L

MICA

™

//%\4

&

COLUMBIA

COLUMBIA RIVER

TREATY BRITISH
HYDROELECTRIC
OPERATING PLAN

DUNCAN

.

ASSURED ARROW

OPERATING PLAN FOR * \,'@“
\'1'\

OPERATING YEAR 1977-78

CANADA
UNITED STATES

WASHINGTON

\
........ \‘
\
2 OREGON "
/
/
/
COLUMBIA RIVER TREATY OPERATING COMMITTEE '/OCTOBER 16, 197 %
~

/



COLUMBIA RIVER TREATY

AGREEMENT
on

HYDROELECTRIC OPERATING PLAN FOR TREATY STORAGES

OPERATING YEAR 1977-78

The Columbia River Treaty between the United States and
Canada requires that hydroelectric operating plans be agreed in
advance by the.Entities for the operation of the storages provided
in the Treaty. The Canadian Entity and the United States Entity
herewith agree that the Treaty storages will be operated in
accordance with the attached "Columbia River Treaty Operating Plan,
Assured Operating Plan for Operating Year 1977-78," dated

October 16, 1972.

w " D ~ _149% %/Ké/mé)
» R. Richmond
Chairman Chairman

Canadian Entity United States Entity

November 20, 1972
Date of Agreement
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COLUMBIA RIVER TREATY
HYDROELECTRIC OPERATING PLAN

Assured Operating Plan for
Operating Year 1977-78

INTRODUCTION

The Treaty between Canada and the United States of America relating
to the cooperative development of the water resources of the Columbia
River Basin requires that each year an Assured Operating Plan be agreed
by the Entities for the operation of the Columbia River Treaty Storage
in Canada during the sixth succeeding year. This plan will provide to
the Entities information for the sixth succeeding year for planning
fhe power systems in their respective countries which are dependent on
or coordinated with the operation of the Canadian storage projects. The
data assumed for this Assured Operating Plan will undergo review by the
Entities immediately prior to the 1977-78 operating year and such data
may be revised to reflect data and criteria current at that time. Should
the Entities fail to agree on such revisions, then this Assured Operating
Plan will form the basis for the Detailed Operating Plan for 1977-T78.

This Assured Operating Plan was prepared in accordance with the
Principles .and Procedures for the Preparation and Use of Hydroelectric
Operating Flans for Canadian Treaty Storage;/. It is based on criteria
contained in Anmnex A and Annex B of the Columbia River Treatyg/,

Article VII of the Protocolz/, and Section B.l. of the Terms of Saleﬁ/L
Other necessary operating criteria reflected in this plan are the Program
for the Initial Filling of Micaé/ and the Columbia River Treaty Flood

Control Operating Plang/.



The Assured Operating Plan consists of:

(a) The Operating Rule Curve for the whole of the Canadian Treaty
Storage, including the Critical Rule Curve, Assured Refill Curve, Variable
Refill Curves, and the individual project Flood Control Storage Reservation
Curves.,

(b) Operating Rules which specifically designate criteria for opera-
tion of the Canadian Treaty Projects in accordance with the principles
contained in the above references.

A 30-year System Regulation StudyZ/ was utilized to develop and test
the operating rules and rule curves. It contains the agreed-upon operating

constraints such as maximum and minimum project elevations and discharges.

SYSTEM REGULATION STUDIES

In accordance with Annex A, Paragraph 7 of the Treaty, the Columbia
River Operating Committee conducted system regulation studies reflecting
Canadian storage operation for optimum generation in both Canada and the
United States. Downstream power benefits were computed with the Canadian
storage operation based on the operating rules specified herein. There
was a reduction in the Canadian Entitlement of 1.5 megawatts of dependable
hydroelectric capacity and 5.5 average megawatts of average annual usable
energy, which is within the limits specified by the Treaty.

System Regulation Studies for the Assured Operating Flan were based on
1977-78 estimated loads and resources in British Columbia and in the United
States Pacific Northwest System. Historical flows for the period July 1928
through June 1958, modified to estimated 1977-78 conditionag/, were used.

The Critical Rule Curve for these studies was determined from Bonneville

Power Administration Study 78-41l. The study indicated a 43-1/2 month



eritical period for the United States system resulting from the low flows
during the period from 16 August 1928 through March 193%2, It was assumed
that all reservoirs, both in the United States and Canada, were full at
the beginning of the critical period.

In the studies, individual project flood control criteria were
followed. Although only 7.0 million acre-feet of storage cantents at
Mica is committed for power operation purposes under the Treaty, the
study is based on a full storage content of 20 million acre-feet to test
compatibility with flood control parameters. Flood Control and Variable
Refill Criteria are based on simulated forecastsg/; i.e.y forecasts that

would have been made at each date with the information then available.

OPERATING RULE CURVES

The operation of Canadian storage during the 1977-78 Operating Year
shall be guided by an Operating Rule Curve for the whole of Canadien
storage, and by Flood Control Storage Reservation Curves for the individual
dual projects. The Operating Rule Curve is derived from the various
curves described below. These curves are first determined for the indi-
vidual Canadian storages and then summed to obtain the values for the
whole of usable Canadian storage given by the composite tables included
in this Plan. This is in accordance with the provision of Article VII(2)
of the Protocol.

(a) Critical Rule Curve. The Critical Rule Curve indicates the end-

of-month storage content of Canadian storage during the critical period.
It is designed to protect the ability of the United States system to
serve firm load and to protect the firm level of Mica generation with

the occurrence of flows no worse than those during the most adverse



historical streamflow period., A tabulation of the Composite Critical
Rule Curve for the whole of Canadian storage is included as Table 1.

(b) Refill Curve. The Refill Curve is a guide to operation of

Canadian storage which defines the normal limit of storage draft for
secondary energy in order to provide a high probability of refilling
the storage. In general, the Operating Plan does not permit serving
secondary loads at the risk of failing to refill storages and thereby
jeopardizing the firm load carrying capability of the system or the
Mica generating plant during subsequent years. The end of the refill
period is considered to be 31 July for the Duncan and Arrow projects
and 15 August for the Mica pfoject. The later refill in Mica is planned
on the basis of optimum generation in both countries.,

‘ The Refill Curve is, in turn, defined by two curves as discussed
below. In each case, adjustment should be made for water required

for refill of upstream reservoirs when applicable.

(1) Assured Refill Curve., The Assured Refill Curve indicates the

end-of-month storage content required to assure refill of Canadian
storage based on the second-lowest historical volume of inflow for the
whole or remaining portion of the refill period., A tabulation of the
composite Assured Refill Curve for the whole of Canadian storage is
included as Table 2,

Higher flows than the minimum discharge requirements were used to
compute this curve for the period January through July. This was
necessary because of the use of the Power Discharge Requirements in
computing the Variable Refill Curve, discussed in (2) below.

(2) Variable Refill Curve. The Variable Refill Curve gives end-

of-month storage contents for the period January through July required to



refill Canadian storage based on forecést inflow volume and specified
Power Discharge Requirements during the refill period. In the system
regulation studies the Power Discharge Requirement was made a function
of the natural January-July runoff volume at The Dalles, Oregon. In
those years when this volume was lower than 90 million acre-feet, the
discharge used was that required to meet firm loads while refilling, in
accordance with the requirements of Principles and Procedures., In years
when the runoff volume at The Dalles equaled or exceeded 90 million acre-
feet the Power Discharge Requirement was the project minimum outflow.
The following are the Power Discharge Requirements used in computing the
Variable Refill Curves: -

Power Discharge Requirements in c.f.s.

January through July Volume at The Dalles
Equal to or Greater Than

ojec ess 90 m.a.f. 90 mea.fe
Pr t L Than

Arrow 30, 200 5,000
Duncan 1,000 100
Mica 21,000 3,000

Composite Variable Refill Curves for the whole of Canadian storage
for the 30 years of historical record are recorded as Table 3. These
illustrate the probable range of these curves based on historical
conditions. In the actual operation in 1977-78, the Variable Refill
Curve for éach project will be based on the at-site inflow forecast
reduced by upstream storage refill requirements and volume release
determined from the Power Discharge Requirements given above.

(¢) Flood Control Storage Reservation Curve. The Flood Control

Storage Reservation Curvealg/ give end-of-month storage content to which
each individual Canadian storage project shall be evacuated for flood

control and other requirements during the Storage Evacuation Period.



During the Flood Control Refill Period the flood control curves used

in the studies were developed from daily system regulation studies.

They reflect the use of simulated runoff forecasts, Flood control
curves for the thirty-year study period are shown on Tables 4, 5, and 6.
Tables 5 and 6 reflect an assumed transfer of 2 million acre-feet of
storage space from Arrow to Mica. In actual operation, the Flood Control
Storage Reservation Curves will be based on the Plood Control Operating
Plan, using the latest forecast of runoff available at that time.

(d) Definition of Operating Rule Curve. Prior to 1 January, the

Operating Rule Curve is defined by the Critical Rule Curve or the Assured
Refill Curve, whichever is higher. The Critical Rule Curve for the first
year of the critical period is used in the foregoing determination.
Beginning 1 Jenuary, the Operating Rule Curve is defined by first deter—
mining the higher of the Critical Rule Curve and the Assured Refill Curve;
the Operating Rule Curve is the lower of the above-determined‘value or the
Variable Refill Curve. Also, in all periods the Operating Rule Curve
meets all requirements for flood control operation (except as noted in
paragraph (d) of the Operating Rules). Composite Operating Rule Curves
for the whole of Canadian storage for all 30 years of historical record
are included as Table 7 to illustrate the probable future range of these

curves based on historical conditions,.

OPERATING RULES

The following rules, used in the System Regulation Study, will apply
to the operation of Canadian storage in the 1977-78 Operating Year.
(a) The whole of the Canadian storage may be drafted to its Oper-

ating Rule Curve as required to produce optimum generation in Canada



and the United States in accordance with Annex A, Paragraph 7 of the
Treaty, subject to project physical characteristics, operating con-
straints, and the criteria for the Mica project listed in (e) below,

(b) The whole of the Canadian storage will not be drafted below
its Operating Rule Curve unless:

(1) Reservoir storage in the United States system has been
drafted to its refill curve,

(2) Deliveries of secondary energy in the United States are
discontinued.

(3) Committed firm thermal and miscellaneous resources not dis—
placed by surplus fimm hydro resources are in operation or other
replacement energy has been secured from sources other than those
committed.

(¢) When the conditions of (b) above are met, and it is necessary
to draft additional storage to produce optimum generation as determined
by the Critical Period System Regulation study, the whole of the
Canadian storage and reservoir storage in the United States system will
be drafted proportionately between its Operating Rule Curve or Energy
Content Curve, respectively, and its Critical Rule Curve. The propor-
tionate draft will be made, if necessary, first to the first year
Critical Rule Curve, then between the first and second year Critical
Year Rule Cﬁrve, the second and third year Critical Rule Curve, etc.
When it is necessary to operate the whole of the Canadian storage and
the United States reservoir storage below their lowest Critical Rule
Curves, each shall be operated proportionately between its lowest
Critical Rule Curve and its normal minimum content. However, Mica

Reservoir will continue to be operated in coordination with Arrow, so



as to optimize generation at site as well as downstream in the United
States, |

(d) Each project will be operated on or below the storage content
defined by its Flood Control Storage Reservation Curve, unless such
content is below that indicated by the Variable Refill Curve.

(e) Mica project will be operated to the following monthly criteria

as qualified in (1) to (5) below:

Mica Project Operating Criteria

Target Average Minimum Maximum

Target End-of-Period Outflow Outflow Outflow
Month Storage Content (KSFD) (cFs) (cFs) (cFs)
July 9700.0 - 10,000 34,000
August 1-15 9990.2 - 10,000 34,000
August 16-31 9990.2 - 10,000 34,000
September 9990,2 - 10,000 34,000
October - 15,000 10,000 -
November - 15,000 10,000 -
December - 21,000 15,000 -
January - 26,000 15,000 -
PFebruary - 26,000 15,000 -
March - - 15,000 34,000
April 1-15 - 15,000 15,000 -
April 16-30 - 15,000 10,000 -
May - 10,000 10,000 34,000
June - 10,000 10,00'0 34’000

(1) March outflows will be adjusted between the minimum and maximum
values indicated above to allow the Canadian storage to reach appropriate
Flood Cuntfol Storage Reservation or Variable Refill Curve contents. If
the whole of the Canadian storage is below its Operating Rule Curve, Mica
outflows during March will be set to minimum values in order that Mica
storage may be refilled, unless difficulty is anticipated in maintaining

the Arrow storage contents indicated in (5) above.



(2) Mica monthly average outflows will be increased in the months
from October to June if required to avoid volation of the Flood Control
Storage Reservation Curve.

(3) Mica monthly average outflows will be increased in any of the
months from October to February if the Arrow reservoir storage content

is below the following:

Arrow Reservoir End-of-Month Increase Mica Target Average
Storage Content in Current Month OQutflow Next Month By:
(Septqnber—Januaxx)
750 KSFD - 1000 KSFD 2000 cfs
150 KSFD - 750 KSFD 4000 cfs
0 - 150 KSFD 8000 cfs

(4) Storage releases from Mica in excesé of 7 million acre-feet
will be made at the discretion of the Canadian Section of the Operating
Committee, and these additional storage releases will be retained in
the Arrow reservoir, subject to flood control criteria at Arrow.

(5) Mica monthly average outflows will be increased, subject to
the specified maximum outflow limits, during the months of July, August,
September and June in abnormally low streamflow years in order to

maintain the Arrow reservoir above the following storage contents:

31 July - 1,057 KSFD
31 August 1,057 KSFD
31 September 665 KSFD
30 June 1,159 KSFD

The operating rules set forth above are designated to produce
optimum generation in Canada and in the United States, as required by

Annex A of the Treaty, when gross Mica storage content on 31 July 1977



is 15 million acre-feet or more. If the storage content filled by 31 July
1977 is less than 15 million acre-feet, some modification of the rules may
be necessary to ensure adequate and complete drafting of Canadian storage
in Mica Reservoir to meet United States power requirements. In that event,
such modified operating rules will be included in the 1977-78 Detailed

Operating Plan,

IMPLEMEN TATION

The Entities have agreed that each year a Detailed Operating Plan
will be prepared for the immediately succeeding operating year, Such
Detailed Operating Plans are made under the authority of Article XIV 2. (k)
of the Columbia River Treaty which states, ". . . the powers and the
dﬁties of the Entities include:

(k) preparation and implementation of detailed operating plans
that may produce results more advantageous to both countries than those
that would arise from operation under the plans referred to in Annexes
A and B."

The Detailed Operating Plan for 1977-78 will reflect the latest
available load, resource and other pertinent data to the extent the
Entities agreed these data should be included in the plan. Beginning
on 1 January 1977 the Assured Operating Plan contained herein will be
reviewed and the data and criteria updated, as agreed by the Entities,
to form the basis for a Detailed Operating Plan for the 1977-78 Oper-
ating Year, Failing agreement on updating the Assured Operating Plan,
the Detailed Operating Plan will include all data and criteria given
in this Assured Operating Plan. Actual operation during the 1977-78

Operating Year shall be guided by the Detailed Operating Plan.

10



The operating rules to be used in implementation of the Detailed
Operating Plan are generally the same as the operating rules described
in this document.

The values used in the study to define the various rule curves were
month-end values only. In actual day-to-day operation it is necessary
to operate in such a manner during the course of each month that these
month-end values can be observed in accordance with the operating rules.
Because of the normal variation of power load and streamflow during any
month, straight line interpolation between the month-end points should
not be assumed.

During the storage dmwdov.rm season, Canadian storage should not be
d;afted below its month-end point at any time during the month unless
it can be conservatively demonstrated that sufficient inflow is avail-
able, in excess of the minimum outflow required to serve power demand,
to refill the reservoir to its end-of-month value as required. During
the storage evacuation and refill season, operation will be consistent
with the Flood Control Operating Plan. When refill of Canadian storage
is being guided by Flood Control Refill Curvesg/, such curves will be
computed on a day-by-day basis using the residual volume-of-inflow
forecasts depleted by the volume required for minimum outflow from each

day through the end of the refill season.

i |
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Principles and Procedures for the Preparation and Use of Hydroelectric
Operating Plans for Canadian Treaty Storage dated 25 July 1967.
Treaty between Canada and the United States of America relating to
Cooperative Development of the Water Resources of the Columbia River
Basin dated 17 January 196.

Protocol -- Annex to Exchange of Notes dated 22 January 1964.

Terms of Sale -- Attachment to Exchange of Notes dated 22 January
1964.

Program for Initial Fillipg of Mica Reservoir, dated 26 July 1967.
Columbia River Treaty Flood Control Operating Plan, dated October
1972.

BPA Hydroelectric Power Plamming Program, 78-41 Assured Operating
Plan 30-Year Study, dated 25 July 1972.

Extension of Modified Flows through 1958, Water Management Subcommittee
of CBIAC, dated June 1960.

Volume Forecasts for Reservoir Regulation Studies, 1929-1965,
Cooperative Columbia River Forecasting Unit, dated July 1967.

Summary of End-of-Month Reservoir Storage Requirement from Columbia
River Flood Regulation Studies 004, with subsequent minor modifica-

tions, dated 2 April 1970,
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COLUMBIA RIVER TREATY

AGREEMENT
on

DETERMINATION OF DOWNSTREAM POWER BENEFITS

The Columbia River Treaty between Canada and the United States
requires that the downstream power benefits resulting from operating
plans agreed to by the Entities will be determined in advance by the
Entities,

The determination of downstream power benefits for the operating
year 1977-78 is covered in the attached report '"Determination of Downstream
Power Benefits Resulting from Canadian Storage for Operating Year 1977-78,"
dated October 16, 1972,

The methods used in determining the downstream power benefits
and the disposition of reduction in the Canadian Entitlement is covered
in the attached report '"Downstream Power Benefit Computations for 1977-78
Operating Yéar,” dated 6 November 1972,

These two reports are agreed upon by the United States Entity

and the Canadian Entity.

WD e A E/KW

Chairman Chairman
Canadian Entity United States Entity

November 20, 1972
Date of Agreement




DETERMINATION OF DOWNSTREAM POWER BENEFITS RESULTING FRQM CANADIAN STORAGE

I.

II.

FOR OPERATING YEAR 1977-78
October 16, 1972

Introduction,

The Treaty between Canada and the United States of America and related
documents relating to the cooperative development of the water resources
of the Columbia River Basin requires that downstream power benefits from
Canadian storage be determined in advance by the two entities. The
purpose of this report is to set out the results of downstream power
benefit computations for the sixth succeeding Yyear, 1977-78, and for the
storages for which the Assured Operating Plan was developed,

The procedures followed in the benefit studies are those provided in
Annex A, Paragraph 7; in Annex B of the Treaty; in Articles VIII, IX,
and X of the Protocol; and in the document, "Procedures for the
Determination of Downstream Power Benefits Resulting from Canadian
Storage," dated September 9, 1968,

The Cenadian Entitlement Benefits were computed as follows:

Step I - based on the total U.S. planned hydro and thermal system
with 15-1/2 maf of Canadian storage operated for optimum
generation in both countries (78-41 study).

Step II -- based on the U.S. base hydro and thermal system with 15-1/2
maf of Canadian storage operated for optimum generation in
both countries (78-42 study).

Step III — based on the U.S. base hydro and thermal system operated
for optimum generation in U.S. (78-13 study).

Results of Study.

The Canadian Entitlement, which is one-half the total computed down-
stream power benefits, was computed to be:

Dependable Capacity = 1,412,0 mw

Average Annual Energy = 672.5 mw



III.

Computation of Entitlement.

The following Tables and Charts are attached and summarize the study.

Ta.ble 1 .

Table 2,

Table 3.

Computation of Canadian Entitlement

The essential elements used in the computation of the
Canadian Entitlement as provided in Paragraph 2 and 3
of Annex B are shown in this table.

Summary of Power Regulations for the Computation of

Canadian Entitlement to Downstream Benefits

This table summarizes the Step I, II, and III regula-
tions by projects.

Determination of Load Shape for Steps II and III,

Canadian Entitlement Computation

The load shape for Steps II and III carry the same
ratio between each month and the annual average as

does the Pacific Northwest area load. The Northwest
area firm loads on this table were based on the current
forecast data. The Grand Coulee pumping load is also
included in this estimate.

The firm load for Steps II and III is computed as
follows:

(1) Estimate the hydro nominal prime power for the
critical period;

(2) Add the thermal from Step I less reserve;

(3) Multiply (2) by the ratio of the area annual
average fimm load to the area critical period
firm load to obtain the annual average firm load
for Steps II and III (the ratios used in this
study were 0,98645 and 0,95637, Tespectively);

(4) Pro rate the average snnual Step II or III load
determined in (3) by months in the ratio that
each monthly area load bears to the annual
average area load; and

(5) Subtract the thermal in each month to obtain
the monthly firm hydro load. The average annual
hydro loed for Steps II and III also becomes the
firm energy considered usable according to Annex
B, Paragraph 3(a).



Chart 1 & 2. Secondary Energy Duration Curve, Steps II and III

These charts are duration curves of the secondary
energy for Steps II and III. The secondary energy is
the capability each month which exceeds the firm hydro
loads shown in Table 3. The usable secondary energy
shown in average megawatts for each step is computed
in accordance with Annex B, Paragraphs 3 (b) and 3 (c).
The "other usable secondary" was computed on the basis
of 40% of the remainder after thermal replacement.

The thermal replacement was limited to the existing
and scheduled thermal energy capability after allowance
for reserve, except when an energy surplus condition
occurs; then the thermal replacement must not exceed
the total of the thermal energy capability and the
estimated interruptible load.

Thermal Energy Capability - mw 5,056
Less 5% Reserve — mw 253
Less Minimum Thermal Generation d.,132
Thermal Replacement - mw 3,671

The following tabulation shows the ordinate values
for usable secondary energy:

Step II Step III
LM 25 2yep 24l

Thermal Replacement 3,671 3,671
Other 1,588 2,366
Total - mw 5,259 6,037



TABLE 1

COMPUTATION OF CANADIAN ENTITLEMENT

Generation Figures are in Average Megawatts; Load Factors, in Percent

Determination of Dependable Capacity Credited to Canadian Storage

Critical Period Average Rate of Generation with Canadian Storage, Step II
Critical Period Average Rate of Generation without Canadian Storage, Step
Gai.nDuetoCana.dianStomge.-............-....-.

Estimated Average Critical Period Load Factor —— Percent * o o o 0 s o e

DependableCapacityGainy..............-.o...-..

CanadimSha.reofDependableCapacity..........-.-o-...

Determination of Increase in Average Annual

Usable Energy

Step II (with Canadian Storage)

Annual Firm Hydro Energye o « o o o o o
Thermal Replacement ENe€TEY o o o o o o
Other Usable Secondary Energy « ¢« o o o«

System Annual Average Usable Energy .

Step III (without Canadian Storage)

AnnualFirmHydrthergr........
Thermal Replacement ENergy o « o o o o
Other Usable Secondary Energy « « « « o

System Annual Average Usable Energy .

Average Annual Usable Energy Gain « « «

Canadian Share of Average Annual Energy Gain

L] L] L] L] L] L=} L] a o L -] L] L
L] . L L] L] a - L] L] Ll L] L] L
- L] L] L L a L] L] L] L] L . .
L] - L [ ] L L] L] [ ] L o L [ ] L
L L L] L ] L] L] o a L] - L] L] -
L L] L] L L] L] - L] L] L] . - L
L] L] - . L] L L L . @ L] L] L]
L L] L] [ ] . L L] . L] L] L] - L]

III

. 8 @ @
. & 0o @

8,963
5,074
1,989

T70.436
2,824

1,412.0

8,792
1,660
336
10, 788

1/ Dependable capacity gain credited to Canadian storage equals gain in critical
the estimated average critical

period average rate of generation divided by

period load factor.



%

BASIC DATA STEP I STEP II STEP III
Nominal crl Oritical Critical
Number Installed January Perdiod Jeruary Period Average January Period Average
of FPeaking Usable Peaking Average Weable Peaking Average Annual Usable Peaking Average Annual
FROJECTS: Units Capacity Storage |Capability | Gemerstiem | Btaruge Capability |Generation | Oeneration| Stormge Capability | Generation | Generation
mw 1000 AP v 4 1000 AF mw mw mw 1000 AP = aw m
AT AN
Mica T,008 7,008
Arrow T4145 Teld5
Duncan 1,347
Subtotal 15,500 5y
BASE SYSTEM FEDESAL
Horse 4 328 3,161 160 99 3,008 249 116 103 3,008 278 212 101
Alberi Falls 3 49 1,155 24 23 1,155 21 22 22 1,155 23 25 24
Grand Coulee 212342 4,877 5,232 4,587 1,976 5,072 4,791 1,764 2,321 5,072 4,628 1,227 2,192
Chief Joseph 19-24 1,936 1,936 1,086 1,936 1,004 1,299 1,936 08 1,184
Ice Harbor 3 693 693 224 693 225 303 693 17 304
Molary 14 1,127 1,127 651 1,127 594 6l 1,127 430 T14
John Day 16 2,484 535 2,484 525 2,484 928 1,268 2,484 680 1,232
Bﬁ;m Dalles 22 1,943 1,943 7 1,943 ?Uz 957 1,943 532 933
eville 10 4 T4 4 4
Subtotal 7,011 10,083 13, _G.‘g'é‘ 5,7% . 5,'3%‘!’ 7.5% 5,255 ﬁ‘,h 'ﬁa 4 Ty 25
BASE SYSTEM NON-FEDERAL
Kootenay Lake (Canadian) ™7 427 427
Kerr 3 185 1,29 172 113 1,29 174 103 12 1,219 i3 151 122
Thompeen Falls 6 40 40 ¥ 37 T 32 38 36 I
Noxon Hapids 4 L5 ] 231 426 72 430 160 aT 430 1719 a7
Cabinet Gorge 4 230 230 230 99 128 230 111 129
Box Canyon 4 T n 4o TL 45 50 T 52 49
Coeur d'Alene & Long Lake 327 223 223
Wells 10 820 820 438 820 411 515 B20 289 474
Chelan 2 54 87T 50 38 6T6 51 38 46 676 52 49 45
Rocky Heach 1 1,291 1,291 643 1,291 607 768 1,291 427 e
Rock Island 10 159 155 155 156 155 145 158 124 140
Wanapum 10 986 986 557 986 526 659 986 366 599
Priest Rapids 10 nz a2z 526 Q12 497 620 912 357 565
Brownlee 4 450 980 450 226 974 450 25; 269 974 450 254 259
Oxbow 4 220 Qﬁ ? 2 1 220
Subtotal 5,848 4,221 548! $ 157 3,519 5,828 3,045 3,692 3,519 5,857 2,510 3,465
TOTAL BASE SYSTEM HYDRO 19,859 29,804 19,351 9,443 | 28,254 19,646 8,963 11,287 | 12,754 19,523 6,974 10,696
J ,!%rmm, STEP I PROJECTS ‘
bhy 4 483 4,965 226 1686
Boundary 4 650 g 650 361
Spokane River Flants 153 147 90
Helle Canyon 3 450 450 181
Iworshak 3 460 2,015 413 161
Lower Granite 3 466 466 22
Little Goose 3-8 466 466 220
Lower Momumental 3 466 466 222
Pelton and Round Butte 274 423 132
Subtotal 4,048 Tr 254 3,707 W 15
Independent Resourcea 4,651 8,489 3,688 1,732
TOTAL HYDRO EESOURCES 28,558 45,547 26,46 12,950
MISCELLANEOUS CONTRACTS 53 17
CES
Exis Thermal Plants 8ol 275
Centralia #1 & #2 1,400 1,260
Trojan 1,130 1,017
Jim Bridger #1, #2, & #3 1,500 1,350
Coletrip 350 35
Hanford #2 1,100 839
TOTAL THERMAL RESOURCES 6,281 5,056
TOTAL IMFORTS 0 425
TOTAL RESOURCES (HYDRO AND THERMAL) 33,150 18,448
HESERVES 1/ =2,238 —=253
HESQURCES AVAILAHLE FPOR LOAD 30,912 18,195
ESTIMATED LOAD
Pacific Northwest Area 27,976 17,379
SURPLUS OR (DEPIOIT) 2,936 816
CRITICAL FERIOD:
Starts: August 16, 1928 September 1943 September 16, 1936
Ende: March 1932 April 1945 April 15, 1937
Length (Months): 43-1/2 Mentha 20 Memths 7 Months
STUDY IDENTIPICATION TE=41 TB—42 Te=13

1/ Peak reserves are 8% of pesk load; energy reserves are 5% of thermal plant mergy sapability,
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6 November 1972

Downstream Power Benefit Computations
for 1977-78 Operating Year

The Columbia River Treaty, Annex B, paragraph 5, requires that
estimates of the downstream power benefits should be made for each
operating year. For the operating year 1977-78, the results of
the studies are provided in the document "Determinatiom of
Downstream Power Benefits Resulting from Canadian Storage for
Operating Year 1977-78," dated October 16, 1972.

The determination of the benefits was based on the 1977-78 Assured
Operating Plan (A.O,P.), dated 16 October 1972, which was designed
to achieve optimum power generation at-site in Canada and down-
stream in the United States of America, as required by Amnex A,
paragraph 7.

The downstream power benefits for the operating year 1977-78 have
been established as:

-Dependable Capacity : 2824.0 mw.
Average Annual Usable Enmergy :  1345.0 mw.

The Canadien Entitlement, which is one-half the computed downstream
power benefits, was computed to be:

Dependable Capacity - 1412.0 ow.
Average Annual Usable Energy : 672.5 mw,

Procedure

In addition to the determination of downstream power benefits for
the operating year 1977-78, separate determinations were carried out
in accordance with the document, "Operating Plans with Mica Genera-
tion," dated 15 November 1971, which was agreed by the Entities to
implement the provisions of Annex A, paragraph 7, relating to the
1imit of year-to-year change in the operation of Canadian storage

in operating plans designed to achieve optimum generation at-site in
Canada and downstream in Canada and the United States of America.

Results

The minimum permitted downstream power benefits compufed in accord-
ance with paragraph 4 of the document dated 15 November 1971 were
those determined for 15 m.a.f. of Canadian storage operated for
optimum generation in the United States:

Dependable Capacity 3 2780.0 mw.
Average Annual Usable Energy : 1340.0 mw.



The change in operation of the Canadian storage in the 1977-78-AOP
as compared with that in the 1976-77 AOP is therefore within the
permitted range.

Reduction in Canadian Entitlement

The Canadian Entitlement to downstream power benefits was sold in
the United States of America under the Canadian Entitlement Purchase
Agreement dated 13 August 1964, By definition, the Canadian Entitle-
ment for 1977-78 which was sold was that which would have been com-
puted if the 1977-78 Assured Operating Plan had been designed to
achieve optimum generation downstream in the United States alone.

The Canadian Entitlement determined for the conditions above would
have been:

Dependable Capacity : % of 2827.0 mw.or 1413.5 mw.
Average Annual Usable Energy : % of 1356.0 mw.or 678.0 nw.

Since the 1977-78 AOP was in fact designed to achieve optimum genera-
tion at-site in Canada and downstream in the United States of Americs,
there will be a reduction in the Canadian Entitlement as defined in
the Canadian Entitlement Purchase Agreement. Section 7 of the
Agreement requires that "any reduction in the Canadian Entitlement
resulting from action taken pursuant to paragraph 7 of Annex A of the
Treaty shall be determined in accordance with subsection (3) of
Section 6 of this Agreement.'" The Canadian Entitlement to downstream
power benefits under the 1977-78 Assurecd Operating Plan was determined
as:

Dependable Capacity : % of 2824.0 nw. or 1412.0 mw.
Average Annual Usable Energy % of 1345.0 mw, or 672.5 mw.

The reduction in the Canadian Entitlement therefore amounts to 1.5
megawatts of dependable hydroelectric capacity and 5.5 average mega-
watts of average annual usable encrgy. This reduction would be in
respect of the period 1 April 1977 through 31 March 1978 in accord-
ance with the document, '"Procedures for the Determination of Downstream
Power Benefits Resulting from Canadian Storage,' dated 9 September 1968.

The Entities are agreed that the United States Entity is entitled to
receiva during the period 1 April 1977 through 31 March 1978, from
B. C., Hydro & Power Authority, 1.5 megawatts of capacity and 5.5
average megawatts of enmergy in accordance with Sections 7 and 10 of
the Canadian Entitlement Purchase Agreement dated 13 August 1984,



