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INTRODUCTION

This report describes the joint actions of the Canadian and United
States Entities during the period 1 October 1972 to 30 September 1973,
in discharging their responsibility for formulating and carrying out
operating arrangements necessary to implement the Columbia River Treaty.

Previous reports on this subject are:

Period Covered Date of Report
16 September 1964 to 30 September 1967 22 April 1968
1 October 1967 to 30 September 1968 January 1969
1 October 1968 to 30 September 1969 April 1970
1 October 1969 to 30 September 1970 December 1970
1 October 1970 to 30 September 1971 October 1971
1 October 1971 to 30 September 1972 October 1972

ORGANIZATION AND MEETINGS

The names of the members of the two Entities and their representa-
tives are shown in Appendix A.

During the period 1 October 1972 to 30 September 1973, the Canadian
and United States Entities held two regular meetings and Canadian Entity
representatives and the United States Coordinators met on two occasions.

The two international committees, listed in Appendix B, which were
established effective 19 September 1968, continued their work. These two

committees directed and coordinated studies with the support of the staffs



of B. C. Hydro and Power Authority, Bonneville Power Administration, and
the U.S. Corps of Engineers, North Pacific Division.

The Entities received reports and recommendations on operating pro-
cedures, facilities, and other matters essential to Columbia River Treaty
implementation from the International Committees. Where necessary, formal
agreement on various items was reached by the Entities and Appendix C
lists these official agreements reached and recorded during the period of

this report.
CONSTRUCTION OF THE TREATY STORAGE PROJECTS

Construction work on Mica and Libby proceeded on schedule during the
year, On 29 March 1973 impounding was commenced at Mica and the last and
largest of the Treaty dams was operational. The scheduled date for com-
pletion was 1 April 1973. A Columbia Construction Progress Report, No. 25,
covering the period October 1972 through March 1973, was issued by
B. C. Hydro and Power Authority on the construction of Mica up to 31 March
1973. This is the last semi-annual report which will be issued on construc-
tion progress at Mica. The Division Engineer, North Pacific Division,
Corps of Engineers, U.S. Army, issued Report No. 10 and the Final Report
on the progress of construction of the Libby Dam project.

Because these reports give a detailed description of the construction
achieved on the projects during this period, it is not considered necessary
to repeat the information in this report.



COLUMBIA STORAGE OPERATION - OPERATING ARRANGEMENTS

During the period covered by this report, Duncan, Arrow, Mica, and
Libby reservoirs were operated for power and flood control.
During this reporting year the Canadian entitlement to downstream
power benefits from Duncan and Arrow had been purchased by the Columbia
Storage Power Exchange and transferred and assigned to the Bonneville
Power Administration. The United States Entity delivered capacity and
energy to the C.S.P.E. participants in accordance with the Canadian
Entitlement Exchange Agreement, dated 13 August 1964.
The operation of the storages was generally in accordance with:
(a) "Hydroelectric Operating Ptans for Canadian Storage
during the Operating Years 1969-70 through 1974-75,"
dated 15 February 1569, and the amendment thereto dated
September 1969.

(b) "Detailed Operating Plan for Columbia River Treaty Storags -
1 July 1972 through 31 July 1973,"
dated 19 September 1972,

(c) "Detailed Operating Plan for Columbia River Treaty Storage -
1 July 1973 through 31 July 1974, dated 14 September 1973.

(d) "Interim Flood Control Operating Plan for Duncan and Arrow
Reservoirs," dated November 12, 1968.

(e) "Columbia River Treaty Flood Control Operating Plan," dated
October 1972.

Attached to this report as Appendix D is "Report on Operation of
Columbia River Treaty Projects - 1 August 1972 through 31 July 1973,"
dated October 1973, which gives a detailed description of the operation
of the Treaty storages for the first 10 months of the 12-month period of
this report. This report also describes in detail the runoff conditions
prevailing and the reservoir regulation during the year.
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A brief description follows of the operation of the Duncan, Arrow,
Libby and Mica reservoirs during the period 1 October 1972 to 30 September
1973.

Duncan

On 1 October 1972, the Duncan reservoir was at the full pool elevation
of 1892 feet and continued at about this elevation until the end of
November when the drafting of the reservoir commenced. The Duncan reservoir
was drafted to its minimum flood control elevation at the beginning of
March 1973. The filling of the reservoir commenced toward the end of
March 1973, but the maximum elevation which was reached was only 1896 feet
in the middle of August 1973. Storage draft was started shortly thereafter.

Arrow

On 1 October 1972, the Arrow reservoir was at approximately elevation
1442 feet and was drawn down to approximately elevation 1414 feet by the
end of December 1972. Drafting of Arrow Lakes to its minimum elevation of
approximately 1386 feet was completed by the end of February 1973.

The filling of the reservoir was commenced in the middle of March
1973 but the maximum elevation reached was approximately 1407 feet in the
middle of July 1973.

By the end of September 1973, the Arrow Lakes had been drawn down
to approximately 1381 feet.

Libby

Lake Koocanusa was at elevation 2402 feet on 1 August, the reservoir
having been limited to a maximum elevation of 2405 feet during the previous
summer because the spillway gates were not completed. The reservoir was
held near the 2405 feet elevation until about 11 September, when a special
draw down was initiated to facilitate construction of a rock buttress in
a potential slide area on the left bank just upstream from the dam. The
reservoir was lowered throughout September, October and November until the
elevation required for construction of the lower portion of the buttress,
2230 feet, was reached on 2 December. This elevation was held throughout
the balance of the winter.

Filling began on about 12 April, and throughout the latter part of
April, all of May, and the first half of June the outflow was maintained
at approximately the minimum discharge rate of 2,000 cfs. By the end of
July, Lake Koocanusa had reached approximately elevation 2412 feet.

Mica

The Mica project was operational on 29 March 1973 and small releases
were made during April, but thereafter until mid-June 1973 releases were
held to the practical minimums. As a consequence, the elevation of the
reservoir rose to approximately 2,200 feet on 19 June 1973.



Because of the critical conditions prevailing in the Columbia River
Basin, the outlets at Mica were fully opened on 19 June 1973 and have
remained so up to the end of September 1973. The maximum elevation
reached by the reservoir was approximately 2,268 feet on 16 August and

has since steadily declined.
OPERATING COMMITTEE ACTIVITIES

The work carried out in the year 1972/73 on the Assured Operating
Plan for the year 1977/78 was finalized in October 1972 by the Entities
signing an agreement in November 1972 on the Plan and corresponding
Downstream Power Benefits, see Appendix C, Items 2 and 3.

In accordance with its terms of reference, the Operating Committee
was responsible throughout the year for implementing the current hydro-
electric and flood control operating plans for the storage provided in
Canada under the Columbia River Treaty. This aspect of the Committee's
work is described in Appendix D, "Report on Operation of Columbia River
Treaty Projects," dated October 1973.

Work on the Detailed Operating Plan for the 1972-73 operating year
was completed and the Entities signed an agreement on this on 20 November
1972. There was a delay in preparing the Plan because of a change in
the construction schedule for the third powerhouse at Grand Coulee
which resulted in the deep storage draft being delayed for one year.

The Detailed Operating Plan had, therefore, to be modified to incorporate

adjustments of the Grand Coulee and Arrow storage requlations.



For part of the present year the Flood Control Operating Plan in
operation was the "Interim Flood Control Operating Plan for Duncan and
Arrow Reservoirs," dated November 12, 1968. In October 1972, the Corps
of Engineers prepared the "Columbia River Treaty Flood Control Operating
Plan" which is now in operation, see Appendix C, Item 1.

The Committee continued with the studies of the filling of Mica
reservoir. The last report on this subject was a report dated October
1972 "Initial Filling of Mica Reservoir." These studies are being
updated each year to take account of the changing conditions with respect
to loads and resources. An amendment, dated 19 June 1973, to the
"Program for Initial Filling of Mica Reservoir," dated 26 July 1967,
was aqgreed by the Entities, see Appendix C, Item 4.

The Detailed Operating Plan for Canadian Storage for the Period
1 July 1973 through 31 July 1974 was completed and agreed to by the
Entities on September 28, 1973, see Appendix C, Item 5.

The Assured Operating Plan for 1978-79 for Canadian Treaty Storages
was completed and agreed to by the Entities on September 28, 1973, see
Appendix C, Item 6.

The Downstream Benefit Determinations for the year 1978-79 have
been made in accordance with the Treaty and its associated documents.

It was found that the operation of Mica with generation for this year
has no adverse effect on the Canadian Entitlement to downstream power
benefits in the United States. The Determinations were agreed to by
the Entities on September 28, 1973, see Appendix C, Item 7.



HYDROMETEOROLOGICAL COMMITTEE ACTIVITIES

Revised discharge tables were prepared and distributed for
Keenleyside Dam. MNew storage-elevation tables for Arrow Lakes and a
storage-elevation table for the combined Arrow reservoir were distributed.

Repair work on the Nagle Creek station, the outflow gauge for the
Mica project, has necessitated the use of calibrated outflow from the
low-level outlet works at Mica Dam. Discharge tables, dated 31 July 1973,
based on actual measurements of streamflow, were approved for use until
such time as the Nagle Creek gauge again becomes operational and/or
additional calibration measurements have been made. It is expected
that this matter will be again reviewed early in 1974.

The Treaty Facility and Supporting Facilities lists will be reviewed
in the near future.

The interim plan for the exchange of oparational hydromet data
remains in force until 31 December 1973. This plan will be reviewed
prior to the December date and any necessary amendments and extension of

the plan recommended.
COOPERATION WITH PERMANENT ENGINEERING BOARD

The Entities continued cooperating with the Permanent Engineering
Board in the discharge of its functions and a joint meeting of the
Permanent Engineering Board and the Entities was held on 20 November
1972 in Victoria, British Columbia.



Semi-annual reports were forwarded by the Entities to the Board
covering the periods 1 October 1972 to 31 March 1973, and 1 April 1973
to 30 September 1973.

In addition, the construction progress reports - B. C. Hydro's
Report No. 25 on Mica, and the Corps of Engineers' Reports No. 10 and
Final on Libby, were supplied to the Permanent Engineering Board.

Copies of the "Runoff Volume Forecast Program for Treaty Reservoirs"
were sent to the United States Section of the Permanent Engineering Board.

Copies of the agreements shown in Appendix C were sent to the Board.



APPENDIX A

COLUMBIA RIVER TREATY ENTITIES

CANADA

MR. W. D. KENNEDY*
CHAIRMAN

British Columbia Hydro and

Power Authority
Vancouver, B.C.

Canadian Entity Representatives

UNITED STATES

MR, DONALD PAUL HODEL**
CHAIRMAN

Administrator

Bonneyille Power Administration
Departmant of the Interior
Portland, Oregon

MAJOR GENERAL R. E. McCONNELL ###*
Division Engineer

North Pacific Division

Corps of Engineers, U.5. Army
Portland, Oregon

United States Entity Coordinators

MR. W. D. KENNEDY

Manager

Canadian Entity Services

British Columbia Hydro and
Power Authority

Vancouver, B.C.

1.

**%* Retired June 1973.

MR. BERNARD GOLDHAMHER
CCORDINATOR

Assistant Administrator for
Power Management

Bonneville Power Administration

Portland, Oregon

MR. GORDON H. FERNALD, JR, %
COORDINATOR

Chief, Engineering Division
North Pacific Division

Corps of Engineers, U.S. Army
Portland, Oregon

MR. HAROLD XROPITZER
SECRETARY

Executive Assistant to the Administrator

Bonneville Power Administration
Portland, Oregon

Succeeded Hon. R. G. Williston, October 1972
Succeeded Mr. Henry R. Richmond, 1 December 1972
Succeeded Major General K. T. Sawyer, 15 December 1972



APPENDIX 8

COLUMBIA RIVER TREATY
INTERMATIONAL COMMITTEES

The official membership of the two International Committees for
the year 1 October 1972 to 30 September 1973 was as follows:

Canadian United States
Section Section
COLUMBIA RIVER TREATY P.R. Purcell C.E. Hildebrand*
OPERATING COMMITTEE (Chairman (Co-Chairman) (1)
D.R. Forrest D.M.Rockwood (1)
H.E. Kenny H.M. Mcintyre

(Co-Chairman)(2)
C.W. Blake (2)

COLUMBIA RIVER TREATY P.R. Purcell F.A. Limpert
HYDROMETEOROLOGICAL (Chairman (Chairman)(2)
COMMITTEE

U. Sporns B. J. Thomas (1)%**

A1l Canadian Committee members represent B.C, Hydro and Power Authority.
United States Committee members represent (1) United States Corps of
Engineers, or (2) Bonneville Power Administration.

* Retired 30 August 1973.
** Succeeded D. M. Rockwood.



Item No.

APPENDIX C

COLUMBIA RIVER TREATY

OFFICIAL AGREEMENTS OF THE ENTITIES

1 OCTOBER 1972 - 30 SEPTEMBER 1973

Date Agreement
Signed by Entities

20 November 1972

20 November 1972

20 November 1972

17 June 1973

28 September 1973

28 September 1973

28 September. 1973

Dascription

Detailed Operating Plan for Columbia
River Treaty Storage - 1 July 1972
through 31 July 1973, dated

19 September 1972

Columbia River Treaty Hydroelectric
Operating Plan - Assured Operating
Plan for Operating Year 1977-78, dated
October 16, 1972

Determination of Downstream Power
Benefits Resulting from Canadian
Storage for Opevating Year 1977-78,
dated October 16, 1972, AND
Dovinstraam Power Benefit Computations
fer 1977-78 Operating Year, dated

6 November 1972

Amandment to Program for Initial Filling
of Mica Reservoir, dated 26 July 1967

Detailed Operating Plan for Columbia

River Treaty Storage - 1 July 1973

{grnugh 31 July 1974, dated 14 September
73

Columbia River Treaty Hydroelectric
Operating Plan - Assured Operating
Plan for Operating Year 1978-79, dated
September 1973

Determination of Downstrcam Power
Benefits Resulting from Canadian
Storage for Operating Year 1978-79,
dated September 1973
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REFORT ON
OPERATION OF COLUMBIA RIVER THEATY PROJECTS
1 AUGUST 1972 THROUGH 31 JULY 1973

I. INTEOIUCTION
AUTHORITY

Duncan, Arrowand Mica Reservoirs in Canada and Libby Heservoir in the United
States of America were conetructed under the provisions of the Columbia
River Treaty of January 1961. The Treaty requires that the reservoirs

be operated for increasing hydroelectric power generation and flood con-
trol in the United States of America and in Canada. In 1964, the Canadian
and United States governments each designated an Entity to formulate and
carry out the operating arrangements necessary to implement the Treaty.
The Canadian Entity is British Columbia Hydro and Power Authority; the
United States Entity is the Administrator, Bonneville Power Adminietra-
tion and the Division Engineer, North Pacific Idivision, Corps of

Engineers.

The Columbia River Treaty Operating Commi ttee, established in September
1968 by the Entities, is responsible for preparing and implementing
operating plans as required by the Columbia River Treaty. This report
records and reviewa the operation of Duncan, Arrow, Mica and Idbby
reservoirs for power and flood control during the period 1 August 1972
through 31 July 1973, including the major effects downstream in Canada
and in the United States of America.

OFERATING PROCEDURE

Throughout the period covered by this report, storage operations were
implemented by the Operating Committee in accordance with the Detailed
Operating Flan for Columbia River Treaty Storage, dated 19 September 1972.
From the limited drawdown in September, 1972, the regulation of the
Canadian storage content was determined by the Operating Committee on a
weekly basis, Decause of the extremely low runoff in the Columbia Basin
during the spring of 1573 there was no requirement for daily flood control
operation.

II. WEATHER AND STREAMFLOW
WEATHER

Markedly dry weather prevailed throughout the fall, winter and spring
geasons in the Columbia Biver Basin. In every month but December well
below normal precipitation was experienced, with the result that snow
accumulation for the season was near record low levelson 1 April. Chart 1
shows geographical distribution of the accumulated seven-month (October

1972 - April 1973) precipitation over the entire Columbia River Basin



c.

The effectas of low runoff and reservoir regulation cambined to produce
the lowest maximum daily Columbia River flow ever recorded during the

spring at The Dalles, 208,000 cfes on April 3. Without regulation by upstream

reservoirs the peak flow at The Dalles would have been 402,000 cfa
on 26 May.

The natural streamflow patterms for the year are shown on the inflow
hydrographs for the Treaty Reservoirs, Charts 5, 6, 7 and 8, Obser-
ved and computed unregulated hydrographs for Kootenay lLake and Columbia
River at Birchbank, Grand Coulee Dam and The Dalles are shown on Charts
9, 10, 11 and 12.

SEASONAL RUNOFF VOLUMES

Forecasts of volume of runoff during the smowmelt season, as well as
the variation with time, are of great importance because the reservoir
regulation plans are determined in part by the expected runoff volumes,
Runoff volume forecasts, based on precipitation and snowpack data, were
prepared for a large number of locations in the Columbia River Basin
and updated each month as the season advanced. Table 1 lists the seascnal
volume inflow forecasts for Mica, Dunca, Arrow and Libby projects and the
unregulated runoff of the Columbia River at The Dalles. The forecasta of
Mica, Duncan and Arrow inflow volumes were prepared by B. C., Hydro &
Power Authority and those for Iibby project and the lower Columbia River
by the Columbia River Forecasting Service. Also shown on Table 1 are
the actual volumes for these five locations for the 1973 April-August
season. Runoff forecasts assume average precipitation subsequent to the
date of forecast. DBecause of the deficient precipitation in the spring
nﬂrm 1975, this year's forecast generally overestimated the magnitude of
runoff.

Actual April-August runoff volumes, adjusted for upstream reservoir stor-
age effects, are listed for seven locations in the following tabulation:

THOOSANDS OF PERCENT OF

STREAM AND LOCATION ACRE-FEET _ 1953-67 AVERAGE
Duncan Heservoir Inflow 1, 700 T
Mica Reservoir Inflow 9,460 78
Arrow BReservoir Inflow 19,500 83
Libby Reservoir Inflow 4,910 69
Columbia River at Birchbank 32,400 75
Grand Coulee (FDR) Beservoir Inflow 43,000 66
Snake River at Lower Granmite 12,600 54
Columbia River at The Dalles 60, 700 61

Comparison of the above tabulation with the seasonal precipitation map
on Chart 1 reveals the general relationship between snow-accumulation
season precipitation and snowmelt season runoff when expressed in percent
of average.
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The combination of these factors led to the storage draft from 1407 ft
beginning in mid-July when Arrow inflows fell below outflow require-
ments. Storage releases continued and Arrow reservoir had reached
elevation 1400.2 ft on 31 July. The 1973 volume inflow forecasts and
the Variable Refill Curve computations for Arrow are shown in Table 2,

DUNCAN RESERVOIR

Reservoir Evacuation Period. As indicated on Chart 6, Duncan Reservoir
was at normal full pool elevation 1892 ft on 1 August 1972 and was main-
tained near this elevation until the end of November when drafting of
atorage was initimted to augment flows downstream., The 1972-73 Detailed
Operating Plan Flood Control Reservation Curve for Duncan was slightly
modified to avoid loss of generation at the Kootenay River plants.
Drafting of the reservoir to about elevation 1798 ft was completed

early in March 1973,

Refill Period. On 12 March, outflow was restricted to 100 ¢fs nd the
reservoir began to fill, On 31 March, outflow was increased to 700 cfs
and this flow was maintained through %0 April to accommodate the request
of the British Columbia Fish and Wildlife Branch. Duncan discharge was
controlled at 100 cfs for the period 1 May through 30 June and at

5,000 cfs through July. Water surface elevation om 31 July was 1874 ft.
The maximum elevation for the year of 1876.6 £t was reached on 11 August.
Table 2 shows the 1973 volume inflow forecasts and the variable refill
curve computations for Duncan.

MICA RESERVOIR

Initial Operation. As indicated on Chart 7, Mica storage reservoir
became operational on 29 March 1973 and was operated for the balance of
the report period in accordance with the 1972-73 Detailed Operating Flan
and the Program for Initial Filling of Mica Reservoir dated 26 July 1967
as amended. The 1973 volume inflow forecasts and the variable refill
curve computations are shown in Table 3,

Prom 29 March to 8 May, outflow was controlled to a weekly average of
1,000 cfs with the objective of storing ae much water as possible.
During this period, no large deficiency in later filling of Arrow
resaervoir was foreseen and as previously arranged, Mica low level ocut-
leta were closed from 8 May to 19 June to allow essential repairs to the
concrete tunnel lining and inspection and teating of outlet gates.

During the closed period, the water elevation rose from 1993 ft on

8 May to 2201 £t on 19 June. From that date until the end of the report
period, the low level outlets were kept fully open to pass as much Mica
inflow as possible. This objective was made necessary by heavy demand
for Columbia River flows at the boundary resulting from extremely low
runoff in the United States portion of the Columbia River Basin.

The increase in water level from 1993 ft to 2201 £t had increased Mica
diacharge capacity from about 17,000 cfes on 8 May to about 26,000 cfs on
19 June, but inflowa were over 30,000 cfa by that date and increasing.
Involuntary storage continued for the remainder of the operating year and
by 31 July the water surface reached elevation 2257 ft. The maximum eleva-
tion for the year of 2269 ft was reached on 16 August.
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Duncan and Mica under the provisions of these agreements were made during
the 1972-73 Operating Year. Generation at the projects in the United
States for this purpose during the period 1 April 1972 through 31 March
1973 was 572 average megawatts at rates up to 995 megawatts. Subsequent
to 31 March 1973, the energy amount was increased to 759 average megawatts
and the maximum rate of generation was increased to 1377 megawatts when
Mica became operational.

The estimated firm load-resource balance for the United States Pacific
Northwest Coordinated System showed about 70 average mezawatta fim

energy in excess of fim loads during the storage draft period 1 Septem-
ber 1972 through 15 April 1974. The estimated potential secondary

energy requirements of the Coordinated System for interruptible industrial
loads and replacement of thermal and other higher cost generation was

1360 average megawatts. The interruptible industrial load increased
during the year from 615 average megawatts to about 1000 average megawatts
by 30 April 1973 and then dropped to about 500 average megawatts 11 April
1975.

Chronology. Streamflows on the Columbia River followed their normal
recession during August 1572 but remained above median-month levels at
the end of the month. BHPA terminated surplus energy deliveries to
California utiities on 21 August 1972. Deliveries were resumed 24 August
but were again curtailed 29 August 1972. All reservoimexcept Grand
Coulee and the Willamette River reservoirs were full on 31 August 1972.
Grand Coulee had been drafted in anticipation of additional storage
releases to be made from Libby reservoir for comstruction purposes.

Draft was required at the Willamette River reservoirs during August to
maintain minimum non-power discharge requirements.

Hanford steamplant was returned to service 1 August 1972 after its summer
maintenance outage. Centralia steamplant Unit No. 2 came on the line for
the first time on 2 September 1972 at 300 megawatts. The rated capacity
of each unit is 700 megawatts, but stack emission problems limited

these units to only 300 megawatts each.

Direct service to interruptible industrial load and private utility
secondary load was curtailed 1 October 1972, and the curtailment con-
tinued throughout the year in order to conserve water for firm power
requirements in case critical water conditions developed later in the
season and to protect against possible lose of the Hanford plant and
reduced output from the Centralia Steamplant.

During the extended period of EPA curtailment of secondary energy deliver-
ies to the interruptible industrial load beginning October 1, 1972, this
load was served with energy available under prior purchase arrangements
made by the industries in anticipation of such curtailments. The amounts
of energy used by the industries from these sources were as follows:



B,

A

FLOOD OONTROL

Flood control was not a controlling factor in the regulation of storage
reservoirs during the spring rupmoff in 1973. Without any regulation by
upstream reservoirs the peak flow of the Columbia River at The Dalles
would have been only 402,000 cfe, lower than the bankfull capacity of
450,000 cfs. With reservoirs operating for power production and refill,
the observed springtime maximum mean daily flow at The Dalles was only
208,000 cfs. In contrast, the regulated peak flow that occurred in 1972
was 618,000 cfa. Observed and unregulated hydrographs for the 1973 April
through July period at The Dalles are shown on Chart 13. Similarly low
spring peaks occurred on upstream tributaries. At Bonners Ferry, Idaho,
an area subject to major flooding in previous years, the regulation at
Libby project reduced the maximum unregulated springtime atage of

24.7 feet to 10.2 feet. Flood etage at Bonners Ferry is 31.0 feet.

V. OPERATING CRITERIA
GENEBAL

The Columbia River Treaty requires that the reservoirs constructed in
Canada be operated pursuant to flood control and hydroelectric operating
plans developed thereunder. Annex A of the Treaty stipulates that the
United States Entity will submit flood control operating plans and that
the Canadian Entity will operate in accordance with flood control storage
diagrams or any variation which the Entities agree will not derogate
from the desired aim of the flood control plan. Annex A also provides
for the development of hydroelectric operating plans five years in
advance to fumish the Entities with an Assured Operating Flan for Canadian
Storage. In addition, Article XIV.2.k of the Treaty provides that a
Detailed Operating Flan may be developed to produce more advantageocus
results through use of current estimates of loads and resources. The
Protocol to the Treaty provides further detail and clarification of the
principles and requirements of Amnnex A. The Principles and Procedures
of 25 July 1967, together wihh the Columbia River Treaty Flood Control
Operating Flan dated October 1972, both developed by special task
forces, establish the general criteria of operations.

The Assured Operating Flan dated 15 Pebruary 1969 established Operating
RBule Curves for Duncan, Arrow and Mica during the 1972-73 gperating year.
The Operating Rule Curves provided guidelines for refill levels as well
as drawdown levels. They were derived from Critical Rule Curves, Assured
Refill Curves, and simulated Variable Refill Curves, consistent with
flood control requirements, as described in the Principles and Procedures.
The Flood Control Storage Heservation Curves were established to conform
to the Flood Control Operating Flan.

The Detailed Operating Flan dated 19 September 1972 established Operating
Bule Curves based on power loads and resource data available just prior
to the operating year for use in actual operations. The Variable Refill
Curves and flood control requirements subsequent to 1 January 1975 were
determined on the basis of seasonal volume runoff forecasts during actual
operation.
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View of Kootenay Canal Project construction, L April 1973, from right
bark of Kootenay River. South Slocan pool is shown in foreground,
Brilliant pool at right. Hock excavation for access road and powerhouse
can be seen on onposite bank.

8.C. Hydro & Power Authority Photograph
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ARROW LAKES COMFUTATIUN FOIY
95 PERCENT CONPIDENCE PORECAST AND VARLAMLE REFILL CURVE

1973

Initial Jan. 1 Jabs 1 Mar. 1 Apr. 1 Har 1 Jun. 1
Frobable Feb 1-Jul 31 inflow, KSFD 3/ ﬁ;?-i ?g.n -2 .9
95% forecaat error, K3FD . 1?:. ;ﬂg.a 1255, 127.8 Wl
954 confidence Peb 1-Jul 31 inflow, KSFD 2/ Ti64,2 8121.0 Al52.5 8339.7 B240,1  B219.6
Obgerved Peb 1=-date inflow, KS¥FD o _262.7 2s
95% confidence date-Jul 31 inflow, KSFD 3/ T164,2 2 B121.0  Tses.g "!;ig";' 167 %
Appuzod Feb 1=dul 31 inflow, % voluze 100.0
Assumed Peb 1=Jul 31 inflow, KSPD 4/ 11642
¥in, Peb 1=Jul 31 outflow, KSFD _905,0
Mica refill requiremsnts, KSFD 5/ 3315,1
Mn., Jan 31 contenta, KS¥FD 6/ _&8.2
Kin, Jan 31 elevation, ft. 7/ 1378, 4
Jan 31 Variable Befill Curve, ft 8/ 1420,9 1378,4
Azmumed Mar 1-Jul 31 inflow, % m_u? 47.6 57.6
Asmumed Far 1-Jul 31 inflow, KIFD 4 I15T1.9 _T1926.1
Hn, Ear 1=Jul 31 outflow, KS5FD _ 65,0 —_ 65,0
iiea refill requirecentsa, ESFD 5/ 33151 _AL62.4
in, Peb 28 contentm, KSFD &/ 1045 0
Min., Peb 28 elevation, ft. 1/ 13795 2 _1377.7
Peb 28 Yariable Refill Curve, ft. gr’ m m m
hasumed Apr 1=Jul 31 inflow, % volume 94.9 545 57.3
Anguzsd Apr 1-Jul 31 infleow, K3FD ¢/ w2 a8 7676.8
Ein. Apr 1=ful 31 cutflow, KSFD 10,0 auan.d
Mica refill requirements, KSFD 5/ o1 2.4 15813
¥in., ¥ar 31 contents, KSFD _947.2
¥in., ¥ar 31 elevation, ft. AT T=T 'ﬁﬁ‘ﬂ
Yar 31 Variable Refill Curve, ft. &/ Jﬂ_ﬂ;“l_ . 1377 .
Lommed May 1-Jul 31 inflow, % ml-f. 88,3 %!g 90.6 93.1
Aszumed May 1-Jul 31 infleow, K3FD a T170. J148,2 a1
Kin, Moy 1-Jul 31 eutflow, KSPD By Shn B Bt
Biea refill requiresenta, KS¥FD, 5/ Ejﬁ 3 88,3 I -
Kin, Apr 30 contents, KSFD 453. _279.7 . 1470,
Min, Apr 30 elevation, ft 1387,5 13856  1409.5  1407.9
4pr 30 Vartable HerillOurve, ft. &/ oLl Ll eSO Mo
Assuzed Jun 1-Jul 31 inflow, % volume 66.3 66.3 68,1 70.0 75.1
Ansuzed Jun 1-Jul 3 inflow, ESPD &/ 5147.7 a2 373.0 % _l“_%g
Nin, dun 1-Jul 31 outflow, MSFD _305,0 0 . o .
Mea refill requirementa, KS#FD }f 2655, T 2TH9. m_TE!!!-E I8 7232, 6
¥in. iy 31 contents, K3FD & 1415, 1292.4 82, 2126.1 2112.2
Min. Eny 3 elovation, £t 7 1406,9 04,6 TEH.E 1419.8 T1420.6
Koy 31 Variable Refill Curve, ft &/ 14154 1405,9. _1404.6 14154 14154 14154
Aszumed Jul 1-Jul 31 inflow, % wl_t?l 2133'19 30.9 3.7 32.5 35.0 46.6
Anmz=w 4 Jul 1-Jul 31 infloe, KSFD 4 - _2509.4 1.1 . 2508, 7 mhg
Hin. vol 1-dul 31 cusflow, KS7D T55.0 155,0 i, 1. 4.2 .
Miea refill requirerents, XSFD 5/ 1357.1 14151 1103, . 1§E-§
Fin. Jus 30 contents, K5PD 5/ 2115.3 _266%.0  3078.8 -1 . .
Kin. Jun 30 elevation, Tt. 7/ 1423,8  _1428.5 T 1352 435.6 14357
S 30 Variable Refill Curve, f%, &/ Miz2,  M2%8 a2 1027 %2 43R el
July 31 Yariable Refill Curve, ft. 1444 .0 1d=4=ﬂ H-l-&..ﬁ !144;13 1444.0 114*#‘.} 1444.0
1/ Moa forscast + local Arrow forscast developed by Canadian Bntity
2/ Line 1 = lire 2
3 Ifae 3 - Line &
&f ¥Prreeding ldne x Line 5
5/ ¥es full comtent-Fnergy Content Curve froz Mea EOC Cozputatien Yorm (exoept Jan, Peb, Mar)
& Fall soatent (3602.3 £57D) plus two precedinz limes lees line precoding that,
o/ I 2= reservoir olevasion-siorage content tabls dated Novembor %3, 1966
B/ Lower of eievaticn on preceding line or elevation detcrmined prior to year (Initial)

1

Lo



1.

e

Forssnst Unte

Proveble Feb. 1-July 31 inflew, Xs#p L/
5% forecast error, K7D

95% confidence Fad. l-July 31 inflow, KFD 2/

Observed Peb. l-date ioflow,

95% confidence dste-July 31 inflow, KFD 3/

Ascursd Pab. 1-Jul. 31 inflow, % ngt
Assmed Feb. l=Jul. 31 iaflow, ESFD
Min. Feb. l=Jul. J1 outflow, KSFD

Min. Jan. 31 reservoir content, s/
Min. Jan. 31 reservoir elev., ft. 5“
Jaa, 31 Variable Regill Curve, rt. I/

Argumed Mar. 1-Jul. 31 inflow, % vol
Assumed Mar. 1-Jul. 31 inflow, KSFD 4
Min., Mar. l-Jul. J1 outflow, KSFD

Min. Feb. 26 reservoir content, 5/
Min. Feb. 2 reservoir elev., ft. &
Feb. 28 Variatle Refill Curve, ft.

Azmimed Apr. 1-Jul. 31 inflow, ¥
Assumed Apr. l-Jul. 31 inflow, KSFD
Min. Apr. 1l-Jul. 31 outflow, KEFD

Hin. Mar. 31 reservolr coatent, ﬂ
Min. Mar. 31 reservolr elev., ft. 6
Far. 31 Variable Eafill Curve, ft.

Aspumed Apr. IE-M- 31 inflow, "
Assumed Apr. 15-Jul. 31 ioflow, mg
Min. Apr. 16-Jul. 31 outflow, KSFD

Min. Apr. 15 reservolr content, ﬂ
Hin. Apr. 15 recervoir elov., ft.

Apr. 15 Variatle Refill Curve, ft. ki

Asguzmed May 1-Jul. 31 inflow, % "ﬂ?
Assumed May 1-Jul. 3l inflow, KSFD

Min. May l-Jul. 31 outflow, XEFD

Min. Apr. 30 reservoir coateat, 5/
HWin. Apr. 30 reservoir slev., ft.

Apr. 30 Variable Bsfill Curve, It.

Asgumed June l-Jul. 31 inflowv, ¥ volume
Assizcd Jee 1-Jul. 31 inflow, KSPD &/
¥ia. Jere l-Jul. 1 ouiflcw, KSFD

¥in. May 31 rosorvolr conteoat, IEFDﬂ
Min. May 31 1eeorvolr cluv., ft. 6

Mey 31 Variable Refild Curve, Tt.

Acsuped Jul. 1-Jul. 31 foflow, ¥ "’1?
Apsumed Jil. 1-Jul. 31 inflow, KIOFD
Min, Jul. 1= Jul. 31 outflow, ICFD
Min. Jupe 30 reeervoir comtbant, m‘g
Min. Jupe 30 reservoir, slev., It.

Jupe 30Variable Refill “urve, Tt.

GUNCAR BSSTFEVOIN OOMPIP A TG ! SnRe TABLE 3
95 PERCENT CONFIDENCE PORBCAST AND VARIAHLE REPILL CURVE
1973
Initinl Jan. 1 b, 1 Mar., 1 Arr. 1 Far 1 dunz 1
B5%.4 a75, a875,7
-616&1 .95 150, =8 Il L,L’: %&-l‘f 5.
3 724.6 745.9 _759.6 7443 749,6
L a5 ._'h 84,6 51,8
661,90 724, 1254 6,0  659,7  497.8
100.0
'%'3'.1
i
1843.6 N
%3.1 o8.1
649, 710.8
- IE!J’
82.2 20.7
1B06.5  1796.4
18448 TB08.6 1704
*ll ﬁll SB-O
s g 4o
92,3 2.1 286.0
T 1799, 16549,
18466 10,3 . <
oh.6 P46 96.5 3.5
10.7 10.7 T —16.7
m91.!. .1 Eﬂﬁ.g z:ﬂa‘r
g Bl 3 “51;%5
d22.4 _§5.1 254.0 49, 1
B e B 3
.- 1L N 1002.5 U)o H
T.T 1.7 3.1 .6 T8.7T
r : 180, 3 140.% 140.3
247,17 2028 0 2260 224 1.0
1834,0 1827,6 8446 844,19 1846,0
1853.0 1634.0, 82,8 Joss.8 modd.l  1846,0
13.9 33.9 .6 35.3 37.2 k7.3
2844 24%,6 251.0 252.7 245.4 235.5
- X A —n.1 7.3 T1.3 7.3
494.4 4737 6 538 420 _552.0
18660 o ol 187 1.8 1872.9
1874, 1 1886,0_ 4 TE7L % 87,8 187,39
Y20  Beo WR.0  BRO R0 BRO 1820

July 31 Variable Renll Curve, It.

Dewloped by Cansdian Entity
Iiue 1 - Lioe 2
Iioe 3 - Lina b
Freceding Line x Line 5

S

16

Full eontent (71£.2 KSFD) plus preceding lire less line proceding that with a minimm content of 4.8
Frea reservolr elevation - atorage content table dated April 24, 1958
Tower of alevation on procedisg line or elsvation determined prior to year (Initial)
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MICA RESEHVOLR COMFUTATION PUIL
95 PERCENT CONPIDENCE PORECAST AND VARIAELE REPILL CURVE

— 1T

Initial den. 1 Fab. 1 Eary 1 Ap=. 1 Hay 5 Juna 1
Probable Ped. 1-July 31 inflow, KSFD 1/ 468T.9 4675,1 4612,2 46T4.4 4610,0 4
Sﬂi forecast error, KS¥D & B41.4 6741 béd.5 602, 2 BGE.T s6ded
95% confidenca Fob., 1-July 31 inflow, E3¥FD 3846,5 4000, 4 297.7 4072.2 4013.3 41234
Observed Pet. 1=dote inflow, KSFD ) B0 _194.9 372.9 1830
5% confidence date~July 31 inflow, KSFD 3/ 846,55 AD00, 4 905.T 2879.3 2540.4 2940,0
Acguzed Feb, 1-dul. 31 inflow, % volume 100.0
Aspumed Feb, 1-Jul. 31 inflow, KSFD &4/ 3046,5
Uin. Peb l.=ful 31 cutflow, KSPD 3660
Kn. Jan. 31 reservoir content, KS5FD 5§/ 7]
Kin. Jan. 31 roservoir elev., Tt. &/
Jan, 31 Variable Refill Curve, f%. 1/ 1860,0 1860,0
Asmuzed Mar, 1=Jul 31 inflow, % voluze 90,0 99,0
Assuzed Ear. 1=lul: 31 inflow; KSPD!,J' m .
Rin. Yar, 1-Jui. 31 ousflow, ESFD T366,0 66,0
Kin, Peb, 20 reservoir content, H;?ﬂ —p S
Min. Peb. 28 resccvolr elev., ft.
Peb, 28 Variadle Refill Curve, ft. Y 18£0,0 1860.0 855,05
Anguned Apr. 1=Jul, 3 inflow, £ voluse 95.7 95.7 a7.7
Assumed Apr. 1-Jul, 31 inflow, KSFD 4/ 1681,1 PPH.4 281%.9
Min, Apr. 1edul. 31 cutflew, KSFD 3660  366,0 22326
Kin. Mar, 31 reserveir ceatent, KSFD 5/ 0 =
Lin. ¥ar. ¥ reservoir elev., It.
Kar, 31 Yariable Refill Qurwve, ft. mm=a m m J860,0
Aspumed w 1-Jul. 31 inflow, " voluse 9.6 363‘-6 91.6 95.8
Aspumed May 1=Jul. 31 inflow, KSFD 4/ 352%.4 3 3653,9  3716.4
e, Moy 1-Jul. 1 outflow, K5PD T276.0 6836 15855
Min. Apr. 30 resarvoir content, KSFD 5/ _285,8 41,5 1559.5
¥in, Apr, 30 reservolir elev., It. y 1 . 2190.2 218%.1
Apr. 30 Variable Hefill Qurve, ft. 7/ 28,2 - . .
Aspuped Jun. 1-ful. 31 inflow, % voluoe T30 T3.0 T4 TT.2 00.6
Assuzed Jun. 1-Jul. 31 inflow, KSPD 4/ 2838,1 2232,0 TR 2.8 aH.P
in, Jun, 1=Jul. 31 cutflow, KSFD 183,0 83,0 16,0 %h}_ 1116,
iln. May 31 reservoir content, KSPD 5/ 5 &E %._} 1651.3 11,9
¥in. May 31 reservoir elev., ft. &/ . P @I
¥ay 31 Variatle Befill Ourve, ft. 7/ 2161.7 ABY  Dw,9 20611 1.7 w
Asoused Jul. T=Jul. 31 inflow, % volune 577 3T A.5 39.4 41.2 51.1
Asmmed Jul. 1-Jul. 31 mlﬂ'- ISPII!{ Iﬂ.]_ 1508.1 -lm m w m
in. Jul, 1-Jul. 31 outflow, KSFD 93,0 gg-% 5673 5673 5673 557,13
Ein., June 30 reservolr content, KSFD 276,11 - 2554,2 2568.7 25973 2594, 6
¥in. Juse 30 reserveir, elev,, Tt. 2239,8 2 2236.2  2261,3  2260,1
Jung 30 Variable Refill Curwe, ft. J % m Hgig Eﬂg:.l % % %
July 31 Varisble Befill Ourve, ft. 2302.8 2302,8 2302.8, 2302.8 2%02.8 2302,8  2302.8%

Developed by Canadian Entity

Line 1 = Lire 2

Line 3 - Lino 4

Froceding Line x Line 5

Rl contens plus preceding line less line preceding that.

Froa reservoir clevation = storage content table dated February 20, 1967.

7/ lower of elevation on preceding lino or elevation determined prior to year (Initinl)

* These slevations are based on a usable storsge content of 3529.8 kafd and do not reflect any dead atorage accumulation.
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COMPUTATION FORM

Linm

95 PERCENT CONPIDENCE PORECAST AND VARIAHLE EMERGY CONTENT CURVE

Hesidual 95% date=Jul 31 inflow, kefd Y,

Assuned Peb 1-Jul 31 inflow, ¥ of voluse
Assumed Peb 1-Jul 31 inflow, kefd 2/. . .
Min. hhi#ﬂ]lmtﬂﬂ,m..'-.
Min, Jan 31 reservoir content, kafd 3 .
Min., Jan 31 reservoir elev., It 4/

Jan 31 BOC, f%. 5/

@ & @
& & & » & & &

Bame E.C.C.
Assumed Mar 1-Jul 31 inflow, % of volume
Assumed Mar 1-Jul 31 inflow, kafd 2/ . .
Mo, Mar 1=Jul Dﬂtﬂﬂ. kafd . &« & & &
Min. Peb 28 reservoir content, kafd 3/ .
Min. Peb 26 reservolr elev. ft. &/ . . .
Peb 28 BCC, £t 3/

" & & B

& ® ® @ & & & & & & =

Assumed Apr 1=Jul 31 inflow, kefd 2/ .
Hn..igri-lul]-'lwl.ﬂnl,mﬂ..-.
Min., Mar 31 reservoir comtent, kafd 3/
Mo, Mar 31 reservoir elev. £t 4/ . . .
h}'m.xtyvniliiiﬁill

Base B.C.C.
Assumed May 1=Jul 31 inflow, £ of volume
ll_lhrt—lﬂilmflﬂ.mvﬂgf -
May 1-Jul M outflow, kafd . « « « «
pr 3 reservoir content, kafd 3/ .
pr 30 reservoir elev. f2 4/ . & . &
BCC, £t 5/

- & & = @

SEER

A
A
” & & ® ® @& & 8 & & = & &

Base E.C.C.
Jun 1=Jul 31 inflow, % of volume
Jun 1=Jul M1 inﬂ.ﬂ. k:lfi_af & &

1=Jul 31 outflow, kafd . . « « &

|

i

Base E.C.C.
Jul 1=31 inflow, % of voluse .
sul 1=351 inflow, kafd yl "
Jul 1-3) cutflow, kefd . = « « & «
un 30 reservolr content, kafd 3/
Jun 30 reservoir slev, ft
30 ECC, ft. 5/

1]

® & & & & &

& & & & & & & & & &

Base E.C.C.
31 BOC, e o o o o 5 o 5 5 5 6 5 8 »

Preceding lice x line 3.

R £ FEEE

12!!

Jan 1 Feb 1
T Eﬂ!.é
. s o= 8 8 = @ 96.M
R EEE!.[
R T 2:0
R | -
s s 0 s on s 2230.0
« » s 2%00.0
...... » 9.7 97.14
s s s o b 0 £ «8 2 «1
I -%T .
" e o= o8 B s ow !ﬂ,! EE!E
e E mide W 2M0,.1 2 1 6/
.+« 2300.0 aas
I 90.T9 93.66
« s s 8 4 8 o 2226 2241.8
" % o8 % % @ 44, »
® s 8 8 8 8 = 520, 1 505, 2
s s s 8 n 0 ST 2342.0
. & 0w Emﬂ'
R 81.M B84.29
I I I M El I-E
R E AR B 164.0 184.0
R I gi:i -4
& @ ® @ ® & & _}'HI.‘
« % &8 & 8 & @ 2&;.1 gﬂu‘
e« o« 2395.3
PO 52.75 G4.42
. s o8 = e e 1 . 1302,6
. 8 % = & & & 124, 1.
s s s s s e s 1331.2 1322.4
e s o n e S0,
R I 18.97 19.5T7
- s 8 8 &8 8 @ ‘glg %:a
" & % % 8 & @ [
& 8 & & 8 ® ri:k 3111:"
I gt i! gj';!
* 2449.8
casTee. 24590 24590

18

Pull content (2503 kafd) plus preceding line less line preceding that.
From reservoir elevation - storage content table dated March 17, 1972.
Lower of elevation on preceding lioe or elevation detemined prior to year.
Elevation 2230 ft. as required by cobstruction through April 15, 1973,

gri

2281,

N
HIE?%

[

The residual 95% forecast is obtained directly from the forecasting procedurs.

Apr 1 May 1 Jun 1
2155, 2117.5  1426.0
90,00
132.&
M. L
o
THos
2970.%
58,10 64.56
12%2. 1%11
195. 195.
14458 13311
ﬂﬁ:i 1.4
20,90 2%.22 35.97
450. . 12.
* s 2 -ng;L
2151.7 21 2089, 3%
4441 [TFR 44 1.2
444, 1 Il IR
2459.0 2459.0 2459,0
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PRECIPITATION

CHART 1
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COLUMBIA RIVER BASIN
OCTOBER 1972 - APRIL 1973 PRECIPITATION
PERCENT OF |1953-67 AVERAGE
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CHART 12
THE DALLES
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HEFERENCES

The following documents governed the operation of the Columbia Treaty
Projects during the period 1 August 1972 through 31 July 1973:

1« "Principles and Procedures for the Preparation and
Use of Hydroelectric Operating Flans for Canadian
Treaty Storage”, dated 25 July 1967.

2. "Columbia River Treaty Hydroelectric Operating Flans
for Canadian Storage, Operating Years 1969-70 through
197‘—75" dated 15 February 1969.

3. "Columbia River Treaty Detailed Operating Plan for
Canadian Storage, 1 July 1972 through 31 July 1973",
dated 19 September 1972.

4. "Columbia River Treaty Flood Control Operating Plan"
draft, dated September 1972.

S. "Program for Initial Pilling of Mica Reservoir" dated
26 July 1967.
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