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The Pacific Northwest
Coordination Agreement is a
complex arrangement for the
cooperative operation of the
Northwest's major hydro-
electric facilities. Through
this arrangement, the
region’s major generating
utilities gain many of the
benefits they would realize
if the Northwest's hydro
system were a single utility
managed by a single owner.

Power System
Coordination is intended to
provide an overview of the
Northwest's power system
and an introduction to
current coordinated hydro
operations. [t begins by
considering coordination
itself and then takes a look
at the Columbia River,
the resource that gives
substance to regional hydro-
g£lectric coordination. It next
examines the elements that
either spurred or impeded
river development over
several decades, culminating

with the Columbia River
Treaty, the framework for
[7.5.-Canadian development
and management of the river.
And, finally, it provides a
detailed look at PNCA itself:
its concepts, features, prior-
ities, planning tools and
operating procedures,

Why Coordinate?

Regional coordination of
hydro resources did not begin
with PNCA. Power managers
have long recognized the ben-
efits of joint planning and of
inter-system power transfers,
and the region has had its
share of bilateral arrange-
ments and voluntary efforts.
But prior to PNCA, there was
no comaitment Lo coordi-
nated storage operation and
no mechanism for assuring
the transfers of power
needed to take advantage
of diversities,

And it's diversities
that make coordination
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Grand Coulee in northceniral Washington, completed in 1941, is one of the earliest of the Northwest's

advantageous. In fact, the
benefits of coordination are
directly proportional to the
amount of diversity.

Why would anyone be
interested in transferring
power il local demand for
electricity always matched
local supply? How much
power would be available
for exchange if all regional
streams were replenished to
the same levels al exactly
the same time? Fortunately
for the Northwest, this
region’s climate, geography
and population patierns
combine 1o create remark-
able diversity. West of the
Cascades, stream flows peak
early in the year, usually
because of heavy rainfall.
East of the Cascades, rainfall
is sparse and stream flows,
fed primarily from snow-
packs, peak later. The west
side has the most people; the
east side, the biggest dams.
The region’s dams differ

| not only in size but in refill

—

many hydroelectric projects. Together, these diverse projects provide the foundation for hydrologically

linking the region



Libby Dam in northwest Montana was not completed until 1975, It is one of four slorage projects made
possibie by the Columbia River Treoty and the drive for expanded river storage that directly stimulated
regional coordination.

S il

The Pacific Northwest is marked by extraordinary diversity in
topography, climate, population, and demand for electricity
Moisture-laden clouds off the Pacific Ocean feed deep snowpacks
that recycle this moisture each spring. A network of rivers, fed by
spring rain and snowmell, gives the region the nation’s greatest
hydroelectric potential

The Pacific Northwest Coordination
Agreement, PNCA, outlines water
storage and power transfer rights
and obligations — the keys to
regional hydroelectric coordination.



The Columbia River Basin
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The Columbig-Snake River is the Northwest's premier natural resource. Streiching from the Rocky Mountains to the Facific Ocean,
it extends info six states and one Canadian province.
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characteristics and type. Some
nm-of-river dams impound
only a few acre feet of waler
while certain storage dams
hold millions of acre feet. If
a single owner controlled the
Northwest's hydroelectric
facilities, all regional uses
might be viewed as a single
load and all projects might be
operated with this single load
in mind. Coordination seeks
Lo gain the efficiencies and
economies of single owner-
ship while retaining sutonomy
for each individual system
The problem has been to get
agreement on a series of nghts,
obligations, and payments
governing the participants’
power production and supply.
The Columbia Basin's
resources made it eminently
worthwhile to coordinate

Pacific Northwest streams and rivers combine fo provide 18,500 averoge megawatts of energy annually, three-fourths of all electricity used
in the region

SOme power operations

The power resources that
came 1o be developed in the
Northwest include a sophis-
tcated regional transmission
grid (14,779 miles (23 646.4
km ) owned by the Bonneville
Power Administration alone),
255 hydro projects, an aver-
age of 18,500 megawatts (albW)
of annual hydro generation,
and 55.3 million acre-feet
(MAF) (65.2 bhillion m®) of
reservolr storage on the
Columbia and Snake Rivers,
But even before these

resources were developed,
POwWer managers were awed
by the potential — and
problems — inherent in

the region’s premier

matural resource; the
Columbia River.




The

The Columbia River is the
answer to a power manager’s
dream — and nightmare.
First, the dream. The
Columbia River is a power-
house. Among U.S. river sys-
tems, its natural runoff is
second only to the larger
Misscuri-Mississippi system.
Its source in the Canadian

portion of the Columbia Basin |
helps to explain its enormous |

potential. There, lofty moun-
tain ranges mercept moisture-
laden clouds off the Pacific
Ocean. The clouds give up their
bountiful moisture, mainly as
snowfall that accumulates in
seasonal snowpacks, These
snowpacks act as permanently
renewable storage batleries,
accumulating water in

successive winters and
releasing it every spring,
summer, and fall. They
feed lakes, streams and
river systems, most promi-
nently the Columbia River

which originates at Columbia

Lake, 200 miles (320 km)
north of the U5, border,
Throughout the Pacific
Northwest, but particularly
in the Columbia Basin, the
marriage of topography and
meteorology gives the
Northwest region 40 percent
of the nation’s hydroelectric

| potential. Hydropower,

which once furmished nearly
all the electricity in the
Northwest, still accounts for
76 percent on average. That's
the power manager's dream.

| The Errafic River

On the other hand, there's
the nightmare. The Columbia
River's natural flows are
extremely ermatic, from year
Lo year and season to season.
At The Dalles, Oregon, record
flows range from 1,240,000
cubic feet per second (cfs)
(34 720 m* per second) at the
peak of the June 18 flood to
a low of 36,000 cfs (1008 m*
per second) in December
1937 a ratio of 34 to 1. The
natural flows at the U.5-
Canadian border are even
more erratic, from 680,000 cfs
(19 40 m’ per second) in
June 18 to a winter low of
13,000 fss (364 v’ per second);
a 52 to 1 ratio. Compare this

Columbia
River

Cornucopia

The many tributaries of the Columbia-Snake River system all end as one large body of water. At Astarig,
Oregon, where the Columbia enters the Pacific Ocean, the river is 3/ miles (5.6 km] wide and has an
average annual runoff of 198 million ocrefeet (244 billion m?). Among U.5. rivers, it is second only to the
Missouri-Mississippi system in runoff



Comparison of Major U.S. Rivers
Length, Storage, Annual Runoff and Elevation Drop
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It is the lorge volume of water passing given points aleng the Columbia-Snake Rivers thot is so valuable lo river plonners and users. Although
the Columbia River folal storoge compares favorably with other large U.S. rivers, its runoff is significantly larger than ifs storage capocity as
compared fo the Colorodo or Missouri which have annual Rlows less than storage capocity.

to the 240-1 natural ratio of a
river like the St. Lawrence.

while not so extreme, are Most Oﬁt fhE COIUI"I"Ibiﬂ’S

e et e natural flow occurs when

Ksinci flow ot e the hydroeleciric power
six warmest months. .
unfortunate for two reasons:

(1) summer flows are a

major cause of floods, and

(2) the region’s heaviest

water nnoff — and greatest

natural hydroelectric

potential — coincides with

the period of lowest North-

west power use. Thus, the

river's natural flow patterns

make it difficult to control

floods and to meet high

power needs in the winter. %



Toward
Coordination

Why wasn't the river
hamessed earlier? Regulat-
ing the river's flow — storing
high runoff to avert floods
and releasing it to meet
winter's peak lighting and
heating needs — would
seem eminently logical. So
would coordinated storage
and operations. Yet, these
approaches were not always
self evident or viable,

When it came to devel-
oping the nation’s rivers,
political parties and adminis-
trations differed in their
views about the appropriate
roles of the Federal govern-
ment, public agencies, and
private investors. Moreover,
in the case of the Columbia
River, part of its potential
development required joint
U.S.-Canadian planning and
agreement. Canada accounts
fpr only 15 percent of the
area of the Columbia Basin,
but it is the source of 30
percent of the Columbia’s
average flow and 55 percent
of its peak flood flow
measured at The Dalles.

For a long time, low
demand for electricity made
large-scale hydroelectric
development an academic
question. Although small-
scale power generation
cropped up throughout the
country in the 1880s and
'00s, electricity was techno-
logically unavailable,
physically remote, or
economically beyond the
reach of most Americans
well into this century. In
cities and towns, power
costs were many times
current charges. In most
rural areas, there was no
electricity at any price.

When the region’s first
modern dams were built,
Depression-era construction
Jjobs seemed a more tangible
benefit than electricity of
doubtful marketability.

The 1930s:
A Conservative

Approach

In 1938, the Corps of
Engineers completed the first
phase of the Bonneville
project — the first Federal
dam on the mainstem of the
Columbia. This phase con-
sisted of two generators with
a combined capacity of 56.4
megawatts (MW), about a
sixth of this project’s current
rating but in the view of many,
a wasteful excess. In an
article titled “Dam of Doubt”,
a national magazine predicted
all this Bonneville power
“would never be used.”

The region’s population
was small, per-capita energy
use was modest, and indus-

| try was not widespread.

There was very little data
aboul energy resources
and demand. It was believed
that future needs could be
met with low-head, run-
of-river dams, like the
Bormneville Praject.

Federal agencies
focused their attention on
lower Columbia navigation,

| Storage dams didn't yet exist

to alter Bows, so floods were
partially contained with
local levees.

The 1940s: A
Watershed Decade
— a War, a Flood,
Changing Views, and
Changing Practices

During World War 1T,
economic activity — and use
of electricity — increased

= LA

Dust Bowl farmerrefugees were a hallmark of the nationwide

depression of the 1930s. The depression also meant ioo litle
household income to buy electric appliances and too litle capital
to expand industries and power sysfems.



dramatically. In 1942, a
Federal agency, the War
Production Board, directed
utilities across the country

o cooperate, interconnect,
and pool their operations

to meet increased electric
loads. One result was the
Northwest Power Pool. After
the war, the Pool continued
as an informal, voluntary
association to collect oper-
ational data and provide
guidelines for power system
operations and operations
planning. But it could not
ensure coordinated operation
of independent utilities.

The physical means to
coordinate and transfer
power were becoming
evident, though. The
Bonneville Power Adminis-
tration (BPA), the Federal
agency created in 1937 to
market power from Federal
projects in the region, began
work in the 1940s on an
intricate regional transmis-
sion grid. Lines from the
Bureau of Reclamation's
Grand Coulee Project, the
region’s first major storage
reservoir, crossed the
Cascades, and BPA lines
were interconnected with
Idaho Power lines at La
Grande, Oregon.

Data needed for coordi-
nated planning of the region's
hytro resources also became
available: annual regional
load forecasts and annual
resource planning studies.

The International Joint
Commission (LIC) considered
how the 1.5, and Canada
could improve uses of the
Columbia. And the Cormps of
Engineers, the Bureau of
Reclamation, and BPA
examined the possibility of
building additional upstream
dams — dams hig enough to
store, and selectively release,
much of the seasonal runoff
from snowmelt. The end of

-

Beginning in the 1920s and 30s, many utilities sold electric
oppliances. Household use of electricity increased dramatically
throughout the region until per capita consumption leveled off
in the 1980s.

I

World War Il altered the Northwest economy. In the 1940s, the U.5. needed aluminum to build planes

and ships, and aluminum required huge quantities of electricity. Thanks to abundant, low-cost electricity,
the Northwest was a natural home for aluminum smelters.




Fifieen people lost their lives in @ 1948 flood that leveled the cily of Vanport, one of Oregon'’s largest cities at the ime. The disaster spurred
development of storage dams large enough to hold back potential floodwaters.

10

the decade dramatically
underscored the need for
such control

Flooding Takes a Toll

Typically, the Northwest
has two flood seasons —
winter flooding caused
principally by heavy rainfall
west of the Cascades and
spring/summer flooding cansed
by snowmelt in streams origi-
nating east of the Cascades.
Until the 1860s, periodic
flooding was a chronic regional
problem, particularly in the
lower Columbia.

The problem was exacer-
bated whenever rains and
snowmelt coincided — as they

did on May 30, 1948, Before
this Memorial Day flood,
18,000 people lived in
Oregon's newest city —
Vanport — located at the
confluence of the Willamette
and Columbia Rivers. Thal
day, the Columbia reached
a peak flow of 1,010,000 cfs
{28 280 m" per second) at
The Dalles. The flood wiped
out Vanport, inundated
256,000 acres (101.2 lan),
and took 15 lives.

The flood motivated
regional interests (o request
that the Corps of Engineers
step up investigations of
additional reservoir storage.
That October, the Comps
reported that upstream

storage could halve the
Columbia's peak flows and
mare than triple its low
flows. In other words, the
river's unregulated 34-to-1
flow could become a regu-
lated 4-or-5-t0-1 flow. In 1950
Libby Dam was authorized,
contingent upon Canada
granting approval, too,
inasmuch as Libby's reser-
voir would extend 42 miles
(67.2 km) into Canada.

The 1950s:

Some Pieces

Move into Place
Politically, the 18950

were a time of retrenchment
in Federal power initiatives.



The Federal Transmission System

BC Hydro

To Pacific Gas &
Electric, Wastern
Area Power Admin.,
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A 14,779mile (23 646.4 km) Federal iransmission system facilitates the transfer of electricity throughout the Pacific Northwest. Major
transmission fies connect the region to California and provide occess fo the Southwest. The Northwest system also has major fransmission
inferconnections with Canada, ldahe, and Monfana,

The Truman Administration
tried but failed to increase the
region’s upstream storage, and
the Eisenhower administra-
tion focused on private
development of major projects.
At the same time, the
region's transmission grid
grew, making widespread
transfers of power possible
throughout the region.

Power transactions and
operations became
increasingly complex as
non-Federal prajects were
licensed and built downstream
from Federal projects. Three
Washington public utility
districts (PUDs) were plan-
ning to build four large new
dams on the Columbia and
sell much of the power

to other regional utilities —
utilities that would share in
the rights and obligations of
the PUD dam-builders.
Bilateral or trilateral
arrangements demonstrated
the potential benefits of
A 1958 contract covered
some aspects of coordinated
operation for Washington

1"




Hydroelectric Projects Owned by PNCA Parties
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PNCA studies include power generation from 120 hydroelectric projects ewned and operated by PNCA parties.
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Water Power, Pacific Power,
and Idaho Power. And BPA
and Montana Power entered
into a contract regarding

the draw-ing down of
Flathead Lake.

Sustained progress was
made toward .S -Canadian
agreements for developing
the Columbia in Canada.
Canada undertook several
engineering studies between
1956 and 1962, In December
1959, the C concluded 15
years of extensive studies
into the feasibility of greater
use of the Columbia River
system with the publication
of the LIC Principles, the
basis for the upcoming
Columbia River Treaty.
Power principle No. 7
includes the expectation
that “all participating power
systems would retain their
local autonomy but would
necessarily operate their
generation and transmission
facilities under the terms of
appropriate agreements
with a view to maximizing
mutual benefits.”

The 1960s: When it
All Came Together

At the beginning of the
decade, the pieces were
at hand for making a reality
of the dream to tame the
Columbia in the interest of
flood control and enhanced
power production. Four long-
planned and interdependent
developments converged:
(1) the Columbia River
Treaty between Canada
and the U.S,, (2) a network
of storage reservoirs in the
1.5, and Canada, (3) a
Northwest-Southwest
transmission intertie and
(4) a long-term agreement
for coordinating the opera-
tion of storage reservoirs for
optimum power generation
— the future PNCAL

A discussion of the
North-South transmission
interties is beyond the scope
of this publication. Nonethe-
less, it should be noted that
the Canadian share of
downstream power benefits
from their three projected
storage dams was approxi-
mately G600 aMW, power that
Canada and the Pacific
Northwest would not need
for many vears, Thus, the
capability to move power
outside the region made it
easier to gain approval for
both the Treaty and the
Coordination Agreement.

Neither will the region's
hydroelectric projects be
discussed here, but the map
on page 12 (projects owned
and operated by PNCA
parties) gives an idea of the
size and complexity of the
resources being coordi-
nated. Appendix B lists
PNCA parties and the
hydroelectric projects in
which they have ownership
rights or rights to purchase
part of the output.

!‘IE !

Under the Columbia River Treaty,
systems are able to retain
local autonomy but handle
eration and fransmission

for mutual benefit.
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The Treaty
and
Entilement

Impediments

to a Treaty

Although diplomatic
negotiations began in
February 1960, the generating
utilities in the United States
weren't ready to support a
treaty. These non-Federal
generators were expected
to share in delivering power
benefits to Canada, a commit-
ment they wouldn't make
without an assurance of
coondinated operations of
upsiream storage projects.

In general, the non-Federal
generators wanted the
certainty that each owner
would be autonomous within

a framework of defined rules, |

rights, and obligations.
Specifically, they wanted
to be sure that water would
be released from the new
upriver dams at the times
and in the amounts needed
to produce optimum firm
power. When they received
these assurances, they
agreed to support the Treaty.
The non-Federal gener-
ators also recognized that
their own dams — dams such

as Montana Power's Kerr
Project — produced benefits
for downstream Federal
projects and they wanted to
be paid for these benefits.
With storage dams, water
need not pass through
hydroelectric projects at the
whim of the river. Instead,
the same amount of water
can be selectively released
to pass through turbines at
times when electric power is
of greater value. The benefits
of increased usable energy
at downstream projects

as a result of upstream
storage are called head-
water benefits.

In pre-PNCA days, the
question of headwater
benefits — who paid and
how much — was a lingering
problem. Under the Federal
Water Power Act of 1920,
Federal hydroelectric licens-
ing was a responsibility of
the Federal Power Commis-
sion (FPC), later the Federal
Energy Regulatory Commis-
sion (FERC). One require-
ment of licensees was, and
is, paying an annual charge
for headwater benefits. The

Federal government, how-
ever, was exempt from these
charges because it was
considered to own all
waterpower that is subject to
Federal jurisdiction.

Additionally, it was
difficult to get agreement on
the value of headwater
benefits. In 1952, BPA asked
the FPC to determine these
charges for the Columbia,
but the determination was
difficult, and this issue was
left for the Coordination
Agreement. Resolution
included Federal payments
to non-Federal entities.

Treaty Provisions

The Columbia River
Treaty, signed January 17,
1961 and ratified by the 1.5,
Congress in September 1964,
provided a framework for
bilateral development and
management of the
Columbia River to achieve
two objectives: enhanced
flood control and increased
power production.

Prior to 1964, there were
80 hydroelectric projects of

The Columbia River Trealy, signed in 1961, committed the U.S. and Canada fo improved flood control
and increased power production through bilaters river manogement,



Project without Upstream Storage

Maximum =

Flows

Minimum
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In the absence of an upsiream storage project, uncontrolled flows vary widely throughout the year. In April and May, high flows from heavy
snowmelt and spring rains, which typically exceed demand for eleciricity and generator capacily, must be spilled over the tops of doms.

Project with Upsiream Storage

Maximum = ”

Flows

Minimum

With upstream storage dams fo contain heavy flows, the wide variations in natural flows can be moderated. Heavy spring flows can be saved
for lafer in the year when demand for electricity is higher and available precipitation is lower. This operation, which provides benefit to
downstream parties and compensation to the upstream utility, is called “headwater benefit. *
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more than 10 MW (including
nine on the Columbia and 14
on the Snake ) in the 1.5
portion of the Columbia
Basin. But the Columbia ran
unhamessed for 500 miles
(800 km) in Canada. The
Treaty cleared the way for
construction of four storage

dams. Three of these —
Mica, Duncan and Arrow
{also called Keenleyside) —
are in British Columbia. The
fourth, Libby Dam in north-
west Montana, impounds
water into Canada

The Treaty dams more
than doubled the storage

The Non-Federal Mid-Columbia Projects

| capacity of the Columbia
hydroelectric system. The
United States paid a one-time
fee of 364 million for the
estimated present worth of
one hall of the future flood
control benefits attributable
o Canadian storage and
gained the right to purchase

e
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Increased Columbia River storage at new dams, constructed after the Columbia River Treaty was signed by the U5, ond Canada, greatly
increased the ability to regulate flows which increased usable averoge generation at five mid-Columbio projects. These projects and the
Federal mainstem projects are responsible for generating the Canadian and U.5. share of power benefits attributed fo Treaty projects
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additional flood control
storage in Canada, if needed.
The U.S. also gained the
full output of Libby Dam
(230 aMW) and the U.S, half
of the 1200 aMW attributed
to improved streamflow
regulation because of the
Canadian dams (about
600 aMW). The other half
(the Canadian Entitlement)
is owed to Canada

In addition to provisions
for new construction, flood
control, and power pur-
chases, the Treaty requires
representatives of BPA, the
Corps, and B.C. Hydro to
prepare two operating plans
for Treaty storage: the
Assured Operating Plan
(ADP) which is designed
1o meet power and flood-
control objectives beginning
six years into the future, and
the Detailed Operating Plan
(DOP) which plots opera-
tions for the immediate
12-month period.

The Entiflement
and CSPE

Under a separate
contract, Canada sold its
share of downsiream power
benefits (the Canadian
Entitlement ) for $254 million
for a period of 30 years, tied
to the scheduled completion
date of each of the Treaty
dams — Duncan in 1968,
Arrow in 1972, and Mica in
1973, Thus, the first portion
of the sale ends in 1998, and
the sale is fully ended in June
2003, The Entitlement was
purchased by the Columbia
Storage Power Exchange
(CSPE), a non-profit corpora-
tion of 11 Northwest utilities
formed under the leadership
of three of these utilities:
Grant, Chelan and Douglas
PUDs. CSPE issued revenue
bonds to purchase the
Entitlement and arranged

contracts with 41 regional
utilities to buy the power
through a BPA exchange
agreement, At the time,
much of this power was
not needed in the region;
it was sold to Southwest
utilities until needed in
the Northwest.

Canadian Enfiflement
Allocation Agreements

The Canadian Entitle-
ment Allocation Agreements
are contracts between BPA
and the three mid-Columbia
PUDs that own the hydro-
electric projects where CSPE
power is generated. There
are five contracts, one for
each project: Wells, owned
by Douglas County PUD;
Rocky Reach and Rock
Island, owned by Chelan
County PUD; and Wanapum
and Priest Rapids, owned by
Grant County PUD. The
contracts specify how much
power is to be generated at
each project from the
increased Canadian flows.
The three PUDs are respon-
sible for power generation
and delivery to BPA. Asan
agent, BPA is responsible for
delivering the power to the
41 CSPE parties.

The Columbia River Treaty
A driving force for U.S.

power coordination.
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Closing In

Coordination
Principles

Attempts to coordinate
during the 1950s gave the
non-Federal parties a good
idea of the fundamental
principles that should form
the basis for a coordination
agreement. They sought
and received these assur-
ances in a document called
the Secretary's Principles
approved in March 1961
by Stewart Udall, Secretary
of the Interior in the
Eennedy administration.
(See Appendix A for the
Secretary’s Principles.)

The Treaty as Catalyst

Ratification of the Treaty
also helped clear the way for
the Coordination Agreement.
In the words of former BPA
Administrator Charles Luce,
the Treaty changed the status
of coordination from “very
desirable” to “imperative.”
The Treaty assumes coordina-

tion in language that specifies |

Charles luce, Bonneville Power
Administrator when the Pacific
Northwest Coardination Agree-
ment was signed, said PNCA's
goal was “fo achieve the same
mode of operation for all of the
dams on the Columbia River
and its fribularies as if one
entity owned them all.”

i TR AN M,, I
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maintenance and operation
of Columbia River hydro
facilities in the US. "ina

manner that makes the most
effective use of the improve-
ment in stream flow resulting

e Ty

Stewart Udall, Secretary of the
Interior in the administration of
President John F. Kennedy,
signed a document called the
Secrefary’s Principles, the basis
for the Pacific Northwest
Coordination Agreement.

| from operation of the

Canadian storage for hydro-
electric power generation.”

Interim PNCAs

Between the Secretary’s
Principles in 1961 and the
complex arrangements re-
quired before the execution
of the Treaty in 1964, there
were three Pacific Northwest
Coordination Agreements,
one each in the years 1961,
'62 and '63. The first two
agreements dealt only with
energy, leaving peaking
questions for later. Reservoir
storage targets, energy
capabilities, and headwater
benefits were stipulated in
exhibits to the agreements.

The third agreement
was expanded to deal with
peak loads and resources.
Among other new features
were annual operations
planning, a method for
computing needed reserves,
and the use of forecasted
runoff as a basis for drafting



water below targeted reser-
voir elevations. Although it
Was a ten-year agreement, the
parties expected that it would
be superseded, as it was a
year later, by a long-term
PNCA after the signing of the

Canadian Treaty
i

The PNCA was signed
September 15, 1964 and
became effective January 4,
1965, Tts term extends until
June 30, 2000, The ending
date is the end of the last

contract year encompassing
the CSPE Sale.

Prioriies Governing
Hydro ions

Signing the Agreement
did not negate or diminish
the parties’ other obligations.
With or without a coordina-
tion agreement, every
hydroelectric project
operates under its own
guidelines and priorities.
Frequently, these originate
with Federal authorizing
legislation. A certain amount
of power may be earmarked
for specified project purposes
— running irrigation pumps,
for example. Other state and
Federal laws and licensing
requirements may specify
particular water levels and
flows for nonpower purposes
including navigation, flood
control, domestic and
industrial water supply,
fishery needs, pollution
conirol, and recreation.

For PNCA parties,
nonpower requirements
(NPRs) not part of licenses
or legislation come next.
These NPRs are developed
by reservoir owners, They
are often influenced by
processes such as the
Northwest Power Planning

Council's fisheries program
or regional consensus
developed through hearings
as a result of petitions for
listings under the Endan-
gered Species Protection
Act. In other cases, project
OWTIErS res to needs ex-
pressed by user groups.
Some utilities develop NPRs

dated can PNCA parties
begin to optimize for power.
For PNCA parties,
power-producing priorities
take the following order:
= Producing firm energy,
based on very low
streamflows

LTI

in the 1963-64 operdti
19,374 MW in 1991-92
ll l ' |‘ - l
coordinated:
W 102in 1964
N120in 1992

e

* Refilling reservoirs
* Producing surplus

energy with higher
streamflows,

The Goal

Charles Luce, administra-
tor of BPA at the time of the
agreement, said its goal was
“lo achieve the same mode of
aperation for all of the dams
on the Columbia River and its
tributaries as if one entity
owned them all. Our premise
was that by so operating such
projects they would produce
the maximum benefits for
society. The tough negotiating
problem was how to arrive at
an equitable distribution of

(] ary

ng year
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such benefits among the
many entities which in fact
owned the projects.”

The Concept

The agreement’s basic
concept is that all parties
will jointly determine the
aggregate firm load they can
carry. They will then mutually
support each other's opera-
tions to carry this load and
to optimize their hydro-
electric resources, One of
PNCA’s unique features is its
provision for assured and

coordinated storage opera-
tion. Except for Snohomish
PUD, every PNCA party has
generation downstream from
storage owned and operated
by others; thus, each is par-
tially dependent upon others
for its hydro resources and its
operating economics. In other
wiys, too, PNCA provides
what was missing from
earlier region-wide coordin-
ation attempts: mechanisms
for assuring power transfers
needed to take advaniage

of diversities. %

Nonpower Requirements at Grand Coulee

Full — 1290 -

1280 —

1270 ~

1260 ~

1250 ~

1240 -

1230~

1220 ~

Minimum — 1210~

Elevation in Fesl

Reservoir Elevation Limits

lﬂmmﬁm [June - September|
Flood Control [Low-Water Yeor)

Maximum Rate of
Dralt 1.5' Per Day for
Shoreline Stability

/ Flood Contral |Averoge Year)

™ Minimum Level for Irrigation Pumping [May 31)

— Minimum Operating Level for Inchelium Ferry

— Flood Control {High-Water Year)

Dis:hnrge Limits
Powarhouse Maximum

Plus Spelherery Outlel Tubes .
400,000
300,000
200,000
100,000
0

[hacha
in Cuh?GFH
Par Second

Manamim
Tabwaoter

3'-4" Per Hour

1 foor = 0, 3048 mater 1 cubic foot per vacond = 0,028 cubsc metery per second

Grand Coulee project operators mus! eccommodate numerous nonpower requirements. Some, like operation of the Inchelium Ferry can be
met by mainfaining a specified minimum level. Elevations needed for flood control, on the other hand, vary widely from year to year.
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Reservoir Elevation Limits
— Recreation ond Flood Confrel [June - September)

Nonpower Requirements at Mossyrock

et A
f
I,lI Full — 778.5 - — Flood Control (Morch)
|'I 770.0 _1 — Flood Control (Ociober)
| 7420 -1 — Flood Control |February)
| 754.0 <4 — Flood Contral [November - January)
[ 7455 - Maximum Level
| F00.0 -
{
/ Discharge Limits*
l,'l (Te protect salmon and steethecd resources in the lower Cowlitz River)
/ .
| 5,000 |minimum| March | - July 15 ] p
. | — 5000 Dis
IlI Minimym — &21.5 - - i me
) = 4,000 Per Second
Elevation in Fest L
= 3,000
b= 2,000
— 1.000
~ =0
*Mamured of Mayhsld
| foot = 0. 3048 meer 1 eubic foot per second = 0,028 cubic meders per sacond
As operator of the Mossyrock project, Tacoma City Light is responsible for maintaining specified elevations and discharges fo meet fishery,
flood control and recreation requirements. The Aood contral elevations shown are fixed for all vears

Ay 1

# i =

- b
Mossyrock Project is o 348 MW hydroelectric plant constructed on the Cowlitz River by Tacoma City
Light in 1948. The nonpawer requirements for the project are shown above
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The

Coordination
Agreement

The contractual agree-
ment is extremely complica-
ted and detailed. Apant from
exhibits and amendments,
the text itself is nearly 28,000
words long, more than 55 finely
printed pages. Appendix C
briefly summarizes the
contents of each of the
Agreement's 26 sections.

PNCA's planning and
operations are guided by
specific tools and procedures.
Some were developed in the
interim agreements and
earlier cooperative arrange-
ments; others are unique to
the 1964 PNCA contract; still
others were added in subse-
quent amendatory agreements
and operating procedures.

The Critical Period

PNCA bases its planning
and reliability criteria on the
critical period, a projected
recurrence of the lowest
sequence of streamflows in
the S0-year record used in
PNCA studies. The amount
of firm and reliable hydro
capability of the region is
determined by simulating
operations of the hydroelec-
tric system under recurrence
of these low streamflows. In
these simulations, reservoirs
are drafted from full at the
start of the period Lo empty
by the end of each potential
critical period. The period of
adverse streamflows that
wauld produce the lowest
amount of firm energy is
selected annually in the PNCA
planning process, Currently,
it is the 42-month period
beginning in September 1928
and ending in February 1932

Firm Load
Carrying Capability

FLCC is the amount
of energy and peak load (or
demand) that can be served

with the resources submitted
by all parties after allowing
for reserves and nonpower
resources, known as firm
resources, include hydro
that can be produced dur-
ing the eritical period plus
thermal resources and
purchase power contracts.
FLCC is computed for both
energy (FELCC) and peaking
(FPLCC) for the coordinated
system, as well as for each
individual party. For the
coordinated system, FLCC
is what the system is able to
supply; for a party, FLCC is
what a party is entitled to.
FLCC does not ensure that
any system has the ability to
meet its total load.

Forced Outage

Reserves

The coordinated system
plans on sufficient reserves
so that the probability of loss
of load due to generator-
forced outages is equivalent
to one day in 20 years, a
fairly common industry
standard. The method of
allocating those outage
reserves is designed to
produce an equal probability
of each system requiring
assistance from others.

| Operational Planning

Prior to August 1 each
vear, a series of siudies
compute the firm load
carrying capability (FLCC)
for each party and for the
coordinated system during
the critical period. Initially,
these computations produce
the maximum firm energy
load carrying capability
(FELCC) for the coordinated
system while meeting
NONPOWEr requirements.
Subsequently, each owner
may make limited changes

to the computed operation
af its own reservoirs with-
in the overall terms of

the contract.

Guidelines to
Reservoir Operation:
Rule Curves

Before the August |
beginning of each contract
year, the Northwest Power
Pool Coordinating Group
and the reservoir owners
construct numerous nile
curves as guidelines to
reservoir operations for
the forthcoming operating
year, August 1 -.July 31.
Each guideline, or rle
curve, takes the form of
end-ofthe-month reservoir
elevations which are used
to calculate FELCC.

The eritical rule curve
{ CRC) specifies elevations
that must be maintained (o
ensure that FELCC can be
met during the critical
period. For multi-vear crit-
ical periods, a critical rule
curve is prepared for the
upcoming vear and for each
of three successive years.
Generally, each of these
curves (the 1st, 2nd, 3rd and
4th year critical mle curves)
is progressively lower.

The flood control
rule curve (FCRC) is
one of many nonpower
requirements not specifically
mentioned in the Agreement,
The Corps of Engineers
develops these curves,
Since flood control takes
priority over power produc-
tion, in practice the other
guidelines to reservoir
elevation are defined and
adjusted to assure this
precedence. FCRCs specify
reservoir elevations that
must not be exceeded o
provide sufficient space for
holding back excessive rain-
fall and snowmelt. FCRCs



Crifical Rule Curves

Usable Storage
Full = 100%

87.5% \ \ \ \ l
75% \ | |\ |
62.5% - 1
50% | \
37.5% W - \
25% ' \

12.5%

Minimum - 0% . T = — a
August 1989 August 1990 August 1991 August 1992 August 1993 August 1994 August 1995

Planning for operating year that starts in August
EEm 1989-90 Study mmmm 1990-91 Study — mmmmm 1991-92 Study  mmmm 1992-93 Study

To ensure that the region’s firm electric lood can be met, PNCA studies use @ 4-year planning horizon and a series of rule curves. This
series of rule curves is part of what is used to determine where the system is allowed to operate during the year.
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are often referred to as refill curve is not specifically | the level of drawdown
upper rle curves, named in the Agreement. | available for producing

The assured refill The energy content nonfirm energy. After
curve { ARC) represents curve ( ECC), also known January, the ECC can be
the lowest drawdown level as the operating rule curve, lowered, based on runoff
from which a reservoir could | is the higher of two curves, forecasts that predict inflow.
refill given a repetition of the critical mule curve and If it is lowered, it is known
the third-lowest runoff the assured refill curve; it | as the variable energy
year (1931) in the 50-year must be at or below the content curve (VECC).
water record. The assured flood control curve. It defines | The VECC shows how much

The Energy Content Curve and its Relationship to Other Rule Curves

oo _.‘ oo \ / 100% 7 1007
B ’( o ( B o B, f——
(g™ \ l o0 4 &% [
sy \V AL, -V A0 o am,
by 8 oy 8 i 1 M V
|
o b rrrr A rrrrr e ®4yrrrrrrvr e T T T T T T
ASOND)FMAMRM] ] ASDONDI FM&M] ) ASOND | FMAM] | AIJSQHND I FMAM] )
— e —
Comcnd Coiticol Assured Crincal  Awmursd  Flaod Crical  Aasred  Flood  Vanoble
Rute Rla Reiill Rule Rehll  Conircd Euls Refll  Conircd  Erergy
Curvs Curve Curve [ Curve Rids v Crve LTS 1 canbani
Curve Curea Curve

A\

E
—

Each storage reservoir has its own energy content curve (ECC), or operating rule curve, that limils its reservoir droft and guides its
operations. The ECC is constructed from the appropriate segments of the other rule curves. In the illusiration above, the ECC is initially the
critical rule curve and then, briefly, the assured refill curve. After refill projections in January, the variable energy conlent curve becomes the
ECC. Had the flood control curve been below the VECC, that lower segment of the FCRC would have lemporarily become the ECC.
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water must remain in each
reservoir to create a 95
percent probability of refill
by July 31.

Proporfional Drafting

Whenever drafting to
the ECC would not produce
FELCC or meet certain flow
requirements, proportional
drafting may be used. Then,
operations are guided by the
Ist, 2nd, 3rd and 4th year
critical rule curves that were
developed during the prev-
ious years' planning. The 1st
year CRC was developed
during the current year's
planning; the 2nd year CRC
during the previous year's
planning, and so forth. Each
reservoir is operated the
same distance proportionally
(expressed in feet of eleva-
tion) between the guiding
critical rule curves, These
points, called proportional
draft points (PDPs), become
the ECCs.

PNCA Transactions

Several kinds of energy
transactions permil parties
to realize many of the bene-
fits of diversity.

Interchange energy.
Interchange energy assures
each party the ability to
maintain its FELCC. Each
party is expected to use its
own resoirees to supply its
own FELCC over the critical
period. At any given time,
however, a party may not be
able to produce enough
energy to meet its FELCC.
Then, it may request the
deficiency from other parties
with resource capabilities
exceeding their FELCCs.
Since the total system is
operated to meet system
FELCC, one or more parties
would have excess capabil-
ity, and they are obligated to

Inferchange Energy

FELCC ‘“;Ef
r - L
“A + B" A+B
System (A + B)

In this example, the actual energy capability [AEC) of the coordinated system equals the system’s firm
energy lood carrying capability [FELCC). Party A's AEC exceeds its FELCC while party B's AEC is less
than its FELCC. Through coordination, party B has a right to request inferchange energy from parfy A.
If B makes this request, parly A is obligated to deliver the energy.

| supply all or part of that | reservoir above the ECC or
excess to parties needing it. PDP, downstream parties
Energy so transferred is have a right to request
interchange energy. release of the stored water.
In-lieu energy. When a The reservoir party has the
party stores water in its option to deliver the energy
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In-Lieu Energy

equivalent of the water in
lieu of an actual water
release. Downstream parties
receiving in-lieu energy must
return it as the storage
reservoir returns to ECC.
Storage energy. Any
party with available reser-
voir space is obligated 1o
accepl energy deliveries
from another party for
storage and subsequent
return. Both obligations
are limited by storage ability
as well as generation and
transmission facilities

surplus to the receiving
party’s needs.

Provisional energy is
energy produced by drafting
below the ECC or PDP,
usually to obtain a higher
short-term value for energy.
To draft provisionally,
owners must show how they
can replace the energy. BPA
typically drafts below the
ECC to serve Direct Service
Industries (DSIs),

Holding interchange
energy replaces a party'’s
need to drafl its reservoir in

early autumn to meet its
FELCC even though the sys-
tem's operating plan would
not call for draft that early.
To delay the draft, a reservoir
receives energy (holding
interchange energy) from
other parties during Septem-
bier andfor October, The
delivering parties also pay the
reservolr party a “holding” or
storage fee. The reservoir
party retums the energy be-
tween November and March,
Flexibility adjustments
permil parties Lo bormow up

Higher flows
through Party B Projec

Party A

Sﬂﬂdi ﬂﬂﬂ!g':f‘

Any water above the energy content curve [ECC) is the reservoir parfy's, subject fo the rights of other parties to call on indieu energy. If water
is stored above ECC, a downsiream parly may ask for its refease. The upstream party may release the waler or deliver the energy equivalent

in lieu of the water.,
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to 5 percent of their future
FELCC. Any such advances
must be paid back by the
end of the operating year
{July 31). Typically, flexibility
adjustments are allowed and
needed to temporarily pro-
duce more than the planned
amount of hydro power for
higher than expected loads
or the underperformance of
thermal generation. When a
party requests a flexibility
adjustment the system'’s
FELCC is increased by the
amount of the pany’s request
and the reservoirs are pro-
portionally drafted to meet
the adjusted FELCC. Later in
the year the party's FELCC
must be reduced and the
reservoir system produces
less FELCC in order to pay
back the amount borrowed
through flexibility.

The Role of Thermal

Although PNCA focuses

primarily on hydroelectric Mica Dam is one of three Conadion storoge projects built as o result of the Columbia River Trealy.
operations, themmal resources Conadian hydroeleciric operations are among the activities not covered in the Pacific Northwest
figure into PNCA planning Coordination Agreement

WMMNH’CW

. WWMMWMMM#MWMMWWW
planning and operations. These include the following.
‘Resource planning. PNCA does not deal with planning and constraction of new resources,
wmmmuwmmﬂqﬂuﬂmmmmm
| Carrying out this overall plan for the Federal sysiem is the responsibility of BPA's Resource
Program. Individual utilities are responsible for planning to meet their own loads — for example,
through construction, scquisition, purchase, and conservation. However, many parties will use the
FLCC developed in PNCA studies to estimate their need for additional resources,
MMWMMHdIummﬁnﬂmmmﬁMy
and may apply for periods as shart as an hour, most PNCA studies are of longer duration. PNCA
-WMMMWWWWMMMdMMWM
greatest flow differences, these "monthly” studies ire performed for half-month intervals. The
.MWW[MbmmmmammuuMsmmmm
Mummtmwmmﬂmmum
Canadian operations. Canadian project operations are guided by the Assured Operating
.mw?mmwmcmwmwmm However, the DOP and
PNCA planning are mutually consistent.
Mnmﬂdimmhthndmmqummﬁmdw
parties. PNCA planning and operating studies must accept ther, Individual purties adapt their
opemtions to NPRs, and PNCA studies optimize system FELCC within these requirements,
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Although thermal resources submitted by parties become part of their FELCC, the operation of these resources is not PNCA-coordinated.

28

and operations, A party with
thermal projects may include
them in the firm resources
that comprise its FLCC. As
part of FLCC, these resources
will help determine that
party’s PNCA rights and
obligations. In PNCA
planning, however, a party's
thermal energy capability is
not guaranteed or backed up
by the hydro system. Parties
have a fixed amount of hydro
energy in the critical period
and will attempt to meld that
hydro capability with their
thermal capability in plan-
ning by scheduling thermal
generation and maintenance

when streamflows are
expected to be respectively
low ar high.

In actual operations,
thermal resources are backed
up by the hydro system in a
limited way. For example,
if thermal resources do not
perform as planned, PNCA
flexibility adjustments are
permitted as long as repay-
ment occurs by the end of
the operating year. However,
major unplanned outages
will require the thermal
project owner to seck other
than coordinated firm hydro
backup as the hydro must
be repaid.

Requirements

The single sentence in
the agreement dealing with
nonpower requirements
(NPRs) assures priority to
NPRs over power needs.
Whenever an NFR can be
implemented by a single
reservolr owner, that owner
includes the NPR in the data
submitial to the annual plan-
ning process. The process
begins in February. But if
coordination between two
Or more owners is needed,
the affected owners make
appropriate arrangements,



Most NPRs are project
specific. For example, mini-
mum flow requirements at
Libby or reservoir elevation
limits at Mid-Columbia pro-
Jects can be met by the project
owners in the absence of
PNCA operations. Some
NPRs, however, cannotl be
met without coordinated
upstream storage. The Vernita
Bar Agreement, for example,
requires cooperative efforts
of Grant County PUD, BPA,
the Bureau of Reclamation,
and others to deliver flows
needed for fall chinook
salmon to spawn down-
stream of Priest Rapids Dam.

Typically, owners include
NPRs in PNCA planning and

operations (o facilitate
system coordination. The
question for PNCA parties as
awhole is how, not whether,
to meet NPRs. PNCA studies
and operations meet the
requirements defined by the
owners submitting the NPHs.
Sometimes an owner chooses
to leave an NPR out of PNCA
Then, the owner meets the
NPR in actual operations,

but these operations do not
affect PNCA transactions.

Each party is responsible
for submitting data about its

| own load and resources

{(hydro, thermal, purchases
and exchanges) as well as
the maintenance schedule
for its generating resources.
The staff of the Northwest
Power Pool collects the data
and prepares the studies that

guide operations. %

Under PNCA, nonpower requirements (NPRs] fake precedence over power requirements. An imporfant nonpower requirement is the Water
Budget, o specified volume of water that must be provided during o two-month period each spring to help move young salmon downstream,
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How The
PNCA Has
Changed

Onver nearly three decades,
the basic PNCA principles have
remained intact, but numer-
ous changes have been made.
One new representative and
one new party have been added |
(the Bureau of Reclamation in
1981 and Snohomish County
PUD in 1984), and charges for
services have been modified.

Others changes reflect
operaling experience or
adaptations (o new require-
ments. The more significant
changes and interpretations
appear in amendatory
agreements or in documents
called operating procedures
which annually clarify and fill
in gaps in the contract. Three
particularly important
changes are the Actual Energy
Regulation (AER), the compos-
ite reservoir, and modelling
for the Water Budget.

Actual Energy
Regulation

The PNCA contract
requires the development of

Actual Energy Capability
{AEC) to guide short-term

| operations and serve as a

basis for rights and obliga-
tions. Initially, each party
prepared its own AEC.
Beginning in 1977, this pro-
cedure was superseded by a
unified PNCA procedure, the
AER. The AER, a continuous
simulation of the hydro
system using actual and
lorecasted streamflows for
past and future periods for
the current operating vear,
is distributed at least twice a
month and now serves as the
basis for determining actual
rights and obligations. For
each reservoir, the AER
determines the required
storage operation or energy
content and specifies the
hydroelectric component of
each pany's AEC,

Composite Reservoir

The composite reservoir
concept was introduced to
simplify in-lieu energy
transactions among the five
mid-Columbia projects and
the upstream Federal and
Canadian storage projects.

These transactions were

complicated, in part, because

each mid-Columbia project
| had multiple participants
(based on ownership or con-
tractual right to shares of the
output), and each participant
typically had rights in more
than one project. This meant
they all had rights to in-lieu
energy, based on their pro-
portional shares. And each
had specific needs and
limitations when it came to
scheduling water releases or
in-lieu energy. Furthermore,
each upstream reservoir had
its own peculiarities to be
considered in determining
how and when water releases
reached a downstream project
or, alternatively, how much
in-lieu energy was owed.

The composite reservoir
simplifies things by treating
the Federal upstream reser-
voirs as one reservoir located
at Grand Coulee. All mid-
Columbia plants are assumed
| to have the same flow time
| with respect to a given upstream
| reservoir. And numerous
| additional provisions clarify

Preparing the Actual Energy Regulation

Prior to 1977, each parly prepared its own actual enargy capability [AEC). Now, the Northwest Power
Pool simulates the hydro system and prepares the actual energy regulation [AER) that determines storage
ond energy content for each coordinated reservoir as well as interchange energy rights and obligations.




scheduling, accounting, and
other relevant issues. With
composite reservoirs, utilities
that ask for release of water
receive egquivalent energy in
every situation.

Modeling the
Water Budget

The Water Budget,
which originated with the
Northwest Power Planning
Council plan for rebuilding
salmon stocks, Is a specified
volume of water to be
released between April 15 and
June 15 to help move juvenile
salmon between reservoirs as
they travel downriver. These
releases simulate the effects
of the spring freshets, the
heavy streamflows from
spring snowmelt that moved
fish downstream before dams
were built. The Water Budget
is mtended to reduce mortal-
ity from predators and other
hazards of migration.

It requires releases of
up to 4.64 million acre-feet
(5 726 million m") during
the two specified months,
345 million acre-feet (4 257
million m") on the Columbia
and 118 million acre-feet
(1 468 million m*) on the
Snake. The monitoring points
are Priest Rapids and Lower
Granite Dams. Since these
dams have no storage, the
Water Budget comes pri-
marily from upriver dams.

A PNCA operating pro-
cedure outlines the principles
for modeling the Water
Budget and the priorities and
procedures to be used. The
main procedures include pro-
portional draft of all projects,
sequential drafis of specified
projects to specified levels,
and proportionally filling all
reservoirs whose outflow
does not pass through
the McNary Project. M

Composite Reservoir
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The concept of a composile reservair simplifies in-liev energy ransactions among the mid-Columbia
projects and the upstream storage projects. The concept assumes that all Federal and Canadian Treaty
projects af and upstream of Grand Coulee are one project with Grand Coulee’s location. It includes the
total storage capability of each reservoir [represented by the shaded area) summed together.
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Frequently
Asked

Questions

About
PNCA

Q « What is the Pacific
Northwest Coordination

Agreement?

A « An agreement that
establishes rghts and obli-
gations for receiving and
delivering energy needed to
meet the parties’ firm load
carrying capability (FLCC).

Q « What is PNCA's
purpose?

A. To define the

optimum power system
capability by taking advan-
tage of the flexibility that
remains in the Columbia
River system after nonpower
requirements are mel.

Q. Who are the 17
parties?

A « Fourteen of the
Northwest's major hydro
generating utilities plus the
Federal government, the
U.S. Entity (the U.S. repre-
sentative in Columbia River

| Treaty matters), and a sub-

sidiary of an industry served
directly by the Bonneville
Power Administration.

Q. How is the

Columbia River Treaty
handled?

A « Dperating plans for
the Treaty projects are
agreed to by the ULS. Entity

| and the Canadian Entity.

These plans are incorporated
into PNCA planning.

Q. What is the term of

the Agreement?

A. The Agreement

(executed September 15,
1964) became effective
January 4, 1965 and extencls
until June 30, 200,

Q. How does PNCA

affect the power planning of
individual PNCA parties?

A. PNCA can be

the foundation but is not
expected to be the totality of

. e e B S B
- i-n-—ﬁ“‘h"'-"-"—*" L

When water is spilled, it bypasses turbines and produces no
electricity. Spilling is minimized through coordinated planning
and operation of the region’s major hydroelectric projects

an individual power plan.
Other local planning deci-
sions involve adding and
retiring resources, incorpo-
rating non-hydro resources
and purchases, negotiating
nonfirm sales, and operating
individual projects within
other guidelines.

Q. How does PNCA

affect a party’s power
operations?

A » PNCA does not
specify day-by-day opera-
tions. PNCA establishes
monthly operating guidelines
and targets for each project’'s
storage. PNCA also defines
rights and obligations for
receiving and delivering firm
energy through bilateral
transactions. Although the
requirements are expressed
in operational terms, parties
may choose to meet these
requirements in a variety of
ways — storage, discharge,
energy delivery or payments.

Q. How are

NONPOWEr requirements
handled by PNCA?

A. Since NPRs have
priority over power produc-
tion, the question is not
whether but how to meet
NPRs. For project-specific
NPRs, the project owner lets
PNCA representatives know
how the NPR will be accom-
modated. For NPRs affecting
multiple projects, the affected
owners make arrangements
to meet the NPR. For system-
wide NPRs, the PNCA
contract committee deter-
mines the best way 1o meet
the obligation.

Q. What are PNCA's

priorities?



A, In order, PNCA's

priorities are nonpower
requirements, ensuring that
parties can produce their firm
capabilities, refilling the
region's reservoirs, and
producing nonfirm energy.
(In addition, individual
parties may have other
legislative and licensing
commitments. )

Q. What is the rela-

tionship between PNCA and
the Canadian Entitlement?

A. The Treaty assumed
some form of coordination
to realize the benefits of
operating the Canadian
storage. The PNCA provides
that particular coordination
for the hydro system

Q « What is critical

water, and why does PNCA
use it instead of average
witer as the basis for PNCA
planning?

A. Critical wateris a

term describing the region’s
most adverse streamilows
during the H-year historical
recond. Average water refers
to average streamflows
churing this same 50-year
period. In planning, PNCA
uses critical water to
provide a high degree of
certainty of being able to
meet FELCC. Average water
planning, in theory, would
leave the region short of
water needed to meet firm
load one out of every two

| years, on average.

Crifical water assures a
high degree of hydroelectric
reliability throughout the region.

- P

L aF ot

e .
v e ot
The Northwest's highly developed transmission system makes it possible fo transfer power among areas with widely varying climalic
conditions, eleciric loods and enargy resources
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What's
Ahead for
PNCA

Sinee mid-15000, a
comprehensive review of
the multiple uses of the
Columbia River has been
underway. The System
Operations Review (SOR)
will culminate in a drafl
environmental impact state-
ment (DEIS) scheduled for
19493 and, after public meet-
ings and comments, a final
environmental impact state-
ment (EIS) in 1994, The
review is being conducted
hy the .S, Army Comps of
Engineers, the 1.5, Burean
of Reclamation, and the
Bonneville Power
Administration,

Multiple-use decisions
are increasingly complicated
AS MOre AvVer Users o IIIilR'lt'
for a limited resource. At
e are four major decisions:
{ 1) a system operating strat-
egy, or 508, (2) a method for
reviewing and opdating the
505, 03) renewal of the PNCA,
and (4) renewal of the

Canadian Entitlement Alloca-

tion Agreements (CEAA),

PNCA's expiration, in
2003, was intentionally set to
incorporate the transactions
reflecting the Hyear purchase
of the Canadian Entitlement
(Canadla’s halfl of the Treaty
benefits) by the Canadian
Storage Power Exchange
(CSPE) and the power gen-
eration required by the CEAA
PNCA renewal needs 1o be
considered well in advance
of its expiration date, in view
of its four-year planning
horizon and its connection

[ to the allocation of obliga-

tions to parially retum the
Canadian Entitlement starting
in 1998, By 2008, the LS.
obligation 1o returm Canadian
entitlement is fully required,
The parties are curmently
waorking on defining new
entitlement agreements that
specify the non-Federd share
of the retum. This new CEAA
will appear in PNCA studies
that begin in 199596 and will
include, as pan of the 4-year
critical period, the 1908-04
Operating vear.

How to Remain

Informed

An SOR work group,
the PNCA Alternatives
Analysis Group, began
meeting in February 1992
to identify potential alter-
natives for analysis and to
develop analytical methods
for comparing the alterma-
tives, In 1990, parties o
PNCA also began holding
open meetings to consider
potential changes to the
agrecment as preparalion
for contract renewial,

A decision by Federal par-
ties to renew or revise this
agreement requires com-
pliance with the National
Environmental Policy Act
(NEPA). To find out about
the status of these activities
or to receive information
about SOR publications, call
the SOR Interagency Team.
Telephone numbers are
listed at the beginning

of this document. M

Many Nerthwesterners are laking part in @ comprehensive review of the multiple uses of the Columbia
River. Amaong major decisions to be mode are thase invalving renewal or modification of the Pacific
MNaorthwest Coordination Agreement
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The Pacific Northwest
Coordination Agreement is a
commitment by the region’s
major hydroelectric generat-
ing utilities and affected
Federal agencies to optimize
power benefits by treating
the Columbia River as a
single-owner system.

In annual planning
sessions, the parties jointly
anil cooperatively determine
the system’'s aggregate firm
capability. They then mutu-
ally support each other's
operations (o meet nonpower
requirements, to carry firm
load, to use their hydroelec-
tric resources most economi-
cally and effectively, and
to enhance the production
of nonfirm energy. Load

carrying capability is assured
through rights and obliga-
tions related to bilateral
transfers of energy, including
delivery, replacement, and
payment obligations.

PNCA develops guide-
lines for storage reservoirs
that determine how much
load can be carmied under
the most adverse streamflow
conditions. These guidelines
take the form of permitted
reservolr storage elevations.
Obligations may be met in
VAROUS ways — storing or
discharging water, delivering
energy, making payments,
and demonstrating refill
capability if drafting

| below targets.

Few places in the world can equal the hydroelectric potential found in the Pocific Northwest's clouds,
snowpacks, and streams. Optimizing the power benefits from this natural potential is @ major objective
of the Pacific Northwest Coordination Agreement.




Secrefary’s

Principles

In paraphrased form,
these are the principles that
form the basis for the Pacific
Northwest Coordination
Agreement. They were
announced by Interior
Secretary Stewart Udall in
March 1961.

=

6.

No party shall be
required to operate
its facilities in a
manner inconsistent
with nonpower uses,

The combined
power facilities of
the parties shall be
operated 1o produce
optimum firm load-
carryving ability.
Upon demand by a
downstream entity a
storage owner shall
release all water not
needed for subse-
quent firm loads or
shall provide energy
in liew thereof.

Each party shall be
entitled (o a firm
Inad carrving
capability equal to
its capability in the
critical streamflow
period with full
upstream storage
release, except for
reimbursement of
Canadian Treaty
benefits and restora-
tion of capability (o
parties that suffer
loss in critical period
capability as a result
of the Treaty.

. Firm load carrying

capabilities shall be
sustained by
exchange of energy
between parties.
Each party shall
accept energy that is
surplus to other
parties’ needs for
storage in available
reservoir space.

|
‘ 8
|

10,

1.

2

. The obligation to

reimburse Treaty
power 1o Canada
shall be shared by
the projects that
benefit from Treaty
slorge in propor-
tion to their benefits.

Equitable compensa-
tion shall be made
for the beneflits from
reservoir storage,
including compensa-
tion by the United
States to the extent
consistent with
applicable law.

Interconnecting
transmission
facilities shall be
made available for
coordination use
subject to the
OWTer's prior
requirements,
Each party shall
consult with the
others in developing
detailed plans for
operation of its
facilities.
Equitable charges
shall be made for
capacity, energy,
transmission,
storage and other
SETVICES,

. Bonneville Power

Administration
shall sell to the
nonfederal parties
the capacity they
require for delivery
of capacity benefiis
o Canada.
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- :iE . i Cowlitz County PUD Eagle Point
F GI ageRciEy Swifl #1" Falls Creek
Corps of Engineers Swift #27 Fish Creek
Albeni Falls Priest Rapids® Iron Gate
Big Cliff Wanapum” John Boyle
Bonneville Douglas County PUD Klamath Lake
Chief Joseph Rocky Reach’ Lebanon
Cougar Wells Lemolo #1
Detroit Eugene Water and Lemolo #2
Dexter Electric Board Merwin
Dwaorshak Carmen [ Naches
Foster Leaburg | Naches Drop
Green Peter Priest Rapids’ | Pelton Reregulating'
Hills Creek Trail Bridge Powerdale
Iee Harbor Walterville Priest Rapids’
John Day Wanapum® Prospect #1
Libby Grant County PUD Prospect #2
Little Goose Priest Rapids® Prospect #3
Lower Granite Wanapum® Prospect #4
Lookout Point Pend Oreille County FUD Rocky Reacl?
Lost Creek Box Canvon Slide Creek
. Lower Monumental Sullivan Lake Soda Springs
Cﬂﬁ(jl IC MeNary Seartle, City of Stayton
P . The Dalles Boundary Swift #1°
Bureau of Reclamation Cedar Falls Swift #2°
ro Ieds Anderson Ranch Diablo Toketee Falls
: Black Canyon Gorge Wallowa Falls
Cmrdlnai&i Boise Diversion Newhalem Wanapum®
Chandler Priest Rapids’ | Wells’
By PNCA Grand Coulee Ross Yale
Hungry Horse Snohomish County PUD Portland General
Minidoka Henry M. Jackson | Electric Company
Packwood Tacoma, City of Bull Run
Palisades Alder Faraday
Roza Cushman #1 North Fork
Project Output part of Cushman #2 Oak Grove
Federal Columbia La Grande Pelton
River System Mayfield Pelton Reregulating®
Cowlitz Falls (owner, Mossyrock Priest Rapids
Lewis County PUD) Priest Rapids® River Mill
Packwood (owner, Rocky Reach®
Washington Public Investor owned Round Butte
Power Supply System Sullivan
[WPPSS]) Mnl}tana Power Company Timothy
Priest Rapids' g ) Wanapum'
Wanapum' Thompson Falls Wells®
Wells' Pacific Power and Puget Sound Power and
Light Company | Light Company
Public agencies Albany | Electron
_ Bend | Lower Baker
Chelan County PUD Big Fork Nooksack
Lake Chelan’ Clearwater #1 | Priest Rapids’
Rock Island® Clearwater #2 Rock Istand®
Rm‘lq.-' Reach® Cline Falls RD'CIW Reach?
Colockum Condit Snoqualmie Falls #1
Transmission Co., Inc. Copeo #1 Snogqualmie Falls #2
Rocky Reach’ Copco #2 Upper Baker
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Wanapum®
Wells*
White River

Washington Water
Power Company

Cabinel Gorge
Lake Chelan’
Little Falls
Long Lake
Meyers Falls
Monroe Street
Nine Mile
Noxon Rapids
Post Falls
Priest Lake Storage
Priest Rapids’
Rocky Reach!
Upper Falls

Hungry Horse, a Bureau of Reclamation project, located on the Flathead River in Monfana.

Wanapum’
Wells'

Part of progect output s purchased
by Forest Grove, McMinnville, and
Multon-Freewuter amd received
through BIPA

‘Project is operated by atility; part
owTier Of prriject outpil.

Part of prospect outguit s purchised
by uitiliny

'Full project output 15 parchased
b utiliey

Project is operated by utility, but
has i share of projpect output
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PNCA:
Section By
Section

This summary is
intended only as an over-
view, not as a substitute or
interpretation for the
agreement itself. In the
interest of space and read-

ability, the contract language

has been paraphrased and
greatly compressed. Asa
further aid to readability,
technical terms that are
capitalized in the contract
are not capitalized here.
Operating procedures,
typical practices and com-
ments are bracketed to
distinguish them from
contract specifications. It is
totally inappropriate to
consider Appendix C as an
official interpretation of the
contract by any party.

Part |. Infroductory
Provisions

Section 1. Term of
agreement. This section
lists the beginning and
ending dates, refers to
survival rights and obliga-
tions, and terminates the
[then) existing agreement.

Section 2. Definitions
of terms. The meanings of
36 terms are explained. [The
most imporiant of these
terms are discussed in the
text and defined in the
glossary of this publication. |

Section 3. Exhibits.
The following exhibits are
attached to the agreement:
{ 1) system firm resources,
(2) hydroelectric projects
existing or under construc-
tion on January 17, 1961, (3)

limits of rights to restoration,
(4) reserves, (5) computation

of paymenis under subsec-
tion 13(a), (6) provisions
relating to work hours, (7)
provisions relating to
discrimination.

Section 4. Agreement
to coordinate. The parties
agree to coordinate the

operation of their systems
to produce optimum FLCC
and usable nonfirm energy.
Section 5. The
coordination contract
committee. Each PNCA
party has one representative
on this committee, The com-
mittee's duties are making

studies and plans required for

coordinated operation,

Part Il. Planning

Section 6. Determina-
tion of FLCC.,
* Section 6a. Load and
resource data. By

February 1 each year, each

party provides data to guide
planning for the contract
year beginning August 1.
This information includes
the party's (1) estimated
firm load, (2) hydro and
thermal resources, includ-

ing noNpowWer requirements,
(3) firm contracts for buying

or selling power outside
the system, (4) scheduled
maintenance outages,

(5) schedule of new or
additional resources, and

(6) resources to be retired.

This is commonly called the
“February data submittal”.
* Section 6b. Preliminary

regulation. By March 15, a

preliminary regulation is

made, using the February 1

data as input. It estimates
each party’s FELCC and
distributes it during the
critical period. The regula-
tion assumes each reser-
voir begins the critical
period full and, by the end
of the critical period, is
drafted to its normal
bottom elevation, This is
the parties’ first estimate
of their FLCC.

» Section 6ic. Modified
regulation. By April 1,
each party may make
changes to its February 1

data submittal in regard to

thermal resources, con-
tracts, outages, and loads.
It must revise loads so that
(1) average loads during
critical periods equal the
party's critical period capa-
bility from the preliminary
regulation adjusted for
restoration and (2) peak
load in any period does not
exceed its capability
expected in the modified
regulation. After April 1, a
modified regulation shapes
the system’s FELCC to its
estimated adjusted load
and adjusis loads for
“nonusable” or unshapable
FELCC during the critical
period. It also determines
each system's FLOC.
Section 6id. Changes in
modified regulation. By
May 15, each party may
fine-tune the regulation of
its reservoirs as set forth in
the modified regulation.
[This procedure occurs
during the “6(d) meeting”.]
Such changes must fall
within established limits —
e.g., no increase in the
system's total spill during
the critical period, no
change in the April 1
reservoir elevations in the
modified regulation.
Following these adjust-
ments, any pary may
reregulate its reservoirs to
increase peaking if it is
peak deficient or to
increase its energy capa-
hility, subject to limitations
and rights of downstream
parties. If desired adjust-
ments to eliminate imports
are precluded by these
contract limitations,
importing or exporting
parties may designate the
transfers as holding
interchange energy to
assure delivery and
minimize cost

Section 6e. Final regu-
lation. By .July 1, a final



regulation is made,
incorporating all changes
in the preliminary and
modified regulations,
decisions made at the 6(d)
meeting and adjustments
[or restoration.

Section 6f. Determina-
tion of restoration. This
section affirms the right of
each party to camy at least
the same firm energy load
with as without Canadian
storage. [Some parties
found that they had
reduced critical period
capabilities with the addi-
tion of Canadian storage, |
Parties with reduced
critical period capabilities
are entitled to restoration
from parties with increased
abilities. A formula for
computing gains or losses
is provided.

Section g General
limitations on estimated
adjusted loads. This
section states that a party’s
FELCC (adjusted load)
must not exceed its critical
period capability.

Section 6h. Rankings for
critical rule curves from
current and previous
years' eritical period
studies. This section
identifies and establishes
nile curves o be used for
the contract year,

Section 6i. Establish-
ment of firm load
carrying capability.

By August 1, FELCC is
established, from the final
regulation, for each party
for the new contract year.
However, il the coordi-
nated system's reservoirs
failed to reach 98 percent
of refill onJuly 31, the
actual composite system
content is compared,

in order, to critical rule
curves 2, 3, and 4 and 1o
“empiy” from the previous
year's final regulation

studies. The study with the |
rule curve closest to the
actual energy content is |
adopted as FELCC. [Note:

In recent vears, the actual
energy regulation, or AER,
elevation is used for the
actual elevation.)

* Section 6ij. Adjustments
in planned firm load
carrying capability. By
August 15, if FELCC
adjustments have been
required because the
system failed to reach 98
percent refill, other
adjustments are permitted
— .2, adding or retiring
firm resources, making
extra-system purchases,
and considering new non-

power uses, Changes in |

a party’s FELCC reflect
the adjustments,

Section 7. Determina-
tion of energy content
curves, ECCs are intended o
provide ( 1) enough storage
for the system to generate
FELCC during periods of
ardverse streamflow and (2)
assurances of refill. They are

I expressed as elevations in

feet at each end-of-month for
the 1Z-month period begin-
ning August 1. ECCs are the
higher of the Ist year critical
rule curve (CRO) or assured
refill curve (ARC). From
January through July when
runofl projections are used
to predict refill, the variable
energy content curve
(VECC), if lower than CRC
and ARC, becomes the ECC,
The ECC is also limited by
flood control and minimum
flows for power and
NONpower requirements.
Proportional drafts below
ECC or nonpower require-
ments may also become the
ECC. [These clarifications
are specified in an operating

procedure,] Each reservoir
party may draft to the ECC at
any time to produce nonfinm

energy. Drafting below ECC

is permitted only for propor-

tional draft to support
coordinated system FELCC
or to generate provisional
energy. Downstream parties
have the right to request draft
to the ECC. A reservoir party
has the right to release the
water or 1o deliver energy in
lieu of the water that would
have been released.

= Section 7a. Critical
period one year or less,
| This has not been used for
maore than 20 vears, |

* Section Tb. Critical
period longer than one
year. For multi-year
critical periods, the ECC
for each reservoir at the
end of each period is the
higher of the 1st year
eritical nile curve or the
assured refill curve. [Note:
As the historical streamflow
data base grew, this was
subsequently changed to
the third lowest stream-
flow to maintain the same
prohability. ]

s Section Te. Variable
energy content curves,
VECCs provide for drafis
below the ECC from
January through July by
the amount that forecasted
inflows exceed refill
requirements, VECCs are
developed to allow
secondary energy to be
produced without jeopar-
dizing refill. To reduce
refill failure caused by
producing nonfinm energy,
a refill test is made using
the historical streamflow
record to determine the
number of years that
energy exceeded FELCC
{in January-July) and
system reservoirs failed (o
reach 98 percent full by
July 31, If this happened
more than 5 percent of the
vears in the historical
period, VECCs and ARCs
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are raised 1o reduce nonfinm

energy production or
eliminate the refill failure.
Section 8. Mainte-
nance and reserves. This
section deals with outages
for scheduled maintenance

and reserves needed Lo cover
maintenance outages as well

as forced outages,

Part lil. Operations

Section 9. Operating

procedures, obligations
and entitlements.

* Section 9a. Use of FLCC

and of energy and
capacity in excess of

FLCC. Each party may use

its FLCC for any purpose.
It may similarly use its
energy or capacity in
excess of FLCC to the
extent that coordinated
system capability exceeds
that needed to carry load,
A party's excess is the
difference between its
AEC and its FELCC,
adjusted for other parties’
rights and obligations.

* Section 9b. Actual
Energy Capability. This
section outlines the
method for parties (o
determine their AEC —
energy generated by their

systems and received from
firm arrangements outside

their systems — and for
adjusting AEC to reflect
PNCA obligations. [Note:
Following changes in the
PNCA operating proce-
dures, the AEC is pro-

duced for all parties by the

Northwest Power Pool
stall from the actual
energy regulation, a con-
tinuous simulation of
actual observed stream-
flows and forecasted cur-
rent and future flows for
the current contract year. |
* Sections %¢.d,e. Inter-
change energy and

interchange capacity.
Each party is entitled to its
FLCC at all times. But, at
any given time, some
parties will have more
generation than their
FELCC and some will
have less. Those with less
can meet their FELCC by
scheduling deliveries from
those with excess, Arrange-
ments for retuming the
energy are complicated. In
any case, relurmn is required
when the receiver's own
AEC once again exceeds
its FELCC. If returns do
not equal deliveries by the
end of the contract year
{July 31), imbalance
payments are made.
Sections 9f and g.
Priorities on deliveries
of thermal interchange
energy.

Section 9h. Operation of
reservoirs below ECCs
and CRCs ( proportional
draft). [Note: Parts of this
section have been revised
by operating procedures. |
Section 9i. Priorities on
use of facilities. This
section ensures that PNCA
requirements do not exceed
a party’s capabilities, con-
sidering its obligations to
supply its own FLCC and
meet its own transmission
contracts, In order, the first
five (of 12) priorities are:
(1) supplying a party’s own
FLCC from its own firm
hydro and using its trans-
mission capacity for its
own FLOC and to fulfill
transmission contracts,

(2) supplying its own FLCC
from its other finn resournces,
(:3) delivering interchange
capacity, (4) delivering
and returning in-lieu
energy, and (5) refurning
stored energy needed for
another's FELCC.

Section 9j. Storage of
energy in reservoirs.

A party with excess
energy may store it with
any reservoir party hav-
ing available space. The
reservair party decides
how o use its storage
space, which energy to
displace and which
requests for storage or
return can be met. I spills
are required, the reservoir
party decides which
energy is spilled, notifies
the affected party and tries
to conserve the energy that
will be displaced.

Section 9k. Release of
water from storage and
in-lien energy deliver-
ies, Il a downstream party
requests a release of water
that is above the ECC of an
Hpstreum SLOrRge eser-
voir, the reservoir party
has the option (o release
the water or supply the
downstream party with
energy equivalent to what
the downstream party
could have generated if the
release had been made.
When the reservoir relums
toits ECC, the down-
Stream party must retum
the energy.

Section 9m. Adjust-
ments in FELCC [aka
flexibility adjustments),
A party may borrow and
return future FELCC,

but these transactions
must zero out at the end
of the coniract year. A
party's borrowing may

not exceed 5 percent of its
FELCC remaining in the
contract year.

Section 9n. Provisional
energy. A reservoir party
may draft below its ECC il
it can demonstrate that it
can returmn to ECC (ie.,
that the energy generated
from the draft can be
recovered from the
purchaser or from firm
resources nol committed



to the party’s FLOC under
the PNCA agreement ).

A downstream party may
either retain the energy
from the release or deliver
it to the reservoir party
during the release period.
In the latter case, the
reservoir pary owes the
downstream party replace-
ment energy.

+ Section 90, Adjustment
of ECCs. From January
through July (the varable
drawdown period), each
party notifies other parties
of forecasted ECC eleva-
tions through the end of
the contract year for all
reservoirs for which a
variable ECC has been
determined plus the data
needed 1o determine in-
flow to such reservoir(s).
When reservoirs operate
below ECC because of
NONPOWET requirements or
above ECC because of
natural restrictions, then
the actual elevation
becomes the BECC.

* Sections 9p,q,r. Adjust-
ments for changes in
schedules of resource
availability, transfers
due to forced outages,
operating data and
deviations. Section 9(r)
requires cooperative
preparation of hourly
schedules for power
and energy transfers,

Section 10, Transmis-
sion rights, obligations,
and scheduling.

Section 11. Flow of
reactive power, Flow of
reactive power due o coor-
dinated operations is nol to
adversely affect the system
orinterconnected systems.

Section 12, Loads in
excess of capabilities. An
individual party is respon-
sible for meeting its loads that
ool exeeed its FLOC and
the secondary energy it is

entitled to under Section 9.
[Note: This section recog-
nizes the limitations of the
Northwest hydro system. |
Section 13. Payments

for coordinated storage
releases from reservoirs
in the U.S. This section
outlines the method for
computing payments owed
by ovwniers of downstream
projects for coordinated
releases from upsineam pro-

jects, [Note: These payments

are also known as headwater
payment benefits. |

Section 14. Charges
for exchanges, transfers
and services. [Note: These
charges have been updated
wice. |

Section 15. Nonpower
uses. This section affirms
the priority of nonpower
uses, |[Note: NPRs are
sometimes called “Section 15
requirements”. |

Sections 16 - 21,
General provisions. These
provisions include prefer-
ence rights of public agen-
cies and cooperatives,
contract rights and obliga-
tions, and water rights.

Section 22. Canadian
storage.

Section 23. Federal
reclamation projects.

Section 24. Re-nego-
tiation, modification and
withdrawal from PNCA.

Section 25. Notices.

Section 26, Additional

parties.
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Acre-foot: The volume of
water that will cover an acre
to a depth of one fool, It
equals 1.233.5 m*

Actual Energy Capability
(AEC): Each PNCA party’s
generating capability based
on operating the coordinated
system's reservoirs to the
energy content curve or to
proportional draft points.

Actual Energy Regulation
(AER): Hydro regulation study
used to determine each party's
Actual Energy Capability,

Assured refill curve (ARC):
A representation of the

lowest drawdown level from
which a reservoir could refill

given a repetition of the third- |

lowest runoff vear of record.

Average megawatt (aMW):
The average amount of energy
(in megawatts) supplied or
demanded over a specified
period of time; equivalent to
the energy produced by the
continuous operation of one
megawatt of capacity over
the specified period.

Canadian Entitlement:
Canada’s share of hydro-
power generated at down-
siream projects by the use
of the Columbia River
Treaty projects.

Canadian Entitlement
Allocation Agreements:
Contracts that specify how
much power is Lo be pro-
vided by five mid-Columbia
projects as a result of
increased flows made
possible by the Columbia
River Treaty projects.

Capacity: The maximum
sustainable amount of power
that can be produced by a
generating resource at speci-
fied times under specified
conditions or carried by a
transmission facility; also,
the maximum rate at which

power can be saved by a
nongenerating resource.

Columbia River Treaty:
U.S.-Canadian agreement for
bilateral development and man-
agement of the Columbia River
to achieve flood control and
increased power production,

Columbia Storage Power
Exchange (CSPE): A non-
profit corporation of

11 Northwest utilities that
issued revenue bonds 1o
purchase the Canadian
Entitlement and sell it to

41 Northwest utilities through
a Bonneville Power Adminis-
tration exchange agreement.

Composite Reservoir:

A PNCA operational proce-
dure that simplifies in-lien
energy transactions by
treating federal upsiream
reservoirs as one reservoir
located at Grand Coulee and
assuming the same flow time
between these upstream
reservoirs and the mid-
Columbia projects.

Coordinated operation:
The operation of intercon-
nected electrical systems

to achieve greater reliability
and economy; as applied to
hydro resources, the opera-
tion of a group of hydro
plants to obtain optimal
power benefits.

Critical period: That por-
tion of the historical 50-year
streamflow record which,
when combined with the
drafting of all storage reser-
vioirs from full to empty,
would produce the least
amount of energy shaped

to seasonal load pattems.

Critical rule curves
(CRC): Graphic or tabular
representations of reservoir
storage water levels under
critical streamflow condi-
tions at various times of the

year during all years of a
critical period.

Critical water: Streamflows
which occwred during the
critical period.

Cubic feet per second
(cfs): A measurement of
water flow representing one
cubir foot of water moving
past a given point in one
second. One cfs is equal 1o
7.48 gallons per second and
0.028 m' per second.

Demand: The rate at which
electric energy is delivered
1o or by a system; usually
expressed in kilowatis or
megawatis over a designated
period of ime.

Draft: Release of water
from a storage reservoir,
usually measured in feet of
reservoir elevation,

Drawdown: The distance the
water surface of a reservoir is
lowered from a given eleva-
tion as a result of withdraw-
ing water.

Energy: Average power
production over a stated
interval of time, expressed
in kilowatt-hours, megawatt-
hours, average kilowatts, or
dverage megawatls.

Energy content curve
({ECC): Graphic or tabular
representation of the month-
end elevations at each stor-
age reservoir which defines
certain rights and obligations
under the Agreement.

Firm energy load carry-
ing capability (FELCC):
The amount of firm energy
that the region’s hydroelec-
tric system, an individual
system or project can be
called on to produce during
actual operations from all
firm resources.

Firm energy: Energy that is
guaranteed to be available



given a recurrence of the
region's worst historical
sireamflows,

Flood control rule curve
(FCRC): A curve, or group
of curves, indicating reser-
voir elevation or drawdown
required 1o control fAoods.

Flow: The volume of water
passing a given point in a
given period of time,

Forced outage: An unfore-
seen outage that results from
emergency conditions,

Forced outage reserves:
Peak generating capability
planned to be available to
serve peak loads during
forced outages of generai-
ing units.

Generation: Production
of electric energy from
ather forms of energy; also
refiers o amount of electric
energy produced.

Headwater benefits:
7ains in usable down-
stream energy as a resull
of upstream storage.

Historical streamflow
record: The unregulated
sireamflow data base of the
H) years beginning in July 1725
data are modified to adjust
for factors such as irrigation
depletions and evaporations
for the particular operating
year being studied.

Hydroelectric: The kind of
electric power produced by
the force of falling water.

In-lieu energy: Energy pro-
vided by a reservoir owner
instead of water to which a
downstream party is entitled,

Interchange energy:
Electric energy received

by one utility from another,
usually in exchange for
energy 1o be delivered to
the other system at another
time or place.

Load: The amount of
electric power delivered or
required at a given point on
a syslenm.

Megawatt-hour (MWh):
A unit of electrical energy
equal to one megawatt of
power applied for one hour.

Mainstem: A principal river
or channel, as opposed (o its
tributaries,

Megawatt (MW): A unit

of electric power equal to
one million waltls, or one
thousand kilowatts.

Mid-Columbia: The
Columbia River from the
Canadian border to its junc-
tion with the Snake River.

Nonfirm energy: Encrgy
that is not guaranteed;
energy that is available
when water conditions are
better than those in the
critical period and not
required for refill.

Nonpower requirements:
Uperating requirements al
hydroelectric projects that
pertain to navigation, flood
control, recreation, irmga-
tion and other nonpower
uses of the fver,

Operating requirements:
Guidelines and limits that
must be followed in opert-
ing a reservoir or generating
project; they may originate
in legislation, physical
limitations, agreements

and other sources.

Operating rule curve:

A curve, or group of curves,
indicating how a reservoir
is to be operated under
specific conditions and for
specific purposes,

Operating procedure:
Alternative method substi-

| tuted for a provision in the

PNCA contract by agree-
ment of parties, clarification

of the contract, or method for
carrving oul a procedure.

Operating year: The
12-month period from
August | through July 31,

Qutage: [n a power system,
the state of a component
(such as a generating unit,
transmission line, etc.) when
it is not available to perform
its function due 1o some event
directly associated with the
component.

Outflow: The volume of water
per unit of time discharged at a
hydroelectric project.

Pacific Northwest
Coordination Agreement
(PNCA): An agreement
among owners of hydro
generating plants that coor-
dinates the release of stored
water and other procedures
for obtaining optimum usable
ENeTEy.

Peak load: The maximum
electical demand in a stated
period of time.

Proportional draft: Drafting
all reservoirs in the same
proportion to meet firm loads.

Proportional draft point
(PDP): Reservoir elevation that
guides operations whenever
drafting to the ECC will not
produce FELCC; all reservoirs’
PDPs are the same propor-
tional distance between the
crtical nile curves unless
restricted by NPRs.

Provisional energy: Energy
produced by drafting below
the ECC or PDP and delivered
under contracts which provide
for the returmn of the energy

1o the delivering utility under
certain conditions. Provisional
energy is called Advance
Energy in contracis between
BPA and its direct service
industrial customers.

Refill: The annual process
of filling a reservoir; also
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the point at which the hydro
system is considered full
from the seasonal snowimelt
runoff.

Reliability: Generally, the
ability of an item to perform
a required function under
stated conditions for a stated
period of time,

Mathematically, the
probability that a device will
function without failure over
a specified time period or
amount of use.

In a power system,
reliability is a measure of
the ability of the system to
continue operation while
some lines or generators are
out of service, Reliability
deals with the performance
of a system under stress,

For a relay or a relay
system, reliability is a
measure of the degree of
certainty that the relay or
relay system will perfonm
cormrectly. Note that reliabil-
ity denotes certainty of
cormect operation together
wilh assurance against
incorrect operation from all
extrmneons causes,

Reregulation: Storing
erratic discharges of water
from an upstream hydroelec-
tric plant and releasing them
uniformly from a down-
stream storage plant,

Reregulating reservoir

A reservoir located down-
stream from a hydroelectric
peaking plant having suf-
ficient pondage to store the
widely Auctuating discharges
from the peaking plant and
release them in a relatively
uniform manner downstrean.

Reservoir elevation: The level
of water stored behind a dam.,

Reservoir storage: The
volume of waler in a4 reservoir.

Restoration: Adjustments
that permit all PNCA projects

1o carry the same firm energy
Inad with as with-out Cana-
dian Treaty storage; projects
losing load-carrying capabil-
ity are restored by prajects
gaining capability.

Rule eurves: Graphic
representations of water
levels; used to guide reservoir
aperations.

Run-of-river dams: Hydro-
electric projects that use
available streamflow and

a relatively small amount

of shori-ternm storage as
opposed 1o storage projects,
which have sufficient storage
space to carry water from
one season 1o another,

Secondary energy: Another
term for nonfirm energy.

Secretary's Principles: The
framework of rights

and obligaiions that forms
the hasis of PNCA.

Shaping: In planning, moving
surplus or deficit FELCC
from one period to another

| period within the year.

Shifting: In planning, moving
surplus or deficit FELCC
from ome year of the critical
period to another to increase
the FELCC's value.

Spill: Water that passes

over a spillway without going
through turbines to produce
clectricity.

Storage energy: The energy
equivadent of water stored in
i reservoir above normal
bottom elevation,

Storage reservoirs: Reser-
voirs with space to retain
water from the annual high-
water season to the following
low-water season.

[ Streamflow: The rate al
which water passes a given
point in a stream, usually
expressed as cubic feet per
] second (cfs),

Surplus: Another term for
nonfirm energy.

Thermal Resource: Elecin-
cal generating means that
rely on conventional fuels
such as coal, oil, and gas.

Transmission: Transporting
electric energy in bulk from
one point to another in the
power system rather than to
individual customers.

Transmission grid: An
inter-connected system of
electric transmission lines
and asso-clated equipment
for transferring electric
energy in bulk.

Variable energy content
curve (VECC): The January
through July portion of the
energy content curve; the
VECC is based on the
expected spring minofT.

Water Budget: A volume
of water to be reserved and
released in the spring if
needed to assist in the downe
stream migration of juvenile
salmon and steelhead.

Watt: A unit of electrical
power ar rate of doing

work. The rate of energy
transfer equivalent to one
ampere flowing under a
pressure of one volt at unity
power factor. It is analogous
to horsepower or footpounds

| per minute of mechanical

power, Une horsepower is
equivalent to approximately
746 watis. A kilowatt equals
1,000 watts, a megawall
equals 1,000,000 warls,
Wheeling: [Using transmis-
sion facilities of one system
to transmit power of and

for another system.



