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ABSTRACT

A systematic, statewide investigation of stream power and energy has
been made for al I reaches of 0regon streams not presently having dams but
capable of  producing 200 kw or more at  least  50 percent of  the t ime. From
avai lab' le precipi tat ion data,  topographic maps and stream gaging stat ion
records,  hydrologic techniques were used to generate mean discharges, dis-
charge patterns,  f low-durat ion curves, stream power values and stream
energy values for 7626 mi les of  r ivers in Oregon, grouped into 

. |443 
reaches.

The informat ion was developed to inventory the theoret ical  developable low-
head hydro power potential for 0regon. Assumptfons were made to use run-
of-r iver condi t ions (rather than reservoir  storage) and 

' |00 percent ef f i -
c iency in generat ing electr ical  energy f rom streamflow.

The resul t ing theoret ical  maximum developable low-head power and
energy potential n respective'lyo ars found to be about 2 Gl.l and 15,000 GWh,
for near- f i rm-power condi t ions of  95 percent-of- t ime exceedance, about
6 Glrl and 43,000 Gl,.Ih for median flow..conditions of 50 percent exceedance,
and l l  GW and 61,000 GlrJh for  near-mean f low condi t ions of  30 percent

exceedance. Streams inf luenced by large precipi tat ion in the Coastal
and cascade Ranges possess the greatest developable power and energy
potent ia l ;  Sot l theast Oregon streams have comparat ively srnal l  potent ia ls.
Us ing  prac t ica l  bu t ' l im i ted  ass .essment  c i i te r ia ,  p re l im inary  feas ib i ' l i t y
analyses and screening were used to ident i fy for  near- future invest igat ion
56 reaches out of  the 1443 studied (39 of  them in the t l i l lamette Basin)
that had relatively few constraints and had nearby energy marketfng
p o s s i b i l i t i e s .

In comparison with other Pacific Northwest s.tates and adjacent
s ta te 's  hav ing  some land in  the  Co lumbia  R i .ver  Bas tn ,OreEon ranks  second
and possesses about one-fourth of  the region's total  developable low-head
stream power and energy potent ia l .
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I. STUDY BACKGROUND AND PURPOSE

The University of Idaho Water Resources Research Institute entered

into a contract  wi th the U. S. Department of  Energy in September,  1977,

to make a study entit led "A Resounce Survey of Low-Head Hydroelectric

Potent ia l  - -  Paci f ic  Northwest Region".  The Universi ty of  Idaho Water

Resources Research Inst i tute in turn entered into subcontracts wi th the

Water Resources Research Inst i tutes in Oregon, Washington and Montana to

do the port ions of  that  study involv ing streams in their  respect ive

states.

The purpose of  th is study was to evaluate the low-head hydroe' lectr ic
potent ia l  of  the Paci f ic  Northwest region. For purposes of  th is study,

low-head hydroe'lectric power was defined as power produced from power

si tes wi th gross hydraul ic heads ranging from 3 b 2A meters (m) and with
resul t ing power plant s izes greater than 200 ki lowatts (k l r ' l ) .

The s tudy  inc luded a l l  o f  the  Co lumbia  R iver  Bas in .  I t  a lso  inc luded

a l l  o ther  r i ver  bas : ins  in  Idaho,Oregon and Wash ing ton .  The s tudy  area  is
shown in Figure l .  The total  area studied is approximately 292,000 square
mi les.  The 0regon study team was responsible for  evaluat ing the low-head
hydroelectr ic potent ia l  of  the State of  0regon, an area of  approximately
97,00CI square mi les - 'about one-third of  the tota ' l  s tudy area.

The regiona'l study was coordinated by the Idaho study team. The
study was in i t iated in October 1977 by a one-day meetr 'ng of  a l l  state
study teams with representatives of the U.S. Department of Energy to
establ ish study methodologies and deal  wi th the logist ics of  accompl ish' ing
the project  object ives.  A br. ief ing meet ing was held on the fol lowing day
to discuss the study with interested state and federal agencies. Subse-
quent' ly, study team coordination meetings were held quarter' ly to discuss
study progress,  problems encountered in apply ing rnethodoloEies,  and tasks
st i l l  to be completed. Addi t ional  br tef ing meet ings and discussions with
agencies and the publ ic in general  occurred throughout the study to provide

informat ion and to answer inquir ies.
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I I .  HYDROLOGIC AND ENERGY ANALYSIS TECHNTQUES

State River Basins

The l8 major drai 'nage basins ident i f ied by the 0regon Water Resources

Department (OWRD) were adopted as ana' lyt ical  uni ts to provide evaluat jons

useful  for  future r iver basin planning. These subdiv is ions of  the state

are shown in Figure 2.  Each basin consists o:F one or more hydrological ly

homogeneous areas for which streamf'low gaging station records could be

correlated to develop runoff  re lat ions.

Use of Reaches

The in i t ia l  study assignment was to def ine the low-head hydro potent ia l

by ident i fy ing al l  possible low--head hydroelectr ic s i tes.  I t  was soon

determined that th is task was too formidable under the l imi tat ions of  the

avai lable project  t ime and budget.  Therefore,  the study approach fol lowed

was to define the power potenti 'al for consecutive reaches (lengths) of the

streams. A reach is def ined here as any length of  stream with designated

upstream and downstream boundaries such that average values taken over the

reach give reasonable descr ipt ions of  the reach. Stream reaches were

chosen so that major tributary streams would enter at the upstream or down-

stream end points of  the reach rather than withfn the reach. Reaches did

not include exist ing dams and reservoirs;  instead, they terminated just

upstream and downstream.

Reaches were assigned to al1 segments of streams that had flow

capabi l i t ies of  36 cubic feet  per second (cfs)  - -  about I  cubic meter per

second --  at  least  50 percent of  the t ime. This corresponds to the f low

required to produce 200 khl at a 20 m head.

Synopsis of General Analytical Approach

The streamflow regfme for each reach was determined by'means of f low-

durat ion curves. At locat ions where streamgaging stat ions existed, these

curves were developed directly from data records. However, most reaches
had no such stat ions and i t  was, therefore,  necessary to generate synthet ic

f low-durat ion curves for them. An appropr. iate technique for doing this

was developed, involv ing correlat ions among (1) precipi tat ion data that  had
already been general ized to give. isohyetal  maps cover inE the ent i re state,
(2) drainage areas that could be obtained for each reach frsm avai lable
maps, (3) average annual  d ischarges avai lable at  gaging stat ions and

:J
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adjustable to match the per iod of  concurrent precipi tat ion data,  and
(4) f low-durat ion curves at  these gaging stat ions.  Correlat ions using
the f i rst  three parameters (preci 'p i tat ion,  drainage area, and average
annua l  d ischarge)  a t  ex is t ing  s ta t ions  gave re la t ions  to  p red ic t  average
annual discharges at  ungaged si tes f rom precipi ' tat ion and drainage area
est imates.  Correlat ions using the last  two parameters (average annual
discharge and f low-durat ion character ist ics) gave addi t ional  re lat ions
so that the predicted average annual  d ischarges at  ungaged si tes were
converted into predicted f low-durat ion curve discharges.

The energy characteristics for each reach were determined by using
f ive exceedance f lows from the predicted f low-durat ion curves ( t tows,that

were exceeded 
. |0,  

30,  50, 80, and 95 percent of  the t ime, based on long-
term condi t ions).  Each exceedance f low was used with the water power

equat ion,  which incorporates these f lows with the avai lable head in the
reach. Power values were then converted to energy values by appl icat ion
of  appropr ia te  t ime in te rva ls  fo r  power  ava i lab i l i t y .

The p'lant load conditions for each reach were determined by comparing
the energy outputs for the five exceedance flows under their predicted
var iable streamflow regimes with the energy output for  the same f lows i f
they instead were avai lable wi thout var iat ion 100 percent of  the t ime.
The resul t ing rat ios were cal led plant factors to dist inguish them from
other plant l-oad terms commonly used.

Fl ow-Duration Approach

To descr ibe the regime of  f lows avai lable in a reach over t ime, a
flow-duration curve approach was used. A typical f low-duration curve is
shown in Figure 3.

The f low-durat ion curve is a cumulat ive f requency curve of  d ischarges.
The curve depicts the amounts of t ime that the flow rate of a stream can be
expected to equal  or  exceed var i 'ous specff ic f low'values dur ing some
period. It combines in one curve the flow characteristi.cs of a stream
throughout its observed range of discharge, without regard to the sequence
or frequency of occurrence of different discharges. The period used is
normally one or more complete years of record. Mean daily streamflows are
typical ly used in the development of  the curve. Streamflow ts deprcted on
the ordinate scale,  which may be an ar i thmet ic or logar i thmtc scale,
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depending upon the range of  f lows involved. The amounts of  t ime are not
chronological  ser ies but instead are magnitude ser ies and are usual ly
depicted on the abscissa scale as "percent of  t ime that the speci f ied f low
is  equa l led  or  exceeded" ,  o l ,  more  s imp ly ,  "exceedance percent " .

The flow-duration curve technique was chosen because it provides a
complete yet  compact descr ipt ion of  streamflow var iabi l i ty .  Because of
the use of  mean dai ly f lows over a long per iod of  several  years of  record,
a detai' led description of the common and extreme events that have occurred
in a basin is depicted. This gives far  more informat ion than is conveyed
when only the average, maximum and minimum discharges for the per iod are
known. The f low-durat ion curve thus gives an ef fect ive means of  assess-
ing energy capabi l i t ies of  a stream reach or of  a speci f ic  hydropower s i te
a t  var ious  leve ls  o f  f low ava i lab i l i t y ,  inc lud ing  average cond i t ions  and
any other condi t ions of  interest .

For purposes of this study, it was assumed that any new low-head
hydroelectr ic projects would operate essent ia l ly  as run-of-r fver power
p lan ts ,  tak ing  f low as  i t  was  ava i lab le  w i thout  impoundment .  Thus ,  any
storage that would be made avai lable at  new si tes would make more power
and energy avai lable than was computed using the rrun-of-r fver assumption.
Therefore, the power and energy estimates that have been made in this study
are conservat ive ( i .e. ,  are underest imates) as far  as the ef fect  of  on-si te
storage is concerned. Also,  the assumption of  run-of-r i 'ver condi t ions
means that the f low-durat ion curve for a part icular reach would not be
al tered i f  a low-head si te is developed upstream (whereas upstream storage
would af fect  a l l  downstream f low-durat ion curves and would normal ly cause
an increase in.downstream power and energy avai lable).

Flow-Durat ion Curve Development

Flow-durat ion curves are normal ly developed from data at  gaging
stations. Therefore, methods had to be developed to construct synthettc
flow-duration curves for reaches of the stream where no stream gages were
ava i  I  ab l  e .

For natural ,  unregulated streams, general fzed f low-durat ion curves
were developed at  known gage locat ions for appl icat ion to ungaged locat ions.
The f i rst  step in th is procedure was to develop f low-durat ion curves for
al l  gage locat ions wi th in each basi 'n of  interest .  Daf ly f low-durat ion



curves for al l  gaging stat ions were provided by the U.S. Geological
Survey (USGS), using their  computer ized streamflow data access system
hIATSTORE. These duration values were determined by categorizing each
daily f low for the period of record i 'nto one of a series of pre*s6,*eatdd

f low intervals.  The number of  dai ly f lows in each interval  was then
determined. The exceedance percentage of each interval was computed b;r
f i rst  determining the number of  f low values contained in intervals wi th
f low magnitudes higher than the interval  of  interest .  This number was
div ided by the total  number of  f lows in al l  intervals to obtain the
exceedance percentage. The flow-duration curve was then developed by
plot t ing the upper f low value for each interval  versus the exceedance
percent for  the interval .

The second step in gett ing the general ized f low-durat ion curves
was to develop a family of parametric f low-duration curves from the
avai lable f low-durat ion curves for each major r iver basin.  To do this,
the f low-durat ion curves for al l  avai lable gages th the basirn were plot ted
indiv idual ly.  Flow values for several  pre-selected exceedance values
(10, 30, 50, 80, and 95 percent)  were determined from each of  these
curves, as i l lustrated in Figure 4.  These f low values for each gage and
for each exceedance percentage were plotted agafnst the average annual
runoff (0nn1 at each gage. A separate curve was then developed for each
exceedance percentage (rather than each gage).  A correlat ion analysis was
performed for each set of data points to obtain a l ine of best f it to the
data.  An example of  the resul t ing fami ly of  parametr ic f low-durat ion
curves developed from this approach is shown in Figure 5.

To use these general ized f low-durat ion curves, al l  that  is  required
is the value of QAA at the reach or site of interest. (The procedure for
gett ing average annual  runoff  at  ungaged points is discussed later in th is
report. ) fo construct the required flow-duration curves at the unknown
point, the abscissa of the graph is entered with the knorivn QAA value and
a l ine is extended vert ical ' ly  upward from this value to intersect w, i th the
five curves of percent exceedance so that f low values can be obtained from
the ordinate scale.  These f ive f low values can then be ptot ted against
the five percent exceedance values to get the new synthetic ftow-duration
c u r v e  ( w h i c h  w i l l  l o o k  l i k e  t h a t  i n  F i g u r e  3 ) .
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An al ternat ive method to that  used on natural  streams was considered
for obtaining f low-durat ion curves for regulated stream reaches. Monthly

synthet ic streamflow data for  r ivers wi th major power dams were avai lable
from the Bonnevi l le Power Administrat ion (BPA).  These data had been
developed in connect ion wi th BPA simulat ion studies wherein 

. |930-. |968

streamflows were adjusted to ref lect  l97B levels of  f low deplet ion and

1978 power loads. hlowever because the USGS flow-duratfon curves reflected
regulat ion condi t ions wel l  for  most.streams where dams have existed over a
long per iod,  i t  was decided to use the USGS dai ly informat ion rather than
to mix in monthly BPA data for  a few r ivers.  Hence, f low-durat ion curve
analystis for some regulated streams give somewhat conservative underestimates
of the power and energy by not adequately ref lect ing the ful l  benef i ts of
storage.

Average Annual Runoff

The technique for obtaining average annual  runoff  for  the ungaged
port ions of  each r iver basin was based upon a correlat ion of  drainage
basin area, normal annual  precipi tat ion and concurrent average annual
runoff  for  gaged port ions.

To develop this correlat ion involved the integrat ion of  areas between
precipi tat ion isohyetal  l ines.  This required use of  the best avai lable
long-term mean or normal annual  preci 'p i ' tat ion maps for the part icular study
areas ( in th is study, the NAP abbreviat ion was used' to ident i fy both the
' long-term 

mean and the 30-year normal annual  precipi ' tat ion).  The sources
of these maps were the Oregon Water Resources Department (0WRD) and the
Paci f ic  Northwest River Basins Cornmission (RNnBC) from i ts "Columbia-North
Paci f ic  Region Comprehensive Framework Study".  An example of  one of  the
PNRBC maps is shown in Figure 6.  Precipi tat ion data general ly covered
the 1930-. |957 per iod.

USGS topographic maps were used for basin area analyses. The scales
of maps used var ied wi th hydrologic product iv i ty of  the area of  interest .
In  a reas  o f  la rge  runof fo  maps o f  i :24 ,000 and l :62 ,500 sca le  were  used
to ident i fy a1l  streams that could produce the minimum power output of
200 k!'I at the maximum head of 20 n. These high runoff areas were priinarily
associated with the coastal  drainage basins.  In areas of  less water
product ion,  maps with scales ranging between 1;125,000 and 1:360,000
proved to be quite adequate.

l l
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The topographic maps were first used to trace aI1 major drafnage

basins. Reaches that had been selected from OllIRD basin maps were marked

on the tracings of  the topographic maps and their  drainage div ides were

also t raced. In some cases, part  of  th is work had been done previously

by the USGS; by us' ing project ion techniques the basin boundar ies would

be transfemed from the USGS basin maps to maps of a more suitable scale

with only minor correct ions required.

The next step involved matching the NAP map scale to the scale of

the drainage basin maps used to del ineate the var ious reaches. Two opt ical

project ion techniques were used. The f i rst  involved making 35 mm sl ides

of port ions of  the orr ig inal  NAP maps. By project ing the s l ides through a

35 mm sl ide projector,  the scales of  the drainage basin and NPA maps

could be matched very easi ly.  The second technique involved using large

(8r"  x 1l)  t ransparencies of  the NAP maps. These transparencies were

projected onto the drainage basin maps using anf:overhead projector.  Both

methods resulted in good scale and placement accuracy when care was

taken in adjust ing the locat ion and magnif icat ion of  the project ion.  The

choice of  method depended upon the size of  the avai lable NAP map.

The next step was to measure the areas between adjacent isohyetal

1 j nes wi thi n each i ndi vi dual reach drai nage area. Several techri ' i 'ques

were explored to measure the area between isohyetal l ines. Use of an

electronic planimeter proved to be very accurate and by far the quickest

method for obtaining these values. Each of  the isohyetal  zones was

assigned an average precipi tat ion amount based on the values of  the

adjacent isohyetal  l ines.  The planimetered basin sub-areas for each

isohyetal  zone were then mult ip l ied by the average precipi tat ion for  each

zone to obtain the total  annual  precipi tat ion volume avai lable.  Because

of the var ious maps scales used to cover some basins,  d i f ferent conversion

factors were sometimes required to develop the total annual precipitation
'volume. These sub-basin precipi tat ion volume inputs were summed to get

the total  precipi tat ion input for  the basin upstream of the mouth of

each reach.

Next,  the annual  precipi tat ion and annual  runoff  data were adiusted

to a comparable basis.  Since the USGS stream gaging stat ion records

have var ious t ime bases and NAP maps are based on a part icular t ime per iod,

i t  was desirable to use a s ingle,  common t ime base. The t i 'me base selected
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was the same as the tjme period used in developing the NAP maps that were

used for a part icular r iver basin.  This permit ted use of  the isohyetal

map without modif icat ion and required adiustment of  streamflows to com-

pensate for  wet and dry t rends dur ing per iods other than the selected

t ime base.

When gaging stat ions had recsrds concument wi th or longer than the

NAP t ime base, QAA values were calculated for the concurrent span of

years. However, if any part of the streamflow record was missing during

the base per iod,  a correlat ion procedure was used to est imate the missing

data.  To do this,  a reference stat ion wi th a long per iod of  record

spanning the base per iod was selected. The choice was l imi ted to stat ions

typical  for  the drainage area, f ree of  s igni f icant f low regulat ion,  and

free of  abnormal condi t ions.  I 'n some cases, the reference stat ion had to

be selected form an adjacent basin.  The calculated base per iod QAA values

for the adjusted stat ions were obtained forrn the fo l lowing equat ion:

QAABur.  Per iod,
Ad j .  S ta .

With a common time base established for NAP and QAA, the product of

NAP and drainage area (DA) was obtained for each gaging station and p'lotted

against  the corresponding adjusted QAA. A regression ana' lysis led to the

re' l  at i  onshi  p 
k

Q M  =  a t ( N A P )  ( D A ) 1 "

for that  t ime base used for each r iver basin,  wi ' th coeff ic ients a and b

in f luenced by  r i ver  bas in  hydro log ic  cond i t ions .  F igure  7  i l l us t ra tes

th i  s .

To apply the method for estimating QAA for ungaged portions of each

r iver basin,  DA and NAP were f f rst  obtained from planimetry of  topographic

and NAP maps. The QAA formula was then used. Planimetry progressed from

headwaters downstream to mouths of rivers. Therefore, it was convenient

to maintain cumulat ive totals for  DA and t(NAP) (DA)l  in the downstream

direct ion.  For each reach, the representat ive QAA was calculated from

the average of the values for the upstream and downstream products of

I ( N A P )  ( D A ) l r  _  n
QAA = a lJMP-)-96;1u

where
IN-ATI-FA)- = ,.fr[rune1 (DA)]upstreanr + t(NAp) (DA)laownstream].
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Once the representative QAA was obtained for each reach, procedures

already described were used to obtain floru values at several exceedance
percentages from the general ized f low durat ion curves. However,  rather

than use the graphical  re lat ionships depicted fn Figure 5,  those para-

rnetric curves were used in the regression form
k

Q% = u% (Qnn)"2

where the % symbol represents any of the selected exceedance percentages

and the coeff ic ients a and b take on comesponding numerical  values.

Power and Energy Computations

After generat ing the average annual  d ischarge and f low'durat isn

curve for each reach, the next step was to compute the hydro power

potent ia l  avai lable.  The power,  energy,  and plant capaci ty were computed
for f ive di f ferent f low rates corresponding to the 10, 30, 50, 80 and 95
percent exceedance levels.  The basic water power equat ion used was:

o =  Q H  -'  1. |  ,800 
u

where:

P = power, megawatts
Q = flow, cfs
H = head avai lable i .n reach, f ,eet
e = efficiency

I I ,800 = convers{on' factor

The Q val ue used was the Q, based on the representative QAA for the
reach and, hence, approximately that  avai lable at  the midpoint  of  the
reach. The head used was the total  usable head in the reach, which was
computed by subtracting the stream elevation at the downstream end of
the reach from the stream elevation at the upstream end of the reach.
In the farthest upstream reach of  a stream, the f low value used was that
at the downstream boundary (at least 36 cfs) and head was taken as 20 m
(66 fee t ) .

The e f f i c iency  used in  a l l  power  computa t ions  was 
. | .0 .  

I t  i s
recognized thatno- hydropower generat ing system could operate at  th is
ef f ic iency.  But s ince i t  is  not  possible to predict  the actual  system
eff ic iencies that  might be achieved by var ious low-head power developments,
i t  was  fe l t  tha t  us ing  an  idea l  e f f i c iency  o f  1 .0  wou ld  be  bes t  in  th is
study. The user of  study f indfngs can then apply part icular ef f ic iencies
direct ly to the values represented in the tables and f igunes to est imate
the actual power generated.

t 6
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The theoretical energJr available from the power plants si 'zed at

the specific exceedance values of Q was computed by i 'ntegrating the area

under the curve of  Q versus percent exceedance and mult ip ly ing th is by

the proper conversion factors to get the average energy output per year.

Figure I  i l lustrates th is area under the curve for the 30% exceedance

va l  ue .

Another value that is computed at  each exceedance value is the plant

factor. This is the ratio of' the actual energy generated (computed by

using the area under the curve) to the energy that would be gernerated i f

the plant was operated at  the fu l l  capaci ty for  a given exceedance value

100% of the time. Figure 8 shows the actual energy generated (as noted

above) and the addi t ional  energy that could be obtained i f  the plant

operated at  fu l l  power capaci ty al l  of  the t ime. Hence, the combined

shaded 'ayra corresponds to the denominator in the plant factor ratio.

The power and

val  ues based on the

rgy values computed for each reach are theoretical

I  head ava i lab le  in  the  reach.  These va lues  shou ld

not be confused with

s i tes  in  a  reach.  T

a v a i l a b l e  a t  e x i s t i n

total head and stora

loca t ion  o f  the  s i te

Summa of Anal s i s echn i

Table I  presen

analysis techniques

bas ins  in  Oregon.  T

The next two col umns

the  f low c lass i f i ca t

reservo i r  regu la t ion

"Source of Flow Data

the power and energy avai lable at  exist ing or proposed

correlat ion between the theoret ical  values and that

or proposed sites in dependent on such factors as

avai lable at  the exi 's t inE or proposed si te and the

within the reach.

a summary of the more important data sources and

t were appl ied to part icular streams and r iver

f i rst  column, ident i f i 'es the basin and i ts streams.

under "Basin Character ist ics" are used to descr ibe

on;  e .9 . ,  whether  i t  i s  a  na tura l  f low sys tem or  has

and the type of  regulat ion of  the stream, i f  any.  The

column documents the source of  f low data used in a

Development" column and the "Durat ion

used to ident i fy the technique used

or  a  par t i cu la r  bas in .  For  the

regional  studyo var iat ions of  the previously descr ibed analyt ical  techniques

were used by different state study teams. Some techniques were used by more

than one state.  For example,  the f low-durat ion curve technique used in

Oregon was l i keoneof  severa l  used in  Idaho"  Each techn ique or  var ia t ion

1 7
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TABLE I. HYDROELECTRIC POTENTiAL ANALYSI]S TECIINIQUES

BASilt MrlE

BASII{  CI{AMCTERISTICS I IYONOILECTNIC POTEI :T IAL A i IALYSIS TECI I i { I { )UES

FLOlI
cLASStFI  -

a d T r n t
REGULATIOII I

50uRce
OF

DUMTIOII
cunvE

IIAP
scAtEs

SOURCE cuRv€ FoR
RECULATAO

<tarac

I .  Nor th  Coast l s i n

Natura l  &
Regul ated

Na tura I

- ' t te Bas i  n

Natura l  &
Regul ated

: e  B a s i n

Natura l  &
Regul ated

Natura l

r t te  Bas in

Natural

NaturaJ &
Regul ated

Natura l  &
Regu I ated

Natural

Natura l

n

Na tu ra l  &
Regul  ated

N r  f r r r a  l

M&I

n0ne

MP

MP

I ,  M & I

M&I

MP

n0ne

none

MP

I

M & I , P

none

none

I

USGS/OI.IRD2

USGS/O't,lRD2

USGS/OIJRD-

,
USGS/OlllRD-

usGs/0r,rRD-

,
USGS/Ot,|RD-

UsGS/Ot^lRD-

Idaho A

Idaho A

Idaho A

ldaho A

Idaho A

Idaho A

ldaho A

I  :240 ,000
l : 6 2 , 5 0 0
I  :  24  .000

I  :250 ,000
l  :  64  ,500
1 :  24  ,000

l  :  360 ,000
1 :  64  ,500
l :  24 ,000

I  : 250 ,000
i  :  64 ,500
l : 2 4 , 0 0 0

I  :250 ,000'I 
: 64 ,500

I  :24  ,000

l : 1 2 5 , 0 0 0
1 :64  ,500
l : 2 4 , 0 0 0

I  : 3 5 0 , 0 0 0
I  :64 ,500
l :  24 ,000

OtdRD

0t^lRD

Ot,IRD

Ol,IRD

0r{R0

Ot,IRD

0t^lR0

USGS

U J b S

u)b)

U ) h J

USGS

USGS

USGS

lJesiucca R.

0ther Streams

2A. Upper | , l i  1 lan

l . j i I l an re t t e  R .
i ' la i  n Stern
(R002.1 -  R0024)

Long Tom R,

l ' lcKenzi  e R.

Coas t  Fo rk
l l i . l  I  amette R.

I { i dd l e  Fo rk
l , l i l l ame t t e  R .

28 .  l i i d - l l j i l l ame t

i l i I  l , r r r e t t e  R .
I'iai n Stem
I K U U U f  -  K U U 4 U ,

Yanh i  I  1  R .

R i c k r e a l  l  C r .

San t i am  R .

Other Streams

2C.  Lower  l ^ J i l l am

Scapoose  C r .

r , . l i  l larnet te R.
l ' la in Stem
(Roool - Rooo4

Cl  ackamas R.

Tua l  a t i  n  R.

3 .  Sandy Bas in

Sandy R.
l{a i n Stem

B u l l  R u n  R .
other Streams

4.  Hood Bas in

Al I  Streams

5.  Deschutes  Bas

Deschutes  R.
l4a in  S tem

Crooked R.

Li  t t l  e Deschutes
n t h o r  q t r 6 : m c

F C = F l o o d C o n t r o l ; l = I r r i g a t i o n ; M P = M u l t i p l e P u r p o s e ; M & I = M u n i c i p a l a n d / o r l n d u s t r i a l ; N = N a v i g a t i o n ;
P = Power; R = Recreation,

,'USGS = U.S, Geological Survey; 0l{R0 = Oregon Water Resources Departrnent
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BASUI ilNlE

DASIH CI{ARACTERISTICS IIYONO[LECTRIC POTEIITIAL AitALYSIS TTCIIIiIQUES

FLOU
cLASSIFI R€GUIATIOlI 1

SOURCE
OF

0uMTt0lt
cuflvE

nFVFr OpttFt lT

IIAP
scALE5
ilqtn

SOURCE

d ip  f i49(

CUiIVE FCR
RECULATiI)

5.  John Day Bas i

John Oay R.
l4a i n Stem

North Fork John
Day R.

other Streams

Umati I  I

Natural &
Regu I ated

Natural

Natural &
Regul ated

Natural

r s l  n

Natural &
Regul ated

Natural

Natura l

Natura l  &
Regu 1 ated

Natura l

Regul ated

Natura l  &
Regu I ated

uscs/ot"lRDz 
I 

la"no n I  t , roo,ooo
i  I : 6 4 , 5 0 0

0HRD

l : 24 ,000

none

none

USGS/ObIRD-

2
USGS/Ol,lRD-

Idaho A l : 2 0 0 , 0 0 0
l : 2 4 , 0 0 0

Ol,lRD

I

I ,  M & I

none

Idaho A l  :  220  ,000
l  :  6 4 , 5 0 0
I  :  24  .000

OlIRD

none

I

n0ne

I

I

USGS/Ot^lRD2 I d a h o  A  I  I : 1 9 0 ' 0 0 0
|  1 : 6 4 , 5 0 0
I  l : 2 4 , 0 0 0

0l,rRD

USGS/Ot{RD2 I d a h o  A  I  I : 3 0 0 ' 0 0 0
|  1 : 6 4 , 5 0 0

| 
1 :24,.000

Ol'lRD

t

none
I

USGS/Ot,lRD2 ldaho A I  l :250,000
I  1 : 6 2 , 5 0 0

|  
1 :2a ,000

' l
r l

0t^lRD
Natural &
Regu.l ated

Natural

Regul ated

Basi n

Natural
)

USGS/Ot,lRD- ldaho A I  I :330 '000
I  l : 6 4 , 5 0 0
I  l : 2 4 ' 0 0 0

OHRD

USGS

USGS

U)tr)

USGS

U ) U J

u>b5

USGS

U r n a t i l l a  R .
l4a i n Stem

Other Streams

8 Grande Ron

Grande Ronde R.
Mai  n Stem

l , l a l I ona  R .

other Streams

9. Por.rder Basi n

D i  n a  T F

Por.:der R.
i4ai n S tem

E a g l e  C r .

Burn t  R.

' l0 .  
Ma lheur  Bas

M a l h e u r  R .
l'1ai n Stem

North Fork
Mal heur R.

. l2 .  Ma l

S i l v i e s

Donner
a

K .

L B1 i

f f i a t i o n ; M P = M u l t i p l e P u r p o s e ; | , l & I = M u n i c i p a l a n d / o r I n d u s t r i a l ; N = N a v i g a

T A B L E  I .  C o n t ' d .

P = Power; R = Recreation.

2USGS = U.S. Geological Survey; 0t{R0 = oregon l,Jater Resources oepartment
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BASIil liAilE

EASII{ CITARACTERISTICS IIYOROILECTRIC POTTI:TIAL AIIALYSIS T€CIIiIIQUES

FLOlI
C L A S S I F I . n€filLATIofl I

SOURCE
OF

Ft n!, oaTlr

0uR,tTI0il
CUNVE

ttrAP
sc^LES

r t q F n

SOURCE
OF

CURVE FOR
REGULATE!

<TpFirl

]3. Goose & Surrnr Lakes Basi

none

t o

t

MP

I

I ,  M & I

none

D D

none

none

M&I

none

USGS/Ol1lRD-

,
USGS/0t,lRD-

USGS/OI,IRD-

USGS/O!lRD-

USGS/Ot,{RD-

USGS/O|'JRD2

Idaho A

Idaho A

I daho  A

Idaho A

Idaho A

Idaho A

' I  
: 3 1 5 , 0 0 0

l  :  64  ,500
1 : 24 ,000

'I 
: 280 ,000'I  :  64 ,500

l : 2 4 , 0 0 0

l  :  260 ,000
l  :  64  ,500

l  : 260 ,000
I  :  O Z .  3 U U

l  : 200 ,000
I  : 62 ,500
l  :  24 ,000

l : 1 8 0 , 0 0 0
l  :  62 ,500

Ol.lRD

OHRD

OlllRD

O|'lRO

Ot,,lRD

OI^IRD

USGS

USGS

USGS

USGS

USGS

r rqn(

Chewaucan R.

' l4. 
Klamath Basi

Natural

Regul ated

Natura l  &
Regul ated

Natural &
Regul ated

Natura l

Natural &
Regul ated

Natural

, a s i n

Natural

r n

Natural &
Regu I ated

Natural

Jenny

Klamath  R,

Sprague R.

t r l i l l i a m s o n  R .

- I 5 .  
Rogue  Bas in

Rogue  R .
i,la i n Stem

4 n n l  o n r t a  Q

t v a n s  C r ,
Dear  Cr ,
3 ig  But te  Cr .

L i t t le  But te  Cr

0ther Streams

'1 
6. Urnpqua Basi r

Nor th  Umpqua R.
&  T r i b s .

Other Streams

. l7 .  
South  Coast

A l l Streams

i, l id-Coast 8et 8

S i l e t z  R .

0ther Streams

I  ood rriqation: MP = Mu M & I  ' M u n i c i ndustria N = Navi

TABLE l .  Cont 'd .

Cont ro l ;  I  =  I r r iga t ion ;  MP =  Mu ' l t ip le  Purpose;
P =  Power ;  R '  Recreat ion .

,-USGS = U.S. Geological Survey; OtrlR0 = Oregon water Resources Oepartment
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was assigned an ident i f ier  which is l is ted in th is column. The column
ent i t led "Map Scales Used" descr ibes the scales of  maps used in the
analysis.  The column ent i t led "source of  NAP Maps" is used to ident i fy
the source of  the long-term mean or normal annual  precipi tat ion maps
used in determining the average annual  runoff .

Report ing of  Reach Hydro-potent ia l  Character ist ics

Table I I  i l lustrates the regional  format used to descr ibe the
hydrologic and energy characterfstics for each stream reach. These reach
sheets contain the v i ta l  stat i .st ics for  a l l  of  the reaches studied --  . |443

reaches in 0regon and 3609 for the regrion. Because of the number of reach
sheets involved, they have been assembled separately in appendices to th is
and the re$ional  reports.

The f i rst  i tem on this table is the reach ident i f icat fon number.  This
is a 19 digi t  ident i f ier  number used to ident i fy each reach in the study.
The number is constructed as shown below:

( t  )  (2 )  (3 )  (4 )  (5 )  (6 )
XX- XXX-XXX. XXX.XXX. RXXXX

(l )  State tdenti f ier:  0l  = Washington, 81.,"= Oregon,
03 = Idaho, 04 = Montana.

(2) Numbers ident i fy ing al l  r ivers discharging direct ly into
the Paci f ic  Ocean or f i rst  order streams is c losed basins.

(3) (4) (5) Numbers ident i fy ing r ivers t r ibutary to r ivers l is ted in
group (2),  extending in detai l  to t r ibutar ies of  t r ibutar ies
of the tributary to rivers I i.sted in group A) .

(6)  Number assi .gned to the part icular reach ( t t re f i rst  character
in  th is  g roup is  the  le t te r  R - -  fo r  " reach, ' ) .

The f i rst  major group of  i tems on the reach character ist ics sheet
gives the reach locat ion.  This includes the state and county or count ies
in which a part icular reach is contained, the township and range for the
midpoint  of  the reach, the approximate lat i tude and longi tude of  the mid-
point  of  the reach, the name of the stream and the major basin on which
the reach is located.

The second major group on the reach characteristics sheet gives hydro-
log ic  and hydrau l i c  charac ter is t i cs .  Th is  g roup conta ins  resu l ts  o f  the
hydro' logic analysis port ion of  the study. The upstream and downstream
elevat ions are l is ted for each reacho based upon the most detai led topo-
graph ic  maps ava i lab le  o r  pub l i shed l i s ts  o f  channe l  e leva t ion  versus
r iver mi le.  The total  avai lable head is also shown. ln most cases this
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is merely the upstream elevation minus the downs'tream elevatfon for the

reach. In the reach located farthest upstream on a stream, th is corre-

sponds to 20 meters of  head. The average slope in the reach is calculated

from the di f ference in upstream and downstream reach elevat ions div ided

by the length of the reach. The drafnage area above the farthest down-

stream point  in the reach is shown next.  The inf low c ' lassi f icat ion te l ls

whether f low into the reach is natural  (unaffected by regulat ion) 6r is

regulated by upstream reservoir  management for  f lood control ,  power pro-

duc t ion ,  i r r iga t ion ,  e tc .  Because smal l  d ivers ions  d i rec t l y  f rom most

stream have been commonplace for long periods and are presumably reflected

by streamflow records,  no special  note is made of  such diversions.

The third major group contains the f low and theoret ical  maximum
potential power and energy production in the reach. The flows shown in

the table are those which are representat ive for  the reach ( i .e. ,  mid-

reach) for  the given exceedance values. The power plant s ize and avai lable

energy shown are based on these flows combined with the total head avail-

able for  the reach. These power and energy values are theoret ical  ( . |00

percent ef f ic iency and ful l  reach development) .  The calculated plant

fac to r  i s  a lso  shown.

The next i tem is the average annual  f low and a typical  annual  hydro-
graph pattern ' for the reach. The abscissa for th is graph shows t ime in

months and the ordinate shows the ratio of average monthly flow to average

annual f loru.  The values presented in the graph are obtained from analyzing

the record of a nearby stream gage that would be characteristic for the

reach. To obtain the approximate annual  pattern of ,"monthly discharges for

the reach, al l  that  is  requi ' red is to mult ip ly the graph rat ios by the
given average annual  f low for the reach.

The upper map shown on the r ight  hand side of  the reach character ist ics

sheet is merely a locator map. I t  indicates the posi t ion of  the reach in

i ts maior drainage basin.  The note below the map shows on which USGS
I:250,000 scale map the reach is located. The lower map shows the approxi-
mate locat ion of  the reach on a copy of  th is USGS map. The reach is
denoted by a heavy l ine traced onto the USGS map. The arrowhead denotes
the direct ion of  f low and the downstream point  of  the reach. Whi le the
topography is not sharp' ly reproducable f rom the or ig inal  color map,
su f f i c ien t  de ta i l s  a re  ev ident  f rom th is  map to  a l low qu ick  loca t ion  o f
the reach on a I.|SGS map.
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The reach sheets are arranEed systemattcally fn each appendfx. They

are numbered beginning at the mouth of the major river and progressing

upstream, interrupting this movement up the main river at each tributary

to progress up to its headwater reach before returning to the main stream.

These page numbers are preceeded by the appendfx number, which in turn is
preceeded by the letter 0 to denote 0regon intthe regional'report. Thus

0 15-32 denotes the 32nd page i 'n Appendix 15 (Rogue Eastn) for 0regon.
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I I I .  PRELIMINARY FEASTBILI]TY ANALYSIS TECHNIQUES

Scope

Beyond the extensive hJrdrologic and energy analyses required to

evaluate the low-head hydroelectr i 'c  potent ia l  in Oregon and the Paci f ic

Northwest region, the U.S. Department of  Energy also asked that a pre-

l im inary  feas ib i l i t y  ana lys is  be  conducted  so  tha t  an  in i t ia l  sc reen ing

and ranking of  reaches might be made. The regional  approach taken was

to evaluate each reach on the basis of  f ,easibi l i ty  restraints and on the

bas is  o f  t ransmiss ion  and load cons idera t ions .

The intent ion of  th is prel iminary feasi 'b i l i ty  analysis was not as

much to determine i f  low-head development might be feasible in a given

reach as it was to point out some factors that could be expected to

signi f icant ly af fect  the feasibi l i ty  of  development.  Many other factors,

such as s i te geo' logy,  sociologic considerat ions and project  economics,

have not been taken into account.  I t  has been assumed in th is study that

such invest igat ions would be part  of  any future detai led reconnaissance

invest igat ion of  indivr ldual  r ivers and basins that  mtght be undertaken by

an e lec t r i c  u t i l i t y ,  s ta te  agency ,  o r  consu l t ing  f i rm.

In al l  cases i t  was assumed that the low-head potent ia l  would be

developed by use of some sort of dam. However, other methods could be

used,  such as  a  long pens tock  and re la t i ve ly  smal l  d ivers ion  s t ruc tu re .
Hence, some of the adverse ef fects ident i f ied in th is study might be

reduced or  e l im ina ted .

Feasibi l  i ty  Restraints

Four categor ies of  feasibi l i ty  restraints were considered: land use
res t r i c t ions ,  u t i l i t y  d isp lacement ,  bu i ld ing  d isp lacement ,  and spec ia l  f i sh
problems. Each of  these could cause problems related to the development of
a low-head hydro project  in a part icular reach.

Exist ing land use of ten restr icts al ternat ive development.  Therefore,
the feasibi l i ty  restrafnts considered in th is study that might be app' l icable
to a given reach were part ia l ly  based upon the ident i f icat ion of  a part icular

land use.  These cons t ra in ts  inc luded w i ld  and scen ic  r i vers ,  na t iona l  recre-
at ion areas, nat ional  parks,  nat ional  wi lderness areaso known reserved
natural  areas, or ident i f ied archaeological  s i tes.  Informat ion on exist ing
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land uses was obtained from USGS. maps. lnformation qn i.dentif i.ed

archaeological  s i tes was obtained from the Uni.vers" i ty of  Qregon's

DeparUnent of Anthropology.

The displacement of existi.ng uti l i t ies pose$ a potenti.al prob'lern

if a hydro development would cause th.etr relocation. Several type,s of

uti l i ty displacement were considered, i.ncludi.ng major hj.ghwags, railroads,
power l ines,  te lephone l ines or gas and oi . I  l i .nes.  Locat ion of  these

items was based on USGS maps or other easi.ly accessi.hle mapping. A

ground reconnaissance was not carcied out for each reach.

The displacement, remeval or relqcati.on of existif lg res:i 'dentdal and

corrunercial buildings due to low-head ftydro developme.nt represents'

another potent ia ' l  problem. The locat ion of  bui ld i .ngs:  tn potent ia l  areas

of inundati.on was determi.ned by i.nspection of USGS quadranEle mpas!

Again, a ground reconnaissance was not camied out for each reac.h. ln

general, no constraint was i.denti.f ied unless more than four residences

or connercial buildi.ngs appeared to be in danger of i lnundatton in any

mile of  the reach.

Aquatic ecosystems pose si.Enifi,cant potential prohl*e fqp all types

of stream development acttvit ies. However, it was determined not to dea'l

in detail with the extensive and complex habitat relati:onships at th.ts
preliminary level of evaluation of f iydropower potentia,l " lnstead, it wqs

decided to focus on special problems related to ftsh passaEe, tf lese beiing

considered to represent the most si.gnificant feasibil i tJ'restraint, In
particular, a restrai.nt was i.ndi"cated if the reach $upparts a, run of

salmonids or if a sturgeon populatton that is an endangered spectes ts
present. Information was based upon the bastn reports of the Onegon

Department of Fish and Wi'ldlife (-and its. predecessor age.ncies) and upon

si 'mi lar  readi ly avai lable docurnents.

Transmission and Load Considerat ions

Two types of transmission considerations were exami.hed. Fi.rst, ttre

distance fi'om,the center of the reach to the nearest powe!. li.ne was of
concern as affecting feasibil i ty- of site development. tf i tformation Wa$
obtained from detai led t ransmission l ine maps publ ished fry Bonnevi l le

Power Administrat ion to ident i fy thr is factor.  Second,. . t f i le capaci ty of

the t ransmission l ine shown on the rnaps was taken into account.  The
ut i l i ty  that  operates the l ine was also noted.
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Two types

to ident i fy the

the reach than

subd iv ided in to

of load considerat ions were also examined.

type of  local  load that is present in thht

the t ransmission l ine ident i f ied above. l lhe

three types as fo l lows:

I  )  Known local  resident ia l  load
2) Known local  industr ia l  load
3) Known local  water pumping load.

The first was

area closer to

load was

report ing the resul ts

column fdent i f ies the

deal with the four

Again,  no ground reconnaissance was made for each r fach to ident i fy
these loads. Load informat ion was instead obtained from avai lable maps.

The second considerat ion was the distance in mi les f rsm the center of  the
reach to the nearest  town with a populat ion greater than 

. |000 people
(1970 census).  USGS maps were used to determine these distances.

Repor t ing  o f  Pre l im inary  Feas ib i l i t y  Ana lys is

Table I I I  i l lustrates the format selected for
o f  the  pre l im inary  feas ib i l i t y  ana lyses .  The f i rs t
reach as already descr ibed. The next four columns
categor ies of  feasibi l i ty  restraints and the last  four columns surnmarize
the transmission and load considerat ions,  a l l  of  which have just  been
descr ibed in  de ta i l .

An , ,XI '  marked in any of  the columns represent ing feasibi l i ty
restraints means that the part icular feasibi l i ty  category has been
ident i f ied as posing problems for that  reach. Distances, l ine capaci t fes
and load types in the local  marked area are shown in the remain{ng
col  umns.

Because of  the number of  reaches involved in 0regon and the regiono
the feasibi l i ty  sheets have been assembled separately in appendices to
this and the regional  reports.

Screening and Ranking of  Reaches

Reaches were screened on the basis of  the prel iminary feasibi l i ty
analysis.  From these, the reaches that were found to be relat ively
unconstrained and to have a market potential were selected. They were
then ranked on the basis of  the amount of  streamflow avai lable.

The screening process consisted of  examining al l  reach feasibi l i ty
ana lys is  sheets  (see Tab ' le  I I I ) .  F i rs t ,  i f  a  feas ib i l i t y  res . t ra in t  was
shown due to land use restr ict ions,  the reach was el iminated from further
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considerat ion.  Second, for  a l l  remaining reaches, the next three
columns were used for fur ther screening; i f  more than one feasibi l f ty
restrai 'nt  was shown among ut i l i ty  d isplacement,  bui ldtng displacement,

or special  f ish problems, the reach was el iminated from further con-
si derati on .

The third and fourth levels of  screening involved transmission
and load considerat ions.  Somewhat arbi t rar i ly ,  i t  was bel ieved that i f
the nearest  t ransmission l ine were less than l0 mi les away, then the
distance would not pose a severe constraint .  Hence, those reaches
farther than l0 mi les f rom an exist ing t ranmission l ine were el iminated
from further considerat ion.  I t  was also bel ieved that some type of  local
market was needed for low-head development (at least at higher-priority
areas).  I f  no local  market existed, reaches were el iminated from further
consi  derat i  on.

After the four levels of  screening, al l  remaining reaches were l is ted
on the basis of  the amount of  streamflow avai lable 30 percent of  the t ime
(Q30).  That reach with the largest Q3g was ranked highest,  and so on. The
30 pereent streamflow exceedance was selected because it roughly comesponds
ts the ar i thmet ic average (mean) f low.
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IV.  FINDINGS FROM HYDROLOGIC AND ENERGY ANALYSES

Use of  Appendices to Present the Analysis Findings

Because of  the extensiveness of  the analyses conducted, the bulk iness

of tables and graphs that portray the resul ts of  these analyses, and the

impor tanceofmak ing  the  inves t iga t ion  f ind ings  ava i lab le  fo r  use  by  o thers ,

a great deal  of  informat ion has been assembled in appendices. There are

l8 appendicesn each corresponding in i ts appendix number to the OWRD drain-

age basin number.  (These numbers begin at  the north coast and general ly

proceed in a c lockwise direct fon around the state.  )  Because of  i ts  s ize,

Basin 2 has been subdiv ided into 3 parts.  Each appendix consists of  a

t i t le  pdg€,  an  index ,  a  d ra inage bas in  map,  the  reach charac ter is t i cs

sheets for  a l l  reaches analyzed in that  basin,  and the tabulated prel imi-

nary feasibi l i ty  analyses for those reaches.

Reaches Analyzed

Table IV sumrnar izes the number of  reaches analyzed in each of  the l8

0WRD drainage basins and for the state as a whCIle.  The.:reacbFs met 'or

exceeded the minirnum low-head requirements of  having suff ic ient  f low to

provide 36 cfs at  least  50 percent of  the t ime and, in addi t ion,  suf f ic ient

head to produce 200 kl, ' l . Reaches in California and hlashi.ngton on streams

enter ing 0regon were not included in the 0regon ana' lysi .s.

The majority of reaches [.|068 out of 
.|443) 

were along streams west of

the Cascade div ide.  0ver one-third of  the reaches (608) were on streams

in the f ive coastal  basins f lowing direct ly to the Paci f ic  0cean via

Cal i fornia.  About one-hal f  (788) of  the reaches analyzed were on streams

that  d ra ined to  the  Snake and Co lumbia  R ivers .  C losed bas ins ,  w i th  no

surface outf low, had l3 reaches meet ing the low-head requirements.

Figure 9 shows the stretches of streams in 0regon that satisfy the

low-head cr i ter ia,  super imposed on a map of  streams in 0regon. Indiv idual

reaches are not shown in the f igure.  The inf luence of  the precip ' i tat ion

pattern over 0regon and the related effects of mountainous topography are

c'learly reflected by the stream pattern.

The actual  number of  r iver mi les analyzed for the 
. |443 

reaches depicted

in  F igure  9  i s  shown in  Tab le  IV ,  inc lud ing  a  b reakdown by  bas in .  0 f  the

7626 mi les of  undeveloped reaches possessing a median f low in excess of
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TABLE IV. NUMBER OF LOW.HEAD REACHES AND RII/ER MILES ANALYZED FOR
OREGON RIVER BASTNS

River  Bas in Number of Reaches Number of  River
Mi les Represented

l .  Nor th  Coast

2. trl i l  lamette

24. Upper

28.  Midd le

2C. Lower

3. Sandy

4. Hood

5. Deschutes

6. John Day

7 .  Umat i l  la

8. Grande Ronde

9. Powder

10. Mal heur

1l . 0riuyhee

12. Malheur Lake
.|3. 

Goose & Surnmer Lakes

14. Klamath

15.  Rogue

16. Umpqua

17. South Coast

18 .  Mid-Coast

. |38

406

4V8

1942

525

I  1 0 5

312

1 4 1

58

762

445

95

4 1 0

235

1 8 3

7.60

1 0 8

28

223

577

635

454

593

124

216

66

50

1 7

120

44

t 4

63

3t

20

23

8

5

30

1 3 5

l t 4

86

1 3 9

Total for State

34

1443 7626
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36 cfs,  about two-thirds (4820 mi les) are west of  the Cascade Di.v ide.

Most of the remainder drain the mountai.ns of Northeast OreEon and the

eastern flanks of the Cascades. I ' t has been informally est:fmated that

the combined lengths of  a l l  st reams in Oregon is on the order of  l l0. '000

miles (more than 10,000 named streams are est imated to exist  in 0regon).

Based upon that mi leage est imate,  about 7 percent of  Oregon*s streams

have median f lows equal l ing or exceedinE 36 cfs.  Al l  of  these were

analyzed in th is study.

Reach Hydro Potential Characteristics

The hydro potential characteristics of all reaches analyzed are

summarized on the reach sheets that appear in thei,r approprtate appendices.

Some general comments at this point regarding the reaches and their analysi.s

wi l l  help ' in the interpretat ion of  the presented data.

The nrost downstream reach for csastal streams enterinE the Pacific

Ocean was designated to begin at River Mille (RM) 0.0, wh.icli often placed

the beginning of the reach in a tidal zone. The correspondtlng downstream

reach e leva t ion  was taken as  0 .0  f t . ,  mean sea leve l  [ms l ) .  I t . shou ld

be recognized that the fu l l  head shown as avai lable rn many'such st tuat i .ons

probab' ly would not actual ly be avai . lable, ,due to the wide estuar ine zene

and the t idal  f luctuat ions of  water level .

Not all reaches had the requtred minimum available h.ead of 3 m, even

though the water discharge was adequate. This sttuatton arose due to the

method used for assigning reach" identif icati.on numbe.rs. Wherever a stream

was joined by a tributary that had a reach satisfJring the low*head crtteri 'a

of  head and discharge, the junct ion point  mandator i ' ly 'marked the end poi .nt

of the two contiguous reaches (one upstream and one downstream) on the

larger stream. Thus, t runk streams Joined by numerous: large tr ibutar ies

could have several consecutive reaches with heads of less th.an 3 m.

Nevertheless', they are included as separate reaches to better assess the

energy available. The alternative of compi.ning several reacfies to ohtain
the needed minimum head woUld have led tq dtff iculti.es i.n asstgning a
representative discharEe, because of the large tncrementEl f lows added [y'
the t r ibutar ies along the reach. The minimum power cr i ter ion of  200 kl , . I
was also not met in some reaches due to these circumstances.
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The reach numbers were not a'lways consecuti,ve aleng $tre.am$,
Sometimes reach numbers were skipped to al low possib ' le future subdiv is ion

of the in i ta l ly  selected reaches. Also,  reach numbers were somet imes

sk ipped to  leave numbers  ava i lab le  fo r  des ignat ing  t r ibu tar ies .  0ccas ion-

al ly gaps occurred instch sequences because reach ident i f icat ion numbers

were assigned before the runoff  analyses were made, only to later f ind

that some of these tr ibutar ies did not meet the reach discharge cr i ter ion.

A br ief  examinat ion of  the reach sheets in the appendices shows that
many reaches have avai lable heads that far  exceed the 3-20 m low-head

range. 'Fres,umably,  several  low-head faci l i t ies might be considered for

such reaches as an al ternat ive to;  a high-head dam.

Theoret ical  Developable Power and Energy

Tables V and VI show the theoret ical  maximum developable power and
energy potential for all streams in 0regono based on the low-head cr:fteria
of  36 cfs avai lable at  least  50 percent of  the t ime, suf f r 'c ient  head to
produce 200 kl^ l ,  100 percent ef f ic iency,  and run-of-r iver condi t ions at  the
low-head s i te .

Table V presents the totaled data for each of the lB major 0WRD
drainage basins and for the state as a whole.  This table is based upon
the informat ion presented in Table VI,  where data f rom the indiv idual
reach character ist ics sheets (see appendices) are combined by streams
and totaled by drafnage basin.  In Tables V and VI, . the power and energy
categories are each subdivided according to the five exceedance percentages
u s e d  f o r  t h e  i n d i v i d u a l  r e a c h  s h e e t s  ( . 1 0 , 3 0 , 5 0 , 8 0 n  a n d  9 5  p e r c e n t ) .

Power is summarized in megawatts (MllI) and energy,in gigawatt-hours (GWh).
( l  Gl , l  = I0000 Mt^l  = . | ,000,000 

khJ. )

The data reported in Tables V and VI. may appear to be extremely
precise -- up to seven non-zero digi.ts reported in some instances. This
gives a fa lse impression of  the accuracy of  the analyses. I 'n actual i ty,
the basic hydro' logic and topographic data avai lable for  th is study I imit
the accuracy of f indings to only two or three digits. But because of the
necessity of com$ining very small numbers with very large numbers, excess
digits from the computations were retained rather than rounded off.

The tables do not include any interstate reaches along the Columbia
River that  serve as common boundar i 'es for  0regon with Washington, s ince
this part  of  the columbia is considered to be ful ly developed. In the
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regional  study, the interstate Snake River reaches were analyzed
and included in the regional  totals for  power and energy.  Those
appl icable to 0regon are shown in Table VI for  reference, but are
not shown in Table V.

The large quant i ty of  informat ion contained in Tables V and VI can
be summarized in many different ways. A few of these are presented in
the fol ' lowing discussion. However,  the greater task of  detai led com-
par ison is lef t  to the reader.

A general  idea of  the theoret ical  power and energy potent ia l  of
streamflow may be had by examining the power and energy avai lable 50
percent of  the t ime, represent ing median f low condi t ions.  For 0regon
as a whole, this amounts to 6,292 l4W and 42,505 GWh, respectively, as
shown in Table V. Figure l0 shows the distr ibut ion,  among drainage
basins,  of  power and energy avai lable 50 percent of  the t ime. Among
the 18 0WRD drainage basins,  th is var ies f rom I  Ml, l  and 8-to-10 Gt,r lh for
the two closed basins in southeastern 0regon (Basins 12 and 13) to
2,041 ML'J and 13,726 Gl,lh for the l^ti l lamette Basin.

The distr ibut ion of  power and energy around the state can also be
noted by combining data f rom basins in part icular geographical  locat ions.
Again using that theoret ical  power avai lable 50 percent of  the t imen
Figure 11 shows two such geographical  groupings. Figure l lA 's.hbws seven,
geographical  areas: north-central  coastal ,  south coastal ,  } ' l i l lamette-
sandy, north central ,  south central ,  north eastern,  and south eastern.
Figure l lB shows two major groupings: one west of  and one east of  the
Cascade Mountain Range crest and its. southward extension.

great signif icance of heavy precipi-
the Cascade Range and the Coast Range.

p.ower on the eAste.rn sl opes ef the
Oregon. The mquntains of Nqrth.eqste.rn
a regi.on wtth. less pre.ciF{tati,en.

A more complete impressi.on of the theoreti:cal powepand energy Fqtqn-
tial of streamflow may be had from Figures l2 and .|3, 

re-spectilellr Ttlese.
incorporate other exceedance levels of streamflow to show the inf luence of
t ime. The long records anal$zed assure that signif icant wet and dry periods
are included in the record. From Figures 12 and 13 i . t  is:  evident that

Figure l0 and l1 demonstrate the
tat ion and topography associated with
These infi luence streamflow and water
Cascade Range as wel l as for k{estern
Oregon have a s imt lar  ef fect ,  but  i .n
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11A.  BASED ON SEVEN GEOGRAPHIC ZONES.
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AVAILABLE 50 PERCENT OF THE TIME
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during short periods a great deal of power and energy can be produced from

reaches in indiv idual  basins and from the state as a whole,  but  that  the

" f i rm"  power  and energy  ava i lab le  a l l  o f  the  t i re  i s ,  re la t i ve ly ,  much less .

The power and energy product iv i t ies of  var ious geographical  regions in

0regon are  a lso  ind ica ted .

Examination of Table VI reveals that some streams far exceed others

in terms ofpower and energy avai lable f rom streamflow. Thus, the Nehalem

stands out as one of the largest energy producers flowing west from the

Coastal  Range. But i t  is  far  smal ler  than the Rogue and Umpqua Rivers,

which f low west f rom basins that  breach the Coastal  Range from inter ior
drainage areas. In the Wi l lamette Basin,  the energy-producing dominance

of the McKenzie,  Sant iam and Clackamas Rivers is evident,  as is the rela-

t ively minor role of  west-s ide streams ( f rom the Coastal  Range) compared
to east-s ide streams ( f rom the Cascade Range). :  In the Deschutes Basin,

streams draining the eastern f lanks of  the Cascades account for  much of

the power produced, as does the Deschutes River main stem on its north-

ward course to the Columbia.  The John Day main stem, in i ts long journey

through canyons to the Columbia,  l ikewise accounts for  a substant ia l
amount of  power and energy,  a s i tuat ion repeated on a smal ler  scale by
the Grande Ronde River main stem. Elsewhere in the state,  the Wi l l iamson

River main stem and the Klamath River are qui te noteworthy in terms of
power and energy avai lable.

Regional  Comparison

It is a matter of curiosity and interest to see how Oregon compares
with i ts regional  neighbors wi th respect to developable r iver energy and
low-head hydroelectric power potential. Based upon data presented in the
regional  study, such a comparison is made in Table VII .

The data in Table VII  show that Washington streams possess the greatest

developable stream power and energy potential in the regi.on. But Oregon
streams fol low close behind, wi th about one-fourth of  the total  developable
stream power and energy potent ia l  in the region. Agatn,  i t  should be
borne in mind that these numbers do not represent the total river power and
energy in each state,  but  only that  in present ly undeveloped reaches where
suff ic ient  f low, head and power are avai lable to sat isfy the low.head
cr i  te r i  a .
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TABLE VII .  SUMMARY
ENERGY

OF THEORETICAL I4AXI:|V|UM DEVELOPABLE POIiJER AND
POTENTIAL FOR PACI'FIC NORTHI{EST STREAMS

State
Fower (MI^I)

Pgo Pso
Energy (eWfr1

Ego Eso

l , lashi ngtonl

oregonl

Idahol

Montana in
Columbia Basin

lrlyomi ng i n
Co lumbia  Bas in

Nevada in
Co lumbia  Bas in

1  3 , 9 2 8

l 2 , . | 0 5

9 , 1 4 7

3 , 5 7 6

624

l 5

B,64. |

6 ,787

5,443

2,044

295

I

8 0 , 1  2 5

64 ,  95l

5 3 , 3 6 5

l 9 , 8 4 8

3 ,345

76

6 l ; 5 8 4

46,324

38,338

14,689

.2"245

53

Tota'l 39 ,391 23,218 221,710 1 6 3 , 1 9 3

Port ion of  Regional
Potent ia l  in Oregon 0.3 . | 0 . 2 9 4 . 2 9 a .2B

1 Stut .  totals adiusted to equal ly share
for common-boundary reaches of Columbia

power and energy totals
and Snake Rivers.
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V. FINDINGS FROM PRELIMINARY FEASIBILITY ANALYSES

Feasibi  I  i ty  Character ist ics

The feas ib i l i t y  ana lys is  sheets  fo r  a l l  reaches  are  presented ' in

the appendices, organfzed by drainage basin as already discussed. To

faci l i tate their  review, Table VII I  has been prepared to show the types

and numbers of  restraints and constraints ident i f ied for  reaches dur ing

the prel iminary feasibi l i ty  assessment.  The reader is reminded that

a l though the  la tes t  ava i lab le  pub l i shed mater ia l  was  used,  some is  now

several  years old and, hence, somewhat out-of-date.

The restr ict fons due to exist ing land use were based pr imari ly on

federal  usage and jur isd' ict ion.  A review of  a l l  reaches was made for

known archaeological  s i tes.  Special  state and local  restr ict ions,  such

as zoning or the l,{i l lamette Greenway program were considered but not

used for exclusion purposes, because these were under state or local

control .  I t  was found that l l  percent of  the reaches analyzed had some
form of land use restraint  in one or more of  the c lassi f icat ion categor ies.

The restraint appeared to be most prevalent for: reaches in northcentral
and southwestern parts of  the state.  The northeastern port ion also had
a high relat ive proport ion of  i ts  reaches restrained in th is manner,
al though the absol ute number was smal I .

The displacement of  exist ing mapped ut i l i t ies was found to be a
restraint  for  more than one=third of  the reaches. This restraint  was
common to most parts of the state. However; sonl€ basins showed interest-
ing departures from the pattern. Thus, in terms of percent of reaches
affectedo the restraint occurred least often in the 0lqyhee Basin (0 percent)

and most of ten in the Umati l la Basin (86 percent) .

Disp' lacement of  mapped res: ident ia l  and commercial  bui ld ings was also
found to be a restraint  for  about one-third of  the 

.1443 
reaches. This

was a restraint for 44 percent of the total number of reaches in the five
coastal  basins but for  only about 13 percent of  reaches in eastern basins.
However,  71 percent.of  the.  Umati l la Basin reaches had-restraints due to
exist ing structures.  General ly,  the lack of  recent detai led maps for much
of the state,  together wi th cont inual  populat ion growth,  f f idJ/  have led to
an underest imat ion of  the magnitude of  th is restraint .
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Aquatic ecosystems would be affected by low-head power development
' in any of  the reaches. Beyond that,  special  f ish problems involv ing

salmonids or sturgeon populat ions were ident i f ied for  1023 of  the 1443

reaches --  71 percent.  These restraints were predominant for  coastal

streams, where 84 percent of  reaches in the f ive coastal  basins had

spec ia l  f i sh  res t ra in ts ,  and fo r  bas ins  ad jacent  to  the  Co lumbia  R iver .

But the 87 reaches in south-east parts of  the state had no special  f ish

constraints.

Most reaches were found to be near t ransmission l ines that would

a l low new low-head fac i l i t i es  to  be  in tegra ted  w i th  ex is t ing  gr id  sys tems.
However, 14 percent of the 1443 reaches were constrained by being rather

far f rom such l ines.  This was most common in mountainous areas.

The lack  o f  ava i lab i l i t y  o f  a  loca l  marke t ,  whether  res ident ia l ,

indus t r ia l  o r  agr icu l tu ra l ,  was  a  cons t ra in t  upon 1255 o f  the  
. |443

reaches --  87 percent!  This constraint  was found to occur statewide,

w i th  no  s ign i f i can t  reg iona l  var ia t ion .

Screening for Minimal ly Constrained Reaches

The prel iminary feasibi l i ty  analyses of  reaches were used for

screening to f ind relat ively unconstrained reaches, as discussed ear l ier .
The lack of  proximity to local  markets el fminated 87 percent ( . |255) of
al l  reaches analyzed. Constraints based on other screening cr i ter ia
caused the el iminat ion of  132 addi t ional  reaches from the 

. |88 passing

the local  market cr i ter ion.  Hence, only 56 reaches were ident i f ied as
being relat ively unconstrained. These undoubtedly meri t  fur ther
feas ib i l i t y  inves t iga t ion  in  the  near  fu tu re .  But  o ther  reaches ,
el iminated by tbb screening cr i i ter ia,  f i ight  be more signi f icant for
future feasibi l i ty  study, part icular ly i f  their  greater constraints are
recognized from the outset or i f  d i f ferent screening cr i ter ia or cr i ter ia
emphasis is used.

The 56 reaches which passed the prel iminary screening cr i ter ia are
shown in Figure 14. They are ident i f ied wi th pert i .nent informat ion in
Table IX.  There,  these reaches are grouped according to their  OWRD
drainage basin.  The major i ty of  these potent ia l ly  feasibi le reaches are
located in the l^|i l lamette Basr'n, near to local markets. l i l i ' thin the
drainage basin l is ts,  the screened reaches are ranked by their  magnitude

5 9
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of streamflow available 30 percent of the time (about equa'l to the mean

flow). Page numbers shown i.n Table IX are preceded by the appendix number,

in turn preceded by let ter  0 as used in the regional  report  to indicate

"Oregon" .

Table X shows, by basi 'n,  the number of  reaches passing the prel iminary

feasibi l i ty  screening. The corresponding theoret ical  developab' le power and

energy potentials are also shown at the 30 percent and 50 percent exceedance

condi  t i  ons.

For the combined 56 reaches, about 228 l4W of power could be developed

from flows equaled or exceeded 50 percent of the time. About 79 percent

of  th is potent ia l  is  represented by the 39 si tes in the Wi l lamette Basin;

the f ive Deschutes Basi .n reaches pass. ing scree.ni ,nE could provide 17
percent of this cornb,i,ned potential. Comparing these 56 reaches to the

entire group of 1443 reaches, they'represent about 4 percent of the theo-
re t i ca l  deve lopab le  po ten t ia l .



TABLE X. NUMBER AND THEORETICAL POWER AND ENERGY
REACHES PASSING PRELIMINARY FEASIBILITY

POTENTIALS OF
SCREENING

River  Bas in
Number of
" feas i bl ei
Reaches I

Corresponding Power (Mt,{) & Energy [Sgh)
Plo Pso Eso Eso

l .  Nor th  Coast

2.  t { i l lamette

24. Upper

28.  Midd le

2C. Lower

4. Hood

5. Deschutes

9. Powder

10. Mal heur

11. 0wyhee

14. Klamath

16. Umpqua

17. South Coast

2 . 1  0 .  9  1 0 .  I

3 2 7  . 9  1 7 9 . 0  1 7 1 2 . 5

( r  73 .1 )  ( e2 .7  )  ( 8e8 .4 )

(64  .7  ' )  (37  .2 )  (  340 .  3  )

( eo . r )  ( 4e .1 )  ( 473 .8 )

0 . 8  0 . 4  4 . 1

6 3 .  0  3 7  . 8  3 6 1  . 8

5 . 7  2 . 6  2 7 . 7

2

39

I  . 4  0 . 5

I  . 3  0 . 5

5 . 9

1 1 9 0 . 7

( 6 1 6 . 5 )

(244.0)

(330. 2 )

2 . 9

2 7  3 . 7

1 7 . 0

5 . 9

l 1  . 0

26.3

3 . 2

2 . 8

7

l 4

l 8

I

5

3

1

I

I

2

I

1 . 5  0 . 9 8 . 0

3 . 7  1 . 5  1 8 . 5

5 . 4  3 . 4  3 3 . 0

6 . 1

5 . 8

Total s 412.8 2 2 7 . 5 2187 .6 1 539.4

I Based on prel iminary feasibi l i ty  analysis and screening.
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VI.  DISCUSSI.ON AND CONCLUSIONS

General Comments

This study has provided the basic data gather ing,  prel iminary hydro-
logic analyses and related evaluat ions of  power and energy,  together wi th
prel iminary feasibi l i ty-of-development assessments,  essent ia l  for  resource

inventorSr and appraisal  purposes. The informat ion has been assembled in
formats to faci l i tate i ts use for those purposes. The informat ion ref lects
a very great amount of  t ime and painstaking at tent ion to detai l ,  as wel l
as f rustrat ion over l imi tat ions on mapped or publ fshed data that  had to be
used to develop the analyses made. Much time was devoted to checking,
double-checking, and cross-checking the work donen in order to el iminate
as many emors as possible.  Ln th is review process i t  became evident that
di f ferent interpretat ions are possible of  the reference maps and reports,
due to l imi ted precis ion,  scales used, and conf l ic t ing reported informat ion.

This investfgat ion is l imi ted in scope in two respects.  First ,  r ivers
were only analysed for reaches where no dams or reservoirs now exist.
(However,  a second phase of  th is invest igat fon, not reported here,  wi l l
analyze those si tes.)  Second, d lower l imi t  was set on the s ize of  stream
analyzed, based on a median flow of 36 cfs, To inventor)r all strea.ms as far up-

stream as the point  where perennial  f low beginso would be a monumental  task
exceed ing  the  capab i l i t ies  o f  ava f lab le  topograph ic  maps and the  re l iab i l i t y
of  precipi tat ion mapping detai l  i 'n many parts of  the state.

Importance of Study

The invest igat ion reported on here is,  as far  as the author can deter-
mine, the first systemmatic state-wide and region-wtde study of its type.
There have been many other studies to identify potential hydroelectric
power development s i tes.  They have general ly focused on larger projects --

not the smal l ,  1ow-head hydro development considered in th is invest igat ion.
Nor have other studies attempted a stream power and stream energy inventory
for river reaches as was done here.

Recogniz ing the l imi ts to the inventory,  there is now avai lable
through this study new informat ion to descr ibe the mean discharges, dis-
charge patterns,  stream power and i ts var iabi l i ty ,  stream energy and i ts
var iab i l i t y ,  more-ev ident  res t ra in ts  a f fec t ing  the  feas ib i l i t y  o f  deve lop-
ment,  and constraints on transmi ' t t ing and market ing electr ic i ty for  1443

6 7



reaches involving 7626 miles of st1neams in gregon where future low-head
hydro power development might be considered. Beyond such descr ipt ions,
those reaches that appear to have minimal restraints on the feasibil i ty
of  development,  based on the cr i ter ia used, have been ident i f ied.

Broader Impl icat ions of  This Study

The informat ion presented in th is report  and i ts appendices has
focused upon hydroelectr ic power appl icat ions.  To general ize the informa-
t ion beyond hydroelectr ic development possibi l i t ies,  i t  is  essent ia l  to
keep in mind that the power and energy amounts report here represent
power and energy that are presently being dissipated by natura'l processes
as the water f lows to the Paci f ic  Ocean (or to lakes, in the case of  the
c losed bas ins) .  Poten t ia l  energy  due to  a  re la t i ve ly  h igher  e leva t ion  in
the basin is converted to the kinetic energy of f lowing water as it moves
down the basin.  This energy is dissipated in f r ic t ional  and turbulence-
associated losses. The energy involved is considerable and has many pre-
sumably  c ruc ia l  bu t  la rge ly  un fnves t iga ted  ro les  in  the  phys ica l -b io log ica ' l -

chemica:l processes of streams.

Therefore,  i t  is  hoped.that the study resul ts wi l l  be widely used and
not restr icted solely to hydro power development studies.  The f indings
should be broadly appl icable for  resource inventory purposes, for  prel imi-

nary appraisals of many types of projects (not restricted to hydro power
pro jec ts ) ,  fo r  fu r ther  inves t iga t ion  o f  phys ica l -b io log ica l -chemica l  p ro-
cesses in streams, and for broader water resource planning and management
uses .

Conclusions Based Upon Study Findings

l. Approximately 7626 miles of streams in 0regon that are presenily
undeveloped by darns meet the low-head flow and power criteria of 36 cfs
at least 50 percent of the, t ime and of at least 200 kt^l of producable power. The
major i ty of  these are along streams west of  the Cascade div ide.  For
analyt ical  purposes they have been separately analyzed in 

. |443 
indiv i -

dual  reaches.

2. The theoretical maximum developab'le power and energy potentia'l for
these streams is suf f ic ient ly large to represent an important consider-
at ion in planning studies for  future energy development.
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3. State-wide, the power potent' ial , as influenced by 
' low-head 

assumptions
(100 percent ef f ic iency,  run-of-r i 'ver f lows) and streamflow var iabi l i ty ,
i s  a s  f o l l o w s :

Avai  I  abl  e
t l

t l

l l

t l

95 percent of
8 0 r r l

5 0 i l r l

3 0 i l r l

1 0  i l  r l

t ime (approx.  f i rm) =
l l - - - - =

"  (med ian)  =
" (approx. mean) =
: - - - - =

2. GW
2+ Ghl
6+ GW
II+  Gh l
24 cw

4- State-wide, the energy potent ia l ,  as inf luenced by low-head assumptions
and s t reamf low var iab i l i t y ,  i s  as  fo l lows:

Avai lable 95 percent of  t ime (approx.  f i rm) = 15- x 103 eWfrr , g 0 ' r r r r -

"  50 rr  r r  "  (median) = 43- x tO3 eWfr
"  30 t r  r t  "  (approx.  mean) = 6l-  x tO9 eWfr, r  

l 0  r r  '  r l

5 . Among the 18 drainage basins that Ot'tRD uses to subdivide the state
hydrological ly,  extreme var iabi l i ty  in developable low-head power and
energy potential exists. The most extreme comparison is between the
tl i l lamette Basin and Malheur Lake Basir, t lre bari.nq of canpar,able.,s.itze.,
the trl i l lamette having over 1600 tinns the power and energy potenttal of
the Malheun Lake Basin.

0n a geographical  basis,  the greatest  developable low-head power and
energy potent ia l  is  found in the l i ' l i l lamette Basin.  Streams in Central
Oregon influenced by runoff from the Cascades and Coastal streams drain-
ing to the Paci f ic  0cean have comparable potent ia ls,  and col lect ive' ly
exceed that of  the Wi l lamette Basin.  Streams in Southeast Oregon have
the lowest developable power and energy potent ia l .  The descr ibed com-
par ison is i l lustrated by use of  the power avai lable at  least  50 percent
of  the t ime as fo l lows:

l . | i l lamette Basin streams,
Central 0regon streams,
Coastal  -draining streams,
Northeast 0regon streams n
Southeast 0regon streams,

6 .

i;t
Pso
Pso

= 2.3 Gl, l
=  1 . 7  G W
=  1 . 7  G W
=  0 . 5  G W
= 0 . . |  GW

Al I  Streams, P50 = 6.3 Gl. I

7.  0regon streams rank second and possess about one-fourth of  the total
developable stream power and energy potent ia l  in the paci f ic  Northwest
region, based upon low-head hydro power assumptions. Washington streams
possess roughly 20 percent more power and energy whereas Idaho streams
possess roughly 20 percent less power and energy than do Oregon streams.
Montana, Wyoming, and Nevada add minor contr ibut ions in Columbia River
Basin headwater port ions of  the Paci f ic  Northwest,
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8 . Prel iminary feasibi l i ty  analyses and screening were used to ident i fy
relat ively unconstrained reaches with energy market ing potent ia ls that
might be reconmended for fur ther,  more-detai led examinat ion in the
near future.  Based upon pract ical  but  somewhat arbi t rary cr i ter ia,  56
such reaches were ident i f ied,  39 of  them located in the Wi l lamette
Basin.  Col lect ively,  these represent theoret ical  developable power of
228 l4]y{. available 50 percent of the time (median conditions) and 413 Mhl
avai lable 30 percent of  the t ime (near-mean condi t ions).  This corre_
sponds to 

. |539 
G[, lh and 2l8B GWh, respect ively,  and is about 4 percent

of the total state low-head power potential

The investigation reported here focused predominantly upon the hydrologic
and physical aspects of low-head hydroelectric power development. The
feasibi l i ty  assessment of  stream reaches was necessar i ly  l imi ted to
ava i lab le  maps and pub l ished mater ia l ,  no t  a l l  o f  wh ich  conta ined
recent information. The impacts of low-head hydro development were not
speci f ical ly addressed. Therefore,  the f indings and conclusions regard-
ing the low-head hydro pori{er potential i 'n 0regon do not constitute and
should not be considered to constitute either an endorsement or a , ,.
re ject ion of  low-head development.  Rather,  the f indings and conclusions
should be viewed as object ive resul ts of  data gather ing,  evaluat ion,
synthesis and interpretat ion to make informat ion avai lable in readi ly
useful  form for cont inued ser ious assessment of  ' , low-head, '  or  , 'smal l "

hydroelectr ic power as an avai lable technology for meet ing 0regon,s
energy needs.

9 .
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