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The Columbia River sys-
tem consists of the Columbia
River and its tributaries,
which drain about 57 million
hectares (219,000 square
miles) in the United States
and 10 million hectares
(39,600 square miles) in
British Columbia. Federal
agencies and other entities
have built 30 major dams and
dozens of other hydro pro-
jects in the Columbia River
basin. The dams and their
reservoirs are used to gener-
ate hydroelectricity and to
provide non-power benefits
such as flood control,
navigation, and recreation.

The System Operation
Review, being conducted by
the Bonneville Power Admin-
istration, the U.S. Army Corps
of Engineers, and the U.S.
Bureau of Reclamation, is
analyzing current and po-
tential future operations of
the Columbia River system.
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One goal of the System
Operation Review is to
develop a new System
Operation Strategy. The
strategy will be designed to
balance the many regionally
and nationally important uses
of the Columbia River system.
The System Operation
Review also will provide
information needed to assist
with renegotiation of the
Pacific Northwest Coordina-
tion Agreement and other
agreements related to the
Columbia River Treaty be-
tween the United States and
Canada. These complex
agreements are explained in
earlier System Operation
Review publications, The
Columbia River System: The
Inside Story and Power Sys-
tem Coordination: A Guide
to the Pacific Northwest
Coordination Agreement.
The Inside Story explains
how system operations are

production, to meet demand for electric power.
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Shortterm operations of the hydro system — hourly, daily, and weekly — occur primarily for power

planned and carried out. It
describes the river system,
those who operate and use
it, the agreements and
policies that guide system
operations, and annual
planning for multiple-use
operation. Another System
Operation Review publica-
tion that provides a good
overview of system opera-
tions is A River At Work.
The Inside Siory
focuses on the types of sys-
tem operations that take
place annually and season-
ally. This publication
expands that knowledge
by explaining how hydro
system operations are
planned and carried out
in the short run — hourly,
daily, and weekly. Short-term
operations occur primarily
for power production, to
meet varying load demand,
within the requirements
imposed by all other system
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Earlier SOR publications have described coordination, planning

and operation of the Northwest hydro system. This publication

focuses on short-term operations.

uses. Spill of water to assist
fish passage and some flood
control actions are a couple
of the other short-term oper-
ations of the system.

Power System Coordi-
nalion provides an overview
of the Northwest's power
system and describes current
coordinated hydro operations.
It begins by considering
coordination as a concept,
examines the Columbia
River as a hydro resource
and then reviews the
elements that spurred river
developments culminmating
with the Columbia River
Treaty. It concludes by
providing a detailed look
at the Pacific Northwest

Coordination Agreement, its
planning process and oper-
ating procedures.

To help you understand
the principles and typical
actions during short-term
operations, this publication
begins with two series of
“newspaper articles.” They
describe a severe winter
situation and, in contrast, a
common spring situation, The
articles provide examples of
the principles discussed in
the explanation of short-term
operations that follows. In
addition, several appendices
provide detailed explana-
tions, and there is a glossary
with definitions. Appendix A
lists short-term operational

US Army Corps
of Engineers

The Corps of Engineers and the Bureau of Reclamation own and
operale the projects in the federal hydro system. The Bonneville Power
Administration markets the power produced, collects the money, and
pays the bills. The three agencies are conducting the SOR.

The System Operation Review is
analyzing current and potential
future operations of the Columbia
River system to balance the many
uses of the system.

limits for the 14 projects
included in the SOR.
Appendix B provides an
overview of the Northwest
hydro system, including the
agreements and legislation
that govern planning and
operations. Please see the
glossary for terms used in
the context of short-term
operations.

If you have questions or
comments about this publi-
cation, previous publications,
or the System Operation
Review, please contact the
Interagency Team. The
address and phone number of
the team are on the inside
cover of this publication. ‘%‘



The
Northwest:

December

1990




Preparations:

B Weather Service forecasted heavy snow with record low temperature

B BPA purchased energy early in the fall to provide water later for
contingencies

B Upstream reservoirs operated to the highest possible levels consistent
with flood protection and minimum flows

Response:

B Hydro system sets peak load record
B System demonstrates flexibility to respond to a high power demand




The
Northwest:

April 1992




Preparations:

B Development of juvenile salmon monitored to determine when to
begin water release,

B Water stored in upstream reservoirs to provide flow augmentation
for salmon.

B Annual spring maintenance scheduled for thermal plants.

Response:

B Water released to help downstream juvenile salmon migration

B Spill at dams managed to help with upstream adult migration and to
control l‘liTl'nglﬁ supersaturation

B Turbines operated within 1% of peak efficiency for best fish passage.

Results:

hases energy because of low water runoff to provide full Now

age Center requests are satisfied during fish migration period
B System successlully balances flows for fish and storage space for
flood control




Definition
and
Obijective

of
Short-Term
Operations

As the news articles
illustrate, short-term opera-
tions of the Columbia River
System are designed to meet
the varying demand for elec-
trical power efficiently and
economically, while com-
plying with non-power
requirements. Power
demand varies continuously
with changes in industrial,
commercial, and residential
power use. These load
variations are discussed in
the next section.

Short-term operations
for power occur within the
other requirements placed
on the system to meet the
needs of other river users.
Most river uses other than
power do not normally
cause as frequent of changes
to discharges and reservoir
levels at dams. Non-power
requirements may affect
how much hourly fluctua-
tion can be provided for
power production. Require-
ments on short-term
operations for power use
are discussed in the third
section of this chapter.

Loads and Load
Shapes

The factor that most
affects demand for power is
the usage patterns of con-
sumers, or load. Consumers
are industries, businesses,
residences, and farms that
use electricity to power
machinery, pump water,
and provide heat and light,
thereby putting load on the
power system.

Seasonally, demand for
power in the Northwest is
highest in the winter, when
cold weather increases
loads, mostly for space
heating. In eastern Montana
and much of California, in
contrast, loads generally are
highest in the summer due
to air conditioning and irri-
gation and pumping needs.

Demand also varies
within each week. Weekday
usage is the highest, because
many people are at work,
stores are open for busi-
ness, and manufacturing
plants are operating.
Saturday loads are lighter

Graph of Typical Day

than weekdays, and Sunday
loads are even lighter. Holi-
day loads vary widely from
one holiday to another,
depending on the nature of
the holiday. Loads during the
Labor Day weekend are low,
because many companies
close and people take time
off work to recreate. Butl the
load on Presidents’ Day in
February may be only
slightly different from a
normal winter weekday,
since most businesses are
open and people are at work.
Diurnally, or within a 24-
hour day, loads increase and
peak in the mid-morning to
noon hours, as people arise
and begin work. In the after-
noon loads decline slightly but
peak again about 6 p.m. The
hours 6 a.m. through 10 p.m.
Monday through Saturday are
referred to as heavy load
hours, and the rest of the weck
is light load hours. During
the winter in the Northwest,
the morning and evening
peaks are more pronounced
and the daytime plateau is
higher than in the summer.
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Demand for power, or load, is low during the night. loads increase as people arise and begin their
day’s work, peaking in the morning and again in the early evening. Weekend day loads are much
lower than weekday loads.



Uncertainty

The typical seasonal,
weekly, and diurnal shapes
of loads just described seem
logical and easy to compre-
hend, because they depend
on work routines, weather,
and seasons. But several
factors make it difficult to
predict loads and plan for a
responsive and efficient op-
eration. Loads follow many
different patterns, depend-
ing on the power usage
patterns of consumers. For
example, industrial demands
for power are relatively con-
stant as manufacturing
processes continue every
hour throughout the day and
week. Residential loads, on
the other hand, are as diverse
as the people in the region
and their patterns of eating,
sleeping, and working.

Weather is probably the
most significant variable, as
illustrated in the news arti-
cles on the cold spell. In the
Northwest, with its varied
geography, weather is often
unstable and unpredictable.
Weather conditions can vary
considerably from place to
place within the region, as
can people'’s responses to
actual weather and fore-
casts. For example, when a
hot spell is predicted, some
people turn up their air con-
ditioners and others head to
the river to cool off.

Another source of uncer-
tainty in demand for power
is transactions between
utilities. These include year-
round and seasonal sales of
firm energy and capacity.
Some firm sales may be
seasonal, such as North-
west utilities’ sales of
capacity to California
during the summer months.
Other transactions may be
seasonal exchanges, for
example a Northwest utility

Graph of Typical Month
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Lloads are significantly lower on weekends, especially on Sundays, than on weekdays when most
people are at work. The hydro system responds to changing loads, with thermal and other resources
providing power to meet the relatively stable baseload.

Graph of Typical Year
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Lloads and power production also vary significantly during the year. Hydro projects are fueled by
water flows, which are higher during the spring and summer as snowpack melts. Loads are highest
in the winter in the Northwest, as people turn up their thermostats to keep warm. Surplus energy can
be either sold in the Northwest or sent to California, which has higher loads in the summer, and
California utilities can send energy back to the Northwest in the winter, when we need it.



What's Behind the Light Switch?

Electric power has fo be where itis needed when the switch is flipped on. Water flows, the turbines tun, the power flows overthe lines, and the light bulb glows.
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providing summer energy to
a California electric utility
purchaser in return for
energy during the winter
when Northwest loads are
higher. Some energy ex-
changes provide the parties
with additional flexibility,
such as conversion of the
exchange to a sale under
specified conditions.

While energy transactions
usually are pre-scheduled for
delivery in one-hour blocks,
many energy transactions
are at the buyer’s option.
Therefore, the delivering
utility’s loads may be greatly
affected by power require-
ments on the receiving
party's system. For example,
if regional temperatures
drop, BPA’s system load will
increase as purchasing utili-
ties’ loads increase as their
respective customers
turn up their thermostats. In-
terchange loads also may
rise, if utilities call on BPA
to deliver energy under
certain firm contracts. These
energy transactions add
significant uncertainty to
forecasting the obligations
of the hydro system.

The Project Operators

The Federal projects in
the Pacific Northwest are
owned and operated by the
1.8, Army Corps of Engineers

and the U.5. Bureau of Rec-
lamation. These two agencies
also set requirements for
the non-power uses at the
projects. The Corps oper-
ates 12 of the 14 projects
being studied in the System
Operation Review and is
responsible for flood con-
trol at all major reservoirs
in the Columbia River
Basin. The Corps also main-
tains navigation channels.
Reclamation operates
Grand Coulee and Hungry
Horse Dams, two of the
storage projects under study
in the System Operation
Review. Reclamation also
operates numerous water
resource projects in the
Columbia Basin that provide
irrigation and various other
uses, although these projects
are not relevant to short-
term power operations,
BPA markets the energy
produced by the Federal
dams and transmits the
power to its wholesale pow-
er customers, primarily
utilities and direct service
industries. BPA schedules
and dispatches power with-
in the operating requirements
set by the Corps and Recla-
mation, System operation
requires continuous com-
munication and coordination
among the three agencies
and with other utilities that
own generation resources,

purchase power, and are
interconnected by transmis-
sion facilities.

The five non-Federal
mid-Columbia dams down-
stream of Grand Coulee and
Chief Joseph are owned
and operated by publicly
owned utilities (public
utility districts or PUD’s) in
the area. The five mid-
Columbia projects, Grand
Coulee, and Chief Joseph
are operated as a subsys-
tem, based on an hourly
coordination agreement
reached between the mid-
Columbia participants and
the three Federal agencies.

Other utilities also own
and operate dams and gen-
erating PUD projects whose
operations are planned and
coordinated with the Fed-
eral agencies. BC Hydro
controls projects on the
upper Columbia River in
Canada that provide
storage for flood control
and power generation.
Canadian projects contain
over one-third of the
storage on the Columbia

River system. ‘%‘



Wells Dam

Wanapum Dam

These five dams lie on the mid-Columbia below Grand Coulee
and Chief Joseph.

When the switch is flipped to turn the light bulb off, the power stops flowing, the turbines stop turning, and the water is available for future use.
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Principles
of
Short-Term

Operation

As explained earlier,
weather causes significant
variations in load demand.
Variations in temperatures
can make it difficult to
match operations of each
hydro project in the system
with demand for power.
Most of the Northwest's
power demand peaks in
the winter, when heat-
ing needs are greatest.

At the same time, low
temperatures can reduce
snowmelt and freeze
smaller streams, thus
reducing streamflow for
generation of power when
it may be needed most to
meet heating loads. Higher
temperatures can increase
streamflow by melting
snowpack; the increased
energy availability in the
spring and summer often
exceeds loads.

Precipitation can also
make it harder to match
generation with demand for
power. Precipitation in the
form of snow adds to snow-
pack and potential future
energy production even as
it causes loads to rise in the
short run from the cold. Pre-
cipitation in the form of rain
can add to streamflow and
produce additional power.
This is beneficial for future
power supply if reservoir
levels are not too high to
store the water in excess of
current power demands, If
the increase in streamflows
exceeds current power
demands and there is no
reservoir space in which
to store the water, the gen-
eration is often sold as
surplus at a relatively low
price. If no market exists,
water may be spilled.

Operation of the hydro
system is also affected
by the performance of
thermal generating plants,
such as coal and nuclear.
Unplanned outages of ther-
mal plants may require the
hydro system or other ther-
mal plants to make up the
difference in generation.
Planned thermal outages
for maintenance occur
primarily in the spring,
because the high spring
runoff and operations
for fish produce higher
levels of hydro generation
(within other requirements;
see below).

The following dis-
cussion explains generic
short-term operation of
the hydro system to meet
power demand. First it is
important to understand
the difference between

Columbia River watershed provides spring and summer runoff, and rain adds fo tributary flow.
Depending on the weather for fuel can be risky.




run-of-river projects and
storage projects. Then
short-term operations are
explained, first from the
perspective of a single
project, then considering
multiple projects. The
Columbia River System.:
The Inside Story and A
River at Work provide an
overview of operations in
general. See also Appendix B.

Run of River vs.
Storage Projects

As explained in detail
in The Inside Story, the pro-
jects on the Columbia River
and its tributaries fall into
two major categories, storage
and run-of-river. This distinc-
tion is less important in the
context of hourly operations,
because both types of pro-
jects store water for relatively
short periods of time to con-
trol, or regulate, the river's
natural flow patterns to
conform more closely to
hourly, daily, and weekly
needs for power production
and other short-term uses.

Storage projects have
larger reservoir capacity
than run-of-river projects.
Normally storage projects
are sited near the head-
waters in a river system and
have one or more run-of-
river projects downstream
of them. Storage reservoirs
are used o store water sea-
sonally, annually, and for
multiple years. Very simply,
runoff from snowmelt is
stored in the spring and
summer until it is needed in
the fall and winter. Space is
made available in reservoirs
in the fall, winter, and early
spring to hold runoff to pre-
vent flooding.

The System Operation
Review is studying 14 Fed-
eral hydro projects. The map
on the next page shows

Diagram of Storage and ROR Dams/Reservoirs
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Storage
Project

Storage projects may hold water from high runoff years for use in low runoff years. Run-of-river
projects, on the other hand, draft and fill in a matter of hours or days.

these Federal dams along
with most of the other major
hydroelectric projects in the
region. Five are storage
dams — Libby, Hungry
Horse, Albeni Falls, Grand
Coulee, and Dworshak. All
of the storage projects except
Grand Coulee, which is on
the mainstem Columbia,

are on tributaries to the
Columbia and Snake Rivers,
Combined, they have exten-
sive storage but smaller
generation capacities than
Grand Coulee and other
projects on the Columbia
and lower Snake Rivers.

At a pure run-of-river
project, outflow is virtually
the same as inflow. How-
ever, many run-of-river pro-
jects have a small amount of

storage, called pondage. The
lower Snake and Columbia
River projects have 3 to b feet
of pondage that provides hy-
draulic flexibility for hourly
and weekly load factoring
and may be used to provide
sufficient water depth over
rapids and other obstacles
to permit barge navigation.
Nine of the projects in
the System Operation Review
are run-of-river projects. They
are Chief Joseph, McNary,

John Day, The Dalles, and

Bonneville, on the Columbia
River, and Lower Granite,
Little Goose, Lower Monu-
mental, and Ice Harbor, on
the Snake River. They have
large generating capacities
and high average annual
rates of discharge.

13



Pacific Northwest Hydro Projects

BRITISH

COLUMBIA ALBERTA

WASHINGTON

....... R
b DROP, WANAPUM  KOWER

--' . ROZA

o+ MOSSYROCK MACHES i

. sih PACKWOOD RAPID
PR

" mERw SWIFT #1 & 2 River

YALE ONDIT THE oY
: DALLES

OHN DAY "

-
.
WALLOWA %
e Salmon Rivar |
!
oxBOW md & e,
tsd ¥ [ IDAHO b e N

s [EMO ';15.: l'-
CLEARWATER #1 & 2 OREGON ;

H CREEK ‘.. swill
FALLS

PROSPECT #1-4

POINT € J STRIKE Snake River

JOHN BOYLE

COPCO W & 2

CALIFORNIA
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...A Single Project

If the system consisted
of only one run-of-river
project, with no storage
capability and no non-power
requirements on operations,
generation would follow
water availability exactly.
The project would generate
more electricity in the
spring and summer, when
most of the runoff occurs,
and generate less in the
fall and winter, when the
lowest flows oceur. If
upstream storage were
available, natural inflows
could be captured and
released at later times
and different rates to
better the seasonal load
patterns. However, at a
pure run-of-river project,
generation could not re-
spond to seasonal, weekly,
daily, or hourly load shape.
Without at-site storage, pro-
ject outflows for generation
and any spill must equal
project inflows,

The run-of-river pro-
jects in the Northwest do
have some storage, called
pondage. If there were no
non-power requirements
and pondage was sufficient
to store the amount of water
needed for a day's worth
of power, generation and
pondage levels would
fluctuate with the minute-
by-minute load demand.
Assuming a constant
inflow, each night while
the load and thus genera-
tion were low, the reservoir
would fill. In the morning,
water would be released
as generation increases
to meet loads. Then
tailwater would rise, and
the reservoir elevation
would drop. The outflows
and generation would
remain relatively high all
day with the outflows

Single Versus Multiple Project Interactions

Single Project — Run-of-River

Single Project — Storage

Multiple Project — Storage and Run-of-River

At a single run of river project, water must be used as it arrives and outflow prefty much equals inflow,
because there is litfle or no storage. At a single storage project, flows may be shaped: water can be stored
when demand for power is low and released when loads are higher. In a multiple-project subsystem, water
may be stored and flows shaped fo meet short- and long-term power needs and fo serve other uses.

exceeding the more con-
stant inflow.

By evening, the reser-
voir level would be near its
minimum level, and genera-
tion, outflow, and tailwater
level would decrease in re-
sponse to declining loads.
The low reservoir would
provide space to allow
storage of the night's inflow.
By morning, the reservoir
would once again be at its
high level and ready for the
next day’s load.

...Multiple Projects

With other major
Federal and non-Federal
projects, the projects being
studied in the System Oper-
ation Review form three
main subsystems: Dworshak
and the four lower Snake
river projects; Grand Coulee,
Chief Joseph, and the five
non-Federal mid-Columbia
projects; and the four lower
Columbia projects. Dams
within each subsystem are




linked hydraulically — water
released from an upstream
dam soon becomes inflow at,
the next downstream dam.
Within a subsystem, the
uppermost or “headwater”
project is used to prime the
system. That is, the head-
water projects generally are
run at a high and sustained
level during the day to pro-
duce energy to meet loads
and release water to be used
by projects downstream.
The intermediate pro-
jects in a subsystem match
their generating pattern to
loads as much as possible,
using their storage and in-
flow shaped by the head-
water project. The lowermost
project in a subsystem may
reregulate flows to meet
downstream open river fluc-
tuation criteria. That is, the
reregulating dam’s reservoir

Morning: At the beginning of the day, the reservoir is full and poised to generate the energy needed

to meet the day’s need for power.

stores some of the inflow
during the daytime and
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Evening: After a day of generation, the reservoir is depleted and ready fo store water during the
night fo be ready to meet the next day’s needs for power.



releases water at night to
maintain a relatively steady
flow downstream. Steady
flows are especially impor-
tant in open river reaches
such as the Hanford reach
below Priest Rapids Dam
and the Columbia below
Bonneville Dam, which are
heavily used by campers,
anglers, and boaters.

Where the dams are
relatively close together,
the time it takes water re-
leased at one dam to appear
as an increase in reservoir
elevation at the next project
downstream is usually only
one or two hours. For ex-
ample, if water is released
to generate power to meet
daytime loads, the inflow to
the next dam downstream
can also be used to generate
to meet that day’s loads
rather than being stored for
the next day.

Water releases are mon-
itored to assure that they can
be stored or used to gen-
erate at the downstream
projects, with the goal of
avoiding spill, except when
needed for juvenile fish pas-
sage. A project downstream
may be “mismatched” in
generating capacity with the
dams upstream that supply
it with water. For example,
because it has a smaller gen-
erating capacity than the
three projects upstream of
it, Ice Harbor Dam can pass
less water than the other
lower Snake projects. Ice
Harbor’s reservoir is
frequently low in the early
morning hours so it can
store the volume of water
coming down from the three
larger projects upstream.

If the upstream project
is many hours away from
the downstream project(s),
its outflow may not arrive at
the next project in time to

power production. That is,
water released to generate
power to meet midday loads
at an upstream project (such
as Libby, Hungry Horse, Al-
beni Falls, or Dworshak)
may not reach the down-
stream project until night-
time. At night power loads
are light, so the water would
be stored until needed, such
as for the next daily peak.

Non-Power River Uses

Non-power uses are met
by establishing elevation or
flow requirements on the
operation of the hydro
system, often limiting gen-
eration and the ability to
shape generation to load.
On occasion these require-
ments can result in pro-
duction of nonfirm energy
during light load hours and
limit ability to meet peak
loads in heavy load hours.

Non-power operating
requirements can be per-
manent, seasonal, or for
only a few weeks, days,
or hours.

Recreation is a major
use of the reservoirs in the
Columbia Basin. Recreational
opportunities include boat-
ing, fishing, swimming,
camping, sightseeing, and
wind surfing. Recreational
users like the reservoirs
to remain as high as pos-
sible, especially from
Memorial Day weekend to
Labor Day weekend. It also
is desirable to keep water
levels high and stable to
maintain aesthetics and
avoid jeopardizing public
safety. Operations may be
changed within other re-
quirements, such as using
McNary for the regatta and
Bonneville for the trash
cleanup mentioned in the
news articles.

Recreation is one of several non-power uses of the river that must be accommodated while meeting
shoriterm power needs. Boaters, anglers, and campers prefer to have the water level high and
stable for their activities.

help meet the demand for

17



Short-

"

Shortterm operations can affect the migration of adult anadromous

fish. Adult fish, travelling mostly in the daytime when power
generation is highest, can be confused in their search for fish
ladders by eddying water below turbines.

Anadromous fish use
the Columbia River and
tributaries for spawning and
migrating to and from their
spawning sites. Short-term
operations must consider

term operations are managed to protect nests, which can be flooded if water is too high or

found by predators if low water exposes land bridges.
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the timing and patterns of
spawning and migration to
assisi these activities and to
maintain fish habitat. For
example, water levels
should remain high enough

s

e -

to make spawning gravels
accessible when needed,
and once eggs are laid,
water levels must remain
high enough so redds (nests)
are not exposed. During
migration periods, higher
discharges are maintained
at some projects while other
projects are operated within
a narrow pool range near
minimum pool to assist fish
migration. Spill is a major
component of short-term
operations for fish, as de-
scribed in the news articles
on the fish flush. Also, as
mentioned in the news
articles on the fish flush,
turbines may be required to
operate at the top of their
efficiency range to allow the
safest possible passage for
fish through the turbines.

Resident fish, unlike
anadromous fish, do not
migrate to the ocean. They
spawn in the reservoirs and
tributaries where they live,
and water levels must be
monitored to assure that
spawning and feeding habitat
is available when needed.

Wildlife species live
throughout the Basin, often
concentrating around water
sources such as the Federal
project reservoirs. One
major concern for short-
term operations is nesting
areas for geese, as men-
tioned in the news articles
on the fish flush. During the
spring nesting season, water
levels are kept high enough
at McNary and John Day so
that geese do not nest in
areas that may be inundated
later. The reservoir at Chief
Joseph is kept high to pre-
vent access to nests by
predators. McNary and John
Day also operate near the
upper elevation of the oper-
ating range at times in the
winter to facilitate access
by waterfowl hunters.



Navigation has always
been important to the region
for transport of goods be-
tween seaports and inland
ports. The system of locks
and reservoirs at the Fed-
eral projects has made
navigation up the Columbia
and Snake Rivers possible at
all times of year. System
operations that maintain
reservoir levels between
normal minimum and maxi-
muimn points are necessary
to provide adequate naviga-
tion depths. Occasionally,
operations for power may
be changed to accommodate
shipping, as described in
the news article on the cold
spell. Navigation companies
are notified of operational
changes to avoid disrupting
their business.

Irrigation has allowed
the Pacific Northwest to
develop one of its top in-
dustries, agriculture. Water
storage and releases for
irrigation affect tributaries,
such as the Snake River
above Brownlee Dam, more
than the mainstem Columbia,
which carries more water.
Diversions for irrigation
generally are not affected
by short-term operation
except that reservoir levels
must not drop below pump
intakes, as they may affect
a diversion dam or intake to
a canal.

Water quality includes
operational concerns about
and requirements regarding
water temperature and dis-
solved gas levels. Streamflows
from reservoir projects can
be adjusted to help maintain
water quality requirements.
Minimum outflow require-
ments for each project, which
may be seasonal, are based
on downstream conditions.
Short-term operations may be
required to improve condi-
tions occurring downstream.

Produce and manufactured products are shipped to seaports and into the interior by barge. Barges
depend on sufficient channel depth and occasionally run aground due to shifting sediment or low
water levels. Short-term operations can release water to temporarily raise the river level to refloat
stranded barges.

Municipal water
supply is a relatively minor
use of the Columbia River
system. A few cities and in-
dustries are supplied by
diversion, but these diver-
sions have little effect on
short-term system operation
as long as pump intakes
funetion within the normal
fluctuation range of the res-
ervoir, as mentioned above.

Flood control often
has priority over a project’s
other uses. If there is a flood
situation, a storage project
may at first increase its out-
flow to pass the excess in-
flow and maintain flood
control space. If the flows
keep rising, the project may
need to reduce outflow and
store the inflow to preveni
flooding downstream. As the
flows downstream recede from
flood levels, the reservoir
will start releasing water to
empty its flood control space.

Storage projects,
excluding Grand Coulee
and Dworshak, generally
are operated at minimum
discharge in the spring and
summer for refill purposes.
Streamflows that are uncon-
trollable at the mid-Columbia
and lower Columbia pro-
jects, plus releases from
Grand Coulee and Dworshak
for fish, provide enough or
more than enough water
to meet load requirements.
In extreme runoff condi-
tions, John Day and some
of the mid-Columbia pro-
jects may be drawn down
to provide additional flood
control storage.
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Short-Term
Operating
Requirements
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Virtually all short-term
operating requirements are
designed to provide for non-
power river uses. Almost all
operating requirements are
defined in terms of river
flow or water surface
elevation. Operating
requirements for project
flows include minimum
and maximum instantan-
eous discharge, minimum
and maximum daily dis-
charge, and maximum
hourly and daily rates
of change. Operating re-
quirements for reservoir
elevations include mini-
mum and maximum
reservoir (forebay) levels,
downstream water surface
(tailwater) elevations, and
maximum hourly and daily
rates of change.

Operating requirements
can be either site-specific
or systemwide. Most are
site-specific, meaning they
apply to only one project
or one location on the river.
Systemwide requirements
such as the Water Budget
can affect project opera-
tions throughout the U.S.

portion of the Columbia
Basin. Depending on objec-
tives, requirements can be
set to avoid going above or
below a certain outflow or
above or below a certain
storage elevation. They fall
along a continuum from
“hard” to “soft.” The hard-
est are not to be violated.
Softer requirements are
those that may be relaxed
under certain conditions,
although violations are
minimized.

Flow requirements
that specify instantaneous
and daily minimum or
maximum discharges are
used to maintain river flows
below the dam for fisheries
and other uses. Several
examples of operations
using flow requirements
appear in the news articles
on the fish flow operation.
Short-term outflow limits
are used for such needs as
flow enhancement for fish-
eries, lowering a stretch
of river for redd (fish nest)
counts, providing optimum
conditions for a wind-
surfing contest or rowing

regatta, or reducing current
immediately below a dam
to make upstream passage
easier for barges. Longer-
term outflow limits are
likely to be used to permit
flood control, to provide
flows for fish, to enhance
fishing conditions, or to
maintain stable conditions
downstream for recreation.
Hourly and daily maxi-
mum rates of change are
primarily for the safety
and convenience of boat-
ers, the shipping industry,
and anglers and other per-
sons using the river. Sudden
increases in flows can be
especially hazardous. Limit-
ing rates of change also
helps reduce bank erosion.
Elevation require-
ments place limits on
the water levels on the
upstream (forebay) or
downstream (tailwater)
side of a dam and the rate
of change of such levels.
All projects have maximum
and minimum forebay
limits. These limits are
normally permanent and
are considered hard. Some

Maximum and minimum elevation levels and rates of change of these levels are common short-term
operating requirements.



Short-Term Operating Requirements at Bonneville

Tailwater Elevation

Maximum Rate of Change
In Summer

1.5 Feet Per Hour

4.0 Feet in 24 Hours
In Winter

3.0 Feet Per Hour

7.0 Feet in 24 Hours

Minimum (daily average)

Minimum (instantaneous)

1 foot = 0.3048 meter

.

Minimum — 70.0 —

288,000
Discharge
200,000 in Cubic Feet
Per Second
100,000* 80,000 T
0

Full —77.0 4 s
76.5

71.54

*When average weekly inflow is below 125,000 cfs,
the minimum (instantanecus) cutflow is 70,000 cfs
and minimum (average daily) is 80% of inflow.

**This is the maximum powerhouse capacity.

1 cubic foot per second = 0.028 cubic meters per second

Normal Operating Range

Not exceeded more than
18 days per year

Minimum Pocl Level

Forebay Elevation

Maximum Rate of Change
4 Feet Per Day

Most projects have a combination of forebay elevation and tailwater requirements that define how fast the project can respond to
power demand and other water uses, such as these requirements at Bonneville Dam.

projects also have a normal
operating range within the
maximum and minimum
forebay limits, which can
be exceeded on a limited
hasis to meet other non-
power requirements

or power needs. For ex-
ample, Bonneville Dam has
a forebay range of 21-23
meters (70.0 to 77.0 feet)
and a normal operating
range of 22-23 meters

(71.5 to 76.5 feet).

The normal operating
range may be exceeded for
short periods if the project
operator determines that no

problems will be caused
by doing so. Within the
operating range there may
be a soft requirement, for
example to operate above a
certain elevation on sum-
mer weekends as much as
possible for recreation. This
soft requirement could be
violated if necessary.
Forebay requirements
can also vary over time. The
reservoir elevation can be
kept low to maintain flood
control space, or as full and
stable as possible for navi-
gation, recreation, and
irrigation. As explained in

the news article on the fish
flush, at McNary and John
Day minimum forebay
elevations assure that water-
fowl do not nest below the
normal maximum reservoir
level, Operators raise the
reservoir near the maxi-
mum limit every three

days during nesting season.
Later, high forebay limits
are used to prevent land
bridges from forming that
would allow predators to
reach waterfowl nests on
islands. During the fall

and winter, other high ele-
vations may be required to
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provide hunters access to
waterfowl areas.

Short-term forebay
requirements also are used
to provide special condi-
tions for construction,
recreation, tree planting,
flotation of grounded
vessels, fishery activities,
and ease of navigation.
Tailwater elevation limits
often are used for such
activities as construction
work, recreation, and
navigation.

The other type of fore-
bay elevation requirement
limits rate of change, which
is the rate at which the
water level in a reservoir
may be changed. Usually
only drafting is a concern.
At Grand Coulee, for
example, there is a draft
limit of 46 centimeters
(1.5 feet) per day to allow
the shoreline to drain so
that the saturated banks

do not slough off into the
reservoir. As reported in

the news article on the cold
spell, a specified exceed-
ence of the draft limit at
Grand Coulee was permitted
for a limited time to allow
higher generation levels.

Other Factors That
Influence Short-Term
Operations

Operating require-
ments, addressed above,
are the result of decisions
reached to achieve various
goals. This section, in
contrast, addresses require-
ments that generally are
otherwise imposed.

Physical require-
ments result from the
natural and constructed
environment at each pro-
ject. The maximum pool
elevation is determined by
the height and design of the

At Grand Coulee, the river bank is prone to collapse into the river. The Bureau of Reclamation has set
a maximum draft limit that allows the bank to drain, reducing the possibility of sloughing.
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dam and by the reservoir
level needed to protect or
serve features around the
reservoir. The minimum pool
elevation may be set to
provide water levels within
the design limits of power-
house units.

The rate of inflow and
amount of water a reservoir
can be expected to draft
determine the amount of
power that can be generated
in the short run. The hydrau-
lic and electrical capacities
of the powerplant also affect
short-term operations.
Turbines and spill gates
have a maximum release
rate. Maximum generation
levels are designed to pre-
vent overheating and
damage of generators and
related electrical equipment.
There are certain generation
levels at which generators
and turbines cannot operate,
due to vibration or possible
turbine damage. There are
also certain levels at which
facilities operate most effi-
ciently. In the news articles
on the fish flow operation,
for example, all projects
operated turbine units within
one percent of peak turbine
efficiency for fish passage.

Other, rare generation
limitations can occur up-
stream or downstream of a
project. For instance, ice
may build up in the power-
house trash racks and
reduce the level at which
the turbines can run, reduc-
ing power production. Or
river ice downstream of a
reservoir may break up,
pile up on a bridge or other
barrier, and act as a dam,
threatening to flood the sur-
rounding area if water were
released from the reservoir.
Limitations such as these can
require the other projects
on the system to generate
more to compensate.
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Ignoring short-term operating requirements can have many consequences. Operators are constantly monitoring how well power supply
matches demand and frying to meet other system requirements as well.
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RESERVES RESPOND

During normal circumstances, some turbines are kept at the ready for emergency use. If a generator goes out of service suddenly,
spinning reserves are called info action to quickly meet the load the failed generator was carrying.
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Load-following opera-
tions are the key to meeting
peak power loads. Through
the hours of each day, loads
can rise and fall gradually
or instantaneously, or re-
main at a high or low level.
A utility’s obligation to
serve load requires constant
adjustments to generation
according to the total load
placed upon it by all of its
customers. Projects are
“load factored” to meet the
basic shape of daily load.
Intra-hour changes to re-
spond to actual loads that
vary from those scheduled
may be several hundred
megawatts or more,
depending on the size of
the utility and the makeup
of its customers.

Each major utility also
is responsible for main-
taining the frequency of
electricity at 60 cycles per
second in its load control
area, which is the area the
utility serves. If not enough
energy is being produced to
meet the demand for elec-
tricity, the frequency will
fall below 60 cycles per
second; if there is too much
generation, the frequency

will rise above 60. The fre-
quency must be maintained
in a narrow range to pre-
vent damage to consumers’
electrical equipment and to
the generators themselves,

Intra-hourly fluctuations
on the Federal system nor-
mally are handled by the
“controller” plants. These
projects automatically
adjust minute by minute to
match the generation to the
load within an hour. BPA
usually uses a combination
of Grand Coulee, Chief Jo-
seph, McNary, John Day,
and The Dalles for control.
These projects are used
because they are large and
have many units, and de-
pending on the time of year,
have sufficient flexibility to
follow load.

A change of generation
is usually spread among
several projects to minimize
the impact on operating re-
quirements. This reduces
large fluctuations in gen-
eration or discharges at any
one project. Using projects
that are hydraulically
linked, such as John Day
and The Dalles, allows
efficient load following

with minimum forebay
fluctuation. The water re-
leased from the upstream
project can be used soon
after to generate additional
power at the next dam
downstream.

The various projects
in the Northwest hydro
system have different
sizes and numbers of gen-
erator units. The head, or
height of water level above
the turbines, also varies
from project to project.
Hence, different projects
can produce different
amounts of energy from
the same amount of water,
depending on the vertical
distance of “fall” of such
water into the turbine
blades that turn the gen-
erators. A project with
multiple generator units
can adjust to load levels
by bringing units on line
as needed to maintain
efficient loading on each
unit. The system as a whole
must keep generation
capability in reserve (see
below). Multiple unit pro-
Jects permit this practice.

Hydro-thermal sys-
tem operation, depending




on availability of water and
fuel supply, can meet loads
more efficiently than a purely
hydro or purely thermal
system could. Hydroelectric
projects, especially those
with multiple units, can
quickly produce more or
less electricity as loads in-
crease and decrease, simply
by releasing more or less
water through the turbines.
Large thermal plants, such
as coal and nuclear, can-
not adjust to load changes
as rapidly or efficiently
by design: they generally
generate at full capacity
around the clock to meet
“baseload” demands,
Utilities in the Pacific
Northwest market power
produced by the hydro-
thermal system to several
types of customers. They
also may transfer blocks of
energy to one another, by
pre-schedule or on demand,
depending on arrangement.
In BPA’s case, it serves large
direct-service industries
and provides power to
other industries through
utilities. It also sells power
to utilities that serve resi-
dential customers. BPA also
provides and takes delivery
of interchange energy to
and from other utilities.
System reserves are
needed to cover emergency
conditions, such as the loss
of a large thermal unit or a
sudden increase in loads.
A certain amount of reserve
capacity is required and is
maintained by not using
some available units for
routine generation needs,
leaving them free for use
during outages. Spinning
reserves are provided by
units in service that are
able to increase generation
immediately. Other reserves
must be available to produce
energy within 10 minutes.

Generator outages
may be scheduled or forced
(unplanned).

Some scheduled out-
ages are planned months in
advance for reasons such as
annual maintenance, testing,
modifications, and trans-
former work. Most scheduled
maintenance, however, con-
sists of outages that are set
up a day, or even a few
hours, in advance and last a
few hours to a few days.
These outages are normally
for minor maintenance, re-
pairs, or adjustment and
can usually be deferred for
a few days if necessary.

Forced outages occur
when the project operator
takes a unit out of service
to prevent damage to the
generator or related equip-
ment. Or a protective relay
may automatically shut a
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generator down to prevent
significant damage to that
generator or to other parts
of the power system.
Forced outages, especially
if due to damage, can be
long term, with units being
unavailable for several
weeks to a year or more,
Transmission of
power from the project’s
switchyard to the customers
generally is not a limiting
factor for generation. In the
Pacific Northwest, how-
ever, power is generated
by projects located east of
the Cascade mountains,
while the larger load cen-
ters are on the west side.
Thus power transmission
can be a problem at times
of system siress. Tempera-
ture extremes and wind can
cause equipment overload,
failure, and damage. The

B & Ll , -
- 3 M-

Planned outages for maintenance, repair, or testing are scheduled to occur when substitute generation
is available, such as during the spring when water for hydropower is plentiful.
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result can be voltage in-
stability or interruption
of service.

Solutions to transmis-
sion problems include
cooperation with other utili-
ties to serve load, shedding
of direct-service industrial
customer load, additional
power purchases, and
shifting of Federal sys-
tem generation from one
project to another.

Voltage instability
(primarily low voltage,
which can damage con-
sumer equipment) is a
concern during heavy trans-
mission of power east to
west across the Cascade
mountains as load centers
west of the Cascades are
placing heavy load demands
on the power system. The
risk is especially high in the
Puget Sound area.

The Northwest Power
Pool has procedures that
specify steps to take at
several levels of risk, Under
more severe conditions such
as the cold spell described
in the news articles,

repositioning of Columbia
River generation may occur
when possible to relieve
transmission line loadings.
That is, generation may be
increased for a time at the
lower Columbia and Snake
River projects (within
existing limits, such as
water availability) and
decreased at the upper
Columbia River projects.
In addition, operation of
combustion turbines in the
Puget Sound area may be
increased.

BPA and other utilities
buy, sell, and exchange
power with other utilities
using the Interties, the large
transmission lines that con-
nect the Pacific Northwest
with other regions. Insuffi-
cient Intertie availability
due to lines being filled up
or out of service can reduce
options for meeting loads
economically. Incremental
purchases and generation
become increasingly expen-
sive as more are needed.

Spill is the passage
of water at a dam without

generation of power.
Controlled spill occurs
when necessary to assist
fish migration. One type
of requirement is to spill
a certain number of thou-
sand cubic feet (or cubic
meters) per second for a
specified number of hours.
Another type is to spill a
fixed percentage of the
hourly flow for a number
of hours. Spill also may
occur as part of local or
systemwide flood control
operations.

Each dam has a
number of spill gates, and
opening different gates
by different amounts can
produce different patterns
of spill with the same total
amount of spill. As described
in the news articles on the
fish flush, there are spill
patterns used for moving
juvenile fish away from
turbines and other patterns
for moving adult fish up-
stream. Grand Coulee
also spills small amounts
of water in the summer
as a tourist attraction.



A requirement not to
spill may be due to con-
struction downstream or
at the dam itself. At some
projects, spill is avoided
to maximize the number
of smolts entering the juve-
nile bypass system so they
can be collected for trans-
portation downstream by
barge or truck.

Uncontrolled spill
occurs when there is no
choice. Uncontrolled spill
may be forced spill, which
occurs when the outflow
exceeds turbine capacity
with all available units
running full load. Forced
spill occurs at a specific
project, in quantities deter-
mined by the amount of

flow in excess of turbine
capacity, and cannot be
shifted to another location.

Another type of uncon-
trolled spill is overgeneration
spill, which occurs when
there is water available
and generators that could
be run but there is no
market for the energy.
Minimum discharge re-
quirements, flood control
requirements, full reser-
voirs, and runoff at
downstream run-of-river
projects may already be
causing overgeneration,
and thus the water must
be spilled.

Unless there is some
non-power requirement in
effect, the extra water can

be spilled anywhere on the
system. [t may be possible
to spill at projects where
extra spill can help migrat-
ing steelhead and salmon
smolts. Spill may be shifted
from one project to another
so spill occurs at a location
where less nitrogen super-
saturation occurs. Spill may
be shifted off the Columbia
system entirely, through
energy schedules with other
Northwest utilities, to reduce
nitrogen supersaturation.

Overgeneration spill
usually occurs during the
spring, when runoff and
snowmelt flows are high. It
is more likely to occur dur-
ing light load periods.

Serving electrical loads in the Pacific Northwest is frequently complicated by having most of the generation capability east of the
Cascade Mountain Range while major load centers are west of this range. Transmission system overload and voltage instability are just
fwo concerns engineers and operators worry about.
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Planning

Actual
Operation

System planning and
scheduling are the com-
prehensive thinking and
preparations that guide
dispatching and actual
operations. Data regarding
expected weather, stream-
flows, system loads, and
generation and transmission
availability are collected
from various sources, such
as Reclamation, the Corps,
BPA forecasts, maintenance
schedules from respective
project operators, the
National Weather Service
forecasts, and Northwest
Power Pool input.

The primary task of
power system operations is
to match the supply of
power, or generation, with
demand for power, or loads.
Load must be met, the de-
sired frequency must be
maintained, and sufficient

reserves must be available
to assure reliability. In the
Northwest, where utilities
are interconnected, intertie
loadings must be monitored
the same as intra-system ac-
tivity. At the same time, as
explained earlier, non-power
uses of the rivers must be
considered and reflected in
hydrosystem operations.
BPA's coordination, plan-
ning, and implementation of
short-term operations is done
at its Dittmer Control Center
in Vancouver, Washington.
The Corps’ coordinated plan-
ning for short-term operation
is handled by their Reser-
voir Control Center in Port-
land, Oregon. Reclamation’s
coordinated planning for
short-term operation is
handled by their Water
Resources and Operations
Branch in Boise, Idaho.
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Modern, state-of-the-art communication technology is used fo
coordinate shortterm system operations and to pass critical data
among profecrs, subsraﬁons, and operators.

BPA’s planning for
short-term operation starts
with the running of a com-
puter simulation of the next
90 days of operation, in
weekly increments, This
simulation is used to deter-
mine how to make use of the
walter stored in the upstream
reservoirs for power.

Every week, Northwest
utilities independently per-
form computer studies to
“look ahead” at the next 30
days’ resource capabilities
and expected requirements.
BPA’s study uses actual and
planned generator outages
and predicted loads,
weather, and streamflows
for the first few days and
then trends to the expected
values thereafter. The pro-
cess is to simulate the first
few days hourly, the next
few days in 8-hour periods,
then a one-week period and
a two-week period.

The output is examined
and adjustments are made
to allow the system to meet
load within the requirements
that are placed upon it. If it
is not possible to meet load
over the next week or so,
the power schedulers start
to make arrangements to
resolve the shortage. The
measures taken normally
include some or all of the
following: purchasing or
selling energy; adjusting
energy schedules with
other utilities; reschedul-
ing or canceling generator
outages; adjusting the gen-
eration schedules of the
upstream projects; cur-
tailing industrial loads;
and contacting the project
operators to modify or lift
one or more of the “soft”
non-power requirements.

Hourly schedules of
energy and capacity are
coordinated between the
utilities in the Northwest,



Canada, and California.
Each day the utilities in the
Northwest estimate their
hourly energy loads for the
next few days and deter-
mine the energy needed
to meet these loads. The
required energy deliveries
to and from other utilities
are determined and sched-
uled in hourly blocks. BPA
is the largest Northwest
power marketer and owns
the main transmission grid,
and normally has several
hundred active schedules
each day. Energy is trans-
ferred to and from most
Northwest and California
utilities under a variety of
contracts. Once all of the
schedules for the next day
have been completed, they
are verified to assure that
they are within contractual
limits, transmission line
capacities, and other power
system requirements.

In BPA’s case, another
short-term computer run is
made late in the day to pro-
ject the next day's hourly
operation. This run provides
the next day's estimated
hourly energy requirements
from the Federal hydro-
system and a listing of unit
outages, non-power require-
ments, and other relevant
data. These estimates guide
plans for meeting all
requirements for the up-
coming day. Plans may
include such things as pro-
viding space by midnight to
store water in run-of-river
reservoirs such as Lower
Granite and McNary. Suffi-
cient water also must be
available by 7 a.m. at system
reservoirs to meet the morn-
ing peaks and the energy
requirements for the day.

If there is insufficient
load in the light load
hours corresponding to
generation from minimum

At Sylmar Substation, outside Los Angeles, California, power from the Northwest is often delivered to
serve peak summer loads in the Southwest. During high Northwest load periods, power is delivered

to Southwest utilities. This substation forms one end of the direct current (DC) intertie transmission link
between the two regions.

flows, the scheduler will
find additional load, if pos-
sible, or arrange for spill.
This overgeneration spill
may occur at the Federal
projects or be transferred
elsewhere, depending

on the time of year and
needs of fish.

If it appears that load
will exceed power available
in the daytime, the scheduler
will take steps to reduce the
deficit by cutting nonfirm
sales or acquiring energy
from storage accounts or
by making purchases. The
scheduler may consider
canceling generator outages
and finding other means to
assure that all possible gen-
erators would be available
to meet the morning peak.

Each hour as the new
day progresses, the sched-
uler experiences deviations
from the predicted Federal
system load, receives
requests for changes in

scheduled energy from the
other utilities, and initiates
changes as necessary. The
scheduler enters all of these
changes into the computer,
usually by 20 minutes to
the hour, and uses this
information to work up a
“basepoint.” The basepoint
specifies the generation
levels to which Grand
Coulee and each of the
major Federal run-of-river
dams will operate for the
upcoming hour.

In determining the base-
point, the scheduler must
keep in mind what opera-
tion is projected for the rest
of the day, requirements to
maintain a smooth hydro
operation, and flexibility
of the system to respond to
unexpected contingencies.

Once the scheduler is
satisfied with the basepoint,
it is sent to the generation
dispatcher, who implements
it. Automated allocation of
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The Cycle of Operations

Collect Data

¢ Forecast streamflows and loads

Project

¢ Actually generates the power from available
waler

e Responsible for maintaining generators,
scheduling maintenance, and moniforing

nen-power requirements

* Weather forecasts, including precipitation, temperature, and wind

Three Locations

, ; ; s e Corp’s Reservoir Control Center monitors
* Determine non-power requirements and maintenance objectives P

water resource conditions and schedules
project operations

® Reclamation’s Water Resources and

Operations Branch menitors and directs
project operations

® BPA’s Dittmer Control Center (shown here)

preschedules, schedules, and dispatches
system power

Dispatching

® Monitors transmission and second-by-second generation levels
* Responsible for line switching and substation operations

e Schedules line and substation outages

e Responsible for matching generation and load
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30-Day Computer Study

e Simulates next month of system
operations

e Uses projected streamflows, loads,
and weather

e Highlights potential problems

Preschedule
e All utilities plan loads for the next day

e Plan and verify next day’s schedules
with other utilities

e Schedule generation for some dams

e Verify loads and resources can be
matched

Scheduling
® Plans hydro-operations for the next few hours

e Implements and modifies plan os required

* Accepls or rejects energy transfers with other utilities hour-by-hour
e Monitors operations of hydrosystem minute-by-minute

* Responsible for maintaining hydro operations within constraints
and balancing river flows with generation
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generation among projects
and coordination of Federal
and non-Federal projects
permit efficient system opera-
tions. The BPA dispatchers
control the transmission lines,
substations, and generation
requests and are responsible
for the minute by minute
integrity of the system. The
project operators, such the
Corps and Reclamation,
control the operation of
their projects. If a loss of
generation or load occurs,
or routine maintenance is
scheduled, the dispatchers
take the necessary steps to
maintain frequency and
electric service. Hydro sys-
tem generation and other
generation are set to meet
load conditions while meet-
ing non-power requirements.

TGS

Examples of Hourly
Project Operation

U.S. Headwater
projects include Libby,
Hungry Horse, and
Dworshak. Libby is
on the Kootenai River in
Montana; Hungry Horse is
on the South Fork of the
Flathead River in Montana;
and Dworshak is on
the North Fork of the
Clearwater River in Idaho.,
All of these rivers are trib-
utaries to the Snake and
Columbia Rivers.

All three headwater or
upstream projects are stor-
age dams with large reser-
voirs that can be drafted
significantly. Because of
their location, these up-
stream projects have their

jects allowed under the Columbia River Treaty and backs up water in the Kootenai (U.S. spelling) or
Kootenay (Canadian spelling) River from Montana into Canada.
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inflows shaped only by na-
ture and are especially use-
ful to protect against floods.
It takes about 12 hours for
water released at Libby,
Hungry Horse, Albeni Falls,
or Dworshak to reach the
next project downstream.
During extreme weather
conditions one or more may
need to spill to make water
available downstream for
generation during high load
periods.

The lower Snake pro-
jects include Lower Granite,
Little Goose, Lower Monu-
mental, and Ice Harbor.
These run-of-river projects
operate as a subsystem,
adjusting generation with
load variations, in coor-
dination with the rest of
the hydro system,

For the past few years,
the Northwest has been in
drought, and water avail-
ability has been a problem
on the Snake. There is
limited water available for
generation in the winter,
too, because normally most
of the precipitation in the
Snake River watershed
falls as snow, providing no
immediate runoff. There-
fore, peaking needs gener-
ally are met by Grand
Coulee, Chief Joseph, and
the lower Columbia River
Federal projects.

During times of extreme
high system load, water may
be released (sometimes
spilled) from Dworshak to
the lower Snake projects.
This may be necessary since
Grand Coulee is restricted
by its draft limit. Using the
lower Snake projects allevi-
ates voltage stability
problems with cross-Cas-
cades transmission,
especially to the Puget
Sound area. Other gains
from using Dworshak and
the Snake projects are more



energy per unit of water
released than if Grand Cou-
lee and Chief Joseph were
used, and use of the short-
term peaking capability of
the lower Snake projecis.

The time it takes for
water from Dworshak to
arrive at the Snake River
projects is longer than the
time it takes water to reach
the mid-Columbia subsys-
tem from Grand Coulee.
Also, water that can be
released from Dworshak
is limited compared to the
amounts on the Columbia
and is much harder to
replace because the ratio
of inflow to storage is lower
at Dworshak. All these con-
siderations must be kept in
mind when deciding how to
operate the hydro system in
the short run.

The mid-Columbia pro-
jects — Wells, Rocky Reach,
Rock Island, Wanapum,
and Priest Rapids — are five
non-Federal dams down-
stream of Chief Joseph
Dam on the Columbia
River. They are owned and
operated by PUDs in the
area. Each PUD also serves
as coordinating entity for
the investor-owned utilities
and municipalities that
purchase the output from
these projects. Each of
these PUDs also uses its
respective projects for load
following, with thermal
resources or purchases
filling in to carry a small
portion of their baseload.

An agreement between
the mid-Columbia partici-
pants and BPA, the Corps,
and Reclamation provides
for coordination of hourly
operations of the sub-
system including the five
mid-Columbia dams, Grand
Coulee, and Chief Joseph.
The agreement allows the
mid-Columbia operators

During high system loads, spill at Dworshak is sometimes needed to move water fo the lower Snake River
projects. This increases flows at these four projects resulting in more power fo serve shorterm needs.

more control over their
inflow and encourages
efficient use of water to
generate energy.

McNary Dam is the
first run-of-river project on
the lower Columbia River
downstream of the con-
fluence of the Snake River.
MeNary operates as a sub-
system with John Day, The
Dalles, and Bonneville Dams.
McNary receives water
from Ice Harbor Dam, just
upstream on the Snake, and
from Priest Rapids, one of
the mid-Columbia dams.

Water takes only an
hour or two to reach
MeNary from Ice Harbor
but takes about 11 hours to
arrive from Priest Rapids.
This means that McNary
receives high flows from
Priest Rapids in the middle
of the night and has a period
of low inflows in the middle
of the day. McNary has a
relatively large reservoir
and can do some shaping,
but if the forebay range is
limited for some reason, the
lack of synchronism of the
inflows and loads can be a
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problem. Without sufficient
storage to shape the inflows,
the high inflow at night may
have to be released when
power isn't needed. On the
other hand, in the daytime
when McNary's inflows are
low, power needs might not
be met.

MecNary also has smaller
turbine capacity than John
Day and The Dalles, the next
two projects downstream.
In times of high load, McNary
will run near full load around
the clock in an attempt to
keep John Day and The
Dalles supplied with water.

Other lower Columbia
projects include John Day,
The Dalles, and Bonneville.

MeNary, John Day, and The
Dalles Dams often are used
for control or load following
in combination with Grand
Coulee and Chief Joseph.
With McNary shaping
flows for power generation,
John Day and The Dalles
generally pass inflow to
meet moderate loads. If
loads are high, John Day
may draft during the day
and refill at night. The
Dalles, with its small fore-
bay, would just pass the
inflow from John Day. John
Day and The Dalles often
provide reserves for power
emergencies, because they
have more generating ca-
pacity than McNary's.

Power Impacts of System Operation Review Alternatives

Three types of limits on operations have been proposed for analysis by the System Operation
Review — forebay limits, specified flows, and drawdowns to specified levels at the Snake projects.

Forebay limits include requiring constant forebays or operation to a set of predetermined
reservoir elevations, such as upper rule curves or minimum operating pools. Limits on changes
in forebay elevations in the short run could be beneficial to uses of the river that value stable
elevations and flows, such as navigation, recreation, resident fish, and wildlife. Other uses,
however, such as power and flood control, which need to be responsive to short-term seasonal
fluctuations in loads and flow, may be negatively affected.

Use of the hydro system to produce power, the primary reason for short-term operations, could
be severely hampered. The hydro system would be unable to respond quickly to peak or light load
demands, causing potential increases in the need for other generation at times of system peak and
spill during light load hours.

Analyses performed for the System Operation Review will have to determine how much short-
term operational flexibility is associated with application of the potential forebay limits. Questions
to be answered include: Is an elevation limit applied hourly, daily, or as an end of month target? Is
there a range about the target, such as within X feet or centimeters? Under what conditions could
forebay limits be violated?

Flow targets likely would be specifications of minimum flows or target flows. Currently mini-
mum flow levels are used to provide water for fish, especially in the spring and summer when loads
and power generation are low. Again, because power generation is the primary determinant of
short-term operations, alternatives for specified flows could reduce use of the system for power,
cauSin_g spill on light load hours, as well as drafting reservoirs if minimum flows are set too high.

Questions to be answered for analysis include: Are specified flows instantaneous, hourly, daily,
weekly, or monthly averages? Under what conditions could flow targets be violated?

Drawdowns to specified levels include reductions of operating elevations of the four lower
Snake projects to near river bed or to spillway crests. The purpose of drawdowns is primarily to
approximate natural flows to increase water velocity for fish migration. The drawdowns would be
below minimum operating pool, which would significantly reduce power generation and stop navi-
gation. Flows when reservoirs would draft would be higher than usual on the Snake River, and
flows when reservoirs would fill would be lower than usual.

Questions to be answered for analysis include: Where would the water come from for refill after
drawdown? How often would drawdown occur, and who would make the decision? How would the
amount of drawdown be decided upon?
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Bonneville Dam is the
closest project upstream
on the Columbia River from
the large population centers
of Portland and Vancouver.
Bonneville Dam usually
provides less peaking in
an attempt to provide a
more stable water level
downstream on the lower
Columbia. Thus, Bonneville's
reservoir fills during the
day, when the upstream
projects are releasing large
amounts of water, and then
drafts at night, when the in-
flows are relatively low.

Willamette projects
are limited in their opera-
tions for power, because the
Willamette River and tribu-
tary flows are low and other
uses often have priority.
Normal operation of the
Willamette projects is for
projects with storage reser-
voirs, such as Detroit, to
generate for a few hours per
day, usually peaking either
morning or evening with
loads. A downstream
reregulating dam, such as
Big Cliff, reshapes the water
released by the upstream
projects, generating a con-
stant level of energy and
releasing a constant flow to
provide a stable water level
downstream.

Other tributary
projects shape and supply
water to the projects identi-
fied above. For example,
Idaho Power Company oper-
ates Brownlee, a storage
reservoir, and Oxbow and
Hells Canyon, two run-of-
river projects, located on the
Snake River above Lower
Granite Dam. Many other
Federal and non-Federal
hydroelectric projects in
the Northwest and Canada
serve load and regulate

river flow. {%|



Short-term operations
address the dynamics that
affect the Northwest hydro
system and its multiple
uses. Demands for electri-
cal power and natural
streamflows change
constantly and thus are
not precisely predictable.
Other uses of the hydro
system have constantly
changing needs, too, many
of which can interfere with
other uses.

The Northwest generation and transmission systems are managed around the clock to provide

Project operators must
address various river needs,
physical limitations,
weather, and streamflow
conditions while main-
taining the stability of the
electric system and keeping
your lights on. It takes staff-
ing around the clock to
manage the hour-to-hour
changes that occur and the
challenges that face project
operators all the time.

L

reliable electric power that matches the needs of customers.




Short-Term

Operational
Limits
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Hungry Horse Dam and Lake

Project Description

Location South Fork Flathead River; Hungry Horse, MT
OWNET ..t ebsisiessssssssssssssesnensesnanens. U9, BUreau of Reclamation
—— .. storage

. nmplc'tc'd in 1953

POWEIIOUSE ..o s s 4 units/285 MW
HYAYAULIC GADETIEY ioiiiisicerstinsibarsssonsiasanssnssnsnssansous iisssisssivaiaatomenmsasosionsi 8,900 cfs
Useable storage (3,560.0 to 3,336.0) ... 3,161,000 A"

Short-term Operational Limits
Lake Elevation
Nl L O s v e T B U G R C i G b e e siairarins 3o a0 e

M D O O A o A T A s o S T LV B G R il 3,336 ft
Diseharge
Maximum (]mut durmg ﬂqod r‘nntrol n‘pr‘ratlﬂl‘l‘i) Gl s e D00-3,000 ¢

I.ibby Dam and Lake Koocanusa

Project Descnphun
Location .. reveiiesreesesee . KOOtenai River; Libby, MT
Owner ..., J q Army C‘m‘ps of Engineers
T i it o imrhsninsobssarsvmsnsnessicsnnsnnsmnsansssssionasanavedradondon . storage
T L T A e P N R S Lompleled in 1973
Powerhouse.... .. b units/5256 MW
Hydraulic capacity R e 21 00 of's
Useable storage (2,459.0 to 2,287.0) ... waansasssnany 4,278,800 AT
Short-rerm Operuhonul Limits
Lake Elevation

T T o B oy e A i oW S K P CE R oo 15, 2

11311 B 1oL | P s ML B K R Lo T S S R 2,287 fit
Discharge
Minimum inStANLANBOWNE w.wsiiinsiaibiiim s s p s s o000 ¢fs
Minimum daily flow ........cceveee. G R R TR e o 0 00 O
Rate of change of tailwen.er elevanon
May | - September 30 (1 PRI v s ssssssssssssss s ssssssasssssssssssssssssesssssssssens 4 1t/24 hrs

October 1 - April 30 (1 F/ /2 RE) s 0 124 DI

Albeni Falls Dam and
Pend Oreille Lake

Project Description

LOCALON 11viveriiesssirsinssssssssssssserssssassssssssessses Pend Oreille River; Newport, WA
Owner ... v LIS, Army Corps of Engineers
B G R L e i storage
Status .ooovrnis AR LR e O e e I o completed August 1955

.. 3 units/42 MW
...... 33,000 cfs

Powerhouse.

Hydraulic capacity ...

Useable storage (2 {IE‘L_. 5 tn 2 {h] ﬂ) ............................................................................................................. .. 1,166,200 AF
Short-term Operational Limits
Lake Elevation (at Hope)
I OB TNITE: oo s 5 g g 3 4 g g SR S 4 G e b 5 S 2,062.5 fi
N O P T NN vn v oo enn tomns b s s b R b S SR RO R PSR KK RIS e R i e SR b s SRR 2,061.0 ft
Maximum daily lake elevation change
ADOVE ELEVAIION 21008 L..iviiiiiiissisireiies s ssssess s s essssasssssee s ssssesssssss sass ssesessssssssssssesesessassssssssusssrasssesenasens 0.4 ft
g o e L e o e L T T S R 3 R ot e e AT A R T 0.5 1t
Discharge
Minimurm instantameous iulilmadiveiiba bl s E I ERE R 4,000 efs
Minimum 24-ROUr MEAN ......... i o rmiiisi i T L e b 4,000 cfs
Maximum rate of change
INOETEY, OO-PAINNUEE TATTH <t s cnhninnnniimian e s oy oK R 4 WS NS A SR s s omes b e aLE s R 5,000 efs/hr
Maximum 60-minute increase or reduc nrm 1.0 fi/hr
Maximinm: AallY AREIOABE «uusanramimeimissnsmessenin iy sy HJ UOU cfs/24 hr
Maximum daily reduction below 50,000 efs .. .. 10,000 efs/24 hr
Minimum daily reduction — 50,000 to 75, U(H} CF8 i e s g e e e nes 2.0 ft/24hr
Minimum daily reduction ahove 75,000 CFS......ccurrmimmsensrmsismsismmsmnresesi ssisssissssibsonsissbisstsss ssssiis 1.0 ft/24 hr

Special requirements
Lake level is maintained at or near the observed November 20 elevation through December 31 to protect
Kokanee spawning areas and prevent dewatering of nests.



Grand Coulee Dam and
Lake Roosevelt
Project Deurlpﬂon

Location ............. rvvseisiernennn. Columbia River; Grand Coulee, WA
Owner. ... .S, Bureau of Reclamation
Type .... - storage
SEALIS 1.veveveseneesssssessssssssssssssssnsrsrssmnsssssssesssressssssesssssns 18 umts t_ompleted in 1942

2 umt.ﬁ, completvd in 1974, third powerhouw in 1982, 4 units in 1984
Powerhouse... RS . 24 units/6,494 MW

Hydraulic eapacity .. 280,000 ¢fs
Useable storage (1,290,0 10 L208.0) w.cvrviiiiiinisimsimiisni st st i sssss st sssasssssssssssssase 5.135,500 AF

Short-term Operational Limits

Lake Elevation
NOTTIAD FULL POOL 11ursrreinssicesssssesserns s LRS00 8080 1,290 ft
Normal minimurm pool ..., 1,208 fi
Maximum daily drawdown ... it LB
I T TE LTI BB T W4 A3 AR T YRR R S R bt byt stsmpsanauns oE) B

Discharge
Above tailwater EleVATiOn 95T ..o sererssrsmsesmssssssrssesssstissssesssesisssssssssssessssssssrssssessscssesssssssssssssesassisssanssens 910 f/RT
Balow tallwatar lavation BBT £l ... i tsaissabssassarervessiiossoisbiviaessst s osns s idobaibsmassaststassstame it s 2,0 1t/

Chief Joseph Dam and
Rufus Woods Lake

Project Descrlphon
Location .. . Columbia River; Bridgeport, WA
Owner... .. 1.5, Army Corps of Engineers
Type ... .. run-of-river
Status. umts l - 16 completed in 1961
.units 17 - 27 completed in 1979
... 27 units/2,069 MW
... 219,000 efs

Powerhouse ..
Hydraulic capanty

Short-term Operational Limits
Lake Elevation
Full pool ... e A LR AR R 8 PR RS TESSEASY L RS E RN AS I ARt e n e serny symn e nssn it SRR e DO T
Minimum pool
Summer opomtmg ra.nge
Discharge
AT TP T AT BTN EOARE i1k 5 i e s s R a st sosepsmne s AN O HTRE
Minimum daily ... 35,000 cfs
Maximum rate uf Lhang@ ... No limit
Special Requirements
Based on providing 36,000 cfs at Priest Rapids Dam, Chief Joseph outflow may be less if the
36,000 efs at Priest Rapids is provided by tributary flow or from storage at another project.

. 950 - 956 ft

Dworshak Dam and Reservoir

Project Descrlpﬂon

Loeation ., s North Fork Clearwater; Ahsahka, ID
Owner .. covieeee LIS, Army Corps of Engineers
IV iisiinesisisianivaontonissbunriiasivinivusaus s simiansessonsbinssreruimd pOs oy AR AR5 storage
R LB A o SEESEpd  b ereaAAS H VRa completed in 1973

Powerhouse . 3 units/400 MW
HyAraulic CADBOIEY .iiiiiisiismmiarsssnssnisoniadadasdibisianstessmsvassiis biiiianssns 10,500 cf's
Useable storage (1,600.0 to 1,445.0) .cocovvvvvnrmremermssnnrecesenennns 2,015,800 AF

Short-term Operational Limits
Lake Elevation
BT OO v soassonsontibd o asiesis s s VYRRt st s ramsomssrensspnsensass L BI00 1
Minimum poo
Discharge
0000 (110 ¢ | T DO U O S TS O T TP PP TPP e 1,000 ¢fs
Maximum weekly average (October 1 - November 15) inflow + 1,300 ¢fs
Rate of change (Peck Gage)
HHOULLY wavucreriusammmssrsrsnesiossssssssonsansssns sensesenssnsirsnsasmsssi 44451144100 EHEE LS LA AL AR AL LR SRR RE L1818 4R SRS RS S0t e RS s s s 010 11t
24-Hour (October 1 - November 15) ... 40% of previous weekly avg outflow
Downstream flood control limit Clearwater River at Spalding
Bl B e s b s st s 85,000 cfs
Flood stage ... .. 105,000 cfs
Lewiston levee capacity .. 150,000 cfs
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Lower Granite Dam and Lake

Project Descriphon

Location .. sisassh st anake River; Almota, WA
Owner.... U.S. Army Corps of Engineers
Type ... . run-of-river
Status. umts 1 J completed in 1975 4 (5 completod in 1978
Powerhouse ...... i cisd .. 6 units/810 MW
Hydraulic capacsly ............................................................................ 130,000 cfs

Short-term Operational Limits
Lake Elevation
INOTINAL FULL POOL c.viiiiiicsirecreisissasssa e sssssass st sssssasssssaesaserssessssssseesesesssssssresessesssssassssassesessssenssesessssssessenssererassesenss 738 fi
o2 Fa5 (EF 184100 LAY 1Ly 1o ) R e N P DS P N YL POV - ¢
Discharge
Minimum
DIaretWIHE S FEBEBEY 1y yionrmcvniossmssissississ kst nms s s o R S VP e O TS
March - November ... - .. 11,600 cfs
Maximum rate of change per hour .. 70,000 cfs

Little Goose Dam and Lake Bryan

Project Descrlptlon

LOCation ... s S0AKE River; Starbuck, WA
Owner ... . U.S. Army Corps of Engineers
iy oA A Bt S R R run-of-river
Status......... units 1-3 completed in 1970, 4-6 completed in 1978
. N, S 6 units/810 MW
Hydraulic eapacity ... 130,000 ¢fs

Short-term Operational Limits
Lake Elevation
BHIGOL ....coririserenmssssermmmsss s e s are o H T L R s T b e e e prevsmnseirig DO 10
Ty o B e e L e B M T e U e 633 ft
Discharge
Minimum
Deceber = POBIUALY .o assmssssimiins i s i smniss uissestitsasysiasrsemassssseim: RUOTG
March - November ... . 11,600 efs
Maximum rate of change Per HOUT ... s s 10,000 efs

Lower Monumental Dam and
Lake Herbert G. West

Project Descrlpflon
Location ..
Owner ...

... snake River; Matthaw, WA
. 1.8, Army Corps of Enginvu
Type ... run-of-river
Status. units 1-3 completed in 1970 4 6 completed in 1978
I e O e S D S S e AR s e 6 units/810 MW
Hydraulle CEPREILY wsscmmmiimimimimmimssisimab i s 190,0000ct

Short-term Operational Limits
Lake Elevation
NOTTOBRLDOOL ... o iosesmrmsmsmissssmsmsssnssensassinsssanasssassrissssmisstbnpibsidossibabbsbsasbeabasiatss it bR s HE ARSI RIS RIS s s s s nnn T0D DD
Normal minimum puul ................................................................................................................................................. 733 ft
Discharge
Minimum
March - November ........coccveuee. . 11,600 efs
Maximum rate of change per HOUT ... s 10000




Ice Harbor Dam and
Lake Sacajawea

Project Descrlpﬂon

Location .. .. Snake River; Pasco, WA
Owner .... U S Army Corps of Englneerb
- . run-of-river
unlr.s 1 3 (ompleted in 1962 umts 4-6 in 1975
S e B UNItS/603 MW
.. 106,000 cfs

Status ..
Powerhouse ...
Hydraulic Lapacny

Short-term Operﬂtlonul Lurml's
Lake Elevation
IVIATUTIIUIT POOL c111uviassisssessssnssossunsssssssessossssssbssess st s AE 11844484548 A R340 4SS R0 00
Discharge
Minimum
December - February S s e e Lo s s N DTG
March - July ... i v 9,500 cfs
August - November . 7,600 cfs
Maximum rate of change per hour oo ssssasesssstiessssssnnsssnssessensssessa st sssnnsssnnsssnsnsennenessnnse 20,000 €f8

. 440 ft
437t

McNary Dam and Lake Wallula

Project Descruphon
Location ..
Owner....

Type ..

... Columbia River; Umatilla, OR
U.S. Army Lorps of Engineers
. run-of-river
Status & complcted in 1957
Powerhousem. .. 14 units/080 MW
Hydraulic CAPACIEY ...c.mmmmmmmmmmmmmsrmsssssssssssissmsssmasmnsssmsssssssseses 202000 €8

Short-term Operational Limits
Lake Elevation
NOTTIAL FULL POOL covvvecieatirsissnmmssesssessssssesssesssess e ss s e84 LR F P88 .
IVHNEITIITE POOL 1oovuuseeressessesesssssssssssssesssssessesssssssoes 4550804018488 R R S LR
Discharge
Minimum
December - February .. ... 12,500 cfs
March - November ... —— ... 50,000 efs
Maximum rate of change por hour R G REREE 150,000 of

0340 ft
336 ft

John Day Dam and Lake Umatilla

Project Descrlphon

Location ... cermenmrss e COlUMbia River; Rufus, OR
(07171 N— 1.8, Army Corps of Engineers
IVDE scrvsmemsnsrersissbsssitvesoibasasmansnnassnsssssbis brabepaasssss sienistsbasaivsnnsed run-of-river/storage
Status ....... ... completed in 1971
Powerhouse ... .. 16 units/2,160 MW
Hydraulic Lapacny v 322,000 cfs
Useable storage (.353 0 Lo 257 0) ... 534,000 AF

Short-term Operational Limits
Lake Elevation
FUL POOL «.vovvveveeiesersmesssanssroresessssses s siebasssasnsassan s ssss e 8L LIRSS 81883 AT 268 ft
Minimum pool ... ; 25T ft
Discharge
Minimum
DECEIMDET = FEDIUATY 1. oo ooeeieiemsimm e sis b0 08a08 01088 LR L 12,600 cfs
March - November ...... ... 50,000 efs
Maximum ChANEE PET NOUD (it i L 202 200,000 cfs
Special Requirements
Normal minimum elevation in spring is 262 feet for protection of geese during nesting period
March 1 - May 15.

Reservoir is to be operated between elevation 264-265 once every three days during the goose nesting period,
March 1 - May 15.

Reservoir is to be operated between elevation 262.5-264 during juvenile fish outmigration period from May 1 -
August 31 unless higher levels are required for irrigation withdrawals.
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The Dalles Dam and Lake Celilo

Project Description
LAOHEO N cisisnsmesms s i Columbia River; The Dalles, OR

Owner ... . U.5. Army Corps of Englneers
Type .. ... run-of-river
Status....... umls 1-14 completed in 1960, unit 15-2.2 in 1973
Powerhouse........ .. 22 units/1,780 MW

EEVATRIAE CRIBCETY doiiiiinsioronssnnon cohne sdsubstsiies dakaesb mnyas sies oo sl sy waidoh 375,000 cfs

Short-term Operational Limits
Lake Elevation

Full pool 160 ft

Iy b 6o BT oo ) AR M Pt e i el B R o ... 166 ft.
Discharge

Minimum

D e BT B FRBTUBEY «.vuvssconsnssssissnscosinnsrssssnsssssisisadsisns ssssns bapssessians st asssuspeesa s isgsusnasns iasasssssssssnsvsssamsssssaess SenDU OIS
March - November ..... ... 50,000 cfs
M Tabe of Chaige PO O i i it e e s e T SO0 618

Bonneville Dam and Lake

Project Descrlphon

Location .. s eenreennes LOIUMbiA River; Bonneville, OR
OWIIET ....cmvirnsiriesnsassansssinssnssmsssaenssesssnassennssnsnanss. Wit ArTy Corps of Engineerﬁ
Status. “ ﬁrsL powerhouse Lumpleled in 19JS
.. first powerhouse completed in 1982
.. 10 units/518 MW/136,000 cfs
8 units/632 MW/1562,000 cfs

First powerhouse ....
Second powerhouse ...,

Short-term Operational Limits
Lake Elevation
L T R T b e N g D o N e e e Aty P e Tty 1 1§ 1 -
Minimum pool ......einnn. e T00 £
Normal forebay operating range ... 71.5-76.5 ft
Maximum 24-hr fluctuation at Stevenson gag .. 4.0t
Tailwater Elevation
Rate of Change
Summer (April 1 - September 30) 60-min limit 151t
Normal - 24 hr limit
Maximum - 24 hr limit (no more than 10 times per q(‘d:-mn)
Winter (October 1 - March 31) 60-min lmit ....oocveeneene 3.0 fi.
Normal - 24 hr limit ..
Maximum - 24 hr llnm (no more tha.n 18 tmws por season) R Reeaasss 100 £

Discharge
VDU TS ERTEBIVBGIE syversrsssivisriomiontntinismssss et s ssnss s S G e B I R s s s D000 OIS
MINIMUI QALY BVETAZO .....oviviieieiers e ssesaessssssssssssssresesessasssssssessesssssssssassasssesassessssssssssesasasssssassassssasssssasasssssns 100,000 efs

Special requirements
Normal operating range will not be exceeded more than 18 days per year.

When average 7-day inflow is below 125,000 cfs, the minimum instantaneous outflow limit is 70,000 cfs
and the minimum daily average discharge limit is 80 percent of the 7-day average inflow. ‘%‘



Overview

Introduction. Much of
the information in this appen-
dix appears in other docu-
ments produced for the
System Operation Review,
including The Columbia
River System: The Inside
Story and A River at Work.
Repeating this information
here provides easy reference
and supplements the material
that appears in this document
on short-term operations.

The Basin. The Colum-
bia River Basin includes the
drainage of the Columbia
River and its tributaries, an
area of about b67 000 square
kilometers (219,000 square
miles) in the United States
and 102 000 square kilome-
ters (39,500 square miles) in
Canada. The boundaries of
the Columbia Basin are the

Rocky Mountains to the east

and north, the Cascade
Range on the west, and the
Great Basin to the south. The
basin covers portions of
seven western states, includ-
ing Washington, Oregon,
Idaho, Montana, Wyoming,
Nevada, and Utah.

The River. The Colum-
bia River originates at Col-
umbia Lake on the west slope
of British Columbia’s Rocky
Mountain Range, 320 kilo-
meters (200 miles) north of
the U.S. border. The river
flows from Canada into the
United States and eventually
becomes the border between
Oregon and Washington. The
Columbia River is 1 955 kilo-
meters (1,214 miles) long; it
flows into the Pacific Ocean
near Astoria, Oregon. The
Columbia’s major tributaries
in the United States are the
Kootenai, the Clark Fork-
Pend Oreille, and the Snake.
The average annual runoff
of the Columbia River is 244
billion cubic meters (198
million acre-feet). The river's
natural flows are extremely

erratic from year to year and
season to season, depending
on precipitation type and
amount, and runoff amount
and timing.

The Dams. There are
265 hydro projects in the
Northwest, including 31 Fed-
eral dams. Fourteen of the
Federal dams are being
studied in the System Oper-
ation Review: these large-
scale projects play a key role
in the multipurpose use of
the Columbia River system.
Dworshak is on the North
Fork of the Clearwater River
in Idaho, a tributary of the
Snake. Lower Granite, Little
Goose, Lower Monumental,
and Ice Harbor are on the
Snake River in Washington.
Hungry Horse is on the South
Fork of the Flathead River
in Montana; Libby is on the
Kootenai River in Montana;
and Albeni Falls is on the
Pend Oreille River in Wash-
ington, all of which are
tributaries to the Columbia.
Grand Coulee and Chief
Joseph are on the Columbia
River in Washington. McNary,
John Day, The Dalles, and
Bonneville are on the Col-
umbia River on the Oregon/
Washington border.

River Uses. The primary
uses of the Columbia River
system are navigation, flood
control, irrigation, electric
power generation, fish migra-
tion, fish and wildlife habitat,
recreation, cultural resource
protection, and water supply
and water quality.

Types of Projects.
Projects may be differenti-
ated into storage and run-of-
river categories. A storage
project uses its reservoir to
adjust the river's natural flow
patterns to conform more
closely to water uses. Stor-
age projects in the Colum-
bia and Snake River Basins
capture spring and summer

runoff for flood control and
to provide water flows for
uses later in the year. The
reservoirs release water dur-
ing the late summer and fall,
when natural streamflows
are low, to aid fish migration
and to provide water for
power generation and other
uses. Run-of-river projects
have little storage capability
and release water at about
the same rate it enters. Run-
of-river projects provide
hydraulic head for power gen-
eration and depth over river
obstacles such as rapids to
permit barge navigation.
Project Operators. The
U.S. Army Corps of Engineers
and the Bureau of Reclama-
tion operate the Federal
water projects in the North-
wesl. The Corps operates 12
of the 14 projects under study
in the System Operation Re-
view. The Corps is responsible
for flood control at all major
reservoirs in the Columbia
River Basin and maintains
navigation channels. Recla-
mation operates Grand
Coulee and Hungry Horse
Dams, two of the storage
projects that are included in
the System Operation Review.
Reclamation also operates
water resource projects
throughout the Columbia
Basin for irrigation and other
uses. The Bonneville Power
Administration markets and
distributes the power pro-
duced by the projects. BPA
sells power from the dams
and other generating plants
to public and private utilities
and direct-service industries,
and it builds and operates
transmission lines to deliver
the electricity. Public utility
districts, municipal utilities,
and private utility companies
own and operate dams and
generation projects in the
Columbia River Basin. Irri-
gation districts operate and
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Shortterm operations balance the many uses of the hydro system, including power generation, fish and
wildlite, and recreation, using the conditions supplied by nature, such as precipitation and streamflow.
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maintain pumping plants
and irrigation canals in the
region. British Columbia
Hydro operates water pro-
Jects on the upper Columbia
River in Canada.

Agreements Affecting
Operations

The Columbia River
Treaty between the United
States and Canada, signed in
1961 and put into effect in
1964, provided for building
four storage reservoirs, in-
cluding Libby. The reservoirs
built and operated under the

Treaty, three of which are in
Canada, represent almost
half the water storage on
the Columbia River system.
Water released from reser-
voirs in Canada is used to
produce power at dams in
the U.S. The benefits of

the projects were divided
between the two nations in
related agreements. Canada
sold its share of the power
for the first 30 years of
project operation. The
Treaty does not specify an
end date; either country has
the option to terminate the
Treaty after 2024.

The Columbia Storage
Power Exchange was formed
by 41 utilities in the U.S. to
purchase the Canadian
power benefits of the Treaty
beginning in 1968. CSPE utili-
ties receive Canadian power
from BPA and the three mid-
Columbia public utility
districts with projects on the
mainstem Columbia River,

The Canadian Entitle-
ment Allocation Agreements
are contracts that divide the
Treaty's power benefits and
obligations among the non-
Federal beneficiaries in the
United States. There are five
Allocation Agreements, one
for each of the five public
utility district-owned dams
on the mid Columbia. The
agreements determined how
much power each of the five
utilities will generate from
Canadian flows for delivery
to the CSPE utilities. These
agreements, which begin to
expire in 1998, are being
renegotiated to establish
future obligations regarding
Columbia River Treaty
power benefits.

The Pacific Northwest
Coordinalion Agreemenl
was inspired by the Colum-
bia River Treaty. It is a
complex contract for
planned operation among
the Federal project opera-
tors and power generating
utilities of the Pacific North-
west. It was signed in 1964
and expires in 2003. The
Coordination Agreement calls
for annual planning, which
must accommodate all the
authorized purposes of the
Columbia River hydro pro-
Jects as well as project and
system requirements. All
Coordination Agreement
parties coordinate planning
and operations to meet
system requirements.

The Non-Trealy Storage
Agreement is a contract



between BPA and B.C. Hydro
to coordinate the use of an
additional portion of the
water stored in the reservoir
behind Mica Dam in British
Columbia. This water storage
is not covered in the Colum-
bia River Treaty (thus “non-
treaty” storage agreement).
The NTSA covers 4.5 million
acre-feet of water storage.
The power generating capa-
bility represented by the
storage will be shared equally
by BPA and B.C. Hydro. The
owners of the five non-
Federal mid-Columbia hydro-
electric projects and their
power purchasers are inter-
ested parties to the NTSA
and share its obligations and
benefits. BPA has completed
a companion agreement with
these owners, and with many
of the utilities that purchase
power from these projects,
because the hydropower
benefits represented by the
NTSA depend on the coop-
eration of the mid-Columbia
dam operators. In October
1990, BPA signed a related
agreement with the Colum-
bia Basin Fish and Wildlife
Authority, which represents
Northwest fish and wildlife
agencies and 13 Indian
Tribes. The agreement aims
to assure, through operating
guidelines and regular com-
munication, that use of non-
Treaty storage water will pose
no significant risks to fish.

The Vernita Bar Agree-
ment provides that project
operators will arrange for
certain flow levels on the
Columbia River at Vernita
Bar below Priest Rapids Dam
from fall to early spring to
protect and preserve salmon
spawning and hatching.

The Long-Term Spill
Agreement established a
plan among fisheries agen-
cies, Indian Tribes, and BPA
for spilling water to aid

migration of juvenile salmon
and steelhead from their
spawning grounds to the
ocean. The agreement pro-
vides that a specific amount
of water be passed over the
spillways of four Corps pro-
jects — Lower Monumental,
Ice Harbor, John Day, and
The Dalles — in the spring
and summer.

Authorizing Legisla-
tion. Congress specified the
major intended uses in the
authorizing legislation for
each Federal hydro project.
Most were authorized for one
or more purposes including
flood control, navigation,
irrigation, and power pro-
duction. The laws seldom
contain explicit provisions
for operating individual
projects or for their coordi-
nated operation within the
total system. The Federal
agencies and other project
operators have developed
principles and agreements
among themselves.

Other Legislation

The National Environ-
mental Policy Act (NEPA)
requires environmental
scrutiny of actions proposed
by Federal agencies. The
System Operation Review
includes an Environmental
Impact Statement prepared
pursuant to NEPA, which
analyzes alternatives for
renewal or renegotiation of
the Pacific Northwest Coor-
dination Agreement and
Canadian Entitlement
Agreements, system opera-
tions and the following
implementation process.

The Endangered Spe-
cies Acl is designed to con-
serve endangered and
threatened species of flora
and fauna and their ecosys-
tems. Several species of
salmon in the Northwest

have been targeted for pro-
tection under the act. Some
protective measures, such as
increased flow and reservoir
drawdowns, have been imple-
mented, and others are
under study.

The Pacific Northwest
Electric Power and Conser-
vation Act created the
Northwest Power Planning
Council, which developed and
continues to update and imple-
ment the Fish and Wildlife
Program for the Columbia Ba-
sin. The program established
goals for restoring and pro-
tecting fish populations in
the basin. The goals have re-
sulted in changes in how the
coordinated hydro system is
operated. For example, the
Water Budget provides for the
release of specific amounts
of water in the upper Colum-
bia and on the Snake River
to aid the spring downstream
migration of juvenile salmon.

Operational Planning.
Planning for power genera-
tion factors in all uses of the
system to determine how much
water will be available for
power production, and it co-
ordinates generation so as to
provide the amount of power
needed. The Columbia River
Treaty requires the U.S. (the

Jorps and BPA) and Canada
(B.C. Hydro) to prepare oper-
ating plans each year. These
plans are the basis for the
operating rule curves for the
Treaty projects in Canada.
They are factored into the
annual plan developed by
parties to the Pacific North-
west Coordination Agreement,
because releases of water from
the Canadian storage reser-
voirs are crucial for coordi-
nated system planning in the
UU.S. Annual planning for co-
ordinated system operations
occurs pursuant to the PNCA.
Planning studies are made
as if the total coordinated
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Three Seasons of Reservoir Operation

Flow Measured at The Dalles, Oregon

Flow (Cubic Feet Per Second)
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Three Seasons of Reservoir Operation
August through December January through March

MAY JUN JUL AUG SEP

Lowest Ever Observed

April through July

FULL POOL

FULLPOOL -

Fixed Drawdown: During the late summer and  Variable Drawdown: Spring runoff forecasts

fall when the velume of the next spring runaff are available beginning in January. They are
is unknown, reservoir operations are guided by the basis for rule curves that guide operations
fixed rule curves that follow historical patterns.  through the runoff and refill season.

Refill Season: Operators focus on capturing
enough runoff to refill reservoirs by the end of
July. When runoff is low, reservoirs may not
refill, and future operations are partially shaped
by how low reserveir levels are on July 31.

Operations on the Columbia River system are built around seasonal sireamflow conditions. The water in the river can vary dramatically

from month-to-month, depending upon precipitation and snowmelt.
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system had a single owner,
synchronizing operations to
maximize power production.

The annual planning pro-
cess starts each February.
Each reservoir owner sub-
mits multiple-use operating
requirements that must be
accommodated in the result-
ing plan. Utility parties also
submit forecasts of their
electricity loads, the output
of their non-hydro generat-
ing resources, and planned
maintenance outages for
their resources. Studies are
conducted to identify the
critical period. Assuming
critical period conditions,
firm energy load carrying
capability is determined for
the system as a whole and
for each PNCA party. After
iterative analysis and com-
ment from the parties, the
final critical rule curves and
FELCC are published for
each month in the critical
period.

The Coordination Agree-
ment Refill Test is conducted
by the Corps. It simulates
how the hydro system would
operate under the runoff
conditions in each of 50
years of streamflow records.
The refill test determines
whether the energy content
curves are constructed ina
way that does not threaten
the coordinated system’s
ability to generate its firm
energy capability under
historical streamflow con-
ditions. It determines the
reservoir draft limit for
nonfirm energy by devel-
oping rule curves with a
95 percent chance of refill.

Seasons. The operating
year for the Columbia River
system can be divided into
three seasons. August
through December is the
fixed drawdown period, in
which reservoirs are oper-
ated according to predeter-

mined rule curves because
runoff forecasts from the
snowpack are not available
until January. January
through March is the vari-
able drawdown period, in
which operation of the res-
ervoirs is guided by the run-
off forecasts. Reservoirs are
drafted to provide flood con-
trol space and to meet power
needs, while retaining
enough water for spring fish
flows and to ensure a high
likelihood of reservoir refill
by summer. April through
July is the refill season,
in which reservoirs store
spring runoff. Water is re-
leased to help young salmon
and steelhead migrate to the
sea, and operations for flood
control and power sales con-
tinue as needed.

Conflicting Objectives.
Actual operation of the sys-
tem over the year is based
on meeting several related
but sometimes conflicting
objectives:
¢ Providing adequate flood

storage space for control
of the spring runoff.

* Maintaining a high prob-
ability that reservoirs will
refill to meet recreation
needs and to provide
water for next year’s
power operations,

# Providing flows to aid
downstream migration
of juvenile fish.

e Maximizing power
generation within the
requirements imposed
by other objectives.

Real Time Opera-
tions. Reservoir operators
use rule curves that are
based on historical
streamflows. Operators also
must meet project and sys-
tem requirements and meet
electricity loads with a com-
bination of hydro and other
power plants. To reconcile

Hells Canyon Dam, an Idaho Power Company project, is located
on the Snake River in Oregon.

all of these requirements,
an Actual Energy Regulation
is produced at least twice a
month throughout the oper-
ating year. One result of
these studies is an energy
content curve for each stor-
age project that accounts for
specific conditions in the
current operating year. The
AER combines each utility’s
firm energy load carrying
capability with actual and
current estimates of stream-
flow and defines draft points
to produce the FELCC and
meet other system and pro-
ject requirements. In low
water years, when reser-
voirs must be drafted below
their energy content curves
to produce FELCC, the AER
sets proportional draft
points to equitably distrib-
ute the draft among all
reservoirs.

Ll
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Acre-foot — The volume of
water that will cover an

area of one acre to a depth
of one foot (326,000 gallons
or 0.5 second foot days). 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 propor-
tional draft points.

Anadromous fish — Fish,
such as salmon or steelhead
trout, that hatch in fresh water,
migrate to and mature in the
ocean, and return to fresh
water as adults to spawn.

Annual operating plan —
A yearly plan for operating
reservoirs on the Columbia
River. Such a plan is specifi-
cally required by the
Columbia River Treaty and
by the Pacific Northwest
Coordination Agreement.

Assured operating plan
— A study mandated by the
Columbia River Treaty that
determines U.S. and Cana-
dian benefits of Treaty
projects.

Assured refill curve
(ARC) — A representation
of the lowest drawdown
level from which a reservoir
could refill given a repeti-
tion of the third-lowest
runoff year 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.

Baseload — In a demand
sense, a load that varies
only slightly in level over a
specified time period. In a
supply sense, a plant that
operates most efficiently at
a relatively constant level of
deneration.

Bypass system — Struc-
ture in a dam that provides
a route for fish to move
through or around the dam
without going through the
turbines.

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

Canadian Entitlement
Allocation Agreements —
Contracts that specify how
much power is to 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
specified times under
specified conditions or
carried by a transmission
facility; also, the maximum
rate at which power can be
saved by a nongenerating
resource.

Capacity/energy
exchange — A transaction
in which one utility provides
another with capacity service
in exchange for additional
amounts of firm energy
(exchange energy) or money,
under specified conditions,
usually during offpeak hours.

Columbia River Treaty —
U.S.-Canadian agreement

for bilateral development
and management of the
Columbia River to achieve
flood control and increased
power production.

Columbia Storage Power
Exchange (CSPE) — A
nonprofit corporation of 11
Northwest utilities that
issued revenue bonds to
purchase the Canadian
Entitlement and sell it to 41
Northwest utilities through
a BPA exchange agreement.

Composite reservoir —

A PNCA operational proce-
dure that simplifies in-lieu
energy transactions by
treating Federal upstream
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.

Content — An amount of
water stored in a reservoir,
usually expressed in terms
of KSFD or MAF.

Critical period — That
portion of the historical
50-year streamtlow record
which, when combined with
the drafting of all storage
reservoirs from full to empty,
would produce the least
amount of energy shaped to
seasonal load patterns.

Critical rule curves
(CRC) — A set of curves
that define reservoir
elevations that must be



maintained to ensure that
firm energy requirements
can be met under the most
adverse historical
streamflow conditions.
Critical rule curves are
derived for all years in the
critical period. They are
used for proportional draft
of reservoirs.

Critical water — Stream-
flows that occurred during
the critical period, that
portion of the historical
b0-year streamflow record
which, when combined with
the drafting of all storage
reservoirs from full to empty,
would produce the least
amount of energy shaped

to seasonal load patterns.

Cubic feet per second
(efs) — A unit of measure-
ment pertaining to flow or
discharge of water. One cfs
is equal to 449 gallons per
minute. A thousand cubic
feet per second is abbrevi-
ated as kefs.

Demand — The rate at
which electric energy is
used, whether at a given
instant, or averaged over any
designated period of time.

Discharge — Volume of
water released from a dam
or powerhouse at a given
time, usually expressed in
cubic feet per second.

Displacement — The
substitution of less-expen-
sive energy generation for
more-expensive energy
generation (usually hydro-
electric energy transmitted
from the Pacific Northwest
or Canada is substituted for
more expensive coal and
oil-fired generation in
California). Such displace-
ment usually means that a
thermal plant can reduce or

shut down its production,
saving money and often
reducing air pollution.

Draft — Release of water
from a storage reservoir.

Drawdown — The distance
that the water surface of a
reservoir is lowered from a
given elevation as water is
released from the reservoir.
Also refers to the act of
lowering reservoir levels.
(Similar to draft.)

Elevation — Height in feet
above sea level. Usually
refers to reservoir forebay;
used interchangeably with
content because a forebay
elevation implies a specific
reservoir content. Tailwater
level is also expressed as an
elevation.

Energy — The ability to do
work (i.e., exert a force over
distance). Energy is mea-
sured in calories, joules,
KWH, BTUs, MW-hours, and
average MWs.

Energy content curves
(ECC) — A set of curves
that establishes limits on the
amount of reservoir draw-
down permitted to produce
energy in excess of FELCC.

FELCC — Firm energy
load carrying capability
(FELCC) is the amount of
energy the region’s generat-
ing system, or an individual
utility or project, can be
called on to produce on a
firm basis during actual
operations. FELCC is made
up of both hydro and non-
hydro resources, including
power purchases.

Firm energy — The
amount of energy that can
be generated given the
region’s worst historical

water conditions. It is
energy produced on a
guaranteed basis.

Fish ladders — A series of
ascending pools constructed
to enable salmon or other
fish to swim upstream
around or over a dam.

Fish passage facilities —
Features of a dam that
enable fish to move around,
through, or over without
harm. Generally an upstream
fish ladder or a downstream
bypass system.

Fixed drawdown period
— The late summer and fall
when the volume of the next
spring runoff is not yet
known, and reservoir
operations are guided by
fixed rule curves based

on historical streamflow
patterns.

Flood control rule

curve — A curve, or family
of curves, indicating the
minimum reservoir draw-
down required to control
floods. (Also called Manda-
tory Rule Curve or Upper
Rule Curve).

Flow — The volume of
water passing a given point
per unit of time. Same as
streamflow.

Forced outage — An
unforeseen outage that
results from emergency
conditions.

Forced outage reserves —
Peak generating capability
planned to be available

to serve peak loads during
forced outages of generat-
ing units.

Forebay — The portion
of a reservoir at a hydro
project that is immediately

47



48

upstream of a dam or
powerhouse.

Forebay elevation —
Height of top of the forebay
above sea level.

Freshet — A rapid tempo-
rary rise in streamflow
caused by heavy rains or
rapid snowmelt.

Generation — Act or
process of producing
electric energy from other
forms of energy. Also refers
to the amount of electric
energy so produced,

Headwater benefits —
Gains in useable down-
stream energy as a result
of upstream storage.

Historical streamflow
record — The unregulated
streamflow data base of
the 50 years beginning in.July
1928; data are modified to
adjust for factors such as
irrigation depletions and
evaporations for the
particular operating year
being studied.

Hydraulic head — The
vertical distance between
the surface of the reservoir
and the surface of the river
immediately downstream
from the dam. Head is the
difference between forebay
and tailwater elevations.

Hydroelectricity — The
production of electric power
through use of the gravita-
tional force of falling water.

Hydrology — The science
dealing with the continuous
cycle of evapotranspiration,
precipitation, and runoff.

Hydrometeorological
observations — Data
that combine snowpack

measurements and climatic
forecasts to predict runoff.

Inflow — Water that flows
into a reservoir or forebay
during a specified period.

In-lieu energy — Energy
provided by a reservoir
owner instead of water to
which a downstream party
is entitled.

Intake — The entrance to
a conduit through a dam or
water facility.

Interchange energy —
Electric energy received by
one utility system usually in
exchange for energy to be
delivered to another system
at another time or place.
Interchange energy is
different from a direct
purchase or sale, although
accumulated energy bal-
ances are sometimes settled
in cash.

Interruptible — A supply
of power which, by agree-
ment, can be shut off on
relatively short notice (from
minutes to a few days).

Juvenile — The early
stage in the life cycle of
anadromous fish when they
migrate downstream to the
ocean.

KAF — A thousand acre
feet; same as .504 thousand
second foot days.

KCFS — A measurement of
water flow equivalent to
1,000 cubic feet of water
passing a given point for an
entire second.

KSFD — A volume of
water equal to 1,000 cubic
feet of water flowing past a
point for an entire day.
Same as 1.98 KAF.

Levee — An embankment
constructed to prevent a
river from overflowing,

Load — The amount of
electric power or energy
delivered or required at any
specified point or points on
a system. Load originates
primarily at the energy-
consuming equipment of
customers.

Lock — A chambered
structure on a waterway
closed off with gates for the
purpose of raising or lower-
ing the water level within
the lock chamber so ships,
boats, and tugs/barges can
move from one elevation to
another along the waterway.

MAF — Million acre feet.
The equivalent volume of
water that will cover an area
of one million acres to a
depth of one foot. One MAF
equals 1,000 KAF.

Mainstem — The principal
river in a basin, as opposed
to the tributary streams
and smaller rivers that feed
into it.

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

Megawatts (MW) —

A megawatt is one million
watts, a measure of
electrical power or
generating capacity. A
megawatt will typically
serve about 1,000 people.
The Dalles Dam produces
an average of about 1,000
megawatts.

Mid-Columbia — The
section of the Columbia
River from Grand Coulee
Dam to its junction with the
Snake River.



Nitrogen supersatura-
tion — A condition of
water in which the concen-
tration of dissolved nitrogen
exceeds the saturation level
of water, Excess nitrogen
can harm the circulatory
systems of fish.

Nonfirm energy — Energy
in excess of firm energy,
which is available when
water conditions are better
than those in the critical
period; generally such energy
is sold on an interruptible
(nonguaranteed) basis. Also
called secondary energy.

Nonpower operating
requirements (NPR) —
Operating requirements at
hydroelectric projects that
pertain to navigation, flood
control, fish and wildlife,
recreation, irrigation, and
other uses of the river
besides power generation.

Northwest Power Pool
Coordinating Group —
An operating group made up
of BPA, the Corps, Reclama-
tion, and public and private
generating utilities in the
Northwest. One of the
group’s functions is adminis-
tering the Pacific Northwest
Coordination Agreement.

Offpeak hours — Period
of relatively low demand for
electrical energy, as speci-
fied by the supplier (such as
the middle of the night).

Operating limits — Also
called operating require-
ments or constraints. Limits
or requirements that must
be factored into the plan-
ning process for operating
reservoirs and generating
projects. (Also see non-
power operating require-
ments, above, and operating
requirements, below.)

Operating procedure —
Alternative method substi-
tuted for a provision in the
PNCA contract by agree-
ment of parties, clarifica-
tion of the contract, or
method for carrying out a
procedure.

Operating requirements —
Guidelines and limits that
must be followed in the
operation of a reservoir or
generating project. These
requirements may originate
from authorizing legisla-
tion, physical plant limita-
tions, environmental impact
analysis or input from gov-
ernment agencies and other
entities representing spe-
cific river uses. Operating
requirements are submitted
annually to the Northwest
Power Pool by project own-
ers for planning purposes.

Operating rule curve —
A composite curve, derived
from a family of curves,
indicating how a reservoir
is to be operated under
specific conditions. The
operating rule curve
accounts for multiple
operating objectives, in-
cluding flood control,
hydropower generation,
releases for fish migration,
and refill.

Operating year — The 12-
month period from August
1 through July 31.

Outage — In a power sys-
tem, the state of a compo-
nent (such as a generating
unit, transmission line, ete.)
when it is not available to
perform its function due to
some event directly associ-
ated with the component.

Qutflow — The water that
is released from a project
during a specified period.

Pacific Northwest Coor-
dination Agreement
(PNCA) — A binding agree-
ment among BPA, the Corps,
Reclamation, and the major
hydro generating utilities in
the Pacific Northwest that
stemmed from the Columbia
River Treaty. The Agreement
specifies a multitude of
operating rules, criteria,

and procedures for coordi-
nating operation of the
Pacific Northwest hydro-
power system for power
production. It directs
operation of major generat-
ing facilities as though they
belonged to a single owner.

Peak load — The maximum
electrical demand in a stated
period of time. It may be the
maximum instantaneous
load or the maximum aver-
age load within a designated
period of time.

Project — Run-of-river or
storage dam and related
facilities; also a diversion
facility.

Project outflow — The
volume of water per unit
of time released from a
project. Same as discharge
and outflow.

Proportional draft —
A condition in which all res-
ervoirs are drafted between
rule curves in the same pro-
portion to meet FELCC.

Proportional draft point
(PDP) — Reservoir eleva-
tion that guides operations
whenever drafting to the ECC
will not produce FELCC; all
reservoirs' PDPs are the same
proportional percent be-
tween the critical rule curves
unless restricted by NPRs.

Provisional energy —
Energy produced by drafting
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below the ECC or PDP and
delivered under contracts
which provide for the return
of the energy to the deliver-
ing utility under certain con-
ditions. Provisional energy
is called Advance Energy in
contracts between BPA and
its direct service industrial
customers.

Refill — The point at which
the hydro system is consid-
ered full from the seasonal
snowmelt runoff. Also, refers
to the annual process of fill-
ing a reservoir.

Reliability — For a power
system, a measure of the
degree of certainty that the
system will continue to meet
load for a specified period
of time.

Reregulation — Storing
erratic discharges of water
from an upstream hydro-
electric plant and releasing
them uniformly from a
downsiream storage plant.

Reregulating reservoir —
A reservoir located down-
stream from a hydroelectric
peaking plant having suffi-
cient pondage to store

the widely fluctuating dis-
charges from the peaking
plant and release them in a
relatively uniform manner
downstream.

Reservoir content — See
content and reservoir storage.

Reservoir draft rate —
The rate at which water, re-
leased from storage behind
a dam, reduces the eleva-
tion of the reservoir.

Reservoir elevation —
The height above sea level
of the water stored behind
a dam. Same as forebay
elevation.

Reservoir storage — The
volume of water in a reser-
voir at a given time. Same as
reservoir content. Reservoir
storage implies a reservoir
elevation. Tables are used
to convert content to eleva-
tion at each reservoir.

Resident fish — Fish species
that reside in fresh water
throughout their lives.

Restoration — Adjust-
ments that permit all PNCA
projects to carry the same
firm energy load with as with-
out Canadian Treaty storage;
projects losing load-carrying
capability are restored by
projects gaining capability.

Rule curves — Water lev-
els, represented graphically
as curves, that guide reser-
voir operations. See critical
rule curves, energy content
curves, and flood control
rule curves,

Run-of-river dams —
Hydroelectric generating
plants that operate based
only on available inflow and
a limited amount of short-
term storage (daily/weekly
pondage).

Secondary energy —
Hydroelectric energy in ex-
cess of firm energy, often
used to displace thermal re-
sources. Sometimes called
nonfirm energy.

Secretary’s Principles —
The framework of rights
and obligations that forms
the basis of PNCA.

Shaping — The scheduling
and operation of generating
resources to meet seasonal
and hourly load variations.
Load shaping on a hydro
system usually involves the
adjustment of reservoir

releases so that generation
and load are continuously
in balance.

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

Smolt — A juvenile salmon
or steelhead migrating to the
ocean and undergoing physi-
ological changes to adapt its
body from a freshwater to a
saltwater environment.

Spawning — The releasing
and fertilizing of eggs by fish.

Spill — Water passed over
a spillway or regulating out-
lets and not going through
turbines to produce electric-
ity. Spill can be forced,
when there is not enough
storage capability and flows
exceed turbine capacity, or
planned, for example, when
waler is spilled to enhance
juvenile fish survival.

Spillway — Overflow struc-
ture of a dam.

Storage energy — The
energy equivalent of water
stored in a reservoir above
normal bottom elevation.

Storage reservoirs —
Reservoirs that have space
for retaining water from
springtime snowmelts. Care-
ful scheduling of reservoir
refill serves to prevent floods
in high runoff years. Retained
water is released as necessary
for multiple uses — power
production, fish passage, irri-
gation, and navigation.

Streamflow — The rate at
which water passes a given
point in a stream, usually
expressed in cubic feet per
second (cfs).



Surplus — Energy generated
that is beyond the immediate
needs of the producing sys-
tem. This energy may be sold
on an interruptible basis or as
nonfirm power.

Tailwater — Water immedi-
ately below the power plant.
Tailwater elevation refers to
the level of that water.

Thermal power plant —
Generating plant that con-
verts heat energy into elec-
trical energy. Coal, oil, and
gas-fired power plants and
nuclear power plants are
common thermal resources.

Thermal resource — Elec-
trical generating means that
rely on conventional fuels
such as coal, oil, and gas.

Transmission — Transport-
ing electric energy in bulk
from one point to another in
the power system rather
than to individual customers.

Transmission grid — An
interconnected system of
electric transmission lines
and associated equipment
for transferring electric en-
ergy in bulk.

Turbine — Machinery that
converts kinetic energy of a
moving fluid, such as falling
water or steam, to mechani-
cal power. Turbines are used
to turn generators that con-
vert mechanical energy to
electricity.

Useable storage — Water
occupying active storage
capacity of a reservoir.

Useable storage capacity
— The portion of the reser-
voir storage capacity in
which water normally is
stored, or from which water
is withdrawn for beneficial

uses, in compliance with
operating agreements.

Variable energy content
curve (VECC) — The
January through July por-
tion of the energy content
curve. The VECC is based
on the expected amount of
spring runoff.

Water budget — A volume
of water to be reserved and
released during the spring
if needed to assist in the
downstream migration of
juvenile salmon and
steelhead.

Water rights — Priority
claims to water. In western
States, water rights are
based on the principle “first
in time, first in right,” mean-
ing older claims take prece-
dence over newer ones.

Watt — A measure of the
rate at which energy is
produced, exchanged, or
consumed.

Wheeling — Using trans-
mission facilities of one
system to transmit power
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