COLUMBIA RIVER TREATY

AGREEMENT
on

HYDROELECTRIC OPERATING PLAN FOR CANADIAN STORACE

OPERATING YEAR 1975-76

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 Unitad States Entity
herewith agree that the Canadian storages will be operated in
accordance with the attached "Columbias River Treaty Hydroelectric
Operating Plan for Canadian Storage -- Operating Year 1975-76,"
dated July 1, 1970.

4&; /ff'.ﬂ./, "1/

Ray C. Willis

Chairman Cha: : ]
Canadian Entity United States Entity

9 /25 /70 4/}%/ 70

‘(Date signed) T (Date signed)
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TED STATES ENTITY
COLUMBIA RIVER TREATY

P.O. Box 3621
CHAIRMAN- P OE 0N VEMRER:
'-- II --r M . L
Bonneville Power Admimairation M::mem
Department of the Army
August 21, 1970
Memorandum
To: Chairman, U.S. Entity

Through: Coordinators, U.S. Entity

From: Chairman, U.S. Section
Columbla River Treaty Operating Committee

Subject: Columbiz River Treaty Hydroelectric Operating Plan
for Canadian Storage -- 1975-76 Operating Year

The enclosed copy of the Columbia River Treaty Hydroelectric
Operating Plan for Canadian Storage for the 1975-76 year, dated
July 1, 1970, is hereby submitted for your review and approval.
It has been agreed to by both Sections of the Columbia River
Treaty Operating Committee. It complies with the requirements
and stipulations in the Treaty and its associated documents.

The United States Section has consulted with the Coordination
Contract Committee in accordance with Section 22 of the Pacific
Morthwest Coordination Contract Agreement.

The studies made to develop the plan have not included generating
facilities at the Mica project. The withdrawal of storage from
the Libby project was made to minimize the adverse effects on the
existing Internationzl Joint Commission Order on operation of the
Kootenay Lake. Changes in either of these prior to 1975-76 will
require modificacion in the Detailed Operating Plan for 1975-76.

Chairman, U.5. Section

Columbia River Treaty Operating Committee

Enclosure

ce:
All Operating Committee Members
H. Kropitzer, Secretary, U.S. Entity
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_COLUMBIA RIVER TREATY
HYDROELECTRIC OPERATING PLAN
FOR
CANADIAN STORAGE

Operating Year 1975-76

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 a hydroelectric 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
assure the entities of the manner of operation of the Canadian storage
five years in advance, and is referred to herein as an Assured Operating
?1:11. Once adopted the Assured Operating Plans shall remain unchanged.
The plan included herein has been agreed to by the Entities as the

Assured Operating Plan for the 1975-76 Operating Year.

ASSURED OPERATING PLAN

1. General. The Assured Operating Plan contained herein is in keeping
with requirements of the Columbia River Traatrlfand':tlattd'dncumznts. it
also takes into account the initial filling program for the Mica project
and the flood control operating plan required by the Treaty. Specifically,
the Assured Operating Plan was developed in accordance with the provisions
of Annexes A and B of the Columbia River Treaty, Article VIT of the
?:ntnnalgfand Section B.1. of the Terms of Ealeizf

Rule curves used in the Assured Operating Plan were based on historical
flows for the period July 1928 through June 1958 modified to estimated

1975-76 cnnditinns.z! The Critieal Rule Curve was determined from EPA




Study ?Erﬂl!!whiﬁh was for the above-mentioned historical flow period.

In this study these flows were regulated to meet the estimated Pacific
Northwest system loads for the 1975-76 Operating Year. It was assumed that
all reservoirs, both in the United States and Canada, were full at the
beginning of the critical period. The study indicated a 42%-month critical
period resulting from the adverse flows of 16 August 1928 through February
1932,

The Assured Operating Plan consists of various rule curves and
operating rules whose purpose and functions are described below. Other
necessary operating criteria such as initial filling programs, flood
control reservoir regulation schedules and procedures for developing
volume-of-inflow forecasts and refill curves are included in the Plan
by reference only.

2, Operating Rule Curves. The operation of Canadian storage during
the 1975-76 Operating Year shall be guided by Upper Rule Curves for the
individual storages and by an Operating Rule Curve for the whole of
Canadian storage. The Upper Rule Curves are firm operating constraints.
They are computed in accordance with criteria given in the Flood Control
Operating Plnn;éj The Operating Hule Curve is a gulde to use of storage.
Draft of storage below this curve is permissable to serve firm energy
loads but not secondary energy loads except when replacement of the
energy 1is guarantead,

The Operat:ng Rule Curve is derived from the various curves described
below. These curves are first determined for the individual Canadian
storages and then summed to obtain the values for the whole of Canadian

storage given by the tables included in this Plan. This is in keeping




. with the provision of Article VII(2) of the Protocol. The rule curves
for the individual projects totaled to obtain the composite rule curves
for Canadian storage consider only usable storage. The derivation of
the Operating Rule Curve is illustrated on the attached Chart.

(a) Critical Rule Curve. The Critical Rule Curve gives the
end-of-month storage content of Canadian storage during the critical
period. It is designed to protect the ability of the system to serve
firm load 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 refilling storages and thereby jeopardizing the firm
load carrying capability of the system during subsequent years. The end
of the refill period is considered te be 31 July.

‘The Refill Curve i=, in turn, defined by two curves as discussed
below.

(i) Assured Refill Curve. The Assured Refill Curve gives the
end-of~month storage content required to assure refill of Canadian storage
based on the second-lowest historical wolume of inflow for the whole
refill period and as each month of the refill period is passed the
second-lowest volume for each 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.




(ii) 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 forecast inflow volume during the
refill period.

In carrying out the studies for the Assured Operating Plan, simulated
furnclstsgf- such as would have been made at each date with the information
then available -- were used to establish the Variable Refill Curves. .
Composite Variable Refill Curves for the whole of Canadian storage for all
30 years of historical record are included as Table 3 to illustrate the
probable future range of these curves based on historical conditions.

(c) Upper Rule Curve. The Upper Rule Curve gives the end-of-
month storage content to which each individual Canadian storage shall be
evacuated for flood control and other requirements. _Ihn Upper Rule Curves
used in the studies were developed from the same simulated forecasts
mentioned above considering the Flood Control Storage Reservation diagrams
and any other limitations. Composite Upper Rule Curves for the whole of
Canadian storage for all 30 years of historical record are included as
Table 4 to {llustrate the probable future range of these curves based on
historical conditions.

The Upper Rule Curve is based on the assumption of & transfer of
two million acre-feet of flood centrol storage space from Arrow to Miea.
This transfer will be determined each year in accordance with the Flood
Control Plan and hence may not be as assumed in the studies. The composite

Upper Rule Curves tsbulated herein are for the sole purpose of defining

the Operating Bule Curves in instances where the Upper Rule Curve provides




for greater draft than the Variable Refill Curve. In the system regulation
studies, individual Upper Rule Curves for each Canadian Treaty reservoir
were used as an upper limit to reservoir storage content. The tabulated
values of the composite Upper Rule Curves for the refill period were

taken from daily system regulation studies 8/ rather than being determined
from simulated forecasts and Flood Control Storage Reservation diagrams
which were used during the evacuation period.

(d) Definition of Operating Rule Curve. Prior to January 1, 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 usad in the foregoing determination.
Beginning January 1, the Operating Rule Curve is defined by first deter-
mining the higher of the Critiecal Rule Curve and thEFAnnurtﬂ Refill Curve;
the Operating Rule Curve is the lower of the above-determined value or
the Variable Refill Curve, At no time is the Operating Rule Curve higher
than the Upper Rule Curve. Composite Operating Rule Curves for the whole
of Canadian storage for all 30 years of historical record are included
as Table 5 to illustrate the probable future range of these curves based
on historical condirions.

3, Operating Rules. The following rules applicable to storage
herein to illustrate the probable range of storage operation.

(a) The whole of the Canadian storage may be drafted to its
Operating Rule Curve as required to produce optimum generation in accordance
with Annex A, Paragraph 6, of the Treaty, subject to project physical

characteriastics and operating constraints. ¥




(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 Energy Content Curve; and
(ii) Deliveries of secondary energy in the United States are
discontinued; and
(i11) Committed firm thermal and miscellaneous resources not .
displaced by surplus firm hydro resources are in operation or other
replacement energy has been secured from sources other than those committed.
(e) 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 s;ntam will be drafted
proportionately between its Operating Rule Curve or Emergy Content Curve,
respectively, and its Critical Rule Curve. The preoportionate draft will
be made first to the first year Critical Rule Curve, then between the
first and second year Critical Rule Curve, the second and third year
Critical Rule Curve, et cetera. When it is necessary to operate the
whole of the Canadian storage and the ﬂni:ud'sttfgs Teservoir storage
below their lowest Critical Rule Curves, each shall be operated pro-
portionately between its lowest Critical Rule Curve and its normal
minimum content.
(d) Each individusl Canadian storage will be operated on or below
the storage content defined by its Upper Rule Curve.
(e) Canadian reservoirs shall be operated to provide the required
flood control regulations. In the event there 1s a conflict between the




flood control reguirements and the power requirements, the flood control
requirements shall govern.

IMPLEMENTATION
The Assured Operating Plan shall be implemented in accordance with
the Principles and Ptncedumdy wherein it has been agreed by the
Entities 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 Ariticle XIV 2.(k) of the Columbia
River Treaty which states "... the powers and the duties 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 will reflect the latest available load,
resource and other pertinent data to the extent the Entities agree these
data should be included in the plan. Failing agreement on updating the
Assured Operating Plan, the Detailed Operating Plan will be identical
with the Assured Operating Plan prepared previously for the forthcoming
Operating Year.

Beginning on 1 February 1975 the Assured Operating Plan contained
herein will be reviewed and updated, as agreed by the Entities, to
formulate a Detailed Operating Plan for the 1975-76 Operating Year.
Actual operation during the 1975-76 Operating Year shall be guided by
the Detailed Operating Plan.

The operating rules to be used in implementation of the Detailed
Operating Plan are generally the same as the rules used in making the

30-year system regulation study as described in paragraph 3, Operating
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Rules. 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 drawdown season, Canadian storage should not be
drafted below its month-end point at any time during the month unless
it can be conservatively demonstrated that sufficient inflow is
available, 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 refill season, when refill of Canadian storage is
being guided by Variable Refill Curves, 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.




RETERENCES
1/ 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 1961.

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

3/ Terms of Sale -~ Attachment to Exchange of Notes dated 22 January

1964.

4/ Principles and Procedures for the Preparation and Use of Hydroelectric
Operating Plans for Canadian Treaty Storage dated 25 July 1967.

3/ Flood Control Operating Plan for Columbia River Treaty Storage dated

22 October 1968 (draft).

6/ Summary of End-of-Month Reservoir Storage Requirement for Columbia
River Flood Regulation Studies 002, 003 and 004 dated 2 April 1970.

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

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

8/ BPA Hydroelectric Power Planning Program, 76-11 Level, 1970 Assured
Operating Plan 30-Year Study, dated 3 April 1970. .
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COLUMBIA RIVER TREATY

on

DETERMINATION OF DOWNSTREAM POWER BENEFLTS

RESULTING FROM CANADIAN STORAGE
FOR OPERATING YEAR 1975-76

The Columbia River Treaty between Canada and the United
States requires 'th_:_tr. 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 1975-76 is covered in the attached
report, dated June 30, 1970, and is agreed to by the United States

Entity and the Canadian Entity.

ottt L PR e

Ray G. Willis . R. Eit:imund

Chairman chaimn

Canadian Entity United States Entity
g 2/ .?%?’?’/ -

(Date signed) vt D)




. UNIETED STATES ENTITY
COLUMBIA RIVER TREATY

P.O. Box 3621
Portland, Oregon 97208 MEMBER:
CHATRMAN: Division Engineer.
ddminiztratur, Warth Pnnﬂe Dhevinion
Ramneville Power Edministrarion Corps of Eageneers
Department of The Ingerior Depastment of the Army
August 21, 1970
Memorandum
To: Chairman, U.S. Entity
Through: Coordinators, U.S. Entity
From: Chairman, U.S5. Section

Columbia River Treaty Operating Committee

Subject: Determination of Downstream Benefits Resulting from f
Canadian Treaty Storage for Operating Year 1975-76 !

The Columbia River Treaty Operating Committee has prepared the
. enclosed document dated June 30, 1970, in accordance with the
requirements of the Treaty. Thn United States Saetinn of the
Operating Committee recommends its adoption and approval by
the Unit:-i States BEntity. A similar recommendation is being

Chairman, U.S. Section
Columbia River Treaty Operating Committee

Enclosure

ce:
All Operating Committee Members
H. Kropitzer, Secretary, U.S. Entity




DETERMINATION OF DOWNSTREAM POWER BENEFITS RESULTING FROM CANADIAN STORAGE

L.

II,

I1I.

FOR OPERATING YEAR 1975-76

June 30, 1970

Introduction.

The Treaty betrween 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 powar benefits from
Canadian storage be determined in advance by the two entities. The
purpose of this report 1s to set out the results of downstream power
benefit computations for the sixth succeeding year, 1975-76, and for the
storages for which the Assured Operating Plan was developed,

The procedures followed in the benefit studies are those provided 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.

Results of Studg .

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

Pependable Capacity = 1,480 ow

Average Annual Energy = 668 mw

Computation of Entitlement,

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

Table 1, Computation of Canadian Entitlement
The essential elements used in the computation of the

Canadian Entitlement as provided in Paragraphs 2 and 3
of Annex B are shown in this table.

Table 2. Summary of Power Regulations for the Computatiom of Canadian
Entitlement of Downstream Benefits

This table summarizes the Step 1, 2, and J} regulations by
projects.

Table 3. Determination of Load Shape for Steps 2 and 3, Canadian
Encitlemant GGEEutatinn

The load shape for Steps 2 and 3 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.




Charet 1 & 2,

The firm load for Steps 2 and 3 is computed as follows:

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

(2) Add the thermal from Step 1 less reserve;

(3) Multiply (2) by the ratio of the area annual
average firm load to the area critical peried
firm load to obtain the annual average firm load
for Steps 2 or 3 (the ratios used in this study
ware 0,99115 and 0.97008, respectively);

(4) Pro rate the average annual Step 2 or 3 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 load for Steps 2 and 3 also becomes the
firm energy considered usable according to
Annex B, Paragraph 3(a).

Secondary Energy Duration Curve, Steps 2 and 3

These charts are duration curves of the secondary energy for
Steps 2 and 3. 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 1s computed in accordance with Annex B, Paragraphs

3 (b) and 3 (¢). The "other usable secondary" was computed

on the basls of 40X of the remainder after thermal replacement,
The thermal replacement was limited to the existing and scheduled
thermmal energy capability after allowance for reserve, except
when an energy surplus condition occurs; then the thermal re-
placement must not exceed the total of the thermal energy
capability and the estimated interruptible load.

Thermal Energy Capability - mw 4,064
Less 5% Reserves - mw 203
Thermal Replacement — mw 3,861

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

Step 2 Step 3
Thermal Replacement 3,861 3,861
Other 1,218 1,982
Total - mw 5,079 5,843




TABLE 1

COMPUTATION OF CAMADIAN 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 2,
Critical Period Average Rate of Generation without Canadian Storage, Step 3
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Step 3 (without Canadian Storage)
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Average Annual Usable Energy Galn . . « o« ¢ « « o o ¢ o o o« o o s & o o = 1,336

Canadian Share of Average Annual Energy Gadn. « + « « & o = o = = & &+ = & & = 668

1/ Dependable capacity gain credited to Canadian storage equals gain in critical
period average rate of generation divided by the estimated average critical period
load factor.
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