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ABSTRAC T

A systematic, statewide investigation of the hydroelectric potential has

been made for existing and proposed dams capable of producing 200 kW or more fo r

at least 50 percent of the time . Assumptions made included the use of run-of-

river conditions (rather than reservoir storage) and 100 percent efficiency i n

generating electrical energy from streamflow .

A total of 117 existing dams and 395 proposed dams were found to meet the

criteria for study, out of several thousand existing and proposed dams o f

various sizes in Oregon . A third of the studied dams are located in th e

Willamette Basin .

The existing capacity at power projects in Oregon is 1,465 MW . This can

be expanded by 860 MW ( . 59) at those same projects . Based upon streamflow s

exceeded 50 percent of the time, existing non-power dams could provide . 117 M W

(8%) more capacity than now exists through retrofitting . Also, a limited number

of irrigation facilities might be retrofitted to provide 13 MW (l%) more capacity .

Thus, existing facilities could be used to augment the present capacity by 990 M W

(68%), based on P 50 conditions .

Proposed dams might be developed to provide 3,856 MW (263%) more power tha n

is presently produced, based on P50 . But environmental and transmission con-

straints make the potential more realistically on the order of 939 MW (64%) .

If all qualifying stream reaches were developed for low-head hydropower (no t

just those where dams have been proposed), a P 50 potential of 6,292 MW might b e

achieved . Constraints greatly reduce this potential to about 228 MW .

If all existing facilities and proposed dams were developed, a P50 potentia l

of 4,846 MW (331%) could be added to the existing capacity, for a total of 6,34 1

MW. However, constraints make practical a much lesser increment, amounting t o

1,856 MW (127%), for a total of 3,321 MW .

Differences in the findings of this and other studies can be attributed i n

large part to different values obtained when reservoir storage use is considered ,

rather than ignored as in run-of-river operation . Reported values are also

highly sensitive to the choice made for streamflow exceedance condition in calcu-

lating power, with a 20-fold range found between the P 10 and P 9.5 values .
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FOREWORD

The Water Resources Research 'Institute, located on the Oregon Stat e

University Campus, serves the State of Oregon . The Institute fosters, encour-

ages and facilitates water resources research and education involving all aspect s

of the quality and quantity of water available for beneficial use . The Institute

administers and coordinates statewide and regional programs of multidisciplinar y

research in water and related land resources . The Institute provides a neces-

sary communications and coordination link between the agencies of local, state .

and federal government, as well as the private sector, and the broad researc h

community at universities in the state on matters of water-related research .

The Institute also coordinates the inter-disciplinary program of graduat e

education in water resources at Oregon State University .

It is Institute policy to make available the results of significant water -

related research conducted in Oregon's universities and colleges . The Institute

neither endorses nor rejects the findings of the authors of such research . It

does recommend careful consideration of the accumulated facts by those concerne d

with the solution of water-related problems .
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APPENDICE S

The appendices are bound separately from this main report . There are

two appendices, accompanied by explanatory notes .

Appendix A . Existing Non-Power Dams Raving Potentials for Small -Scal e
Hydropower

Appendix B . Proposed Dams Having Potentials for Small-Scale Hydropower
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PROJECT OVERVIE W

A resource survey was conducted between September 1977 and August 1979 t o

assess the hydroelectric power and energy potentials for rivers and for existin g

and proposed dams in Oregon and The Pacific Northwest . Sponsored by the U .S .

Department of Energy, the study was coordinated by the Idaho Water Resource s

Research Institute . The study was divided into two phases .

THE COMPLETED PHASE I STUDY

Phase I of the study involved the evaluation of the river power and energ y

potential for river reaches not having dams and capable of meeting "low-head "

hydroelectric power criteria for future development . These criteria included

production of 200 kW or more of power at least 50 percent of the time with gros s

hydraulic heads between the limits of 3 and 20 meters (_10 and 66 feet) . Thi s

requires median streamflows of at least 36 cubic feet per second . Run-of-river

conditions (no reservoir storage) and 100 percent efficiency in generatin g

electrical energy from streamflow were also assumed . The results of this wor k

were reported in early 1979 (Gladwell, et . al ., March 1979 ; Klingeman, 1979 )

and will be referred to frequently in the following discussion .

SCOPE OF THE PHASE. II STUDY

Phase II of the study is reported here for the State of Oregon, based on a

separately prepared regional report (Gladwell, et . al, September 1979) . Thi s

phase consisted of the evaluation of power and energy potentials for tw o

categories of dams . The first category included all "small" existing dams tha t

do not presently have generating facilities but could have such facilitie s

added through retrofitting or other project modifications (the nature of an d

means for such alteration were not part of this study, however) . The secon d

category included all proposed dams .

For Phase II, the "low-head" concept was replaced by that of "small hydro "

at the request of the sponsoring agency to provide consistency with studies by



others . "Small hydro" was defined as a dam or site with the potential to pro -

duce between 200 kW and 25 MW of power based on streamflow available at leas t

50 percent of the time and at 100 percent generating efficiency . (Such a

definition excludes the smaller "backyard" or "micro-hydro" development range a s

well as the large hydropower developments that have already received extensiv e

analysis by others .) For existing dams, no changes of storage capability were

assumed in the analyses . All proposed dams were evaluated assuming run-of-rive r

operating modes for the projects .

The existing dams studied were those previously identified in state da m

registration lists, federal dam safety studies, and federal power reports . The

proposed dams studied were those previously identified in various siting studie s

done by federal and state agencies . No effort was made to identify new sites

that had not been previously reported .

For the regional report, a brief preliminary feasibility analysis was con -

ducted for each existing non-power dam, involving transmission and load consider-

ations . For proposed dams, the feasibility analysis also covered restraint s

of an environmental or physical nature, in addition to transmission and loa d

considerations .

A limited amount of supplemental information, recently available, was use d

to update the regional Phase II report findings when preparing this stat e

report . Because of continuing work on hydropower in Oregon, the state repor t

also enlarges upon the preliminary feasibility analyses prepared for th e

regional study .

SUMMARY OF ANALYSTS TECHNIQUE S

General Analysis Proces s

Analyses and evaluations were organized using the 18 major drainage basin s

identified by the Oregon Water Resources Department (OWRD) as analytical unit s

for river basin planning . These natural subdivisions of the state are shown

in Figure 1 . Also shown are the major political subdivisions of the state .

The analysis process for existing and proposed dams involved several steps .

First, the available literature and documents were used to obtain site data for

2
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each dam . The flows available at each dam or dam site were then determined .

Next, the power and energy values for each existing or proposed dam were computed .

This information was used to sort the dams into categories based on the existenc e

of installed power generation capacity and on the magnitude of the power pote n

tial . Finally, a preliminary feasibility analysit was conducted for th e

existing non-power dams and for the proposed dams .

A separate, parallel analysis was conducted for existing and propose d

irrigation structures that might incorporate small-scale hydropower in their use .

The analyses and the results obtained are discussed separately from the dis-

cussion of dams in this report .

Dam Characteristic s

The first step was to obtain information on the physical features of eac h

existing or proposed dam from all available reports . These reports included

those by state water resources agencies (State Engineer, 1973 ; Oregon Stat e

Water Resources Board, various), the U .S . Army Corps of Engineers (1975), th e

U .S . Geological Survey (1978), the Power Planning Committee, Pacific Northwes t

River Basins Commission (1978) and the Federal Power Commission (11976) .

Streamflow Characteristics

In the second step of analysis, the streamflow regime at each existing o r

proposed dam was determined by means of a flow-duration curve (see Figure 2) .

This curie depicts the amount (or percent) of time during some total perio d

that flow rates of a stream can be expected to equal or exceed any specifie d

flow rate . (See the Phase 1 study reports for further details .) The flow-

duration curve for each particular site was determined from the average annua l

flows and flow-duration curves developed in the Phase 1 study for the corre-

sponding reach (segment) of stream . Where necessary, linear interpolations wer e

made between the average annual runoff values for adjacent reaches in order t o

establish the average annual runoff and the flow-duration curve at the dam .

In the case of existing dams, the flow-duration curve used included the

effects of existing streamflow regulation . In the case of proposed dams, how -

ever, the flow-duration curve for the site did not reflect the streamflow
regulation that a future dam could impose on the existing flows . Therefore ,
in the latter case this curve can be considered to be that for run-of-river



IO

	

20

	

30

	

40

	

50 60

	

70

	

80

	

90

	

loo
EXCEEDANCE PERCEN T

FIGURE 2 . ILLUSTRATIVE FLOW-DURATION CURVE, SHOWING ENERGY AND PLANT FACTO R
RELATIONSHIPS

AREA UNDER CURV E
▪ AT 30% EXCEEDANCE

REMAINING AREA I F
▪ PLANT IS OPERATE D

AT FULL CAPACITY AT
ALL TIMES

NOTE :

.....

10 0
9 0
8 0
70
6 0

50

4 0

30

5



project operation, subject to alteration if significant storage is develope d

behind the dam .

Power and Energy Characteristic s

In the third step of analysis the power and energy potentials were compute d

for each existing or proposed dam . The basic power equation used wa s

Q
11 . 8

Where P is the power of kilowatts, Q is the stream-flow in cubic feet per second ,

U is the hydraulic head available at the site in feet and 11 .8 is a conversio n
factor. The calculation assumes IGO percent efficiency .

The plant capacity (power)_ was computed for five different flow rates ,

corresponding to the 10, 30, 50, 80 and 95 percent exceedance levels . Plant

capacities at particular exceedance levels are shown with subscripts (e,g . ,
Pl o is that power that could be achieved 10. percent of the timel .

To evaluate the hydraulic head at an existing or proposed dam, the preferre d
method was to use that listed in the source of site information . Where this wa s

not given, the head was calculated as the difference in magnitude of the averag e

headwater and tailwater elevations . Where neither of these methods could b e

used, due to insufficient data, the listed dam height was instead used as a n
approximation :of the hydraulic head . (The method actually used in determining
the hydraulic head is listed on the analysis sheet for each dam .) To eliminate

the "double accounting" of any overlapping parts of the hydraulic heads at two

or more adjacent sites, due to headwater or tailwater encroachment, a syste m
head was assigned to each proposed site . The system head is defined as th e
head available at the site if all adjacent proposed sites were developed .

System head is always equal to or less than hydraulic head . It was used i n
this study only in computing totals for complete stream system development ;
the power and energy values listed for individual sites were computed usin g

the hydraulic head without any reduction for potential encroachment .

The energy developed is the product of power and time interval . Thus ,

the theoretical annual energy available from power plants sized at any

specific exceedance value of Q was computed by integrating the area under th e

flow-duration curve below that Q value and multiplying this by the hea d

available and the proper conversion factors to get the average energy outpu t
per year . Energy values at particular exceedance levels are shown wit h

P
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subscripts (e .g .,
E10)

. Figure 2 shows the area under the curve for a plan t

capacity sized at the 30 percent exceedance value .

The plant factor was also computed . This is the ratio of the actual energy

generated, computed by using the area under the curve, to the energy that woul d

be generated if the plant was operated at full capacity 100 percent of the tim e

for a given exceedance value of discharge (see Figure 2) .

Dam Categorizatio n

In the fourth step, the existing and proposed dams were sorted into cate -

gories before completion of the analyses . Figure 3 shows schematically the

basis on which the analyzed sites were grouped .

For the regional study, all existing dams and proposed sites with a powe r

potential of less than 200 kW were eliminated at the outset, as already stated .

Most of these were actually eliminated at the first or second step by comparin g

the dam or site location with the reach maps available from the Phase I study .

For this Oregon report, PC-listed power-producing dams with less than 200 kW

installed capacity were added back into the group of existing dams, since the y

did represent part of the currently developed hydropower base of the state .

Existing dams were then separated on the basis of whether or not the y

presently have any installed electric generation capacity . Summary information

was tabulated for those that now generate electricity and each site was show n

on a location map . For those that do not now generate electricity, the P50

value was calculated . If this exceeded the 25 MW upper limit for small hydro ,

only summary information was tabulated, since studies by others are analyzin g

such projects in detail . Each such site was shown on a location map . If the

P50 value was between 200 kW and 25 MW, a detailed analysis was made and th e

site description and energy results were presented in more extensive tabula r

form. Sites were shown on a location map .

Proposed dams were evaluated to establish the potential P50 value for eac h

site . this exceeded the 25 MW upper limit for small hydro, summary informa-

tion was tabulated and each site was shown on a location map . If the P50 valu e

was within the range of 200 kW to 25 MW, detailed analyses were made and al l

site description and computation results were presented in more extensive form .

Again, sites were shown on a location map .

7



CL

3
S-
O Lc)
4- N
+) Al
•r C
J LC)

J 3

C3
C
N

'r-1 a) O a)_I' 'r-
4)4)4 )

5,,0 co
s-r
rts:
E4- - 0E

	

s- as.

E

	

r... (,..
r~O 0 1

O Ord
•r- a RS U d
+-) O :C C

S..

	

n~1GS- W U a)
.>> O

.r- Le) r~. Lc)
a)
t

a)

O
G_

M

OC Lf)
,	 0_

O

~ - 'f
4-) N #-) U
a) 0 Sr •nV)O 1) 0
a) OS-
s— cQ a) a.
CL C3

8



Preliminary Feasibility Analysi s

The Phase II study involved transmission - and load considerations that migh t

affect the feasibility of retrofitting existing non-power dams for powe r

generation . These considerations included the distance of the dam to th e

nearest power line, the capacity of that line, the owning or operating utility ,

the availability of a local market in the area closer than the transmissio n

line and its type (industrial, residential or agricultural pumping), and the

distance to the nearest population center of 1000 or more people (1970 census) .

These factors were identical to those used for undeveloped river reaches i n

the Phase T study . Hence, Phase I data were used for Phase II, requiring a n

approximation that the distance applicable for the middle of a reach was als o

applicable to a dam sited somewhere within that reach .

For the regional Phase II study of proposed dams, no preliminary feasibilit y

analysis was made for each site . Instead, the reader was referred to th e

Phase I reach investigation reports, from which such information can be ex-

tracted by matching the dam site with the appropriate reach .

In preparing this Oregon report, it became evident that a summary of th e

feasibility constraints for existing non-power dams and for proposed dams wa s

needed to facilitate ongoing state hydropower studies . Therefore, such informa-

tion has been developed here from the Phase I reach analysis . That work in-

volved environmental restraints as well as the transmission and load considera-

tions described above .

Four categories were used to identify environmental restraints on reac h

development : land use restrictions, utility displacement, building displacement ,

and special fish problems . Land use restrictions included existing uses ,

federal special use designations (wild and scenic rivers, national recreatio n

areas, national parks, national wilderness areas, known reserved natural areas )

and identified archeological sites . Information on special uses was obtained

from maps ; that on archeological sites came from a review of reaches by th e

Department of Anthropology, University of Oregon . Utility displacemen t

included highways, railroads, power lines, telephone lines and gas or oi l

pipelines . Available maps were the sources of information . Building displace-

ment involved residential and commercial structures -- using the potentia l

inundation of four or more buildings per mile as a restraint criterion .

Special fish problems, beyond the expected disruption of the local aquati c

ecosystem, included the presence of anadromous fish runs . Information cam e

9



from the basin reports of the Oregon Department of Fish and Wildlife (and its

predecessor agencies) and upon similar available documents from other sources .

Irrigation structure s

irrigation structures that cause energy dissipation may have a potentia l

use for developing hydropower during the irrigation season . Such structures

include . diversion dams, local chutes and drops of water elevation along irriga-

tion canals, local drops from one irrigation canal to another, or drops tha t

allow irr gaff on return water to reach a river . Therefore, a brief investiga-

tion was conducted of the small hydropower potential'at existing and propose d

irrigation structures . The analysis techniques Used were similar to, bu t

less extensive than,those for existing and propo's-ed dams . Information o n

these structures came from. contacts with U .S . Bureau of Reclamation staff an d

local irrigation districts .

1 O



POWER AND ENERGY POTENTIALS AT EXISTING DAM S

Number of Dams Analyze d

At the outset of the Phase 11 study, it was found that there are about 2500

dams in Oregon of sufficient height (10 feet or more) or storage capacity (9 . 2

acre-feet of water or more) to require registration with the Oregon Stat e

Engineer (now the OWRD) . Hundreds of smaller dams also exist in Oregon . Mos t

of the registered dams were found to be on small creeks with insufficient stream-

flow to achieve the lower limit of the "small hydro" criteria .

Elimination of all dams incapable of producing 200 kW with stream-flow avail -

able 50 percent of the time left 107 projects for analysis . Of these, 48 pre-

sently have installed facilities and generate hydroelectric power and 59 do not .

With respect to power size, 18 power projects have generation capacities of 25 MW

or' more . The remaining 30 power dams and 59 non-power dams are in the small -

scale hydropower range of 200 kW to 25 M . In addition to these 107 projects ,

there are 7 large power dams on interstate rivers : four on the Columbia River

- - Bonneville, The Danes, John Day, and McNary -- and three on the Snake Rive r

- Hells Canyon, Oxbow, and Brownlee .

Potentials at Existing Hydro ower Project s

Present Potential

Table I lists the 48 existing power projects in Oregon and 7 interstate

power projects that presently have generating capabilities of 200 kW or more ,

regardless of size ( I smail" or "large" )_ . Also included in Table I are tw o

Oregon power projects smaller than 200 W. but listed by the Federal Power

Commission (FPO as having power generation .

The project identification numbers used in Table r and in subsequent table s

and figures were developed for the Phase 11 study . In this report they are

indexed to the OWRD drainage basins shown in Figure 1 . The first one or two

digits identify the basin number . (For basin 2, the subbasins 2A, 2B, 2C ar e

identified by the 2-digit numbers 21, 23, 25, respectively) . The last two

digits are unique numbers for projects in a particular basin . All remainin g

information in Table I was taken from published sources . Most of the numerica l

values in the last four columns were taken from the RC report "Hydroelectri c

Power Resources of the United States, Developed and Undeveloped, January 1 ,

11
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1976" . Some of the projects involve diversion canals without dams ; some involv e

more than one dam or diversion as part of the system .

The combined installed capacity at the 50 existing in-state power projects

is 1,465 MW . The corresponding annual energy generation is 6,486 GWh . For

comparison, the 7 Columbia and Snake River interstate dams have an installed

capacity of 6,407 MW and generate 36,090 GWh annually . Of the 50 in-state power

projects, 18 can be thought of as "large" in that they equal or exceed 25 MW of
installed capacity .

Figure 4 shows the locations for all projects identified in Table 1 . The
geographic distribution of installed capacity and energy production, by OWR D

drainage basin, is shown in Figure 5 . The influence of heavy precipitation and

runoff from the western slopes of the Cascade Mountains in the Willamette, Umpqua

and Rogue basins is reflected in Figures 4 and 5 by the concentration of powe r

production there . The "large" projects are all found on the west-facing mountai n

slopes of the Cascade Range or on the main stems of the Deschutes and Klamath

Rivers, fed by Cascade runoff (see Figure 4) .

Future Expansion Potentia l

A significant expansion potential has been estimated .by others) for the

50 existing power projects . From Table I, the undeveloped capacity that coul d

be tapped is 860 MW . This would yield 2,206 GWh of energy output . For compari-

son, the 7 interstate dams have an expansion potential of 5,477 MW and 7,253 GWh .

Figure 6 shows the geographic distribution of the in-state expansion potential .

Constraints on Future Expansio n

This expansion potential, as estimated by others, apparently assumes tha t

all untapped streamflow will be available for turbines without competition fo r

other water uses . No estimate has been made on the practical limits to which

this potential can be developed . One factor, certainly, will be the timing o f

development, as the passage of time will allow more allocation of availabl e
streamflow for other uses . The practical expansion at existing power project s

will depend upon basin plans for each stream, as developed and reviewed by th e

Water Policy Review Board and the kater Resources Department .
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A. POWER, MW

B. ENERGY, GWh

FIGURE 5 . INSTALLED POWER AND ENERGY CAPABILITY AT EXISTIN G
HYDROELECTRIC PROJECTS

17



A. POWER, MW

B. ENERGY, GWh

FIGURE 6 . UNDEVELOPED POWER AND ENERGY POTENTIAL AT EXISTIN G
HYDROELECTRIC PROJECTS
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Potentials at Existing Non-Power Dams

Future Potentia l

Table II lists the 59 existing non-power dams in Oregon that have a P5 0

potential of 200 kW or more . The format used for Table II is similar to tha t

for Table I . Hydroelectric power and energy values were obtained from th e

Phase 11 analyses . None of the existing non-power dams has a hydroelectri c

potential greater than 25 MW with their presently-regulated streamflow patterns .

Therefore, Table II also may be considered as presenting the small-scale hydr o

potential at existing non-power dams .

The combined potential capacity of the 59 existing non-power dams for th e

50 percent exceedance condition is estimated to be 117 MW . The corresponding

potential annual energy generation is 784 GWh .

Figure 7 shows the locations for all non-power dams identified in Table II .

The geographic distribution of their potential power and energy, by OWRD drain -

age basin, is shown in Figure 8 .

Detailed power and energy potentials were calculated for the 59 existin g

non-power dams having P50 potentials of 200 kW or more . Five exceedance level s

were used (10, 30, 50, 80, 95 percent), spanning the streamflow-duration curves ,

in order to characterize these potentials . Table InI summarizes these powe r

and energy potentials by OWRD drainage basin and for the entire state . The

tabulated data for individual dams are given in Appendix A . Like Table II ,

Table III may be considered to deal with the small-scale hydro potential a t

existing non-power dams .

The analyses summarized in Table III show the influence of seasona l

streamflow patterns . For example, using power summaries for the entire state ,

it is seen that the P

	

potential, available almost all year-around, is onl y
95

27 MW whereas the median power potential ( P50 ) is 117 MW (-noted earlier, i n

discussing Table II) and the near-maximum power potential (Pl o) is 485 MW .

Thus, streamflow variability causes almost a 20-fold range between the P 95

and P

	

values .
1 0

Constraints on Future Potentia l

A preliminary feasibility analysis was made for the existing non-power dam s

to identify possible constraints on future power development . The feasibility

19
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A. POWER, MW

B. ENERGY, GWh

FIGURE 8 . POTENTIAL POWER AND ENERGY AT EXISTING NON-POWER DAM S
WITH P 50 POTENTIALS EXCEEDING 200 k W
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analysis for these dams included environmental restraints as well as transmissio n

and load considerations .

Table IV summarizes the preliminary feasibility analysis . Each dam i s
identified by its number (see Table II) . Four columns follow to identify

environmental restraints . The next two columns provide transmission informatio n

and the last two columns show load possibilities . Of particular interest is the

synopsis at the end of Table IV . This shows that of the 59 dams, 9 have land

use restrictions, 40 involve utility displacements, 36 involve significan t

building displacements, and 46 are subject to special fish problems . None o f
the dams are more than 10 miles from a transmission line but 39 are without a
local market closer than the nearest transmission line .

Screening for Minimally Constrained Dam s

To indicate the "least constrained" dams, a practical but somewhat arbitrary
screening process has been applied . First, dams were eliminated from considera-
tion if they had a land use restriction . Second, for all remaining dams, i f

more than one feasibility restraint occurred among utility displacement, buildin g

displacement, or special fish problems, the dam was elfminated . Third, for dam s
still remaining, a transmission line within 10 miles or the. availability of a
local market were essential -- otherwise the dam was eliminated .

Applying these screening criteria, 19 dams were found to relatively uncon-
strained, 9 of them in the Willamette basin . They are identified in Table V .
Collectively, these represent a theoretical developable power of 44 MW availabl e
50 percent of the time (median conditions), corresponding to 295 GA . As already
stated, this assumes that future reservoir operation does not significantly modify
the present streamflow release patterns . Altering storage capability at the
same time as retrofitting the dam to generate power could modify the potentia l
power and energy capability ; however, the likely extent of storage and opera-
tion changes can not be anticipated without extensive analysis and is no t
included here .
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TABLE V .

	

MINIMALLY CONSTRAINED EXISTING NON-POWER DAMS

Potential @ 50% Exceedance
Dam Number Dam Name Capacity Annual

	

Energy
MW GW h

2 . Willamette Basin

3 .

2104
212 1
2308
231 4
25,0 1
251 2
251 4
251 6
251 8

Sandy Basin

Blue River Res .
Catching Res .
Unnamed
Western Veneer & Plywood
Scoggins
Faraday Diversion
Frog Lake
TfMothy Lak e
Lake Harriet

Bull

	

Run No .

	

2
Bull

	

Run No .

	

1

Tygh. Valley'
Prineville Dam

Thief Valley Res .
Mason Dam
Unity Res .

Agency Valley Res .

Owyhee Da m

Keno Dam

3 . 1
0 . 7
5 . 4
1 . 4
0 . 3
7 . 2
1 . 4
1 . 2
1 .0

19 . 7
4 . 6

34 . 4
9 . 1
2 . 0

53 . 0
9 . 2
8 . 3
7 . 0

147 . 3

29 . 7
26 . 5

21 . 7

4 . 6
4 . 0

5 .

030 1
0302

Deschutes Basin 8 . 6

1 . 2
2 .1

56 . 2

8 . 7
12 . 6

9 .

050 1
050 9

Powder Basin 3 . 3

0 . 4
0 . 6
0 .2

21 . 3

2 . 5
3 . 6
1 . 6

10 .

090 1
0905
0906

Malheur Basin 1 . 2

0 . 5

6 . 8

1 .4

7 . 7

3 . 7

48 . 7

10 . 3

11 .

100 1

Owyhee Basi n

14 .

110 1

Klamath Basi n

1402

Totals : 19 Dams 43 .5 295 . 2

-3 2



POWER AND ENERGY POTENTIALS AT PROPOSED DAM S

Number of Dams Analyze d

The initial compilation of proposed dams in Oregoatotaled about 2500 sites .

However, considerable duplication existed among various lists of proposed dams ,

due to different names for the same dam or alternative dams at different loca-

tions 61ona, particular reach of river. Once this was sorted out, those dams

were eliminated thAt were proposed for river reaches where the streamflow wa s

insufficient to allow P50 of 200 kW' or more under the small-scale hydropowe r

assumptions . Hence, 395 proposed - Aamsremained for . analysis. Of these, 53 wer e

found to have potentials of 25 MW or more and 342 were found to fit the small -

scale hydropower category.

Potentials at Proposed "Large" Dam s

Potential.Based on Run-of-River 0 . erati o n

Table VI lists the 53 proposed dams having potentials of 25

	

or more o f

hydroelectric power . The site names are based. on the cited sources of informa-

tion, as are the head and storage (unless otherwise noted) . The values for P50

were calculated fromthe reach data from the. Phase I study . The format of Tabl e

VI essen=tially follows th4t for Table II, except that system head. has also been

included and is used to obtain the total power in a basin if adjaCent propose d

projects are built that involve headwater or tailwater encroachment .

The potential capacity at the 53 proposed large dams, based on 50 percent

exceedance conditions, is estimated to be 2,017 MW if all projects are develope d

(i .e ., using system head for calculations) . This potential is based on run-of-

river operation . No potential annual energy generation has been estimated for

proposed dams exceeding 25 MW capacity . A primary reason for this is that th e

run-of-river operation assumption is questionable for large projects . It i s

likely that significant storage capability would be included in such larg e

projects, so that greater power and energy potentials could be achieved . How-

ever, the analysis of storage and operation modes is far beyond the scope o f

the present resource assessment .

Figure .9 shows the locations for 49 of the 53 proposed large. dams identi-

fied in Table VI . Specific locations within the basins are . unavailable for the

remaining foUr proposed large dams . The geographic distribution of potentia l

33
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38



power, by ORD drainage basin, is shown in Figure 10 for all 53 proposed larg e

dams .

It is significant that nearly all of the proposed large dams would b e

located on the ma-in stems of large rivers . These include the Clackamas, Santiam ,

McKenzie, Middle Fork of the Willamette, sandy, Deschutes, John Day, Grand Ronde ,

Rogue, Illinois and Umpqua .

Constraints on Potentia l

A preliminary feasibility analysis was made for the proposed large dams t o

identify possible constraints on future power development . This analysis in-

cluded environmental, transmission, and load considerations .

Table VII summarizes the preliminary feasibility analysis in the same manne r

as used earlier . The synopsis at the end of the table shows that of the 49 dam

sites for which complete information is available, 23 have land use restrictions ,

25 involve utility displacements, 18 involve significant building displacements ,

and 48 are subject to special fish problems . Three of the dams are more tha n

10 miles from a transmission line and 36 are without a local market closer tha n

the nearest transmission line .

Screening for Minimally Constrained Dam s

Applying the screening process described earlier, only 10 of the 49 fully -

documented proposed dams were found to be relatively unconstrained . These are

identified in Table Err . Collectively, these represent a theoretical develop -

- able power of 311 MW available 50 percent of the time if all projects are

developed (i .e ., using system head for calculations) . It should be remembere d

that the analysis assumes run-of-river operation .

Potentials at Proposed "Small-Scale Hydro" Dam s

Potentia l

Table IX lists the 342 proposed dams having hydropower potentials betwee n

200 kW and 25 MW . The table format is almost identical with that in Table VI .

The combined potential capacity at the 342 proposed small-scale hydropowe r

sites, based on 50 percent exceedance conditions and using hydraulic head s

(i .e ., ignoring the encroachments of adjacent projects if all are developed) ,

is estimated to be 2,136 MW . This corresponds to an estimated 14,076 GWh o f
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TABLE vrir . MINIMALLY CONSTRAINED PROPOSED LARGE DAM S

Potential Capacity

Dam Site Number Dam Site Name @. _ 50% =Exceedance, - 9W :
Based on

Hydraulic Head
Based o n

System Head

2 . Willamette Basi n

2426 Mehama No . 2 34 .0 33 . 8
2612 Lower Austin Point 37 .0 37 . 0
2613 Col l awash 48 .2 13 . 0
2622 Shell

	

Rock 16 .9 16 . 9
136 .1 100 . 7

8 . Grande Ronde Basi n

0853 Elbow Creek 29 .1 29 . 1
0854 Beaver 30 .4 30 . 4
0860 Rondowa 39 .0 37 . 9

98 .5 97 . 4
16 . Umpqua Basi n

1653 Ke l l eys Smith Fy . 36 .3 36 . 3
1654 Kellogg 29 .6 18 . 2
1655 Wolf Cr . 58 .1 58 . 1

124 .0 112 . 6

Totals : 10 Dam Sites 358 .6 310 .7
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annual energy generation . If possible encroachments among adjacent projects ar e

considered (i .e ., using system heads instead of hydraulic heads for calculations )

the estimated combined potential capacity is 1,89 MW and the corresponding

annual energy generation is 12,102 GWh . Both sets of estimates assume run-of-

river operation .

Figure 11 shows the locations for the proposed sites identified in Table IX .

The geographic distribution of their potential power and energy, by OWRD drainag e

basin, is shown in Figure 12 . Numerical values shown in Figure 12 are based o n

hydraulic head . From Figure 11 it can be noted that those small-scale hydro -

power dams proposed in eastern Oregon are almost all "strung-out " along the

largest streams . By contrast, those sites west of the Cascade crest are more

widely scattered on streams of various sizes .

Detailed power and energy potentials were calculated for the 342 propose d

small-scale hydropower sites, using the five exceedance levels discussed earlier .

Table X summarizes the small-scale hydropower and energy potentials by OWR D

drainage basin and for the state as a whole . The tabulated data for individua l

proposed dams are given in Appendix B . The summary in Table X is the total o f

individual analyses, based on hydraulic head . Because the potential encroach-

ments of some damson the hydraulic head for neighboring dams cause some

reduction of system head over that for isolated individual dams, Table X value s

must be reduced by about 14 percent to take into account the head interferenc e

caused by developing the entire affected river system with all proposed dams .

As with Table rrr, the influence of seasonal streamflow patterns is apparen t

from Table X . For example, there is a 20-foldrange between the P

	

potential
1 0

of913MW and the P95 potential of 462 MW, with P50 intermediate at 2,136 MW .

Constraints on Potentia l

The preliminary feasibility analysis made for proposed small-scale hydr o

dams was identical to that made earlier . This is summarized in Table XI . The

synopsis at the end of the table shows that of the 341 dam sites for whic h

complete information is available, 37 have land use restrictions, 150 involv e

utility displacement, 125 involve significant building displacements, and 26 5

are subject to special fish problems . Also, 65 of the dams are more than 1 0

miles from a transmission line and 306 are without a local market . Table XI I

shows how these constraints are distributed among the major drainage basins i n

Oregon and among the various constraint categories .
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A. POWER, MW

B. ENERGY, GWh

FIGURE 12. POTENTIAL POWER AND ENERGY' .AT PROPOSED DAMS WITH P a o
POTENTIALS BETWEEN 200 kV: .AND 25MW (TOTALS ARE BASE D
ON. HYDRAULIC HEAD)
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Screening for MinimallyConstrained Dams

Applying the screening process already described, 117 of the 341. fully -

documented proposed dams were found to be relatively unconstrained . These ar e

identified in Table Xlrr . Collectively, those represent a theoretical develop -

able power of 628 MW available 50 percent of the time and a correspondin g

annual energy output of 4,155, GWh, assuming run-of-river operation . Calculation s

are based on hydraulic head rather than system head, since fewer encroachment s

would occur if only 117 of the 342 proposed small-scale 1'tydropower dams were to

be developed .

77



TABLE HIT . MINIMALLY CONSTRAINED PROPOSED DAMS WITH P50 BETWEEN 200 kW AND 25 M W

Potential @ 50/ Exceedanc e
Dam Site Name

	

Capacity Annual Energ y
MW

	

GWh

1 .

	

North Coast Basi n
0151 Big Cr . 0 .2 1 . 3
0164 Salmonberry 8 .7 54 . 3
0171 T-2 4 .5 28 . 2
0172 Bark Shanty 3 .2 20 . 2
G173 Keyhol e 1 .3 8 . 3
0174 Clear Cr . 2 .4 15 . 1
0,175 Hollywood 0 .8 4 . 9
0177 Alder Glenn 5 .3 33 . 1

26 .4 165 . 4
2 . Willamette Basi n

2202 Mohawk #1 0 .8 5 . 4
2203 Upper Mohawk #1 0 .2 1 . 3
2204 Cook Cr . 4 .8 4 . 7
2212 Strube 3 .2 21 . 9
2213 Lookout Cr . 3 .5 22 . 1
2217 Horse Cr . 13 .2 88 . 4
2218 Foley Springs 11 .2 75 . 0
2225 Separation Cr . 10 .8 68 . 9
2226 Eugene Cr . 18 .7 119 . 3
2227 Rainbow Cr . 10 .3 65 . 9
2228 Harvey Cr . 12 .2 77 . 8
2233 North Fk .

	

#2 14 .1 91 . 4
2238 Mile 6 .7 8 .8 56 . 9
2239 Huckleberry Cr . 10 .5 68 . 3
2240 North Fk . 6 .0 37 . 7
2246 Kitson Hot Springs 4 .5 28 . 3

128 .8 833 . 3
2400 Fafrdale Upper 0 .7 4 . 2
2405 Dead Horse Cr . 5 .8 36 . 0
2411 Pine Cr . 9 .2 58 . 2
2412 Gorge 1 .0 6 . 3
2419 Pelkey 7 .6 47 . 8
2420 Headwaters 12 .2 76 . 5
2421 Henline Cr . 16 .0 100 . 5
2424 Lewisville 0 .6 3 . 6
2425 Aumsville 21 .9 139 . 7
2428 Unnamed 9 .7 61 . 0
2429 Elkhorn 9 .2 57 . 8
2431 Bor i s Cr . 4 .2 26 . 2
2432 Rot Springs 4 .2 26 . 2
2434 Jordan 1 .9 11 . 8
2435 Thomas Cr . 1 .7 10. 4
2436 Red, Milk,

	

Pamelia 6 .1 37 .8

Dam Site NUmber
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TABLE Xllr . COnt'd .

Potential @ 50% Exceedanc e
Dam Site Number Dam Site Name Capacity Annual

	

Energy

MW GWh

2437 Tunnel 13 .7 86 . 3
2439 Tumtum 0.2 1 . 4
2440 Wren 1 .1 6. 7
2444 Packers Gulch 6 .6 41 . 2
2445 Independence Prairie 11 .0 69 . 3
2452 Duffy Lake 10 .2 63 . 7
2456 Log Pond 1 .3 8 . 2
2462 Wiley Cr . 2 .4 14 . 9

158 .5 995 . 7

Gales Cr .

	

#2A 0 .4 2 . 4
2605 N .

	

R . Diversion 2 .9 18 . 9
2609 Creek 4 .0 26 . 1
2611 Upper Austin Point 20 .2 139 . 1

27 .5 186 . 5

318 .8 2015 . 5

3 . Sandy Basi n

0353 Blazed Alder Cr . 11 .4 75 . 3
0354 Blazed Alder Cr . 3 .4 23 . 4
0355 Lake Roslyn 0.3 2 . 1
0359 Last Chance Mountain 4 .5 31 . 0
0362 South R . 5 .1 33 . 4
0363 Lfnney 15 .4 101 . 3
0364 Meadow 4 .4 29 . 5

44 .5 296 . 0
4 . Hood Basi n

0450 . Unknown 0 .8 5 . 6

5 . Deschutes Basi n

0557 White R . 0 .6 4 . 1
0558 Smock Prattle 6 .2 46 . 0
0559 Graveyard Butte 6 .8 50 . 2
0569.. Whitewater Cr . 23 .7 194 . 8
G571 Metolius -Beach 8 .6 71 . 6
0573 Box Canyon, Lower 2 .3 13 . 9
0574 Opal Springs 7 .1 43 . 6
0577 Ogden Park 6 .4 39 . 1
0580 Post 0 .6 3 . 5
0581 Geneva 1 .1 6 . 6
0585 Black Rock 0 .5 3 . 3
0586 Crescent Cr . 0 .7 5 . 1

64 .6 481 .8



TABLE xrIr . Contd .

Potential @ 50% Exceedanc e
Dam Site Number

	

Dam Site Name

	

Capacity Annual Energy
MW

	

GA

8 . Grande Ronde Basi n
085 1
0858
086 1
0862
086 4
0866
0868
0869
0875
087 6
0878
0880

	

84 .0

	

600, 6

Lower Eagle Cr .

	

1 .5

	

9, 8
New Bridge

	

2 .0

	

13 . 4
Richland

	

1 .8

	

12 . 0
Bowen

	

1 .7

	

11 . 3
Hereford

	

0 .6

	

3 .9.

Troy
Mile 7 2
Chico
Cow Cr .
Log Cr .
rmnaha
Dunlap Cr .
College Cr .
Grouse Cr .
Keener Gulc h
Gumboot
Coverdale

12 . 4
16 . 8

2 . 0
9 . 7
7 . 1
5 . 8
2 . 4
3 . 2
4 . 3
3 . 5
2 . 5

	 14,3

86 . 2
119 . 0

14 . 4
70 . 6
51 . 7
42 .0.
17 . 2
22 . 9
31 . 0
24 . 8
18 . 0

102 . 8

. Powder Basin
0951
0953
0954
0955
0958

McLoughli n
Grange Site
Namorff
Reservoir No . 2

Sflvies R .
Frenchglen

Paisley

Top Cr .
Union Cr .

10 . Malheur Basi n
105 1
1052
1053
1054

12. Malheur Lake Basi n
1250
1252

13. Goose & Summer Lake s
1350

15 . Rogue Basi n
1552
1553

	

7 .6

	

50 . 4

	

1,8

	

12 . 6

	

0 .3

	

1 . 8

	

3 .1

	

21 . 4
	1 .6

	

10, 9

	

6 .8

	

46, 7

	

1 .1

	

7 . 5
	 0,4	 2 . 7

	

1 .5

	

10 . 2

	

1 .8

	

12 . 6

	

4 .6

	

30 . 1
	 8 .0	 52 . 7

	

12 .6

	

82,8
16 . Umpqua Basi n

165 1
1657

Loon Lake Diversio n
Tiller

6 . 2
	 4 . 8
11 .0

38 . 2
	 30 . 3

68 . 5
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TABLE XTTT . Cont'd .

Potential @ 50% Exceedance
Datti Site Number

	

Dam Site Name

	

Capacity

	

Annual Energy
MW

	

GW h

17 .

	

South Coast Basi n

1753 Tidewater 1 .2 7 . 3
1756 Cedar Cr . 0 .5 2 . 8
1766 Floras Cr . 0 .4 2 . 4
1767 Whobrey Mountain 3 .7 22 . 5
1768 Myrtle Cr . Lower 0 .2 1 . 2
1773 Elephant Rock 2 .0 12 . 0
1774 Avery Ranch. 0 .7 4 . 3
1775 Elk River, Intermediate 0 .9 5 . 6
1776 Slate Cr . 4 .7 28 . 2
1778 Pistol 0 .9 5 . 4
1780 Redwood 15 .4 94 . 2

30 .6 185 . 9
18 . Mid-Coast Basi n

1853 Holman Cr . 4 .0 24 . 9
1854 Falls

	

#1 7 .0 44 . 0
1855 Gravel

	

Cr . 5 .9 36 . 6
1863 Slick Rock Cr . 1 .5 9 . 6
1867 South Fk. 1 .0 6 . 4
1873 Unnamed 1 .9 11 . 6

21 .3 133 . 1

Totals : 117 Dam Sites 628 .2 4155 .1

8 1



POWER AND ENERGY POTENTIALS AT IRRIGATION STRUCTURE S

ExistingIrrigation Systems

A review of available -information disclosed a few possibilities for retro-

fitting existing irrigation facilities for power production . Those involve

canals at irrigation storage dams and local drops in irrigation canals . Tabl e

XIV identifies those irrigation facilities having a potential capacity o f

200 kW or more .

The 10 irrigation dams listed in Table XIV are on rivers where the Phas e

I study disclosed insufficient streamflow to meet the low-head criteria . Thi s

was due fn most cases to the diversion of streamflow into irrigation canals at

the dams . Hence, the dams did not appear in Table II (showing hydroelectri c

power potentials at existing non-power dams} . However, the heights of thes e

storage dams and the flows diverted by them to irrigation canals could partiall y

provide small-scale hydro power in at least 8 cases and perhaps in all 1 0

cases . Therefore, they are included in the "irrigation structure" category .

Combined, they have an estimated potential capacity of about 8 MW and potentia l

annual energy output of about 25 GA . Due to the seasonal nature of irrigatio n

releases and the annual ' variability of water supply, estimates of the potentia l

annual energy output are quite uncertain .

Table XIV also shows that 9 irrigation drops, all in the Deschutes Basin ,

have a small-scale hydropower potential . Their combined potential capacity i s

about 5 MW. However, new structures would be required in order to develop thi s

potential .

It may be that other potential power sites on existing canals were over -

looked . There is sparse written information available on irrigation canals .

The 10 irrigation dams and 9 irrigation drops listed in. Table XIV are

shown in Figure 13 .

ProposedIrrigation Systems

No detailed information was available regarding proposed irrigation canal s

that would allow an assessment of their hydro potential . Therefore, the future

power potential at proposed irrigation developments has not been included i n

this assessment .
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CONCLUSION S

GeneralFindings

The Phase I study provided basic data gathering, preliminary hydrologi c

analyses, related evaluations of power and energy, and preliminary feasibility -

of-development assessments for 7,626 miles of river reaches in Oregon where no

dams or reservoirs now exist and where streamflows and river slopes are

adequate for low-head hydropower development of 20G kW or more using run-of-
river operation . In the Phase II study, over 5,000 existing and proposed dam s

were reviewed to identify 48 existing power projects with 200 kW or more o f

installed capacity, 59 existing non-power dams having a potential for developin g

200 kW or more, 10 existing irrigation diversion dams and 9 irrigation cana l

drops where 200 kW or more might be developed, and 39-5 proposed dams where 20 0

kW or more might be developed . Data characterizing these dams came from federa l

and state agencies and from the Phase 1 analyses .

The distribution of existing and proposed dams among the major drainage

basins in Oregon is a revealing indicator of the importance of surface wate r

development and use . Table MI shows this distribution for dams capable of

providing at least 200 kW for 50 percent of the time under run-of-river opera-

tion . The Willamette Basin has the greatest existing development, followed

distantly by the Umpqua, Rogue and Deschutes Basins . The Willamette Basin als o

has the greatest proposed development . Important development has also bee n

proposed for the coastal basins (North Coast, Mid-Coast, South Coast) and fo r

the Deschutes, John Day and Grande Ronde Basins, followed by the Umpqua an d

Rogue Basins . In all, 117 existing dams and 395 proposed dams have P50 poten-
tials of 200 kW or more .

Specific Findings

A summary of the hydroelectric power potential in Oregon is presented i n

Table

	

Most of the information shown results from the Phase II study . Also
shown are data describing the potential at undeveloped river reaches, taken from
the Phase I study . For completeness, some analyses which were not part of thi s
study are also indicated (noted by "no est .", for no estimate) . Except for
existing and future power and energy potentials at existing power projects, al l
calculated values are based on run-of-river operation and median streamflow .
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TABLE XVI . SUMMARY OF HYDROELECTRIC POWER POTENTIAL IN OREGO N

Number Existing Future l

Power Production Source
o f

Projects
or Sites

'Annual
Power
MW

Annual
Energy
GWh

Power
MW

Energy

GWh

Existing Power Projects 2

>_25 MW Capacity 18 1,210 5,064 352 '

	

560

200 kW - 25 MW Capacity 30 255 1,421 488 1,627

< 200 kW Capacity 2 3 0 .1 20 1 9

1,465 6,486 860 2,206

Existing Non-Power Dams .

Theoretical

	

Potentia l

> 25 MW Capacity 0 0 0
200 kW - 25n Capacity 59 117 784

< 200 kW Capacity Unknown --- No Est . No Est .

Minimally Constrained Potentia l

› 25 MW Capacity 0 0 0

200 kW - 25 MW Capacity 19 44 295

< 200 kW Capacity Unknown --- No Est . No Est .

Existing Irrigation Facilitie s

@ Dams

	

10

	

8

	

25
@ Canal Drops

	

9

	

5

	

No Est .

Undeveloped River Reaches 4

Theoretical Potential

	

7626 mi

	

42,505
Minimally Constrained Potential

	

374 mi

	

---

	

6,292
---

	

228

	

1,539

Proposed Dam s
Theoretical Potentia l

> 25 MW Capacity 5 3
200 kW - 25 MW Capacity

	

342
< 200 kW Unknown

Minimally Constrained Potentia l

425 MW Capacity
200 kW - 25 MW Capacity
< 200 kW Capacity

I Based on run-of-river operation and streamflow available 50% of the tim e

( P 50, E50 ) .

2 Power and energy values based upon published reports (FPC, 1976 ; U .S . Army
Corps of Engineers, 1979) .

3 Projects smaller than 200 kW that are listed by FPC, 1976 .

4 Only includes reaches where low-head (< 20 m) development can provid e
P 50 > 200 kW, based on data from Phase I study .

5 Based on screening 49 fully-documented proposed dams out of 53 proposed dams .

6 Based on screening 341 fully-documented proposed dams out of 342 proposed dams .

-

	

2 ;017

	

No Est .
- 1 ;839 12,1.02
- No Est . No Est .

nn.nn.■

	

n■■.

■11 ..

10 5
1176

Unknown

31 1
628

---

	

No Est .

No Est .

4,15 5
No Est .
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At existing power projects (see Table XVI), 1,465 MW are presently installe d

and 860 MW could be added (a 59 percent increase), for a total of 2,325 MW .

Annual energy capability is now 6,486 GWh and could be augmented by 2,206 GW h

(a 34 percent increase) to provide 8,692 GWh .

At existing non-power dams, 117 MW of median-flow, run-of-river capacit y

could be added, giving 784 GWh of annual energy . But environmental and trans -

mission constraints reduce these figures to more realistic estimates of 44 MW

and 295 GWh .

Existing irrigation facilities could provide 13 MW and perhaps 40 GWh o f

additional power and energy . Few constraints, other than possible economi c

constraints, are seen for this limited development potential .

Undeveloped river reaches have available water power of 6,292 MW 50 percen t

of the time, corresponding to 42,505 GWh . But fewer than 5 percent of the

river miles are minimally constrained, offering 228 MW and l ,539 GWh of annua l

potential .

Proposed dams, operating as run-of-river projects sized to median flows ,

have a theoretical potential of 3,856 MW . This potential capacity is roughl y

equally divided between small-scale hydropower and large hydropower dams . The

estimated potential annual energy is 12,102 GWh at the proposed small-scal e

hydropower dams . No corresponding estimate was made for the proposed large

hydropower dams, but a similar amount might reasonably be expected . When con-

straints on developing proposed dams are considered, the . minimally constrained

potential drops to 311 MW for large dams and 628 MW (14,155 GWh) for small-scal e

dams, offering a total of 939 MW, about 24 percent of the theoretical potential .

This total exceeds that for minimally constrained undeveloped river reache s

because higher dams are proposed than the available reach . elevation heads used

in Phase I calculations, requiring encroachment on upstream reaches .

The power and energy potentials from different power production sources ,

shown in Table XVI, may be combined to indicate the total power that might b e

obtained from different types of development . Table XVII, based on Table XVI ,

shows several optional development schemes . These include : (11 relying only

on the exfsting power potential ; (2) expansion of power facilities at existin g

power projects ; (3) retrofitting. existing non power dams for power generation ;

(4) retrofitting existing irrigation facf1fti's for power generation ; (5) com-

bined expansion at existing power projects, r0trof'ittfng . of' existing non-powe r
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TABLE XVII . OPTIONS FOR EXPANDING HYDROELECTRIC CAPABILITIES 1

Option
Category of

Power Development
Ca.pa,c i;,ty,,

fMW

Increase Over
Existing
Capacity ,

0

1

	

Existing Capacity

	

1,465

	

0

2

	

Expansion at existing power projects

	

860

	

59

3

	

Retrofitting existing non-power dam s

(a) theoretical

	

117

	

8

(b) minimally constrained

	

44

	

3

Retrofitting existing irrigation facilities

	

13

	

1

5

	

Combined expansion at existing power project s
and retrofitting existing non-power dams an d
irrigation facilitie s

(a) theoretical 990 68

(b) minimally constrained 917 63

Low-head development of river reach water power

6,292 429(a) theoretica l

(b) minimally constrained 228 1 6

7 Full development of all proposed dams

(a) theoretical 3,856 26 3

(b) minimally constrained 939 64

Combined expansion/retrofitting at existin g
facilities plus full

	

development of al l
proposed dam s

(a)

	

theoretical

	

4,846 33 1
(b)

	

minimally constrained

	

1,856 12 7

Total existing capacity plus combined expansion /
retrofitting at existing facilities plus full

431

development of all proposed dams

(a)

	

theoretical

	

6,31 1

(b)

	

minimally constrained

	

3,321 227

1 Capacities, other than for options 1 and 2, are based on run-of-river opera -
tion and streamflow available 50 percent of the time .
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dams, and retrofitting of irrigation facilities ; C61 developing all undeveloped

river reaches with low-head hydropower ; (7) developing all proposed dams ; and

(8) combined expansion/retrofitting of existing facilities (option 5) and

development of all proposed dams (option 7) . The percentage increase of capa-

city over the existing capacity for each option is also shown in Table XVII ,

Finally, the total achievable development with these options (option 1 plu s

option 8) is shown .

Development of existing facilities can yield a 63-68 percent increase i n

hydroelecty'ic capacity, development of minimally constrained proposed dams ca n

provide a similar increase fn capacity . In combination, the hydroelectri c

capacity can be more than doubled . If minimal constraints are ignored, even

greater hydropower production can be obtained, perhaps more than quadruplin g

the present capacity .

Reminders About Use of Finding s

It is extremely important to remember, when considering the findings of thi s

study, that an underlying assumption of run-of-river operation has been made .

This assumption is viewed as crucial to minimize the impacts of low-head hydro -

power development . Because of the strongly seasonal patterns for streamflow

runoff in Oregon, the run-of-river assumption tends to favor the minimizatio n

of stream-flow alteration impacts at the expense of power and energy development .

Conversely, larger dams with appreciable storage capability, so as not to be

limited to run-of-river operation, would enhance hydropower development bu t

produce greater impacts on the aquatic system . In other studies, most notabl y

the recent (1979) preliminary inventory of hydropower resources by the U .S . Army

Corps of Engineers, the opposite assumption prevails of maximizing storag e

aspects of proposed developments . This leads to much larger estimated powe r

potentials but is expected to also lead to greater environmental impacts .

A second important reminder is that the data summarized in Tables XVI an d

XVrl are generally based on median streamflows, equalled or exceeded about 50

percent of the time . Larger or smaller exceedance values might have been used

to indicate the power and energy potentials, giving significantly differen t
numerical results . For example, ft was shown earlier that there is a 20-fol d
difference between power potentials that might be achieved if hydropowe r

facilities were sized to handle very large flows, exceeded only 10 percent o f
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the time, and potentials achievable if facilities were sized to handle IOW flow

conditions exceeded most (95 percent) of the time . The 50, percent exceedanc e

condition was used here for illustrative purposes because under run-of-river

operating conditions it would not lead to over-sizing facilities and extended

power plant operation at part-load . If facilities were instead sized to handl e

larger flows, greater installed capacities would result but power plants woul d

operate at less than capacity for longer periods . For example, if facilities

were sized to handle stream-Flows only exceeded 30 percent of the time, th e

potential capacity could be doubled (see Tables III and X), but power plants

would operate at capacity only 30 percent of the time, instead of 50 percent of
the time . The use of reservoir storage would enhance both the capacity an d

energy development potential by allowing storage of water when flows exceed

power plant capacity and release of water when run-of-river flows are less tha n

that for which the facilities are sized .

A third reminder is that hydroelectric development can not occur with 10 0

perqent efficiency, as assumed here . Hydraulic, mechanical, electrical and other
losses aril l reduce the efficiency of energy extraction . The resulting efficiency

will vary from site to site and with the amount of turbine flow and head . For

planning purposes, estimates made in this study might be realistically adjuste d

by an efficiency of 80 (-F 10) percent .,

A fourth reminder is that constraint evaluation and screening, while in -

volving practical criteria, were somewhat arbitrary . For example, the con-

straint imposed by transmission line distance might vary considerably with th e

type of terrain encountered .

	

Or constraints on single-site development migh t
disappear if multiple-site development is consfdered . Therefore, sites con -

strained by preliminary screening should not be completely discarded from furthe r
investigation .

A FinalNote.

The work reported here is a resource survey . Resource surveys are typically'
limited by the quality of the data . available . In this . study, much of the avai

l a,ble information was out-of-date, sketchy, incomplete, contradictory,, and subjec t
to different interpretations . The. impacts of hydroelectric power developmen t
were not specifically addressed, other than through preliminary environmenta l
constraints and screening criteria . The findings and conclusions regarding the .
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hydroelectric potential in Oregon do not constitute and should not be considere d
to constitute either an endorsement or a rejection of hydropower development .
The historical importance of hydropower resources and continuing role of hydro -
electric generation in the Pacific Northwest is recognized . It is hoped tha t
the findings of this study will add useful information for continued seriou s
assessment of hydropower as an available technology for meeting Oregon's energ y
needs .
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