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WHO CONTROLS THE WATER?
MANAGING THE COLUNlBIA-SNAKE SYSTEM'

Phifip R. Wandschneider
Assistant Professor and Assistant Agricultural Economist

Washington State University

'Italicized ternis are defined in the glossary.

The  ,olttntbta-Snitk» River donlinates the Pacilic
Northv est geo ri uphically and econonlically  Fig. I !.'
}'ev; people iri the Northwest are untouched by its
presence. Some gain their living from its vast
resources for power, navigation, fish production, and
irrigated tigriculture. Others beriefit as consuniers. of
abundant aiid low-priced electricity, fish and food
supplies, domestic water, or aesthetic and recreational
opporrunities.

I'he vastness of the river has freed most users
from co~cern over the security of their water.  A rna-
jor exception has been the salmon and steelhead
fishery.! As detnands for water have increased, con-
flict between and within user groups has beconle
mote prominent. At first someone observing the large
volume of water that flows out at the mouth of the
Colurr~bia niight find it incredible that such a large
river could fail to nleet all needs. I3ut all water use

is not consumptive. Many uses, such as navigation,
pov er, the urteidromorrts fishery, recreationi and
aesthetic values, depend on the character and volume
of the streanlflosv. In most years, for example, alnlost
all the streamflow goes through turbines to produce
power. Years of low strearnflow, such as 1973 or
1977, can bring power shortages, Further, use of the
strearnflow for power production competes with
other valuable uses. Diverting water for irrigation
makes it unavailable for power; getting the largest
possible fish population requires a different seasonal
flow pattern f'rom power production, So, although
the volume. of water is large even in low fiow years,
the quality and quantity is not sufficient. to meet all
the demands placed on it.4.

How the v ater will be used depends on who
makes the decisions and how they are made. The Col-
umbia River decision-making systetn is complicated
and not well understood, It is also an evolving
systetn,s

There is an increased need for all those affected

'This work is the result of research sponsored in part by NOAA,
Office of Sea Grant, Department of Commerce under Grant No.
NA81AA-040086  Project No. R/WSU-3!. A more detailed
repon is available in %'andschneider �984!.

to understand hov: decisitins ciu'is i.'I'Ilitlg vat'toils uses

ate niade, The objective «f this bulictirt is to pro-
vide an overall description ol' rhe matiagenlr:nt
syste ill.

Understanding mariagement oi the  ;olumbia
River is no easy task. Xo single organization makes
the decisions v hich deterniinc vvitter devekipmcnt,
diversions, river flows, reservoir levels, and so forth.
Instead many different organizations each have some
influence, and each in turn resprinds to the desires
of its clients and to pressure iron> the agents of corn-
peting uses. For example, the llonneville Power Ad-
ministration  BPA! plays an important role in rnanag-
ing river flow for hvdropower, but to some degree
it is merely responding to the demand for electrici-
ty from the utilities it serves and their customers.
Idectrical demand is created by the millions of in-
dividuals and thousands of industries that consume
HPA's power.e

The story is quite complicated. Some order can
be introduced by sorting decision-tnaking into three
levels: the lau,-making level, the policy-making level,
and the operational level  Fig. 2!. The law-making
level reviews the legal basis for the respective agen-
cies and jurisdictions. The policy-making level is
organized around the various use clusters competing
for the water. The operational level focuses on

rl'he Columbia River system includes a number of rnaior and
minor rributaries v ith the Snake being the most extensive. The
rerm Columbia River wi'll lie used io refer to the v hole system.

'See The Cahrmt ra-Srtakr: Chai!ertge~ for Afutrtpie-Use Rrtier
hfatiagerrteirr  Queirolo and McVarnee! for more discussion of
utes and conflicts.

'l'or example, the Pacific Northv est Electricat Power Planning
and Conservation Act  f 980! created the regional Power Plan-
ning Council, which in late 1982 and carly 1983 issued its first

L. a ...:or or . i ~,.»ti ~ Icixv sy p ' r
time before the ultimate role of the i.ouncil and the full impact
oF its plans are clear.

4The issue is actually even more complex because BPA, especial-
ly in its early days, was an active promoter of electricity con-
sumption, See Norwood �981! for IIPA policies and history.



THE LAW-IVIAKING LEVEL

The power of Congress to pass laws is limited
by the Constiturion as interpreted by the Supreme
Court. Authority not explicitly delegated to Congress
is reserved to the states. Since the Constitution does
not grant direct control over water to Congress, states
make the basic water laws  state water laws will be
described later!, The U.S. Congress has three itn-
portant sources of constitutional authority over water
use: I! the commerce power; 2! the general welfare
power; and 3! the proprietary power. In addition,
the federal government has sole authority to make
treaties with foreign governments and Indian tribes.

The Supreme Court has said the power of Con-
gress to regulate interstate commerce  the cotntnerce
power! implies national control over navigation and
ultimately all navigable rivers. Under this power, for
example, only the federal government may authorize
obstructions such as dams on navigable rivers, in-
cluding the Columbia River. The second Congres-
sional power is authority to spend money to promote
the general welfare, This power has only been
recognized as a separate authority since the l930s,
but it provides the basis for public works and
eennoirl l< <true!Circal ~ t v/I 6 ~ ull924 i vugg < vauu
and Bonneville Dam were both initially developed
as public works projects, though they are also
leegitimate under the corntnerce power.' The final
federal authority is the proprietary power, which
authorizes the federal govenunent to own and dispose
of land. In addition, where both federal and state law

'Work began on the darns before the general welfare clause was
recognized. In fact rhe legislation supporting these Neww Deat

projects was declared unconstitutional. ttt ork continuedr 'nued under

other authority

streamflow management from irs initial natural srate
through storage and diversion for consutnptive usc
 irrigatiOn, lnunicipal, induSrrial! and inatream uSe
 flood control, recreation, fish flov, navigation,
recreation/safety, hydropower!.

I!ecision-making ar each level will be described,
Bv looking at decisions ar all levels and forall uses,

I'he first stage of decision-making is to make the
rules by which other decisions are made. In lhe
United States the fundamental set ol rules is the Cori-

siitutton. Under the Constitution the federal govern-
menr and the states each have some authority over
water usc. I'his section will describe the sources of

their respective authority and the principal laws they
have made which govern the Columbia River.

Aiational Legislation and Federal Agencies

reader will hc ahlt'. tO uildei si olid I nc lllanv lorCcq
impinging On a particular ducts!Oli Irul ex,lnlp.e v;h .p e, v'
can BPA d<> rhis, liut ri<it that. '4'hat rights do jr
rigators liavc and how Jn rheir decisions atfcct power!
%'ho represents fishery interests attd «liar irlllucnce
can they have?

applies, federal law is superior, I'hc Sufi! ctnv Court
has ruled that thc proprietary poiver rogcllier v.irh
the supreillaCy Clause tntplieS th;lt thC fi.dural g<tscrn-
mettt may reserve v'atet attached  o tcdcral latttfi
 rcserrtd rJ<rrrr rights!, thus cxcmptirig this watir Ironi
state Iav iii important ways.

Based on these three powers, especially the com-
tuCrCe pawer,  .:ongress h,is paSSed a nunlher <if'laws
affecring the Columbia Kivcr, An important group
of lav,s creates tlie f'ederal agencies responsible l<ir
developing and managing the Colur»bia. In elf<et,
these laws are charters which define what an ageil-
cy may or may not do.

I'he major federal agencies are: I ! th» Army
Corps of Engineers  Corps!; 2! the Itureitu <it'
Reclarnarion  IISilR!: 3! the I3onneviljc I'ower Ad-
ministration  Bl'A!; and 4! the I'edetill Fncrgy
Regulatory Commission  FER ;!. 'I he Corps ilrid
USBR are the malor federal owners ot danls, reser-
voirs, and hydropower generators on the  :olumhia.
The Corps is authorized to build tnultipurpose pro-
jects  power, navigation, flood control, recreation,
fish! and also to regulate the dams and reservoirs ol'
other agencies for navigation and flood conti'Ol.
Originally, the major interest of the I.JSBK was in
irrigation, but it is now also a major power producet.
The BPA builds and operates transmission liries and
markets almost all rhe power produced by  .orps and
USBR projects in the Northwest. BPA nlav not <iwn
or operate power generators. I ogether, the Corps,
USBR, and BPA operations constitute the Federal
Columbia River Power System  FCRPS!.

Besides the agencies that comprise the FCKPS
other federal agencies have management respon-

t 3 sal Fnprvualvluilos vvci ln river.

Regulatory Commission issues licenses under which
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non-Federal agencies can build and operate
hydropower datns. FERC must also approve BPA
electricity rates. The National Ma~ine Fisheries Ser-
vice  NMFS! and the Lr,S. Fish and SX'ildlife Ser-
vice have responsibility for fishery regulation,
research, and development, The Bureau of Land
Management, LT.S. Forest Service, and National Park
Service manage federa.l lands in the Columbia basin
watershed. The Soil Conservation Service is con-
cerned with soil erosion and wa er quality and also
wirh some irrigation projects,

Besides creating and supervising agencies rhat
participate in Columbia River management, Con-
gress makes laws that directly regulate how the river
is to be managed and used. Some of' these laws are
concerned v;ith the environment, Several acts aAect

the Columbia River's anadromoirs fish.' Some pro-
vide tunding for hatcheries and other enhancement
projects; <nhers specify how the fish should be
managed. More general environmental legislation in-
cludes the 'i! 'ild and Scenic Rivers Act, the National
Environmental Policy Act  NEPAji and thc En-
dangered Species Act. NEPA requires Environrnen-
tal Impact Statements  EIS! before federal rrioney can
be used on any project or program thar would have
a major impact on the environment. The Wild and
Scenic Rivers Act has made certain streams "oA

limits" for hydropower developnient. I'inally, if the
Endangered Species Act were invoked to protect
salmon and stcclhead, possible ramifications could
include suspension of harvests and drastic revisions
in hyd ropower operations.

The most recent federal legislation has been the
19SO Pacific Northv'est Electric Power Planning and
Conservation Act  Power Planning Act!. This act
gave the BPA more authority to buy power but also
created an interstate Power Planning Council respon-
sible for creating power, fish, and wildlife plans that
BPA musr follow unless exempted by Congress. The
Power Planning Act will be discussed further in later
sections.

Indian Treaty Rights

f'rom the federal reserved ii iitcr . igtits diictrine rneri-
tioried carliir. Iri:hc I'acific Northwest,:reaty fislung
rights hair bein espcciufly ii»porta»t. I.'urfy treaties
explicitlv reseriid The right ro fish when rhe tribes
ceded their I.iriils to ihc l..l.S. government Judges
have ruled th;it these tre;tries iniille Indians to: I!
fish on accustomed siiis ri'garillisi o{' land iiwiicr-
ship, 2! a sh;ire olup to oric-hall ol ilic liarii stable
Coluntbtz River fishery; «nd I! soiue proieitiim of
the fish habiTat iii order ui riiairiiairi a fishery.v

In the past, Iniiian rights had little eiTect iin Col-
umbia River rtratr,tgernenr, 'I hey have had more in-
fIucnce on fishery nianagemenl  propagation,
harvesting! than oti questions ol water rnaiiagemcnt
 darn construction or reservoir operarions!, Recent
developments, especially the Phase I I decision, sug-
gest possible increases iri thc influenc of Indian
fishery rights, I'or example, the fish u:ater budgit
discussed later probably owcs some of its f'orce to
the underlying Indian rights as ivell as To provisions
of rhe Power Planniiig Act. Still, Iridiari righls are
in a state of flux, and their full impact awairs addi-
tional negotiation, iniplernerii.ation, and probably fur-
ther testing in the courts.

State Water Rights arid Other State Laws

Except where federal law supercedes them, state
laws govern hov water can be used. State water laiv
is especially important for irrigation. Each state has
a distini:t body of'law, but water laws in the Pacitic
Northwest are similar. Basic water law is coristructed

around the appropriation doctrine. This principle
gives rights to the erst party to divert water and put
it to beneficral rise. 'I he first or senior appropriator
is guaramced his full allotment before junior ap-
propriators can use any; "first in time � first in right,"
Rights are lost if not exercised or if not put tn
beneficial use. Historically, water rights were rare-
ly attached to instrearn uses such as power or
fishing.'o

Each stat.e has developed its own water code, State
water laws require a water user to apply for a license

Native Americans have significant water and
fishing rights. These rights derive from two sources:

it ii ceiy ploviaaons protectmg ttslung nghts and

'Pacific Northwest Ftectric Power Planning and Conservation
Act of 1980, Fish arid Wildlife Coordination Act of 1934  as
atnended!, the Magnuson Fishery Conservation and Manage-

ent Act �976!, the IViitcheff Act  f938!, and the Saltnon and
Steelhead Conservation and F.nhancernent Act of 1980.

sThese decisions are popularly known as Winans  92 .S. v,
Winans, 19$ U.S. 371 [1905I!, I3oldt  or Phase I! and Orrick
 or Phase II! Thc later two are called Phase I and II because
they are two parts of the. same case: t:.S. v. Washington, >o4
F. Supp. 312  Wd h Wash. 1974! and U.S. v, Washington, 506
F. Supp. 187  W.D. Wash. 1980!. Phase I has been affirmed
by the U,S. Supreme Court in Washington v. Passenger Fishing
Vessel Ass'n., 443 U.S. ti% �979!,

"A major exception is rights given to Idaho Power Company
at Swan Falls, a source of recent controversy.



TABLE f. SOME MAJOR STATE AGENCIES WITH WATER RELATED RESPONSIBILITIES

Major Water Related
ResponsibilitiesAgency

Idaho Public Utilities Corninisston Regulate investor owned iitihties.

Idaho Departrtieril of Fish and Game

Idaho Department of Water Resources

Manage, research, and requlate fisheries

Administer state water laws.

Montana Public Services Cornrnission Regulate investor-owned utilities.

Policy, research.

Manage, research, and regulate fisheries.

Montana Department of Natural Resources and
Conservation

R e gula te investor-owned utilities.

Research, forecast, licerise.

Administer state water laws.

Research, policy planning.

License energy projects.

Washington Department of Game

Washington Department of Fisheries

Washington Department of Ecology

Source: Compiled by author.

Montana Environmental Quality Control

Montana Department of Fish, Wildlife, and Parks

Oregon Public Utilities Commission

Oregon Department of Energy

Oregon Department of Environmental Quality

Or egon De pa r tmen t of Fish and Wildlife

Oregon Department of Water Resources

Washington State Energy Office

Washington State Energy Facility Site Evaluation
Committee

from a state agency, The agency then decides if the
proposed use is beneficial and if the quantity of water
requested is justified. Stares may attach conditions
to watei licenses, Thc" n;zy a'so set aside water fnr
public uses. Although instream uses generally are not
granted to individuals, states are beginning to pro-
vide protection in the form of ininirnum flows
 Washington's Columbia River Instream Resources
Protection Program, for example!.

Administer state wa ter laws. M an aqe, re scarc h, a nd
license energy and natural resources.

Research, policy, regulation concerning water quality.

Manage, research, arid regulate fisheries.

Manage, research, and regulate sports fisheries.

Manage, research, and regulate commercial fisheries.

Administer state water laws.

Besides creating basic water law, states create the
laws and regulations governing local water and utility
districts. State law governs the purpose, formation,
and practices of irriaation districts and public utili-
tv districts, for example. States also regulate fishing,
hunting, and recreation and state agencies manage
lands for these purposes. Table l shows some rna-
jor state agencies and their areas of responsibility,



POLICY-NIAKlhlG FOR THE COLUMBIA RIVER

Irrigation Policy

Once the basic rules have been established,
middle-level policy decisions must be tnade to guide
day-to-day operations,

Policy atnd the Federal Government

The federal government affects Columbia River
policy through three imponant avenues: I! presiden-
tial policy; 2! the congressional authorization pro-
cess; and 3! the appropriation-budget process. Federal
agencies are ultimately responsible to the president.
Each new president may have a different approach
to similar problems. For example, under Roosevelt's
New Deal, federal agencies  the Corps and USBR!
were the inain warer project developers. In contrast,
under Eisenhower's "Partnership" policy the Mid-
Colurnbia darns and some Snake River dams were

built by non-federal organizations  public utilities and
private industry, respectively!.

The second influence is the congressional
authorization process, Each major new Corps or
USBR project tnust go through a series of steps in-
vohing various studies and hearings. Ultitnately Con-
gress must pass a law explicifly authorizing the Corps
or Bureau to construct the project. But authoriza-
tion is not enough. The sponsoring agency must then
go through a third process in order to have money
appropriated." Many more projects are authorized
than are built For example, the Columbia Basin Pro-
ject has been authorized to irrigate over one million
acres, but money has been appropriated for construc-
tion to service only about one-half that acreage.

The politics of authorization and appropriation
involve what political scientists call the iron or power
triangle, This consists of; I! the interest group ad-
vocating a project; 2! a congressional subcommittee
specializing in the area; and 3! the relevant federal
agency. A functioning iron triangle may often make
policy without regard to other interests, agencies, or
even the President.

These processes are common to all issues in which
the federal government is involved. Specific policy
decisions concerrung the Columbia tend to be made
within several water use clusters.

"Since I974 the BPA has been exempt frotn the appropriation
process. It finances operations and construction projects from
its own budget. However, BPA is still subject to congressional
oversight. It must submit its budget to Congress, and it must
get approval for certain major expenditures, Since t980 it is
fsnther subject to the provisions of the Power Planning Act.

Irrigators are the tnajor consumptive users of the
Columbia River. Given the lat'ge streanillov', iti-
dusirial and municipal water supplies account for
relatively little of the water that is diverted and con-
sumed. Power and fish are the most significant in-
streatn users. Therefore, focus on irrigation, pnwer,
and fish tells inuch of the story.

Irrigation policy centers around new irrigation
development and expansion ol old projecrs." Figure
3 shows primary areas of potential expansion. Two
major issues are access to water and access to finance.
The mainstem Columbia River flow is so huge that
physical lack of water is not generally a citnstraint.
Furthermore, under state water laws consumptive
users may generally appropriate water with littlie
regard to instreattt uses such as fish and hydro-
powcr." Therefore legal access to water is not usually
an issue to irrigators using mainstream sources.

In contrast, irrigation expansion faces major
obstacles on some of the tributaries, notably the
Yakima and the Snake. On the Yakima, conflicrs with
Indian fishing rights are sigiiificani. On the Snake,
the conflict is with hydropower, When water is
diverted for irrigation it is lost to hydropowcr, F ven
water which finds its way back into rhe river at
downstream points  return flows! has skipped dams
and hence failed to generate the power it might have.
In Idaho this conflict has been focused around the

Idaho Power Company's rights to v ater at Swan
Falls. These hydropower rights even put some pre-
sent irrigators in danger of losing their water rights,
The conflict caused by increasing deinands on the
water not only pits irrigation against hydropower and
fishing interests, but also pits old irrigators against
new.

Since irrigators have historically had ready access
to water, the major probletn has been financing, Most
large irrigation projects involve federal financing as
well as construction. Traditionally irrigators have

»Another set of poilic3 issues concerns the financing of old pro-
jects, the price of water, and size restrictions on farms.

»For example, the water needed to complete the Columbia Basin
project was set aside in t938 under state water law  R,C.W.
90.40!. Whereas new water apphcations will be subject to restri<=-
rions to protect instream uses  Washington's Columbia River
Instream Resources Protection Program!, Columbia Basin pro-
ject water is protected by its 193S application date.



Figure 3. Columbia River Basin Primary Areas of Future Irrigation Development.
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Figure 4, Approximate Generation and Loads, Pacific Notthwest Utilities.

Generating
Resources

Loads"

'includes iosses and exports tc Pacific Southwest.

to

Source: PNWCC Long Range Forecast �982!, NWPP Operations Review for 81-82 �983!, 8PA
Annual Report �982!, and author's interpolations.
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cxpa»sto»." I hc result is ii,fenianil for federal pro-
le;cts I,'ti iii exci ss ol Ih» availiihle budget. Irrigation
policy thii» iillen hccoriics a matter ol the politics
of the federal appri!priation priicess described earlier.
5 here li I'I 'ai toil Is pI I vainly devclt!ped, state pnllcV
and tht etoiio»iie feasibility <st PuniPing are more
im po r I tint

Energy Policy

I'tie eiiergy indusriy in the Pai-itic Northwest is
a Compleg Web with three niajOr typeS Of ptiwer Sup-
pliers: the Federal Columbia Rivi.r I'ower System
 BPA, Corps, and USBR!, the investor-owned utilties
 IO U s!, and t bc p rib lie ut i 1 it i es  m un ici pals,
cooperatii es, and public ur iliry district~ � PUDs!,"
Figure il shows the web oi electricity generation and
distribution. All systenis are tied together by the
BPA's high-voltage transrr»sston grid which dis-
tributes f'cdcral power and n herb  transmits! power
for other uriliries.

Until thc rccerit passage of the Power Planning
Act, planning and policy were made by thc cluster
of'utilities  including the federal system! with some
oversight by Congress and the stares. III'A has alv ays
been a principle actor. I'he Pacific Northwest
Utilities Conference Commirtee  PNUCC! served as
the major arena lor debate. Iri particular, PNUCC
played ati important part in policy about future
power needs and the resources to meet rising dc-
rnand. PNUCC's rnalor function was to develop
forecasts of expected energy demand on a 10- and
20-year base. For years, I' N UCC's forecasts were de
facto oKcial regional forecasts. Under terms of the
Power Planning Act, the I'ower Planning Council
will now be developing forecasts.'"

Once demand is predicted, the next step is to
prepare to meet the demand. Before the Power Plan-
ning Act, no one utility or group was responsible
for meeting the projected need, In the late 60s and
early 70s, BPA assisted in the formation of a group

"lrrigators pay no interest for their portion of the capital costs
of federal water projects. Furthermore, power revenues pay most
of the capital costs.

rsExcelteoi descript ious of enerav oohcv in the Pacific Vorthwest
can be found in Lee et al. �980! and hlorwood �981!.

"Other utility and independent researchers have been making
energy forecasts recently. See, for example, Bern ey et al. �982!.
BPA also intends to make formal annual forecasts from now
on. Meanwhile PNIICC will rcsumably continue to make its
forecasts. We will, therefore, have three regional forecasts.

of utilities called thc Ioiitt I'tinct I'lin»ii» Cotliicll
 JPPC!. 'I he JI'I'C Identilicd thc plants needed to
meer future needs. I he Joint I'ower I'lariniii Ctiun-
cii plan was called rhe I iydro-1 hernial I'ov, er I'I:in
 HTI'P!. 'I'he H'I'I'l' v",is cner y policy for th»
I'acilic Norrhwest hetwtrui ahoiit ltthh;Ind !973.

'I able 2 shou;s the sci cii H I PV prtilects arid other
Northwest tlierrnal projects. It inviilved construction
of a iiumbcr oflaIge thertnal [itiwer plarits with tlie
I3PA to help with fina»ciiig arid  i an»ilission.
Originally 20 plants vverc plaiiried. 'I h» I I'I'PP fell
apaI I bi'CauSe, 1! risiti ' i'ili'I I y v oats ltiwi I ed ' I I! W ill
in demand and therefiire need tisr sonic of'rhe pro-
jects; and "! an Intcriial Rev ciiue Service I uling in-
hibited BPA's abiliry io fin:ince prnlecrs I he final
blow to the II'I'I'I' canto as a ri:suit of lawsuits against
BPA. BPA was enloined from p;irricipatini in the
II I I'I' until it corripleted F;nvtroitine»taf I»ipact
Statements about its roie in lhe program.

I'he Northwest Vower I'lar'lIilrlg Act was nittiated
to rectif'y the priiblems resulting vvhcn the HTPP
fell apart. 'I'hc utilities  and BPA! sought legislation
which would enable the regiion to meet what was then
perceived to be ctinti»uing growth in load and possi-
ble future energy shorrages. Among the major issues
v hich the Industry ivamed to address v ere. I! some
federal  BPA! role in financing very expensive new
thermal projects; 2! sharing ol'cheap federal power
ro which public utilities had been given preference;
and 3! assurance thar Bnnneville's 13ircct Service In-
dustry  LIS!! customers would have a continuing
source of energy. In the debate over thc lcgislatton,
concerns over public accountability, energy conserva-
tion, and especially fish and wildlife impacts
emerged, The acr which eventually passed addresses
all these concerns. It is something of a co~stit~tion
for Pacific Northwest energy planning and Colurn-
bia River fish and v ildltfe policy. Major provisions

of the act;

l. Establish a regional Pov'er Planriiiig <'ouncil conipris-
ing two represenratives from each of four srates  Idaho,
hntana, Oregon, Washington!. 1'he Council is a
unique instirurion in American government since it
is an interstate organization but it has responsibilities
regarding federal agencies. 'I he Council is responsi-
ble for creating a regiorial Energy and Conservation
Plan which includes a Fish and Wildlife Program. 1 hc
energy plan must give preference to conservation and
renewable resources.

2. Olive BPA the responsibility for meeting the load of
any regional utility which requests power. BPA is also



TABLE 2. MAJOR NORTHWEST THERNIIAL POWER PLAltlTS.'

Total Capacity
 Ntlegatarat tsl'

Principal
Sponsors' StatusFuellocationPlant'

ExistinqNuclearHanford 860

CoalCentralia I Er II Existing1,400WA

Existing2,000CoalWYJ irn B r idge r

Colstrip I Er II 660Coal Existing

OR ExistirigTrojan 1,130Nuclear PGE

ExistingBoardman PGECoalOR

Existinq1,100NuclearWA WPPSS

WPPSS

WPPSS

WPPSS

WPPSS

TMPCo, PS P Er L

Postponed

Postponed

1,250NuclearWA

Nuclear 1,240WA

Ter miria tedNuclearWA

Terminated1,240NuclearWA

Under Construction1,400MT Coal

'Source: BPA Final Role E S f1980!, modified by author.
~Plants marked with an asterisk I'I were part of Phase I of the Hydro- Thermal Power Program.

IPCo = Idaho Power Company T MPCo =- The M on tan a Power Company
PGE = Portland General Electric Company WPPSS = Washington Public Power Supply System

PPEtL = Pacific Power Et Light Company WWP = Washington Water Power
PSPSL = Puget Sound Power b Light Company
'Actual average energy produced will be less because some capacity is for loads outside the region, and plants must be
shut down for periodic maintenance.

given authority to "acquirc resources" to meet those
loads, BPA srill may not actually ov n or build plants,
but it may acquire the output of the plants on long-
term contracts which give BPA the right to schedule
the output. This expands BPA's potential role as the
regional electricity wholesaler.

3. Require BPA's power acquisitions conform to the
Power Planning Council's energy, fish, and wildlife
plans, except in certain carefully defined cir-
cumstances. The re!ationship between the Council and
BPA  also the Corps and other federal agencies! is com-

A c - ~ - - Ti o r ", n wo ~ ant xi arrl ~ oraer

BPA ro do things. BPA implements the plan accord-
ing to its interpretation; however BPA must submit
major purchases to the Council. BPA and the Coun-
cil must also follow procedures that encourage public
participation.

5. Guarantee the Direct Service Indus ries  DSIs! con-
tinued access to federal power. However, rates will in-
crease and no new DSIs beyond the existing  or already
promised! ones are allowed.

As it turned out, the Pacific northwest current-
ly has an energy surplus, not the shortage con-
ternplated in the Power Planning Act. The region
has, therefore, had to face issues which were not ad-
dressed in the Act such as the tertnination of til iPPSS
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WNP 2+

WNP 1'

WNP 3*

WNP 4

WNP 5

Colstrip III Er IV

WPPSS

PP&l, WWP

PPbL, IPCo

TIVIPCo, PSPbL

4. Guarantee public utilities continued ftrst call on cheap
federal hydropower. However, domestic and rural con-
suiners of investor ow~ed utilities also may gei this
cheap power through a complicated energy swapping
arrangerncnt, Rates to traditional preference custoiners
are not supposed ro increase by more than they would
have without the legislatio~.
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 Washington Public Power Supplv System! power
plaiits and the ensuirig financial mess. The Act has,
however, helped defuse some energy issues  such as
access of IOI.' doniestic and rural customers to federal
power!. Another major accomplishment is that it
establishes a regional decisiori-making and planning
systcrn for energ> and fish and wildlife, An exam-
ple of the iriipact is the warer budget for fish which
will be discussed later.

Umil recently fishery policy had little impact on
river management. Fishery policy was mainly con-
cerned with harvest in the oceari and river and pro-
pagation at hatchery and natural sites. While fishery
interests werc very concerned about how, water
managemenr aAecred upstrcarn and downstream
migration and spawning habitats, their influence was
largely restricted to passage problems at dams, and
even here their influenc was moderate. Fcd by
heightened environmental sensitivities and by Indian

Operational decisions in managing the Colutn-
bia River are made in three stages; ll decisioris to
divert water for irrigation and other consumptive
uses; 2! setting reservoir and river flow limits; and
3! management for hydropower  see Figure 5!.

Cortstjrttptive  Ottt of Stream! Uses

!n principle anyone with a valid water right sirnp-
ly withdraws the quantity of water needed for irriga-
tion or other consumptive use, On tributaries with
high demand for water, such as the Yakima, some
process of apportionment between users may be need-
ed. In practice, users must also have the physical
means  wells, pumps, canals! and the financial capaci-
ty to take the water.

Surface water is often taken through large scale
projects such as the Columbia Basin Project. These
projects require complicated administrative and
logistical apparatus. For example, operatio~ of the
Coiumbia Basiti Project iirvoive~ coordinating the
water requests of individual users with the distribu-
tion system managed by three irrigation districts and
the main canals and reservoirs operated by the
Bureau of Reclamation or in common. Once the
water season starts, orders for water are taken each

fishing rights decisions in the courts, fishery use has
recently attained more recogniticn.

Among major concerns ol fishery interests has
been the downstreani passage of luvenile salmon
 rmolrs!. Smolt migration is afTecred by mortality at
darns either from going tlirough the turbines or over
the spillways. Smolt migration is also impaired by
the long period it now takes to get through the slow-
moving pools behind the dams, Fatly attempts to
ameliorate rhis problem included spilling water at
dams  which is usually less harmful than passage
through turbines! and transportation by barge or
truck for release below Boruicvillc  which helps both
dam passage and migration time!. The drought of
1973 dramatized the serious impact of slow migra-
tion on smolt passage. Hy f975. plans began for add-
ed vater flow during th» spring migrarion period.
The I'ower Planning Council's Fish and Wildlife
Program establishes a fish "v ater budget" which for-
rnally incorporates this waterflow into strcamflow
management.

day and the appropriate amount ot water is released
in the main canals and distribured to users by ditch-
riders and water masters of the irrigation districts.

Although large-scale projects like the Columbia
Basin Project are very important, especially in
Washington, most land in the Pacific Northwest is
irrigated in smaller developments by single farmers
or small groups. Much of this acreage is watered from
wells. Well water is withdrawn by the irrigator ac-
cording to individual calculations of cost and benefits,
under the supervision of state water administration,

Table 3 shows the extent of irrigation in the three
Pacific Northwest states.

Reservoir errd River Flow Limits

The Corps of Fngineers is the focus for the next
stage, that of setting limits on reservoir levels and
strearnflows. Each project owner  including the
II~BR. I'IrDs. and some IOUs! manages its own
reservoir, but the Corps has supervisory power in
the realm of flood control and navigation. It also owns
many of the major river projects  see appendix!. The
Corps tnanages reservoirs by setting limits on how
BPA or other power operators may use reservoirs



Figure 5. Schematic Diagram of Columbia River Srroamf low IVlariaqement.

Consumptive
Uses

Instream
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Source: Constructed by author.



TABLE 3. IRRIGATED ACRES IN THREE NORTHWEST STATES, t980, AND POTENTIAL AQDlTIPNAL
DEVELOPMENT, 2000, IN THOUSANDS OF ACRES,

US BR Potential
Served' Additional*Ground' Surface' Combination' Total'

1951.6 1051. 01519.2 4.4 958.0428.0Washington

Oregon 2337.9 524.925.01982.3 335.0330.6

4049.9 1693.5182.7 920.01233. 7 2633. 5Idaho

3269.48339.4212.1 2213.06135.0NW Total 1992 3

'Irrigated Lands in the pacific Northwest, 1980. Prepared by the Land Resource Committee of the PNRI3C for the Depletions
Task Farce of the Columbia River Water Mariagemerit Group, 1981.

'United States Bureau of Reclarnatiori, 1980 Annual Report.
'Whittlesey, N. K., et al. Energy Tradeoffs and Economic Feasibraiy of lrri gorinn Oevelopmenr in the pacifrc itiorrhiriresr, 1981.
Bulletin 0896, Agricultural Research Center, WSLL

hydropower, the next paragraphs describe
hydropower management in some derail.

Management for Hydropower

The final stage of Columbia River operations is
hydropower production. Control for hydropower is
adttunistratively cotnplex because of the large nutnber
of entities involved. It is also logistically complicated
due to coordinating a large hydraulic system with
the region's other power sources and matching both
to energy demand. Due to the itnportance of

"BPA markets Corps and USBR generated power in rhe Pacific
Northwest. Also BPA scheduies power production for these
plants based on memoranda of agreemem and consultation with
the other two federal agencies. Therefiore, the Corps and USBR
acttrafty operate the reservoirs, but t hey fog ow BPA leadership
for power produ.ction.
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and streatnflov s for generation," These include pro-
ject operating limits listed iii manuals whose writing
begiris v'ith the design of the project. Adjustments
in the form of'"hard" and "soft" constraints are inade

by the Corps' Operations Center  Reservoir Control
Center in Portland! and transmitti:d io the BPA's
Operations Center  Dittmer Control Center in Van-
couver, Washington!.

The tnajor concern of the Corps is flood control.
Of all lhe water uses, flood contr<il has the highest
priority. I'sually, however, operations for flood con-
trol are consistent wirh other uses, notably power.
Hood control regulat.ions or "rule curves" are
generated by computer models based on past ex-
perience and revised according to current weather
and water runoff projections. h flood control rule
curve indicates what elevation a reservoir must. have

to leave room for incoming ffoodwaters,

Physical aspects of hydropower manage-
ment. %'htle Columbia River hydropower provides
three-quarters of the Pacific Northwest's electrical
needs, the river Aow is not naturally suited to this
task, Adjustments must be made to march hydro-
power prodttction with thermal production and
energv deniand, Two characteristics of the natural
river system determine the adjustments which must
be made.

First, the natural strearnflow of Columbia River
peaks in the spring when the snow ntelts. The highest
demand for electricity occurs in rhe winter, however,
when electricity is used f<>r heating. To same extent
winter loads can be met by increased thermal  nuclear
and coal! production, Iiowever, it is not economic
to build thermal plants v hich remain idle most of
the year. Their large capiral costs must be paid even
during periods of inactivity. %Pater, in contrast, can
be stored from the heavy spring runoff for use dur-
ing the following winter's peak load period, This pro-
cess of shuping the streamflov' to energy demand is
illustrated in Figure 6.

The second characteristic of the natural

streamflow is its large year-to-year variation in
volutne. Adding to the problem is the difficulty of'
pteutrcirrr u "i " ii ' ir .~~~ i ~ ihar rhea niaorr92 t rg! rllrt.jl 4 J
for a particular year will be. This variation and un-
predictability make the Columbia River an unde-
pendable source of power. Some river systems are
able to greatly minimize uncertainty by storing large
quantities of water from abundant years for use dur-



Figure 6. Natural and Regulatetl Strearnflows.
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Annual blaturat Streamf low
and Power Demand Patterns

ing drought. Storage for the Columbia River, how-
ever, amounts to only some 407o of annual average
streamflow in contrast to 386% for the Colorado or
310'Yo for the Upper Missouri.ts Therefore, other
methods must be used to adapt to these yearly
fiuctuations.

The task of matching hydropower production to
therinal production and energy demand, and of'deal-
ing with the two difliculties just described is under-
taken in three steps: ll annual  seasonal! operations
planning; 2! intermediatetmonthly operations plan-
ning; and 3! daiJy scheduling and dispatch, The ma-
jor overall decisions are tnade during the annual plan-
ning process,

Annual planning shapes hydropower production
to the seasonal pattern of electricity use and
establishes a level of electricity which can be assured
 dependable or firm ertergp!, The key activity is for-
mulation of a nutnber of guides, called rule curves,
by which storage reservoirs will be regulated,

To assure that the energy they are expecting the
hydropower system to produ.ce will be guaranteed,
the energy planners explore the historical records to
find how tnuch water would be available during a
"worst-case" droueht. Thie wc rst-case scenario,
together with whatever water would be available from
storage, establishes a ininimurn level of water which

J F M A IVl J J A S 0 tel D

will assuredly be available to produce electricity. 'I he
historical period ol'drought is called thc crirical pertttd.
The atnount ol energy which cun he produced us-
ing these mitiirnum srreainllows and storage water
is called dependable or firm energy. In nornial years,
streamflows wil! be higher, making possible produc-
tion of strrplus or secondary energy.

The criricttf rtt/» rtrrve describes, on a moiith-to-
month basis, liow reservoirs must be operated ro use
critical period  minimum! srreamflows and storage
to produce energy shaped to seasonaJ use. Critical
ruJe curves are specified for each reservoir in terms
of a monthly minimuni elevation in I'eet. Figure 7
shows a critical rule curve for a reservoir In effect,
the critical rule curves ration water so that operators
do not draft their reservoirs too deeply early in the
year and then have too little left. if critical  drought!
conditions shouJd occur later."

Once critical rule curves are calculared to establish
thc amount of firm energy, another set of curves is
calculated to guide overall energy production, firin
and nonfirm, The premise of this phase of planning
is to assure that reservoirs will be filled by the end
of the year.  Critical rule curves would empty all
t'cs I voira by tlat< etttI of tlie criiicai period.! I'irst an

"Critical rule curves are also specifted for each utility and for
the overall, coordinated Pacific Northwest system by corivert-
ing feet to units of energy and adding up the energy available
for each reservoir.



Figure 7;
CRITlCAL RULE CURVE AND ENERGY
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assured refrllcurre is calculated based nri p»t icct» ds
The assured retill cui ve, if follow cd, will 'u;if ariIcc
that the reservoir will be refilled 95"rtt of the tiinc.
 The assured curve i» sometime~ also called the h;isc
errergy COrrrenr Crxrr'e.!

Note in Figure 7 that the hase eriergy conte»t
CurVe iS eVen mOre COnserVative than the Critical rtrle
Curve; it permitS even leSS water to he draWn Itui ot
reservoirs. However, as the year progicsscs, inf'or-
mation about snov'pack, weather, and streamtlow
tnakes predictioiis about act'ua! strcamflows possible.
In typical years, expected streamflows will bc higher
than drought conditions allowing reservoir operators
to draft their reservoirs deeper thari the assured refill
curve or rhe critical rulc curve and still guaranrce
that reservoirs v ill refi'll. Revised regulations b:ised
on such predictions are called variable retill or
trrrrr'ab!c encrgv corri crit currier,

This introduction to the language and concerns
of energy planners simplifies and omits many details.
Keep in mind that v hile the discussion has been
largely in terms of one reservoir, in acruality
engineers must devise an annual plan that coordinates
all the reservoirs on the Colutnbia River. The rask

becomes very complicated indeed.
Other considerations such as flood control and

the fish water budget must be factored inro the
hydropower rule curves. These concerns are superim-
posed on the hydropower regulations in the form of
hard and soft constraints. For example, flood con-
trol rule curves require reservoir operators to reduce
elevations to make room for possible spring Hoods.
Flood control instructions take precedence, So an
operator must evacuate the reservoir, if so directed,
even if the dam inust spill water instead of produce
salable hydropower.

The fish water budget also takes precedence over
energy requirements. The water budget requires
energy operators to allow more spring runoff to pass
through; that is, to store less water for the winter
season. While these strearnflows may often be used
to produce hydropower, this output is at a period
of low demand. It must be sold at low prices, while
more expensive energy is bought in the winter to
replace what might otherwise have been produced
from stored warer.

The various rule curves constitute the core of an-
nual operations planning. As noted before, annual
planning is done on a coordinated basis for the en-
tire PaciTic Northwest, Once annual planning is com-
pleted, operational activity returns to the individual
utilities, including the BFA-managed Federal Col-

iinilt.:i Ris cr 1 itw cr' hvs;cnr. I hc ir.divi<lu;il »I ilir ics
I her1 I inde rt;ik : t:riel incur;ite ! t lanni rig arid dint 1 V
Scheduling In are nrd:trine SV»h the rcgiun,il ann!ia!
opcI'itt liinS pi Jrl ariel v Ji it>uS .Igi ecmcnts. 9 c IIOiv
tin I1 lit a hr let if vs  f lilt lit li  lf t he Inst ! t llinlns W I'IICh
fa< ilirate rhc coors»rioted aipcratiiiii ot rhc utilities.

Institutional aspects of hyefropower
mallegel11ent. 1 hicc;Igrecrnc lira pnivid : Ihc l!JSIC
iiistituriirnal st! uclilrtr fiir coordiil;ttit1I thc ri.gionaf
urilrticS. I'igurc 8 Shi!ws tf!csc 11grci'111eilts ariel the
arraitgCIIicnts thi'y est.'Ibfish.

Thc Coliiriihiii Riser I reaty is an internatiollal
treaty; it provides tOr the c<irisrruCtinn, finarreirtg, rind
opcrationof the three liirgc storage reservoirs in
Canada aiid iinc in tft l.trirtcd St;ties svhicft extends
into Canada  see I'ig. 1 and;Ippcndrx!. ' Vhcsc C:ina-
dian projecrs provide aln1ost haif the total storage
on thc Coluiribia.

The other t wo InajOr ai,'reenients are the
framew.ork for coordinating operarion olall thc other
dams and reservoirs. 'I'he Northwest Ccordination
Agreement is a forrnal contract which binds its
nternberS tO Certain prOCedureS, inCluding Some
described previously. I hc Norrhwest Power 1'ool
 NPP! is a voluntary assiiciation which also estab-
lishes a set of agt'ecd-upon procedures.

The annual planning process describi.d earlier is
orchestrated hy the Coordinating Group, engineers
working f' or thc Northwest I'ower Pool. 'I'hesc
engineers coordinate regional annual operations for
the Northwest Power I'ool and the Coordination
Agreement sttnultaneously. Their planning is based
on data provided by the individual utilities. The pro-
cess itself involves a series of steps in which data and
results are comnuinicated back and forth between the
Coordinating Group and individual utiliries. BPA
and British Columbia IIydro and Power Authoriry
plan separately for the Canadian storage projects, but
these plans are coordinated with and incorporated
into the regional plan.

This framework allows the production facilitics
of all Pacific Northwest utilities  hydro and thermal!
to be integrated as if there were one giant utility.
At the same time the separate utilities maintain their
individuality. Implementation is made possible hy
transfers of energy between utilities, This allows use
of generating resources according to the most effi-
cient regional plan, regardless of ownership, If utility
A needs power but its reservoir is not scheduled for
drawdown, it can get power elsewhere which it will
return later,

t8



Figure 8. Management Structure for Pacific Northwest Energy Operations Planning.

Source: Constructed by author. Dotted lines indicate membership.
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SUMMARY

Columbia River management is a complicated
system composed of many people and organizations
involved at several levels. Fed by precipitation and
snowpack melt, the streamflow is managed daily at
the operational level to regulate storage and diver-
sions for consumptive uses and instream uses. 'I hese
day-to-day operations are guided by middle-level
policy decisions f'ocused around competing use areas
such as navigation, irrigation, power, or fish. These
policy decisions are made, by the respective jurisdic-
tions and agencies, within a context of rules estab-
lished at the law-making level.

The Northwest I'ower Planning Act calks for rnos 
competing uses to be taken into account. It also man-

dates hroadcriecl cltizeil pai! lan <pat «iii lil rltaii;igeitieiit
decisions. Th<i e immediately iiiv«iced iii the three
levels of deci i<m-making have acce s .i<id kr«>wl< dge
which mak» tlieir voices carry »tore weight than tlie
average citizen. Illrimately, howe  r, all ie icleiits
uf the I'acific hlorthwest li;lve iii<icli ai  'I;Ike clt lier

con i<incr  «f elect<' ll.'!tv <il a  risers ot <it her  ,<il-

Urttbia River resources � f l sit. Jrrigat i<<�, I'I;i v!gat i<1! 1,
recreation, municipal:ind i»dtr <rial w;tier  upplv,
or aesthet<c . Hy ourliniiig a»d e plaiiiing the three
levels of decision-making, thi  publication ha ,it-
tempted to provide an introductory roadntap for»tore
eflective participation in nianagement of the iL:of uiti.
bia River.



APPEIEEIOIX

Acronyms Used

BIsA � H»ilnciille 1'ilwcr Admi»isrra ion
CRlRl'1'--  '.LEILIEIEBLI Rll'ci lns talon PIOteCtl in Prugrani

 '4'ashiiig  In 1
l!h[ � I!II ei  bi'ri ice IIEdlis le
I:,[S � I:.nv irorime»i lit Imp,IL'I St atcirlcn 
FCRPS- I-'cdcl,il CttlLLIEEfiLE River POV er SVSteni
FLR , � Iicderlil 1 nerl'v Regula orv  .oltltnlss!Oil
I-ITP1' � 1liciro-'I hemi.il 1'ov cr Program
10ll � Invcstilr Oivnctl lit llity
JPPC- Join  I'iiivei Planning Council
N F.lsttE � Not ion 11 Ettvirun»lcrltal 1'rO ection Acl
NMPS � Naiinnal Mar iric 1 ishcries Services
NPP � MLEr hwest 1'ower Pool
PNRBC � Pacitl- Vorthv est Riiel Basins Corilnlission

 defunct!
PNI, C ; I'L1cillc Noi thivesi Utilities Colifcreni.e

Commit tee
PUD � Public  I'copies! It iii y 1!istrict
IESBR � '1lnited S ates Bureau of Reclamation

Glossary*

.Rilodrttrtttiul Pish. SpeCieS of fiah that reprOduCe in 1'resh
water but ma urc iii the ocean such as salmon and
steelhead tr uut.

Approprt'si IIIII Dtsctrtrte. The water rightS prinCiple that
assigns rights to the first party to appropriate  divert!
Wa er and put i   O henef Cial use: "firSt in tinte, firat
in right."

Assured Refill Curw, In hydropower operational planning,
the guideline which, if follov.ed, assures that reser-
voirs v'il! he refilled given a severe drought condition
 energy content cur ve!,

Berreji'ct'al Use. A principle that requires water be used
in a socially approved manner or else be lost. Usual-
ly defined by state law.

Capaet'ty. In power operations, the greatest load which
a piece of'equipment can safely serve.

Cri'rical Period. isLIIaximum firm energy-producing capabili-
ty of the present sysrem under "worst case" conditio~a
using lowest historic streamflows and current storage
capacity. The critical period most used in current
planning reflects the 42II~ months of lowest water con-
ditions on record  August 16, 1928, through February
1932!,

Crsisct I R rile Currte. In hydropower operational planning,
the guideline which, should the historicaliy worst case
 tnost severe drought! occur, rations drawdown odown of

water so firm loads can be met throughout the period.
energy The ability to do work; the average power pro-

duced over time  average generation!. 1 IIeasured in

kl ILssv a 1 I InELBL'..EVE .It I ! liiiui! Lii,ii < i,l CL 1' l l Lt W It t s
 nie I'.Iw,lt 1 s!

I'Iiii'll''v   rtiiti'iit   iii "Y. In llvillii'1'iiii'li'I tilii;I.II II'i»ill Pl»i
 he t,'Lllilchnc u ills h. Il fiilliiu I'il.,lsslites I hill

I I serve» s Will lie r L'f il1ri'1 g tv I it .I ~L'92 i'I i: ilr oil ghi «sn-
dlt»in tf.taslired refill i Lir Vi !

I'll'iii Iettt ~L'v I'.Ilerl'1 In i.'liili'il  I'if'Its'i' .Issitl oil .Ii.lllalilll-
IV  O !he I:usliiniel la ll'I dliil'iiwi'I,  ii»1 energV IS
Caliula ed uilne ihi: . r» I..II iiili, »I l is

I.riii I I he alniilllll »1 i'lL'i I I li,il Ciiei i'i ! Li lii: de!Li Cri'il,ll
J L',li cn Piilli .

Ri'i I-it J ll .iri i IL'Ichr Art,LIL' ll '1'Lli it i .Lsiih liv tile 1
I'LieeI nine»  Is> nli'i't:Iecili iin I.iiiils Ihi lcili'I al eiiiein.
IELCIEt rear i ev iiil liLllilii lives»ii hlill lip 1 I'iifi.ln
rOsCI'I al luna.

R»li  ;u>nt t.  irapliis e»iihs It»fit i»i ii.' srorid «Li cr
Whll'IE  tel lnt ' hc ! Iehts, hillif,il titus,liiil iilili},'.ll ines

f Lil the I L'ii'ri iiil.
.Sh»t I!lg  92. 1»n" i ilf Igi' Iii iif EILst litt.' I'.» Ii:In iii pit sv Cr jil ii-

dui' Ion tu thc li,l! Liril iil I»i«1
Stilt tl!s. Jiii anil  s lli»i»i .inil it co lb;,iil,l»i iilg t licir inigra-

tiiin diiV ri r»er IO!he OiCLiii
Surplii' I:ni'rite l.ocr l'V 111.1! Lliies niil h.lii;lssilred

availahilirs. ir is.iv,L:hlfsfi Li»ilii i«iii drii«ghi cnildi.
 ir»is filiirl-lit»1 cori gy, seen»,l»lb rlleruV!.

I'Oriithl< I:Itt'rt,'E  :i rii<rii  .Ii. i'i' lii llidittpttsir, the real:r.
Vila I'.»Idehne 'Whleli a ifttWS dl,tu'tfitVL n iif the re!Lct-
Vnn flit elicigl' petdLIC ltiii, piiti tiled,l 961'tv filiibabili.
ty nl' retillin ' Ihc Iescrinir L»IE bc predicted in the
las  hall rif thc v .ircr vila li,triable Ii.till curve!

I"hee'I»y. Uac O  trans»iisslun f»L III «s ol oiii. iiiility IO
transnlit the power Of .lail liii,»liithcr system
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CPLUIVIBIA-SNAKE RlyER SYSTEM MAJOR DAMS AND RESERyOlRS

Owner/
Sponsor'

Storaoe Plant Capacity Authorized
Capacity {sfd.p Maximum  MW! Purpose'Streamproject

Columbia

Columbia
Columbia

Columbia

Columbia
Columbia

Columbia
Columbia
Columbia
Columbia
Columbia

Coluinbia

CE

CE
CE
CE

Grant Co. PUD
Grant Co. PUD

Chelan Co. PUD
Chelan Co. PUD

Douglas Co. PUD
CE
USBR

BC Hydro

71,500
26,470

269,700
93,300

81,171

5, 547
18,150
37,500
97,000

2,638,000
3,580,900

960
2,047
2,484
1,127

912
986"
681"

1290'

820
2,482
6,525'

P,R,N
P,R,N

P,R, N,F,PS, I
P,R,N

P,R
P
P

P,R
P

P,R
P,N,F,PS, I

F,PS

P,F,PS3,556, XOBC HydroColumbia

F,PS
P,R,N,F,PS

P,R
P,R,N,F,PS

P

P,PS
P,PS

P,N,F,PS,I
P

P,l
P,R,N

P,R,N,I

BC Hydro
CE

Seattle City Light
CE
WWP
WWP
TMPCo.

USBR
USBR

IJS BR
CE
CF

705,800
2,487,300

13,644

Duncan
Kootenai

Pend Oreille

Pend Oreille
Clark Fork
Clark Fork
Flathead

S, Fk. Flathead

Yakima
Yak ima
Lower Snake
Lower Snake

655
49

230
554
180
328

12.9
13.0

695
932

21,560
116,300
614,700

1,515,000'

12,500
10, 100

P,R,N
P,R,N,F

932
932

25,000
26,700

CE
CE

450
220
675

10

1,016,000
5,900
2,500

490,125
9,800

29. Hells Canyon
30. Oxbow
31, Brownlee

32, Black Canyon
33. Boise Diversion
34. Anderson Ranch
35. Minidoka
36. Palisades
37. Pelton

38, Round Butte
39. Big Cliff
40. Detroit
41. Foster
42. Green Peter
43. Cougar
44. Dexter

45. Lookout Point
46. Hills Creek
47. Merwin

34.5
15.6

135
108
300
21

115
?3
92
28.8
17.2

138
34,5

145

213,300
48,000

605,000
1,915

138,260
1,150

160,500
,~ i~nr~!

156,300
76,750
2,430

168,200
121,670
132,970

1. Borineville
2. The Dalles

3 John Day

4, McNary
5 Priest Rapids

Wan apurn
7. Rock Island

8. Rocky Reach
9. Wells

10, Chief Joseph
11. Grand Coulee

12. Keenleyside
IArrow Lakes!

13, Mica
 Kinbasket Lake!

14. Duncan

15. Libby
16. Boundary
17, Albeni Falls

18. Cabinet Gorge
19. Noxon Rapids
20. Kerr

21, Hung ry H or se
22. Chandler

23. Roza
24. Ice Harbor
25. Lower

Monurnenta I
26. Little Goose
27. Lower Granite
28. Dworshak

Lower Snake
Lower Snake

N, Fk.
Clearwater

Snake
Snake
Snake
Payette
Boise
Boise

Snake
Snake
Deschutes
Deschutes
No. Santiarn
No. Santiarn

So, Santiarn
Mid Santiam
McKenzie
Willamette

Willamette
Willamette

Lewis

CE
IPCo
IPCo
IPCo
USBR
USBR
USBR

IJS BR
USBR
PGE
PGE

CE
CE

CE
CE
CE
CE
CE
CE
PPBL

P,R,N,F,PS
P
P

P,F,PS
P,F, I

P,l
P,F,PS, I

P,PS,I
P,F,PS,I

P

P,PS
P,RR

P,R. N,F, PS, I,W
P F I RR

P,R,N,F,PS,I
P,R,N,F,PS

P,RR

P,R,N, F, PS, I,W
P,R,N, F,PS,I,W

P,PS



COLUMBIA-Silt!AKE RIVER SYSTEM MAJOR OAMS AND RESERVOIRS � CONTIAIUEO

Owner
Sponsor'

StoraIIe Plant Capacity Authorized
Capacity lsfd.!' Maximum  IMIW! Purpose'Project Stream

48. Yale
49, Swift fff
50. Mayfield
51. Mossyrock
52. Swan Falls
53. C.J. Strike
54. Bliss

56. Lower Salmon
Falls

56. Upper  AEtBI
Salmon Falls

57. Shoshone Fails
58. Twin Falls
59, American Falls'

I ewis
Lewis
C owl I tz
C owii tz
Snake
Snake
Snake

PPEr L
PPEr L

Tacoma City Light
Taconta City Light
IPCo
IP Co
IPCo

95 600
225 360

10,778
704,089

3,450
20,000

'I,200

132
268
384
]33
12
89
80

P,PS
P,PS
P,RR

P,I,PS

P P P
Snake IPCo 2,800 70

Srtake
Snake
Snake
S naike

IPCo
IPCo
IPCo

USBR
IPCo

600
280
450

753,837

39
12.5
100

P P P
I,F,PS

P92.3

SOURCE: hlotthwest Power Pool, Operations Review for 1981-82. Feb. 1983, Table F; and BPA, flifrjftipurpose
Dams of the Pacific IVonhwest, Sept. 1982

'CE � Corps of Engineers
IPCo � Idaho Power Company
PGE � Portland General Electric Company
PPEIL � Puget Power Er Light Company

TlylPCo-Tfte Montana Power Company
USSR � Bureau of Reclamation
WWP � Washington Water Power Company

'Sfd lsecond-foot dayl � Volume of water which passes a point irt a day if the rate is one cubic foot per second lcfsl. One
acre foot = .50417 sfd.

tF � flood control
I � irrigation
N � navigation
P � power

PS � power storage
R � r ecreation
RR � reregulation for up-stream dam
W-- water supply

'Idaho power Company owns the generating plant located at the USBR's American Falls project.

Pre-encroached: actual capacity reduced from that shown by loss of head due to encroachment of downstream
poofs or taifwaters of indicated projects.
8PA uses storage capacity of 1,593,600 sfd in power studies.
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