrial; N = Navigation;

2USGS = U.S. Geological Survey; OWRD = Oregon Water Resources Department
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TABLE I
. HYDROELECTRIC POTENTIAL
ANALYSIS TECHNIQUES
OREGON
BASIN CHARACTERISTICS HYDROELECTRIC POTENTIAL ANALYSIS TECHNIQUES
DURATION
BASIN NAME FLOW SOURCE DURATION MAP SOURCE CURVE FOR
CLASSIFI- REGULATION 1 OF CURVE SCALES OF REGULATED
CATION TYPE FLOY DATA DEVELOPMENT USED NAP MAPS STREAM
6. John Day Basinp
John Day R. Natural & I USGS/ONRD2 Idaho A 1:300,000 OWRD USGS
Main Stem Regulated 1:64,500
1:24,000
North Fork John
Day R. n " n 1" " 1" "
Other Streams Natural none . " " < "
7. Umatilla Basih
Umatilla R. Natural & I,R USGS/OWRD2 Idaho A 1:200,000 OWRD USGS
Main Stem Regulated 1:24,000
Other Streams Natural none " o 4 . .
8. Grande Ronde Basin
Grande Ronde R. Natural & I USGS/ONRD2 Idaho A 1:220,000 OWRD USGS
Main Stem Regulated 1:64,500
1:24,000
(cont.)

1FC = Flood Control; I = Irrigation; MP = Multiple Purpose; M&I = Municipal and/or Industrial; N = Navigation;

P = Power; R = Recreation.

2
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USGS = U.S. Geological Survey; OWRD = Oregon Water Resources Department
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TABLE I
. HYDROELECTRIC POTENTIAL
ANALYSIS TECHHIQUES
OREGON
BASIN CHARACTERISTICS HYDROELECTRIC POTEMTIAL ANALYSIS TECHNIQUES
DURATION
BASIN NAME FLOW SOURCE DURATION MAP SOURCE CURVE FOR
CLASSIFI- REGULATION 1. OF CURVE SCALES OF REGULATED
CATION TYPE FLOY DATA DEVELOPMENT USED NAP MAPS STREAM
(8. Grande Ronde|Basin cont.)
Wallowa R. " I, M&I L " " " "
Other Streams Natural none " " " o "
9. Powder Basin
Pine Cf. Natural none USGS/OWRD2 Idaho A 1:190,000 OWRD USGS
1:64,500
1:24,000
Powder R. Natural & I " i " * "
Main Stem Regulated
Eagle Cr. Natural none " ! " " i
Burnt R. Regulated I " p & E !
10. Malheur Basi
Malheur R. Natural & I USGS/ONRD2 Idaho A 1:300,000 OWRD USGS
Main Stem Regulated 1:64,500
(cont.) 1:24,000

1FC = Flood Control; I = Irrigation; MP = Multiple Purpose; M&I = Municipal and/or Industrial; N = Navigation;

P = Power; R = Recreation.
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USGS = U.S. Geological Survey; OWRD = Oregon Water Resources Department
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TABLE I
HYDROELECTRIC POTENTIAL
ANALYSIS TECHNIQUES

OREGON
BASIN CHARACTERISTICS HYDROELECTRIC POTELTIAL ANALYSIS TECHNIQUES
DURATION
4 NAM FLOW SOURCE DURATION MAP SOURCE CURVE FOR
PSS CLASSIFI- REGULATION 1 OF CURVE SCALES OF REGULATED
CATION TYPE FLOY DATA DEVELOPMENT USED NAP_MAPS STREAM
(10. Malheur Basjn cont.)
North Fork ’ )
Ma']heur R. n " n 1] "
11. Owyhee Basin
Owyhee R. Natural & I USGS/ONRD2 Idaho A 1:250,000 OWRD USGS
Main Stem Regulated 1:62,500
1:24,000
Crooked Cr. Natural none . . = . .
JOY‘don CY'. Regu]ated I 1" " n " "
12. Malheur Lake|Basin
Silvies R. Natural none USGS/ONRD2 Idaho A 1:330,000 OWRD USGS
1:64,500
1:24,000
Donner & Blitzen ® " . 1 “ ! "
R.

1

P = Power; R = Recreation.

2

a4

USGS = U.S. Geological Survey; OWRD = Oregon Water Resources Department

FC = Flood Control; I = Irrigation; MP = Multiple Purpose; M&I = Municipal and/or Industrial; N = Navigation;
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TABLE I
HYDROELECTRIC POTENTIAL
ANALYSIS TECHNIQUES
OREGON
BASIN CHARACTERISTICS HYDROELECTRIC POTENTIAL ANALYSIS TECHNIQUES
DURATIO:
. FLOW SOURCE DURATION MAP SOURCE CURVE FO
RS CLASSIFI- REGULATION 1 OF CURVE SCALES OF REGULATED
CATION TYPE FLOY DATA DEVELOPHENT USED NAP MAPS STREAM
13. Goose & Summér Lakes Basih
Chewaucan R. Natural none USGS/OWRD2 Idaho A 1:315,000 OWRD USGS
1:64,500
1:24,000
14. Klamath Basi
Jenny Cr. Regulated I USGS/ONRD2 Idaho A 1:280,000 OWRD USGS
1:64,500
1:24,000
K'I amath R. " I’P 1} n " n n
Sprague R. Natura] & I " n n n "
Regulated
Williamson R. it L n " u N "
15. Rogue Basin
Rogue R. Natural & MP USGS/OWRD2 Idaho A 1:260,000 OWRD USGS
Main Stem Regulated 1:64,500
(cont.)

1FC = Flood Control; I = Irrigation; MP = Multiple Purpose; M&I = Municipal and/or Industrial; N = Navigation;

P = Power; R = Recreation.

2
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USGS = U.S. Geological Survey; OWRD = Oregon Water Resources Department







TABLE I
. HYDROELECTRIC POTENTIAL
ANALYSIS TECHHIQUES

OREGON
BASIN CHARACTERISTICS HYDROELECTRIC POTENTIAL ANALYSIS TECHNIQUES
DURATION
N NAY FLOW SOURCE DURATION MAP SOURCE CURVE FOR
SRR (e CLASSIFI- REGULATION 1 OF CURVE SCALES OF REGULATED
CATION TYPE FLOW DATA DEVELOPMENT USED NAP_MAPS STREAM
(15. Rogue Basin|cont.)
App]egate R' 1l I " " " " 1]
Evans Cr. a ! ! . £ i .
Bear CY‘. n " n n n " "
Big Butte Cr. < I’ M&I n 1" " " n
Little Butte Cr. ! 4 " " " " "
Other Streams Natural none & " " L it
16. Umpqua Basin
North Umpqua R. Natural & PsR USGS/ONRD2 Idaho A 1:260,000 OWRD USGS
& Tribs. Regulated 1:62,500
Other Streams Natural _ none L - . " "
17. South Coast Basin
A1l Streams Natural none USGS/ONRD2 Idaho A 1:200,000 OWRD USGS
1:62,500
1:24,000

1FC = Flood Control; I = Irrigation; MP = Multiple Purpose; M&I = Municipal and/or Industrial; N = Navigation;

P = Power; R = Recreation.
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USGS = U.S. Geological Survey; OWRD = Oregon Water Resources Department
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TABLE I
HYDROELECTRIC POTENTIAL
ANALYSIS TECHNIQUES
OREGON
BASIN CHARACTERISTICS HYDROELECTRIC POTENTIAL ANALYSIS TECHNIQUES
DURATION
BASIN NAME FLOW SOURCE DURATION MAP SOURCE CURVE FOR
CLASSIFI- REGULATION 1 OF CURVE SCALES OF REGULATED
CATION TYPE FLOY DATA DEVELOPMENT USED NAP_MAPS STREAM
18. Mid-Coast Bapin
Siletz R. Natural & M&I USGS/OWRD2 Idaho A 1:180,000 OWRD USGS
Regulated 1:62,500
Other Streams Natural . none it " " " "

1FC = Flood Control; I = Irrigation; MP = Multiple Purpose; M&I = Municipal and/or Industrial; N = Navigation;

P = Power; R = Recreation.

2USGS = U.S. Geological Survey; OWRD = Oregon Water Resources Department

47






TABLE I
HYDROELECTRIC POTENTIAL
ANALYSIS TECHHIQUES

Idaho
BASIN CHARACTERISTICS HYDROELECTRIC POTELTIAL ANALYSIS TECHNIQUES
DURATION
BASIH NAME FLOW SOURCE DURATICH MAP SOURCE CURVE FOR
CLASSIFI- REGULATION OF CURVE SCALES OF REGULATED
CATION TYPE FLOY DATA DEVELOPHENT USED HAP_MAPS STREAM
Bear River Regulated | Flood- USGS NA 1:250,000 PNWRBC Idaho B
Control IDWR 1:62,500 Idaho C
Irrigation | Utah Power 1:24,000 Idaho D
Power and Light
Kootenai Regulated | Flood- USGS Idaho A 1:250,000 PNWRBC Montana A E
and Natural| Contiol 1:62,500 !
Power 1:24,000 '
Pend 0'Reille Regulated | Power USGS Idaho A 1:250,000 PNWRBC Idaho C |
and Recreation | IDWR 1:62,500 : |
Natural 1:24,000 ;
|
Spokane Regulated | Irrigation | USGS Idaho A 1:250,000 PNWRBC BPA |
and Power BPA 1:62,500
Natural Recreation 1:24,000
Snake River Regulated | Irrigation | USGS Idaho A 1:250,000 PNWRBC Idaho B
Main Stem and Power IDWR 1:62,500 Idaho C
Natural Flood- 1:24,000
Control
Recreation

BPA = Bonneville

IDWR = Idaho Department of Water Resources :
Power Administration

USGS = U.S. Geological Survey
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TABLE I
HYDROELECTRIC POTENTIAL
ANALYSIS TECHNIQUES
Idaho
BASIN CHARACTERISTICS HYDROELECTRIC POTELTIAL ANALYSIS TECHNIQUES
DURAT 10N
BASIH NAME FLOW SOURCE DURATIGH MAP SOURCE CURVE FOR
CLASSIFI- REGULATIOR OF CURVE SCALES OF REGULATED
CATION TYPE FLOY DATA DEVELOPNENT USED HAP_MAPS STREAM
Palouse Natural None USGS WSU 1:250,000 PNWRBC NA
1:62,500
1:24,000
Clearwater Regulated [Flood- USGS Idaho A 1:250,000 PNWRBC BPA .
and Natural |Control BPA 1:62,500 (Special)
Power 1:24,000
Recreation
Salmon Regulated |[Irrigation |USGS Idaho A 1:250,000 PNWRBC WSU
and Natural 1:62,500
1:24,000
Wildhorse Natural None USGS Idaho A 1:250,000 PNWRBC NA
1:62,500
1:24,000
Weiser Regulated |[Irrigation |USGS Idaho A 1:250,000 PNWRBC Idaho D
and Natural IDWR Idaho D 1:62,500 Idaho E
‘ Idaho E 1:24,000

USGS = U.S. Geological Survey

BPA = Bonneville Power Administration
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IDWR = Idaho Dept.
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TABLE I
HYDROELECTRIC POTENTIAL
ANALYSIS TECHNIOUES
Idaho
BASIN CHARACTERISTICS HYDROELECTRIC POTENTIAL ANALYSIS TECHNIQUES

DURAT 10N
BASIN NAME FLOU SOURCE DURATICH MAP SOURCE CURVE FOR
CLASSIFI- REGULATION OF CURVE SCALES OF REGULATED
CATION TYPE FLOY JATA DEVELOPMENT USED NAP_MAPS STREAM
Payette Regulated | Irrigation | USGS Idaho A 1:250,000 PNWRBC Idaho B
and Natural| Power IDWR Idaho E 1:62,500 Idaho C

1:24,000
Boise Regulated | Irrigation | USGS Idaho A 1:250,000 PNWRBC Idaho B
and Natural| Power IDWR 1:62,500 Idaho C

Recreation 1:24,000

Flood-
Control

Owyhee Natural Irrigation | USGS Idaho D 1:250,000 PNWRBC Idaho D

and 1:62,500

Regulated 1:24,000
Bruneau Natural and Irrigation | USGS Idaho D 1:250,000 PNWRBC Idaho D

Regulated 1:62,500

1:24,000
Wood River Natural and Irrigation | USGS Idaho A 1:250,000 PNWRBC Idaho B
Regulated IDWR 1:62,500 Idaho D

1:24,500

USGS = U.S. Geological Survey

IDWR = Idaho Department
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BPA = Bonneville Power Administratio
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TABLE I
HYDROELECTRIC POTENTIAL
ANALYSIS TECHNIOUES
Idaho
BASIN CHARACTERISTICS HYDROELECTRIC POTENTIAL ANALYSIS TECHNIQUES
DURATION
BASIN NAME FLOW SOURCE DURATICH MAP SOURCE CURVE FOR
CLASSIFI- REGULATION oF CURVE SCALES OF REGULATED
CATION TYPE FLO JATA DEVELOPIENT USED NAP_MAPS STREAM
Salmon Falls Regulated | Irrigation | USGS NA 1:250,000 PNWRBC Idaho D
Creek 1:62,500
1:24,000
Box Canyon Regulated | Irrigation | USGS NA 1:250,000 PNWRBC Idaho D
Springs 1:24,000
Deep Creek Regulated | Irrigation | ARS NA 1:250,000 PNWRBC Idaho D
1:24,000
Lost River Regulated | Irrigation | USGS NA 1:250,000 PNWRBC Idaho D
1:62,500
1:24,000
Mud Creek Regulated | Irrigation | ARS NA 1:250,000 PNWRBC Idaho D
1:62,500
1:24,000
Niagara Springs| Regulated | Irrigation | AR<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>