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SUMMARY 

The seventh Annual Report of the Permanent Engineering Board is submitted 

to the Governments of the United States and Canada in compliance with Arti c le XV 

of the Columbia River Treaty of 17 January 1961. Project construction, progress 

of Entity studies, operation of the Arrow and Duncan reservoirs, and the resulting 

benefits are descr ibed. 

Two Board meetings and one meeting of the Board with the Entities were he ld 

during the reporting period. The Boord olso inspected the Mica and Libby projects 

during the month of September 1971. Work on both projects is on schedule. 

The Arrow and Duncan reservoirs have been operated in accordance with the 

objecti yes of the Treaty, the terms of the operating plans developed by the Entiti es, 

and the interim flood control operating plan for Duncan and Arrow reservoirs. 

Studies pertaining to development of the hydrometeorological network and 

power and flood control operating plans are being continued by the Entities to 

ensure operat ion of the projects in accordance with the tenns of the Treaty. Down­

stream power benefi ts are bei ng co leu lated by the Entities as requi red by the Treaty. 

The Board concludes that the objectives of the Treaty are being met. 

VIII 



INTRODUCTION 

The Columb ia River Treaty, which provides for co-operative development of 

the wa te r resources of the Co lumbia River basin, was signed in Washington, D.C. 

on 17 January 1961 by represe nta ti yes of the Un i ted States and Canodo. Art i cI e XV 

of the Trea ty es tab li shed a Permanent Engineering Boord and specified that one of 

its duties wou ld be to "make reports to Canado and the United States of Ameri ca 

ot leost once a yea r of the results bei ng ach ieved under the Treaty .. . . " 

This Annual Report f wh ich covers the period 1 October 1970 to 30 September 

1971, describes activiti es of the Board, prog ress be ing ach ieved by both countries 

under the te rm s of the Treaty, operati on o f the Treaty proiects, and the resu lting 

benefits . The report al so stotes that, in the opinion of the Board, the ob jec ti ves 

of the Treaty ore being met. Summaries of the essent ial fea tures af the Treaty and 

of the responsib iliti es of the Board and of the Entiti es are included. 



THE CO LUMBIA RIVER TREATY 

General 

The Columbia River Treaty was signed in Washington, D.C. on 17 January 

1961 and was ratified by the Uni ted Stotes Senate in March of that yeor. In Can ado 

ratification was delayed. Further negotiations between the two countries resulted 

in fonna l ogreement by an exchange of notes on 22 January 1964 to a Protoco l to 

the Treaty and to on AttachmentReloting to Terms of Sole . The Treaty and related 

documents were approved by the Canadian Parliament in June 1964. 

The Canadian Entitlement Purchase Agreement was signed on 13August 1964 . 

Under the terms of this agreement Canada's sha re of downstream power benefits 

resulting from the first thirty years of schedu led operation of each of the storoge 

proiects was sold to 0 group of e lectric utilities in the United States known as the 

Columbia Storage Power Exchange. 

On 16 September 1964 the Treaty and Protocol were fonnolly ratified by an 

exchange of notes between the two goverrments . The sum of $253.9 million(U .S . 

funds) was delivered to the Canadian representatives as payment in advance for 

the Canadian entit lement to downstream power benefits during the period of the 

Purchase Agreement. On the same date at a ceremony at the Peace Arch Park on 

the International Boundary the Treaty and its Protocol were proc la imed by President 

Johnson, Prime Mini ster Pearson, and Premier Bennett of British Columbia. 
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HUG H KEENlEYSIDE DAM Columbia River , British Columbia 

The dam at tne ovtlet of ArrfNI reservoir during the freshet. 



Features of the Treaty and Related Documents 

The essential features of the Treaty are as follows: 

(0) Canada will provide 15.5 million acre-feet of usable storage by con­

structi ng dams near Mi co Creek I the ou tlet of Arrow Lakes, and Duncan 

Lake, in British Columbia. 

(b) The Uni ted States wi II mai ntai n and operate hydroelectric power foci Ii ti es 

inc luded in the bose system and any new main-stem projects to make the 

most e ffec ti ve use of improved stream flow resulting from operation of the 

Canadian storage. Canoda wi ll operate the storage in accordance with 

procedures a nd operating plans spec ifi ed in the Treaty. 

(c) The United States a nd Canada will shore equa ll y the add iti onal power 

generated in the United States as a result of river regulation by ups tream 

storage in Canada. 

(d) On commencement of the respective storage operations the United States 

wi ll make payments to Canada totalling S64.4million (U . S. funds) for 

flood contro l provided by Canada. 

(e) The United States has the option of constructing a dam on the Kootena i 

River near Libby, Montano. The Libby reservoi r wou ld extend some 42 

mi les into Canada and Canada wou ld make the necessary Canadian land 

avai lable for f looding . 
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(f) Canada has the opti on of making specific diversions of the Kootenay 

River . 

(g) Diffe rences o ri sing unde r the Treaty which cannot be resolved by the two 

coun tries may be referred by either to the Inte rnat iona l Joint Commiss ion 

or to a rbitra ti on by on appropriate tribunal as spec ified by the Treaty. 

(h) The Treaty sholl rema in in fo rce for a t least 60 yea rs from its dote of 

ratification, 16 Septem ber 1964. 

The Protocol of January 1964 amp lifi ed and clarified certain tenns of the 

Columbia River Treaty. The Attachment Re lat ing to Te rms o f Sa le signed on the 

some dote es tab li shed ag reement that under certa in tenns Canada wou ldsel l in the 

United States its e ntitl ement to downstream power benefits fo r a 30-year period. 

The Canadion Entitl ement Purchase Ag reement of 13 August 1964 provided that the 

Trea ty storoges wou ld be operative for power purposes on the fo llowing dotes: 

Duncan storage 

Arrow s torog e 

Mica storage 
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LIBBY PROJE CT Kootenai River, Iv\antona 

Artist's conception of the dam ond powerhouse designed to blend with the londscape. 



PERMANENT ENGINEERING BOARD 

General 

Article XV of the Co lumbia River Treaty estab li shed a Pennanent Engineering 

Board cons ist ing of two members to be appo inted by Canada and two members by 

the United Stotes. Appo intments to the Board were to be made wi thin three months 

of the date of ratificati on . The duties and responsibilities of the Board were olso 

stipu lated in the Treaty and related documents. 

Establishment of the Board 

Pursuant to Executive Order No. 11 177 doted 16 September 1964 the Secretary 

of the Anny and the Secre tory of the Interior on 7 December 1964 appointed two 

members and two a lternate members to form the United Stotes Section of the 

Permanent Engineering Boord. The members of the Canadian Section of the Board 

were appointed by Order in Counci l P. C. 1964- 1671 do ted 29 October 1964. 

Each member wos outhor ized to appoint an olte rnote member. On 11 December 

1964 the two governments announced the compos ition of the Board. 

The names of the Boord members, a lternate members and secretaries are shown 

inAppendixA. It is noted that Mr. Joseph M. Ca ldwell has replace dMr . Wendell 

E. Johnson as Chairman of the United States Sect ion of the Board. 
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RESERVOIR BRIDGE 

Looki ng downstrean 
over Libby reservoir 
orea in Montono. 
September 1971 . 

Duties and Responsibilities of the Board 

The general duties and respons ibilities of the Board to the governments, as 

set forth in the Treaty and related documents, include: 

(a) assembl ing records of the flows of the Columbia River and the Kootenay 

River at th e Canada-United States of America boundary; 

(b) re porting to Canada and the United States of Amer ica whenever there is 

substantial deviation from the hydroelectric and flood con tro l operating 

plans and if appropriate inc lud ing in the re port recommendations for 

remedial action a nd compensa tory adjustmen ts; 

(c) assisting in reconci ling differences concerni ng tech ni ca l or opera ti ona l 

matters that may a ri se between the entiti es; 

8 



(d) making periodic inspections and requiring reports as necessory fran the 

entities with a v iew to e nsuring that the ob ject ives of the Treaty are 

be ing met; 

(e) making reports to Canada and the United Sta tes of America at least once 

a yea r of the results be ing achieved unde r the Trea ty and ma king spec ia l 

reports concerning any matter whi ch it considers shou ld be brought to 

the ir atten tion; 

(f) invest igating and reporting wi th respect to any o ther mattercaning within 

the scope of the Trea ty at the reques t of e ither Canada or the Uni ted 

Stotes of America; 

(g) consulting with the entities in the estab li shmen t and operation of a hydro-

meteorologica l system as required by Annex A of the Trea ty. 

LIBBY DAM 

lJpstrean foce 
ot left abutment. 
September 1971. 
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ENTITIES 

General 

Article XIV(T) of the Treaty provides for the designation by Canada and the 

United Stotes of entities wh ich ore empowered and charged with the duty of 

fOrTnulating and execut ing the operating arrangements necessary to implement the 

Treaty. Provision is mode for either government to des ignate one or more entities. 

The powers and duties of the entities are specified in the Treaty and related 

documents . 

Establishment of the Entities 

Executive Order No. 11177, previously referred to, designated the Admi nistrator 

of the Bonnevi /I e Power Administration I Deportment of the Interior, and the Divi sicn 

Engineer, North Pacific Division, Corps of Engineers, Deportment of the Arm y, 

as the United States Entity with the Administrator to serve as Chairman. Order in 

Council p.e. 1964-1407 dated 4 September 1964 designated the British Columbia 

Hydro and Power Authority as the Canadian Entity for the purposes of the Treaty. 

The names of the members of the two entities ore shown in Appendix 8 . 
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MICA PROJECT Viewed from upslrean showing dam, power intakes and spillway control works. 
May 1971. 

Powers and Duties of the Entities 

In addition to the powers and duties spec ified e lsewhere in the Treaty and 

re lated documents the Treaty requires that the ent ities be responsible fo r: 

(a) co- ord ina ti on of plans a nd exchange of infonnation re lating to foci lities 

to be used in produc ing and obtaining the benefits contemplated by the 

Treaty, 

(b) ca lcu la tion of and arrangements fa r delivery of hydroelectric power to 

wh ich Canada is entitled for provid ing flood control, 

(c) ca lcu lation of the amounts payable to the United States of America for 

s tandby transmission services t 

(d) consu ltatio n on requests for var iations mode pursuant to Arti c les XII (5) 

and X II 1(6) , 
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(e) the establishment and operat ion of a hydrometeorological system as 

required by Annex A, 

(f) assisting and co-operating with the Permanent Engineering Boord in the 

discharge of its functions, 

(g) periodic calcu lation of accounts, 

(h) preparation of the hydroelectric operating plans and the flood con tro l 

operating plans for the Canadian storage together with determination of 

the downstream power benefits to wh ich Canada is ent itled, 

0) preparation of proposals to im p lement Article VIII and carrying out any 

di sposa l authorized or exchange provided for the re in, 

(j) mak ing appropriate a rrangements for delivery to Canada of the downstream 

power benefits to which Canada is ent itled including such matters as load 

factors fo r delive ry, times and points of del ivery, and ca lcu lation of 

transmission loss, 

(k) preparation and implementation of detailed operating plans that may 

produce results more advantageous to both countri es than those that wou ld 

arise from operat ion under the plans referred to in Annexes A and B. 

Article XIV(4) of the Treaty provides that the two gaverrvnents may, by on 

exchange of notes, empower or charge the e nti ties with any other matter coming 

within the scope of the Treoty . 

12 



DUNCAN DAM Duncan River, Brit i ~h Co lumbia 

The dcnl and reservoir. 



ACTIVITIES OF THE BOARD 

Meeti ngs and Fie ld Inspections 

The first meeting of the Board duri ng the report year was held in Toronto, 

Ontario on 13 November 1970. The second meet ing of the Boord was held in San 

Francisco, California on 18 May 1971 followed by a meeting wi th the Ent itiesto 

rev iew and discuss Ent ity studies and general progress under the Treaty . The Board 

inspected the Mica and li bby pro jects on 8 and 9 September 1971 to assess con-

struction progress and on 10 September visited the Hanford project and other 

fac i lities ot Rich land, Wash ington. 

MICA PROJECT 

Spillway conlTol 
structure from upsh"ean . 
October 1971 • 

14 



Reports Received 

The Boord received semi-annual progress reports from the Entities. These 

reports included construction progress reports on the Mica and libby projects, a 

record of documents approved by the Entities and a general outline of reservoir 

operations and activities. 

Throughout the report yeor the Canadi an Entity provided the Boord wi th weekly 

reports on operation of the Canadian storage reservoirs and with daily flow fore-

casts duri ng the freshet season. The Enti ti es a Iso provi ded the followi ng documents 

and reports: 

Report of Columbia River Treaty Canadian and United States Entities for 
the period 1 October 1969 to 30 September 1970 

Report on Operation of Columbia River Treaty Projects 1 August 1969 
through 31 July 1970 

Determination of Downstream Power Benefits Resulting from Canadian 
Storage for Operating Year 1975-76, plus a copy of the Entities' agree­
ment on this document 

Columbia River Treaty Hydroelectric Operating Plan for Canadian Storage, 
Operating Year 1975- 76, plus a copy of the Entities' agreement on this 
document 

Columbia River Treaty Detailed Operating Plan for Canadian Storoge 
1 July 1970 through 31 July 1971, plus a copy of the Entities' agreement 
on this document 

Initial Filling of Mica Reservoir 

15 



Addendum to report "Initial Filling of Mica Reservoir" 

Columbia River Treaty Hydrometeorological System Treaty Facilities, 
Recommendation No . 7 

Columbia River Treaty Hydrometeorological Supporting Facilities. 

Subsequent to the end of this report year the Board received the fallowing 

documents and reports from the Entities: 

Agreement on Columbia River Treaty Hydrometeorological System Treaty 
Facilities, Recommendation No.7 

Detailed Operating Plan for Columbia River Treaty Storage 1 July 1971 
through 31 July 1972, plus a copy of the Entities' agreement on this 
document 

Report on Operation of Columbia River Treaty Projects 1 August 1970 
through 31 July 1971 

Report of Columbia River Treaty Canadian and United States Entities for 
the period 1 October 1970 to 30 September 1971. 

During the report year arrangements were made for additional storage in the 

Arrow and Whatshan reservoirs . Copies of letters pertaining to thi s storage were 

provided to the Board by the Canadian Entity. The operation of this additional 

storage is discussed on page 35. 

16 



Report to Governments 

The six th Annual Report of th e Boord was submitted to the two governments on 

31 Decem ber 1970 . 

MICA PROJECT 

Chute spi IIwoy with 
contro l structure. 
Discharge is from 
diversion tunnel. 
October 1971 . 
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PROGRESS 

Genera l 

The resu lts achieved under the terms of the Treaty include progress on con­

struc t ion of the Treaty projects and on stud ies regard ing development of the 

hydrometeorologicol network, power and flood contro l operating pions, and the 

annua l calculat ion of downstream power benefits. Du ncan Dam was placed in 

operat ion on 31 July 1967. The Arrow project was declared operationa l on 10 

October 1968 and the dam was named the Hugh Keen leyside Dam on 9 June 1969. 

Bo th projects were comp leted we ll in advance of Treaty requirements and continued 

to produce power a nd flood contro l benefits duri ng th is report year . The Duncan 

and Hugh Keen leys ide Dams ore shown in the pictures on pages 13 and 3 and the 

locations of the Treaty projects on Plate 1 . 

Construction Progress of the Treaty Projects 

Mica Project 

Mica dam, the largest of the Trea ty projects, is schedu led by the Sa les Ag ree­

ment for initial ope ration on 1 April 1973. 

The general arrangement of structures for the Mica project is shown on Plate2. 

The ma in dam wi II have a near ly verti cal im pervious core supported between zones 

of coarser material. The two 45-foot diameter diversion tunnels are located in the 

left abu tment. Spi Ilway foc i li t ; es and control warks to provide regu lated disc ha rges 

fran storage ore be ing constructed in the left abutment and power fac i lities will 

be located underground in the righ t abutment. 
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MICA PROJECT 

Downstreom face of dam with chute spillway over diversion tunnel outlets. 

Columbia River, British Columbia 

September 1971. 



Construction of the dam is on schedule. At the end of the previous report 

year the main dam fi II was 430 feet above the bedrock foundation, placing concrete 

for the spillway structure was wel l advanced and excavation of the spillway chute 

and power intakes was nearly complete. By the endof thi s reportyearapproximately 

35,500, 000 cubi c ya rds or 83 percent of the toto I embankment had been placed . 

The main dam fi II is now 635 feet above the bedrack foundat ion and when complete 

will reach a total height of about 800 feet. The crest of the dam is being widened 

to 110 feet as a precaut ionary measure ta ensure safety of the structure against 

overtopping which might result if a landsl ide were to occur in the reservo ir area. 

Genera l progress of the main fi ll is shown on Plate3 and in the picture on page 19. 

MICA PROJECT Machines placing filion upstreom side af darn near left abutment. 
Moy 1971. 

20 



MICA PROJECT 

Flip bucket 
at bottom of 
spi IIway chute. 
August 1971. 

The sp illway is nearly comp lete and construct ion of the out le t works is wel l 

advanced. About ha lf of the concre te lining in the power intake tunnels has been 

placed and excavation of rock for the gate shafts is about 75 percent comp lete. 

The British Co lumbia Hydro and Power Authori ty has announced that generoting 

facilitieswill beinstolled atMica and thotthe unde rground powerhouse wi II provide 

space for six units with a total capac ity of 2,610,000 kw . The first two 435,000 

kw generators a re scheduled for se rvice in 1976. 

The proiect area is shown on Plate 4. Clearing operations in the reservoir are 

continui ng. 
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libby Project in the United States 

Libby dam is the fourth and lost of the Treaty proiects to be placed under 

construction. Initial phases, including highway and railroad re locat ions, were 

commenced in June 1966. In accordance with Artic le XII of the Treaty the dam 

is to be operationa I by 30 June 1973. 

Thegeneral arrangement of the structu res is shown a n Plate 5, and the reservoir 

area and the required highway and railroad relocations are depicted on Plate 6. 

The concrete gravity dam will be capab le of storing water up to elevation 2459 

feet, and the reservoir, with a toto I length of 90 mi les, wi II extend some 42 mi les 

into British Columbia. Procurement and preparat ion of the land requ ired for the 

portion of the reservoir in Canada is, in accordance with the terms of the Treaty, 

the obl igation of the Canadian Government. By subsequent agreement between 

Canada and the Province of British Co lumbia on 8 J uly 1963, British Columbia 

undertook responsib i lity for these flowage costs in Canada. 

Overa II proiect construction is 65 percen t comp lete or about 6 percent behi nd 

schedule. Work necessary to fu lfill the requirements of the Treaty, however, is 

on schedule and ful l operation of storage is schedu led by 30 June 1973. 

The dam is 91 percent comp lete and is on schedu le . Construction progress is 

shown in the picture on page 32 . The river is di verted through the three temporary 

sluices and concrete placement is progress ing on low monol ith 33. The last of the 

three temporary sluices will be c losed between 1 March and 25 Apri l 1972 and the 

initial poo l fill ing to the sp illway cres t e levation 2405 will beg in. 
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LIBBY PROJECT Kootenai Ri ver, IVIontano 

The <bn from upstrem1 showing moss concrete nearing comp letion and selective withdrtlWal system under cOfUtruction. 
September 1971 . 



A controct was awarded in February 1971 for construction of a se lecti ve with-

drawa l structure which will make it possible to draw water for the turbines from 

various leve ls in the reservoir in order to improve the qua lity ofwoter re lease. 

A contract to supp ly the initial four generators was awarded in July 1971 and 

completion is schedu led for Apri I 1976. 

The detour highway route from Eureka to libby on the west side of the reservo ir 

is scheduled to be open to traffic in November 1971 , The Burli ngton Northe rn 

Railroad relocation is complete and traffic was transferred to the new line in 

November 1970, 

lake clearing cont inued with all contracts awarded except the clearing con-

tract for the town of Rexford and miscellaneous cfeanup which is scheduled for 

award in October 1971. All clearing is scheduled to be complete prior to the 

partial pool raise to e levation 2405 by Apri I 1972. 

LIBBY PROJECT 

Construction of 
se lecti ve withdrawol 
system to permit 
release or wotef from 
various leve ls in the 
reservoir . 
September 1971 . 
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Libby Project in Canada 

About 3,720 acres of the 9,500 acres of pri vate property to be acqu i red by 

the Province of British Columbia have been purchased to dote. To ensure that 

clearing can be completed before the reservoir is fi lIed, expropriation proceedi ngs 

have been instituted in several cases and will be fo llowed in others as required. 

Clearing of 7,450 acres of land is complete and a further 1,650 acres remain to 

be cleared. 

The new Canadian Pacific rail c rossing of the Kootenay River north of the 

reservoir at Fort Steele and the relocation of track between Cranbrook and Fort 

Steele are complete and the old railway bridge at Wa rdner has been removed. 

The engineering study to eva luate track modifications between Fort Stee le and 

Wardner is naw finished and this work will be undertaken early in 1972. 

Of the 29.4 miles of new road necessitated by flooding, 16 miles are now 

comp le te and the remaining 13 . 4 mi les are under construction. The Wardner high­

way bridge shown in the picture on page 39 and the Canadian Pacific Rai lway 

overpass at Wardner are almost finished, Kikomun bridge piers are complete, and 

construction of the Gold Creek bridge substructure has begun. All four bridge 

projects are on schedu le. 

Mopping showing safelines for the reservoir perimeter has been produced for 

private and Crown land and is being used as a guide by the Province in its program 

of land acquisition. 
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LIBBY PROJECT 

Reservoir preporotion 
in Conodo. 
August 1971. 

Hydrometeorolog i cal Network 

One of the responsi bi I iti es assigned to the Entities by the Treaty is the establish-

ment and operation, in consultation with the Permanent Engineering Boord, of a 

hydrometeorological system to obtain data for detai led programming offlood control 

and power operation. This system includes snow courses, meteorological stations 

and streamflow gouges. 

In deve loping the hydrometeorological network the Entities, with the con-

currence of the Boord, odopted a document which defines the Co lumbia River 

Treaty Hydrometeorological System Network and sets forth 0 method of class ifying 

fac ilities into those required as part of the Treaty System and those of va lue as 

Supporting Facilities. The Columbia River Treaty Hydrameteorological Committee, 

formed by the Entities, makes recommendations on establishing the Treaty Hydro-

meteorological System. 
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In the preceding report year the Entiti es, with the concurrence of the Boord , 

adopted Recommendation No.6 whi ch out lines on inte ri m plan for exchange of 

hydrometeorological data. In thi s report year the Entities adv ised the Boord that 

they had agreed that this interim plan shou ld rema in in effect until a revised 

interim pion was comp leted. The Boord is considering this extension. 

During the re port year the Entities, with the concurrence of the Boord, 

adopted Hydrometeoro logical Recommendation No.7 which provides a conso lidated 

li sting of a ll Treaty Fac ili ties . The Entities also provided the Boord with a similar 

listing of Supporting Foci lities. 

Power Operati ng Plans 

The Trea ty and related documents provide that before any of the Canadian 

storage becomes operati ve the Entities will agree on operating plans and down­

stream power benefits for each year until the toto I of 15,500,000 acre-feet of 

storage in Canada becomes operative. In addition, based on the terms of the 

Treaty, the Entities ore to agree annua ll y on opera ting plans and on the resu lting 

downstream power benefits fo r the six th succeeding yea r of operation. 

In the preceding re port year the Entiti es agreed on hydroelectric operat ing 

plans for Canadian storage fo r the operating year 1975-76 . The operating plan, 

whic h was reviewed by the Boord earl y in this report year , did not deport sub­

stantially from the plan for the operating year 1974-75. Comp letion of the 

operating plan for operati ng year 1976-77 has been delayed due to the comp lex ity 

of including, for the first time, generation at the Mica project. 
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Early in this report year the Entities provided the Board with a detailed 

operating plan for Canadian storage for the operating year ending 31 July 1971. 

A detai led operati ng plan for the operati ng yeor endi ng 31 Ju Iy 1972 was forwarded 

to the Boord shortly after the end of the report year. 

Annua l Calculation of Downstreom Benefits 

The general requirements for determination of assured operat ing plans and 

downstream power benefits are summarized in the first paragraph of the preceding 

section. 

Early in this report year the Entities provided the Boord with a copy of their 

agreed document outlining downstream power benefits resulting from Canadian 

storage for the operating year 1975-76. The Boord has comp leted its review of 

this document and concludes that it meets the requirements of the Treaty . The 

calculation of downstream power benefits for the operat ing year 1976-77 is based 

on the studies required to develop the operating plan and has also been delayed 

due to including generation at Mica. 
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LIBBY DAM 

Powerhouse excavotion, 
spil lway stilling basin 
and discharge. from 
temporary sluIces. 
September 1971. 

Flood Control Operoting Plans 

The Treaty provides that Canadian storoge reservoirs wi ll be operated by the 

Conadian Entity in accordance with opera ting plans designed to minim ize flood 

damage in the United States and Canada. 

In the 1968-69 report year the Entities reached agreement on an interim flood 

control plan for the Duncan and Arrow reservoirs which wi ll govern flood con trol 

operations until the next pro jec t under the Treaty becomes opera ti ona l. The 

Entiti es prov ided the Boord with a copy of the interim plan at that time . 

In thi s report year the Entiti es continued to study the effects of discharges 

from the Duncan and libby proiects on the existing Internationa l Joint Comm iss ion 

Order for regulation of Kootenay lake. 

29 



Flow Records 

Article XV(2)(a) of the Treaty specified that the Permanent Engineering Boord 

shall assemble records of flows of the Columbia and Kootenay Rivers at the Canada­

United States of America boundary. Actual recorded flows for the Kootenai Rive r 

at Porthill, Idaho, and for the Columbia River at Birchbank, British Columbia, 

(see Plate 1) are tabulated in Appendix C for this report year . 

REXfORD, MONTANA 

Re located farther east, 
aut of the 
libby reservoir area. 
September 1971. 
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OPERATION 

General 

The Columbia River Treaty Operating Committee was established by the 

Entities to develop operating plans for the Treaty storages and to d irect operation 

of these storages in accordance with the terms of the Entity agreements. 

During the report year the Treaty storage in Canoda was operated by the 

Canadian Entity in accordance with the "Interim Flood Control Operating Pion 

for Duncan and Arrow Reservoirs" I the "Detai led Operating Pion for Canadian 

Storage 1 July 1970 through 31 July 1971" and the" Detoi led Operating Plan for 

Canadian Storage 1 July 1971 through 31 Ju Iy 1972 11
• Operations were in accordance 

with committee directives normal ly issued on a week ly basis. 

Power Operation 

Both the Duncan and Arrow reservoi rs were fu Ily operational duri ng the report 

year and provided reservoir storage to supplement natural streamflow dur ing the 

storage draft season. Both reservoirs filled completely during the 1971 freshet in 

a manner cons istent with flood control and hydroelectric requirements. An agree­

ment to use extra storage from the Arrow reservoir at the end of the storage draft 

season was not im plemented, but an additional two feet of water was stored above 

normal full reservoir level as described in the following section . 
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MICA PROJECT 

Power intakes. 
May 1971. 

Operation of the two reservo irs is illustra ted on page 33 by hydrographs which 

show actual reservoir levels and some of the more important rule curves which 

govern ope ration of the Trea ty storag e . The Flood Control Storage Reservation 

c urve spec ifies maximum month-end reservoi r leve ls which will permit evacuation 

of the reservoir to control the forecasted freshet. The Critical Ru le Curve shows 

minimum month-end reservoir levels which should be maintained to enable the 

anti c ipated power demands to be met under adverse wa ter supp ly condit ions . The 

Variable Re fill Curve shows reservoir e levations necessary to e nsure refilling the 

reservoir by the end of Jul y with a reasonoble degree of confidence. Simi lor rule 

curves wh ich apply to operati on of the combined storages have also been provided 

to the Board. 
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In August and September of the preceding report year natural inflows were 

we ll below average and use of Treaty reservoir storage comme nced in August 1970. 

Continued low runoff resu lted in the Treaty storage being below critical rule curve 

unti I late January 1971 when generally high stream flows decreased the need to 

release storoge. 

The Duncan rese rvo i r . provi ded about 1.28 million acre-feet of reservo ir 

storage . Most of this sto rage was drafted between 13 September 1970 and 19 January 

1971 in a manner that contributed to good wa ter usage at downstream plants in 

Canada and in the United States. The remainder was drafted during the latter port 

o f February to provide required flood control storage space and, due to generally 

high inflows at the time, was spilled post the Kootenay River plants. Outflows were 

limited by agreement to a maximum of 1O,000cfs. The reservoir filledto elevat.ion 

1892 feet on 30 Ju Iy 1971 and remained fu II unti I the end of the report yea r. 

Release of storage from the Arrow reservo ir, which began in August 1970, 

cont inued until the middle of January when stream flows throughout the basin 

increased to above normal leve ls and system demand could be met without the use 

of Treaty storage. The remaining storage was released during March and when 

the reservo ir reached its normal minimum level of1377feet a total of 7.25 million 

acre-feet of stored water hod been provided. Controlled storing for fl ood contro l 

in the lower Columbia River commenced on 14 May 1971 and continued through 

May and June . The rese rvoir reached normal full pool elevation 1444 on 22 July 

and, by special agreement outside the Treaty for two feet af additional storag e 
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space, it reached e levation 1446 on 29 July. On 22 September draft ing of this 

extra storage commenced and at the end of the report year the reservoir wos at 

elevation 1443.75, slightly below nonnal full pool. 

Additional Storage on Arrow Reservoir 

By agreement between British Co lumbia Hydro and Power Authori ty and 

Bonnev ille Power Administration, two feet of storage was provided on Arrow 

reservo ir during the period Jul y through September 1971 in additi on to the storage 

which Canada is required to suppl y under the terms of the Treo ty . Operotion of 

this storage obove the normo l full rese rvoir elevation of 1444 feet is illustrated in 

the hydragroph on page 33. This agreement also provided for the release of wate r 

from the Whotshan reservoir. A separate agreement ou tside the Treaty to draft 

three feet of additional storage below nonnal minimum leve l of the Arrow reservoi r 

was not impleme nted because above-normal runoff was experienced in the latte r 

part of the storage release season. 

Under Article IV(5) of the Treaty the Board has a respons ibil ity to ensure that 

operation ofadditionalstoroge does not reduce the flood control and hydroelectric 

bene fits obtainable from operation of the Treaty sto rag e . The Entities informed 

the Board of the arrangements fo r provision of add i ti ona I storage a nd of thei r agr~­

ment that its operation wou ld not confli ct with any of the a rrangemen ts made in 

connec tion with the Treaty. The Boord concurs with the Entities in thi s matter. 
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Flood Control Operation 

The Entities agreed to operate Treaty sto rage for flood contro l during the 1971 

freshet in accordance wi th the objectives of the document "Inte rim Flood Contro l 

Operating Plan for Duncan and Arrow Reservo irs". Both reservoirs were opera ted 

in accordance with these procedures. Benefits from flood control operation ore 

described on page 37 . 

lISBY PROJECT 

Reservoir clearing 
in Mon tano. 
September 1971 . 
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BENEFITS 

Flood Control Payment 

As described in previous reports, full payment has been made to Canada for 

a II flood control benefi ts provided by the Arrow and Duncan reservoirs under Arti c Ie 

IV(2)(o) for the period covered by the Treaty and for early completion of the two 

projects. 

Flood Control Provided 

The effect of storoge in the Duncan and Arrow reservoirs on flows ot the sites 

and on flows of the Columbia River at Birchbank is illustrated on page 38 by hydro­

graphs whi ch show actual discharges and pre-project flows that wou Id have occurred 

if the dams had not been built. It is noted that the pre-project hydrograph for 

Birchbank has been computed on the assumption that the effects of Duncan and 

Arrow regulation and of the regulation provided by storage on Kootenay Lake have 

been rem oved. 

It is estimated that the Duncan project reduced the peak stage by about 1 .3 

feet on Kootenay Lake and that the Arrow and Duncan projects reduced the peak 

stage of the Columbia River at Trail, British Columbia by about 7 feet. 

The operation of Columbia Basin reservoirs for the system as a whole reduced 

the peak discharge of the Columbia River near The Dalles, Oregon by approximately 
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184,000 cfs to 557,000 cfs . The correspondi ng reduction in peak stage at Vancouver, 

Washing ton amounted to almost five feet. The Arrow ond Duncan projects con-

tributed about 27 percent of the total effective storage in the Columbia reservoir 

system during the periad of contra I of the lower Columbio River. 

Power Benefi ts 

Downstream power benefits which arise from operation of the Conadian Treaty 

Storage were pre-determined and the Canadian share was sold in the United Stotes 

under the terms of the Canadian Entitlement Purchase Agreement for a 30-year 

period. No additional downstream power benefits were realized during the year 

from the operation of Treaty storage . The British Columbia Hydro and Power 

Authority, however, received payment for the additional two feet of storage 

provided in the Arraw reservoi r, for the re lease of water from the VVhatshan reservoi r , 

and for their agreement to provide three feet af addi tional storage in Arrow reservo ir 

below normal minimum reservoir level. 

WARDNER BR IDGE 

urtder construction 
f~ relocoted highwoy 
in British Columbio, 
Libby Project. 
August 1971. 
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CONC LUSIONS 

1. The Duncan and Hugh Keen leyside dams ore complete . The Mica and 

Li bby projects are proceeding on schedu le. 

2 . Entity studies pertaining to development of the hydrometeorological 

network, power and flood contro l operat ing plans, and the onnuo l 

co/cu lotion of downstream power benefits ore proceedi n9 satisfoctori Iy. 

3 . The Duncan and Arrow projects hove been operated in conform ity with 

the provisions of the Treaty, the detailed operating pions deve loped by 

the Entities, and the interim flood control operating plan for Duncan 

a nd Arrow reservoirs. 

4. The operation of additional storage did not adversely affect the benefits 

obtainable from operation of the Treaty storage. 

5 . Finally, the Board conc ludes that the objectives of the Treaty are being 

met. 
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APPENDIX A 

COLUMBIA RIVER TREATY PERMANENT ENGINEERING BOARD 

United States 

Members 

Mr. Joseph M. Coldwell, (ho;""on (1) 
Chief, Engineering Division, 
Civ i I Works Directorate, 
Office, Chief of Engineers, 
U. S. A""y, 
Washington, D.C. 

Mr. John W. Neuberger 
Deputy Assistant Secretory, 
Water and Power Resources, 
Department of the Interior , 
Washington, D.C. 

Mr. Fred L. Thrall 
Chief I Water Conservation and 

Use Bronch, 
Civ; I Works Directorate, 
Office, Chief of Engineers, 
U.S. Anny, 
Wash ington, D.C. 

Mr. J. Emerson Harper 
Assistant and Power Engineering 

Advisor, 
Office of the Assistant Secretory 

Alternates 

for Woter and Power Development I 
Deportment of the Interior I 
Washington , D.C. 

Mr . Verl e Farrow 
Chief I 
Hydrology and Hydraulics Bronch, 
Civ; I Works Directora te, 
Office, Chief of Engineers, 
U.S. Army, 
Wash ington, D. C. 

Secretar ies 

Canada 

Mr . G.M. MacNabb, Chairman 
Assistant Deputy Minister, 
Energy Development, 
Deportment of Energy, Mines ond 

Resources, 
Ottowa, Ontario 

Mr. A.F. Paget 
Consulting Engineer, 
Victoria, B.C. 

Mr. E. M. Clark 
Regional Engineer, 
Engineering Division, 
Water Planning&Operations Branch, 
Deportment of the Environment, 
Vancouver, B.C. 

Mr. H.M. Hunt 
Chief, Power and Major Licences 

Divi sio n, 
Water Resources Servi ce, 
Deportm en t of lands, Forests, ond 

Woter Resources, 
Victoria, B.C. 

Mr. E.M. Clark 
Regional Engineer, 
Engineering Div ision, 
Water Plonning&Operations Bronch, 
Deportment of the Environment, 
Vancouver, B. C . 

(1) Vice Mr . Wendell E. Johnson as of 21 Apr il 1971. 
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APPENDIX B 

COLUMBIA RIVER TREATY ENTITIES 

Un ited Stotes 

Mr. H.R. Richmond , Chairman 

Administrator I Bonnevi lie 
Power Administration, 

Departm ent of the Interior, 
Portland, O regon 

Brigadier General K. T. Sawyer (1) 

Division Engineer, North 
Pacific Di vision, 

Corps of Eng i neers, 
U.S. Anny, 
Port land, Oregon 

Canado 

Th e Honourab le R.G . Will iston, Chairman 

Minister of Lands, Forests and Water 
Resources, 

Vic toria, B.C. 

(1) V ice Brigadier Genera l Roy S. Kel ley as of 6 September 1971. 
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APPEND IX C 

RECORD OF FLOWS 

AT THE 

INTERNATI ONAL BOUNDARY 
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Oct. Nov. 0." Jon. Feb. Mar. Apr. Moy June July A"", Sept . 

1 49,400 49,900 33, 100 40, "'" 36,700 31,800 27,300 73,700 176,000 164,000 155,000 71,700 
2 50, "'" 53,400 28,700 42,600 41,100 29,100 22,000 81,300 181,000 162,000 154,000 77,100 
3 49,000 52,400 39,000 47,400 43,800 29,800 20,300 89, "'" 165,000 159,000 155,000 70,400 
4 48,000 5 1,400 48,800 56,300 36,600 29,30(} 20,400 93,100 185,000 1.56,000 157,000 SO,700 
5 46,300 51,300 51,100 56,600 30,700 29,200 21,100 98,200 185,COO 153,000 152,000 36,700 

6 44,600 50,000 50,000 55,800 29,600 29,400 22,100 104,000 185,000 151,000 139 ,000 41,600 
7 43,300 50,600 45,700 51,000 29,800 32,300 23,200 110,000 185,000 1-46,000 140,000 53,000 
8 42,700 50,300 42,500 44,500 27,500 37,900 29,100 117,000 187,000 138,COO 142,000 58,800 
9 44,100 48,900 42,900 53,COO 23,200 38,200 30,200 125,COO 186,000 132,000 145,000 64,800 

10 42,600 42,500 43,100 63,300 23,600 38,700 32,400 131,000 185,000 123,000 141,000 58,600 

II 45,700 40,600 43,700 61,600 26,500 40, "'" 32,700 138,000 183,000 121,000 136,COO 50,200 
12 50,900 43,400 43,400 61,000 32,600 42,100 34,100 1-46,000 181 ,COO 119,000 127,000 50,600 
13 51,300 49,700 46, "'" 59,400 36,100 41,900 34,300 158,COO 181 ,COO 118,000 123,000 55,200 
14 53,200 49,100 55,000 60,700 35,900 44,000 32,300 164,000 182,000 116,000 117,000 56,600 
15 52,200 48,600 54,800 60,400 36, "'" -46,700 32,400 163,000 182,000 116,000 111,000 53,700 

16 49,000 49,300 55,800 6 1,300 36, "'" 46, "'" 33,400 159,000 190,000 116,000 107,000 44,300 
17 50,500 50,700 53,000 .56,100 36,300 44,900 33,500 154,000 192,000 115,000 96,400 37,500 
18 45,500 51,500 53,200 45,800 36,000 40,100 33,400 lSO,ooo 189,000 115,000 84,300 32,800 
19 43,400 47,200 54,800 31,700 37,000 35,200 34,300 148,000 186,000 114,000 84,300 31,100 
20 43,800 42,600 53,900 19,300 38,400 33,400 35,500 146,000 184,000 119,000 83,400 32,700 

2i 44,800 43,000 54,SOO 21,500 38, 100 32,700 36,400 141,000 180,000 129,000 77,300 32,700 
22 44,900 43,100 53,900 24,500 37,COO 29,900 35,000 136, ()()() 181,000 137,000 84,300 41,400 
23 45,100 45,300 51,400 29,800 34,400 26,300 37,900 134,000 186,000 148,000 95,000 48,800 
24 49,300 40,700 48,600 29,600 34,600 26,000 40,000 134,000 186,000 159,000 89, "'" 49,200 
25 47,900 38,600 39,400 32,500 35,000 25,400 38,900 140,000 188,000 164,000 74,300 47,400 

26 36,700 38,300 39 ,500 31,600 32,500 23,200 29,800 154,000 188,COO 162,000 73,100 48,000 
27 35,900 41,700 42,200 24,800 28,200 25,100 45,800 162,000 185,000 155,000 70,500 52,400 
28 33,800 48,500 41,500 21,500 30,500 27,400 48,000 165,000 184,000 148,000 70,600 52,800 
29 34,000 50,900 43,900 23,100 28,700 52,400 165,000 177,000 145,000 69,000 51,100 
30 34,700 47,100 44,900 27,900 31,000 59,500 169,000 167,000 148,000 69,300 52,900 
31 45,400 41,800 36,200 30,800 173,000 159,000 73,500 

Mean 45,100 47,000 46,500 42,900 33,700 33,800 33,600 136,000 184,000 139,000 110,000 50,200 

COLUMBIA RIVER AT SIRCHBANK, S.c. - Daily di~charges for the year ending 30 September 1971 in cubic feet per ~econd. 



Oct. .100, Feb, Ap<, Moy July A"" Sopl. 

I 5,2-40 4,990 3,590 4,130 18,400 6,070 6,760 31,000 84,500 39,200 19,000 8,480 
2 5,450 4,930 3,620 3,700 19,000 5,760 6,610 33,500 81,200 38, m 19,400 8,000 
3 5,450 4,890 3,830 3,440 18,800 5,520 6,500 38,1'00 76,400 37,900 15,100 9,160 
4 5,300 4,810 3,740 3,150 15,000 5,730 6,500 47,500 73,500 37,000 17,500 9,340 
5 5,750 4,820 3,670 2,950 13,000 5,540 6,600 57,600 73,200 35,500 18,100 9, 130 

6 5,670 4,730 3,000 2,no 10 ,600 5,420 6,990 63,800 75,700 33,400 19,200 8,790 
7 5,520 4,700 4,760 2,870 9, 140 5,290 7,no 66,500 n,700 31,800 17,900 9,220 
8 5,660 4,610 5,730 3,090 8,270 5,180 9,720 67,700 79,600 30,200 17,200 7,800 
9 5,900 5,000 5, 420 3,360 7,490 5,140 11,500 69,700 77,900 27,900 16,600 7,830 

10 5,820 5,290 5,100 3,650 7,750 5,160 \4,900 72,800 77,400 27,000 15,900 8,330 

" 5,750 5,140 5,000 3,740 7,950 5,340 16,900 75, 100 72,700 29,000 15,200 8,180 
12 5,790 5,040 4,610 3,360 8,350 5,600 16,200 78,100 64,400 33,m 14,500 7,780 
13 5,790 4,980 3,930 3,040 9,530 5,860 14,700 85,000 60,500 35,200 13,800 7,620 
14 5,720 4,860 3,1'00 3,200 8,750 5,930 13,600 98,100 60, m 33,300 13,100 7,430 
IS 5,530 4,840 4,200 3,410 9,320 5,600 13,300 88,000 60,500 30,600 12,700 7,490 

16 5,360 4,720 4,410 3,650 10,300 5,450 14,000 81,900 58,900 29,800 12,200 7, m 
17 5,250 4,870 4,570 4,030 10,400 5,430 14,700 69,000 53,900 3O,m 11,700 6,890 
18 5,280 5,000 4,530 4,300 9,940 5,260 14,600 58,900 49,100 31,700 11,000 6,620 
19 5,170 5,140 4,360 5,090 9,260 5,140 13,900 51,200 46,000 32,500 10,500 6,400 
20 5,140 5,510 4,330 6,410 8,580 5,050 14,000 45,800 44,700 31,8)() 10,000 6,480 

21 5,010 5,450 3,840 7,430 8,020 5,090 15,600 42,500 45,100 32,000 9,600 6,210 
22 5,230 5,400 3,560 7,330 7,550 5,010 19,600 40,600 49,000 32,500 9,240 6,040 
23 5,240 4,180 3,290 7,340 7,220 4,950 23,m 41,000 53,100 32,200 9,080 5,980 
24 5,360 3,740 2,930 7,070 6,860 4,810 28,900 44,900 57,100 31,500 9,000 5,860 
2S 5,720 3,870 2,980 7,040 6,850 4,910 32,900 52,100 61,900 30,200 9,160 5,690 

26 5,530 3,990 3,050 6,850 6,740 5,230 36,900 60,200 62,900 29,200 9,090 5,550 
27 5,400 3,960 3,230 6,590 6,510 5,640 37,700 71,0Cl0 58,900 27,800 8,660 5,660 
28 5,230 3,700 3,610 6,450 6,320 5,790 36,m 79,700 53,700 23,400 8,330 5,740 
29 5,100 3,540 3,790 6,520 5,700 34,400 66,400 47,600 22 , 100 8,080 5,840 
30 5,050 3,570 4,040 7,m 5,930 32,600 90,200 42,200 21,700 7,920 6, 140 
31 4,960 4,330 11,700 6,500 88,m 20,1'00 8, 11 0 

M~o 5,430 4,680 4,060 5,000 9,800 5,450 17,600 63,600 62,600 30,900 12,800 7,230 

KOOTENAI RIVER AT PORTHill, IDAHO - Doily discharges for the yeor ending 30 September 1971 in cubic feet per second. 
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