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Executive SummaI)' 

Entity Agreements 

Agreements approved by the Entities durina the period of this report include: 

System Operation 

Detailed Operating Plan for Columbia River Treaty Storage, 
1 August 1991 through 31 July 1992, dated November 1991. 

Principles and Procedures for the Preparation aDd Use of Hydroelearic 
Operatio& Plans for Canadian SlOraae. dated December 1991. 

The Assured Operating Plan, and Determination of Downstream Power Benefits 
(or Operating Year 1996-97, dated February 1992. 

Entily Agreements 00 Aspects of the Canadian Entitlement Return (or April I, 
1988 through March 31, 2003, executed 28 July 1992. 

The coordinated system filled to 99.6 percent of storage capacity by 31 July 1991. Ju a result. first 

year finn energy load carrying capability (FELCC) was adopted for the 1991-92 operating year. From 

September through December the system proportionally drafted to meet FELCC. 

The 1 Janual)' water supply forecast for the Columbia River at The Dalles was 92.6 MAF, or 

87 percent of average. This forecast indicated that serondary energy would be available. However, the 

Federal System was operated conservatively to ensure that about 3 MAP above the energy content curve 

(ECC) would be provided for the 1992 juvenile fISh now augmentation. Energy was purchased to keep the 

reservoirs (Grand Coulee and Arrow) above ECC. The spring remained dry and forecasted runoO' 

continued to drop. The actual observed runoff was 70.4 MAF, or 66 percent of average and the eighth 

lowest since 1929. 
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The peak daily average now observed at The Dalles was 232,300 cfs. The lower Columbia River was 

regulated i.n May and June to meet requests for fisb flows delivering the Water Budget and Flow 

Augmentation volumes. The observed coordinated system storage content reached 76.1 percent of capacity 

on 31 July 1992 However, the energy content reacbed i.n the Actual Energy Regulation (AER) for FIrm 

Energy Load Canying Capability (FELCC) adoption was only 67.7 percent of full, and this value was used 

to determine Hrm Energy Load Carrying Capabilicy (FELCC) adoption (or the 1992-93 operating year. 

Because the AER reached only 67.7 percent full, third year FELCC was adopted (or tbe 1992-93 operating 

year. From 1 August 1991 through 31 Marcb 1992 geoeration at downstream projects i.n tbe United 

States, delivered under the Canadian Entitlement Exchange Agreement. was approximately 318 average 

megawatts at rates up to 932 megawatts. From 1 April tbrough 31 July 1992 the delivery was 30S average 

megawatts, at rates up to 844 megawatts. All CSPE power was used to meet Pacific Nonhwest loads. 

Treaty Project OperatioD 

The Treaty projects were operated throughout tbe year i.n accordance with the 1991-92 Detailed 

Operating Plan and tbe Flood Control Operating Plan. 

Mica treaty storage reached full content on 3 August 1991 when tbe reservoir elevation was 

2473.16 (eet. By 1 October.the reservoir level had dropped to 2467.7 feet. The reservoir reached its 

lowest level, 2389.7 feet on 23 April 1992 Mica's maximum treaty storage content of 99.6% full 

(6.97 MAF) was reached on 21 August 1992. The maximum level (or the operati.ng year, 2451.8 (eet, was 

reached on 7 August This is 23 feet below full pool. 
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During the 1991 operating year, Arrow reacbed Its maximum level of 1444.2 feet on 30 September 

1991. The reservoir dralled throughout autumn and winter, reaching a minimum elevation of 1407.4 feet 

on 17 Marcb. The maximum level in 1992 was elevation 1426.3 feet on 14 May. The reservoir tben 

drafted to elevation 1407.2 feet. on 28 June. After that date the releases were reduced for tbe purpose of 

increasing storage in the reservoir. However from mid-July through August a slow draft oontinued even 

though Mica releases were at near power bouse capaacy. After ubor Day (7 September), Mica discbaraes 

were reduced to start oorrecting the overrun of Treacy Wlter into Arrow. 

Duncan reservoir completely filled during the 1991 operating year and surcharged to e&cYation 1892.7 

feet on 10 August; it was back at full pool by 13 August. During October the project drafted to elevation 

1880.3 feel by 29 October. Drawdown recommenced on 14 December 10 meet the 31 December flood 

oontrol elevation of 1868.8 feel. Duncan reacbed its lowest level during the operating year, 1800.2 feet, on 

10 April 1992. The reservoir reached its peak elevation of 1856.1 feet on 11 July. This is 36 feet below 

full, and the lowest~er peak level in the bisto ry of tbe Duncan project. On July 18 the project began 

drafting again and reached elevation 1832.6 feel on 31 August; this was the result of a transfer of water 

from Duncan to Ubby. 

During the 1991 operating year, Ubby reached full pool of 2459.0 feet on 7 July 1991. The reservoir 

began being drawn down on 3 September, and by 31 December it bad reached elevation 2369.2 feet. A 

minimum level of 2362.2 feet was reached on 14 March. The reservoir reached its highest elevation of 

2439.9 feet on 10 August; nearly 20 feet below full. The project then drafted to elevation 2934.5 feel by 9 

September 1992. 
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I Introduction 

This annual Columbia River Treaty Entity Report is for the 1992 Water Year, 1 October 1991 

tbrough 30 September 1992 It includes information on the operation of Mica. Arrow, Duncan. and Ubby 

reservoirs during that period with additional information OOYering the reservoir system operating year, 

1 August 1991 through 31 July 1992 The power and Oood roouot effects downstream in Canada and tbe 

United Stales are described. This report is the lWenty·sixth of I series of annual reports covering tbe 

period since the ratification of the Columbia River Treaty in September 1964. 

Duncan. Arrow, and Mica reservoirs in Canada and Ubby reservoir in the United States of America 

were constructed under the provisiOns of the Columbia River Treaty of January 1961. Treaty storage in 

Canada is required to be operated Cor tbe purposes of flood control and increasing hydroelectric power 

generation in Canada and the United States of America. 10 1964. the Canadian and the United States 

governments each designated an Entity to formulate and carry out the operating amngements necessary to 

implement the Treaty. The canadian Entity is the British Columbia Hydro and Power Authority (B.C. 

Hydro). The United States Entity is the Administrator or the Bonneville Power Administration (BPA) 

and the Division Engineer or the North Pacific Division, Army Corps or Engineers (ACE). 

The (ollowing is a summary or key reatures of the Treaty and related documents: 

1. canada is to provide ISS million acre-feel (mat) of usable storage. (This bas been accomplished 
with 7.0 maf in Mica, 7.1 maf in Arrow and 1.4 maf in Duncan.) 

2 For the purpose of computing downstream benefits tbe U.S. hydroelectric facilities will be 
operated in a manner that makes the most effective use of the improved streamOow resulting from 
operation of the canadian storage. 

3. The U.S. and canada are to share equally the additional power generated in the U.S. resulting 
from operation of the canadian sto~ge. 

4. The U.S. paid canada a lump sum of the $64.4 million (U.S.) for expected 0000 control benefits 
in the U.S. resulting from operation of the Canadian storage. 

1 



5. 1be U.S. bas the option of requesting the evacuation of additional flood mnttol space above that 
specified in the Treaty, for a payment of $1 .875 million (U.S.) for eacb of the first four requests for tbis 
·on-caW storage. 

6. The U.S. mnstructed Ubby Dam with a reservoir that extends 42 miles into Canada and for which 
Canada made the land available. 

7. Both Canada and the Uoited States have tbe right to make diversions of water for oonsumptive 
uses and, in addition, after September 1984 Canada bas the option of making for power purpoICS specific 
diversions of the Kootenay River into the headwaters of tbe Columbia River. 

8. Differences arising under the Treaty whlcb cannot be resolved by the two oountries may be 
referred to either the International Joint Commission (UC) or to arbitration by an appropriate tribunal. 

9. The Treaty shaD remain in force for at least 60 years from its date of ratification, 
16 September 1964. 

10. In the Canadian Entitlement Purchase Agreement of 13 August 1964, Canada sold its entitlement 
to downstream power benefits to the United States for 3O-years beginning at Duncan on 
1 April 1968, at Arrow on 1 April 1969. and at Mica on I April 1973. 

11. Canada and the U.S. are each to appoint Entities to implement Treaty provisions and are to 
jointly appoint a Pennanent Engineering Board (PEB) to review and report on operations under tbe 
n~~. . 
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II Treaty Organization 

Entities 

There was onc meeting of tbe Columbia River Treaty Entities (inc1udinllbe Canadian Entity 

Representative and U.S. Coordinators) during the year on the morning of 3 December 1991 in 

Portland., Oregon. The members of the two Entities at the eud of the period ot this repon were: 

UNITED ST A 1llS ENTITY 

Mr. Randall W. Hardy, Chairman 
Admlnistrator, Bonneville Power 
Administration 
Department of Energy 
Portland, Oregon . 

Major General Ernest J. Harrell 
DivisioD Engineer 
North Pacific Division 
Army Corps of Eogineers 
Portland, Oregon 

CANADIAN ENTITY 

Mr. J. Norman Olsen, Chairman 
CbaIrman, Brillsb Columbia 
Hydro aDd Power 
Vancouver, D.C. 

Mr. Hardy was appointed to succeed Mr. Jack Robenson on 22 November 1991. Me. Olsen slKCCCded 

Mr. Bob Wyman effective 2S June 1992. 

The Entities have appointed Coordinators and a Representative and two joint staDdiog committees to 

assist in Treaty implementation activities. These are described in sUbsequent paragraphs. The primary 

duties and responsibilities of the Entities as Specified in the Treaty and related documents are: 

I. Plan and exchange information relating to facilities used to obtain the benefits oontemplated by the 
Treaty. 

2 Calculate and arrange for delivery of hydroelectric power to wbich Canada is entitJcd and the 
amounts payable to the U.S. for standby transmission services. 

3. Operate a bydrometcorological ~tem. 

4. Assist and cooperate with the Pennanent Engineering Board in the discharge of its functions. 

S. Prepare hydroelectric and Oood oontrol operating plans for the use of Canadian storage. 
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6. Prepare and implement detailed operating plans that may produce results more advantageous to 
botb countries than tbose that would arise from operation under assured operating plans. 

7. The Treaty provides tbat the two governments may, by an ~nge of notes, empower or charge 
the Entities with any other matter coming within tbe scope of the Treaty. 

Entity Coordinators and Representative 

The Entities bave appointed members of their respective staffs to serve as coordinators or focal points 

on Treaty matters within their organizations. 

The members are: 

UNITED STATES ENTITY COORDINATORS 

Edward W. Sienkiewicz, Coordinator 
Senior Assl. Administrator for Power 
Management, Bonneville Power 
Administration, Portland, Oregon 

Robert P. Aanagan, Coordinator 
Director, Planning and Engineering 
North Pacific Division 
Army Corps of Engineers 
Portland, Oregon 

Pamela A Kingsbury, Secretary 
Energy Resource Specialist, Hydro Canadian 
Section 
Division of Power Resources 
Bonneville Power Administration 
Portland, Oregon 
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CANADIAN ENTITY REPRESENTATIVE 

Douglas R. Forrest, Manager 
Canadian Entity Services 
S.c. Power Exchange Corporation 
Vancouver, S.C 
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Columbia River Treaty Operating Committee 

The Operating Committee was established in September 1968 by the Entities and is responsible (or 

preparing and implementing operating plans as required by the Columbia River Treaty, making studies and 

otherwise assisting the Entities as needed. The Operating Committee consists of eight memben as 

(oUaws: 

UNITED STATES SEcnON 

Raben D. Griffin, BP A, Co-Chainnan 
Nicholas A. Dodge, ACE. Co-Chairman 
RusseU L. George, ACE 
Steven A Montfort. BPA 

. 
CANADIAN SEcnON 

TImothy 1. Newton, BCH, Chainnan 
Ralpb D. Legge, BCH 
Kenneth R. Spafford, BCH 
Gary H. Young, BCH 

Mr. MontCort was appointed to succeed John M. Hyde, effective 8 May 1992. 

There were six meetinp of the Operating Committee during the year. The dates, places and number 

of persons attending tbose meetings were: 

Dale 

13 November 1991 
15 January 1992 
19 March 1992 
19 May 1992 
16 July 1992 
9 September 1992 

Location 

Vancouver, S.c. 
Ponland, OR. 
Vancouver, B.C. 
Dworshak Dam, Idaho 
Vancouver, S.c. 
Vancouver. WA 

Attendees 

16 
18 
17 
17 
19 
15 

The Operating Committee coordinated the operation of the Treaty storage in accordance witb tbe 

current hydroelectric and nood control operating plans. This aspect of tbe Committee's work is described 

in following sections of this report which has been prepared by the Committee with the assistance of 

others. During the period covered by this report, the Operating Committee completed the 1991·92 

Detailed Operating Plan (DOP), and completed the 1996-97 Assured Operating Plan. 
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Columbia River Treaty Hydromereorological Committee 

The Hydrometeorological Committee was establisbed in September 1968 by the Entities and is 

responsible for planning and monitoring the operation of data (acilities in aa:ord with the Treaty and 

otherwise assisting the Entities as needed. The Commiuee consists of four members u follows: 

UNITED STATES SECTION 

Bruce E. MacKay, SPA Co-Chairman 

Douglas D. Speers, ACE., Co-Chairman 

CANADIAN SECTION 

William Chin. BCH, Cbairman 

Brian H. Fast, BCH, Member 

Mr. MacKay was appointed to succeed Mr. Ricbard Watt on 8 May 1992. There was one meeting 

of the Hydrometeorological Committee, on 31 October in Vancouver, S.c. 1be oommiuee reviewed tbe 

1991 volume forecast results, hydromet station changes. and developments in telemetry and forecast 

procedures. It also addressed the revision made in the discharge rating curves for Keenleyside project. In 

general, data was exchanged smoothly with DO major problems. 
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Permanent Engineering Board 

Provisions for the establisbment oC the Permanent Engineering Board (PEB) and its duties and 

responsibilities are included in tbe Treaty and related documents. The members of the PEB arc presently: 

UNITED STATES SECTION 
Herbert H. Kennon, Chairman, 

Washington, D.C. 
Ronald H. Wilkerson, Member 

Missoula, Montana 

John P. Elmore., Alternate 
Washington, D.C. 

Thomas ~ Weaver, Alternate 
Golden, Colorado 

S.A Zanganeh, Secretary 
Washington, D.C. 

CANADIAN SECTION 
David Ollllon, Chairman 

Ottawa. Ontario 
John Allen, Member 

Victoria, S.c. 

Don A Kasianchuk. Alternate 
Victoria, B.C. 

E.M. Clark, Alternate '" 
SccrelaJy 
Vancouver, D.C. 

Mr. Ouiton succeeded Mr. Gordon MacNabb effective 19 November 1991. 

In general. the duties and responsibilities of the PEB are to assemble records of Hows of the 

Columbia River and tbe Kootenay River at the international boundary; report to bolb governments if 

there is deviation from the hydroelectric or nood control operating plans, and if appropriate, include 

recommendations for remedial action; assist in reroncUing differences thaI may arise between the Entities; 

make periodic inspections and obtain reports as needed [rom tbe Entities to assure tbat Treaty Objectives 

are being met; make an annual report to botb governments and special reports wben appropriate; ronsuit 

witb the Entities in the establishment and operation of a bydrometcorological system; and, investigate and 

report on any other Treaty related matter at the request of either government. 
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The Entities continued their cooperation with the PEB during the past year by providing aJpies 

of Entity agreements, operating plans, downstream power benefit computations, corrections to 

hydrometeorok>gical documents, and the annual Entity report to the Board for their review. The annual 

joint meeting of the PEB and the Entities was held on the afternoon of 3 December 1991 in Portland, 

Oregon. A special joint meeting of the PEB and tbe Enticics was held on 14 September 1992 in 

Vancouver, B.C., to discuss the Entities' positions on the computation of capacity credit limits. 

PEB Engineering Committee 

The PEB has established a PEB Engineering Committee (PEBCOM) to assist in carrying out its 

duties. The members of PEBeOM at the end of the period of this report were: 

UNITED STATES SEcnON 

S.A Zanganeh. Chairman 
Washington, D.C. 

Gaf)' L Fuqua, Member 
Portland, Oregon 

Earl E. Eiker. Member 
Washington. D.C. 

Larry Eilts, Member 
Golden. Colorado 

Stephen J. Wright. Alternate Member 
Washington, D.C. 

Richard L Mittelstadt, Alternate Member 
Ponland, Oregon 

CANADIAN SEcnON 

R.O. -Neil- Lyons. Chairman 
Vancouver, 8 .C. 

David Burpee, Member 
Ottawa, Ont. 

Roger McLaughlin, Member 
Victoria, S.c. 

Robin Round, Member 
VictOria, S.c. 

Mr. Mittelstadt was appointed as an alternate member of the US Section on 1 October 1991, 

replacing Mr. D. Wingerd. Messrs. Burpee. Mclaughlin. and Round replaced Messrs. Stipdonk and 

McCauley prior to 30 September 1992. 
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International Joint Commission 

The International Jo int Commission (uq was created under tbe Boundary Waten Treaty of 1909 

between Canada and the U.S. Its principal functions are reDdcring decisions on the usc of boundary 

waters, lnvestigatmg important problems arising along the a>mmoD frontier DOl neo"'SUriIy oonnected witb 

waterways, and making recommendations on any question refcncd to it by citbel' pwernmenl U a dispute 

ooncemin, the Columbia River Treaty oouJd Dot be resolved by the Entities or the PEB it may be referred 

to the UC for resolution beCore being submitted to a tribu.nal for arbitration. 

The UC bas appointed local Boards of Control to insure oompliance with DC orden aDd to keep 

the DC currently Informed. There are (our such boards west oC the oontinental divide. These arc the 

Internatio nal Kootenay Lake Board of Control, the International Columbia River Board of Control, tbe 

International Osoyoos Lake Board of Control and the lntemational Skagit River Board of Control. The 

Entities and their committees oonductcd their Treaty activities during the period of this report so that 

there was DO known connict with ue orders or rules. 
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Columbia River Treaty Organizatic1n 

CANADIAN GOVERNMENT UNITED STATES GOVERNMENT 
Minister of 'Tr, Secretary of State 

Energy. Mines & Resources 

----- -------
BRITISH COLUMBIA 

GOVERNMENT 

PERMANENT ENGINEERING BOARD 

* ---- ----,.--- --
CANADIAN I UNITED STATES 

PEB ENGINEERING .COMMITTEE 

*** 
------~- --.-

CANADIAN : UNITED STATES 

CANADIAN ENTITY UNITED STATES ENTITY 

* * 
I I 

CANAOIAN REPRESENTATIVE UNITED STATES 
COORDINATORS & SECRETARY 

** ** 

OPERATING COMMITTEE 
** 

f- ---ZANADIAN T· UNITED STATES 

HYDROMETEOROLOGICAL 
COMMITTEE 

* ESTABLISHED BY TREATY ** 
* ESTABLISHED BY ENTITY CANADIAN· T UNITED STAT~;;-* * ESTAB LISHED BY PES * * 
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III Operating Arrangements 

Power and Flood Control Operating Plans 

The Columbia River Treaty requires that the re5el'YOirs constructed lo 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 Oood control operating plans and that the Canadian 

Entity will operate in acoordance witb flood control storage diagrams or any variation which the Entities 

agree will not be adverse to the desired aim of the flood oontrol plan. Annex A also provides for the 

development of hydroelectric operating plans five years in advance to furnish the Entities with an Assured 

Operating Plan (or Canadian storage. In addition, Article XIV.2k of the Treaty provides that a Detailed 

Operating Plan may be developed to produce more advantageous results through the use of currenl 

estimates of loads and resources. The Protocol to the Treaty provides further detail and clarification of 

the principles and requirements of the Treaty. 

The ·Principles and Procedures for the Preparation and Use of Hydroelectric Operating Plans· 

dated December 1991 together with the ·Columbia River Treal} flood Control Operating Plan· dated 

October 1972, establish and explain the general criteria used to plan and operate Treaty storage during the 

period covered by this report. These documents were previously approved by the Entities. 

The planning and operation of Treal} Storage as discussed on tbe following pages is for the 

operating year, 1 August /through 31 July. The planning and operating for U.S. storage operated according 

to the Pacific Northwest Coordination Agreement has been changed to the same period. Most of the 

hydrographs and reservoir charts in this report are for a 13 month period, July 1991 through July 1992. 
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Assured Operating Plan 

The Assured Operating Plan (AOP) dated November 1986 established Operating Rule Curves (or 

Duncan, Arrow, and Mica during the 1991·92 operating year. The Operating Rule Cunes provided 

guidelines (or draft and refill They 'Nere derived from Critical Rule Curves, Assured Refill Curves, Upper 

Rule Curves, and Variable Refill CUrves, consistent with 0000 control requirements, u described in tbe 

1991 Principles and Procedures documenL The Flood Conuol Storage Reservation CUrves were 

established to conform to the flood Control Operating Plan of 1972 

Determination or Downstream Power Benefits 

For eacb operating year, the Determination of Downstream Power Benefits resulting from 

Canadian Treaty storage is made five years in advance in conjuDction with the Assured Operating Plan. 

For operating year 1991·92 tbe estimate oC benefits resulting from operating plans designed to achieve 

optimum operation in both OOUDlries was less than that which would have prevailed from an optimum 

operatio n in the United States only. Therefore, in accordance with Sections 7 and 10 o f tbe Canadian 

Entitlement Purchase Agreement, tbe Entities agreed that the United States was entitled to receive 3.5 

average megawatts of energy during the period 1 August 1991 through 31 March 1992 For operating year 

1992.93. the estimate of benefits resulting from o perating plans designed to acbieve o ptimum o peration in 

both countries indicated no loss, therefore no energy delivery was required during tbe period 1 April 

through 31 July 1992. Suitable arrangements were made between the Bonneville Power Administration 

and S.c. Hydro ror delivery of this energy. Computations indicated no loss or gain in dependable capacity 

during the 1991·92 operating year. 
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Detailed Operatin, Pian 

During the period covered by this report, storage operations were implemented by tbe Operating 

Committee in accordance with tbe -Detailed Operating Plan for Columbia River Treaty Storage- (DOP). 

dated November 1991. The DOP established criteria (or determiniD& the OperaUnl Rule Curves for use 

in actual operations. Except (or minor changes at Am:Ni dillin, the spriDl months, me DOP used the 

AOP aiticaJ rule curves for Canadian Projects. The Variable Refill Curves and tIood oontrol 

requirements subsequent to 1 January 1992 were determined on the basis of seasonal volume runotr 

forecasts during actual operation. Results of the Actual Energy Regulation were used to determine tbe 

triggering of high releases from Mica. The regulation o f tbe Canadian sto rage was conducted by tbe 

Operating Committee on a weekly basis throughout the year. 

Entity Agreements 

During the period covered by this rcpon, (OUf agreements were officially approved by the Entities. 

The (cUewing tabulation indicates the date each of these were signed and gives a description of the 

agreement: 

Date Agreement 
Sjgned by Entities 

20 November 1991 

13 December 1991 

3 March 1992 

28 July 1992 

J)escription 

Detailed Operating Plan on Columbia River Treaty Storage. 
1 August 1991 through 31 July 1992. dated November 1991. 

Principles and Procedures for the Preparation and Usc of Hydroelectric 
Operating Plans (or Canadian Storage. dated December 1991. 

Assured Operating Plan, DeterminatioD of Downstream Power Benefits 
for Operating Year 1996-1997, dated February 1992. 

Entity Agreement on Aspects of the Canadian Entitlement Return for 
1 April 1998 through 31 March 2003. 
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Long Term Non-Treaty Storage Contract 

In accordance with the 9 July 1990 Entity Agreement which approved the wotract between 

S.c. Hydro and BPA relating to the initial filling of non·Treaty storage, coordinated use of non-Treaty 

storage. and Mica and Arrow refill enhancement, tbe Operating Committee monitored the storage 

operatioDS made under this Agreement throughout the last year to insure that they did DOl adversely 

impact operation of Treaty storage required by the Detailed Operating Plan. 

14 
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IV Weather and Streamflow 

Weather 

The weather during the Operational Year '92 was drier and warmer than normal, the result of typical 

winter Storms being divcrted around the Pacific NorthwesL This redirection of the storm palhs was similar 

(0 those that occurred during previous El Nillo/Soutbem Oscillation (ENSO) episodes. During the ENSO 

occurrences the global weather patterns are shifted, replacing the winter Aleutian low prcuure system with 

a high pressure system located Deaf or on the coast of Oregon and Washington. This high blocks the 

storms from entering the Pacific Northwest and redirects them into either California or British Columbia. 

As the northern storms move around the high and into the cenlral U. S., they cross over tbe Canadian 

portions of the Columbia drainage, producing more precipitation than in the rest of the basin. Similarly. 

Some of the storms entering California may either brush the southern portion of Oregon or curve 

northeastward, crossing the headwaters of the Snake basin in eastern Idaho and creating more 

precipitation in the areas along the southern and eastern borders than in the remainder of the basin. 

The year began, however, with more typical weather (Charts 1-3). AugU$t had near normal 

temperatures throughout the basin and near normal precipitation in the nonh and dry weather in the 

Snake and other southern basins. September was wanner than normal with near normal shower activity 

for the first half of the month. followed by 2 warm/dry weeks. This warm/dry pattern oontinued through 

the first 2 weeks of October when, as typically bappens each year at tbis time, the coastal high pressure 

ridge was displaced by a low pressure system. The storms associated with tbis low produced shower 

activities across the Northwest and moderate precipitation on the 25-2~, followed by residual showers for 

the remainder of the month. This standard winter weather regime continued through mid-December, 

producing normal precipitation in the Columbia River Basin above The Dalles. At this time, the shift in 

the global weatber patterns (attributed to ENSO) brought a blocking high pressure ridge onto the roast of 
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Oregon and Washington. splitting both the stonn paths and the high elevation jet stream and sending 

some or the storm loto California and otbers into Britisb Columbia. 

In general, this pattern remained through the end or the operational year. Allboup thiI hip 

pressure was occasionally penetrated by storms, it always rebuilt after a rew days to keep a majority or the 

storms (rom the center or the Columbia drainage and prevented the building or nOrmal soowpack and 

warm temperatures promoted thelt early melting (Charts 4 and S). Basin temperatures averaged 100F 

above normal and precipitation averaged about one-haH or oormal (rom mid·Dccember tbroup mid·June, 

with the exception or the first hair of April. During this period the blocJdng high wu temporarily 

displaced by the Aleutian low, producing normal temperatures and precipitation over the basin. Just 

berore the low again gave way to the blocking high. an intense stonn entered the basin producing heavy 

precipitation to exceed the normal ror the rest or the month. From mid·June through July. high 

temperatures and pockets or moisture produced showers that exceeded the normal monthly precipitation. 

However, since the summer season normal precipitation values are very low oompared with winter months, 

the high percentages or normal have little meaning. espccially since the soU moisture was weD below 

normal. 

The final mo nthly precipitation indices ror the Columbia Basin above The Dalles are sbown below fo r 

the 1992 water year. These indices are based on 60 stations and are oomputed at lhe end of each month 

after all the data are oollected. Also sbown in the table are the monthly indices as a percent or the 

3O-year average (1961·1990). 

MONTI! 

0Cf91 
NOV 91 
DEC 91 
JAN 92 
FEB 92 
MAR 92 

WY 92 INDICES 

PRECIPITATION 

Lin1 C&l 

\.16 71 
3.41 125 
1.88 62 
2.20 74 
1.46 69 
o.n 38 

MONTI! 

APR 92 
MAY 92 
JUN 92 
JUL92 
AUG 92 
SEP 92 
WA1ER YEAR 
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PRECIPITATION 

Lin1 C&l 

1.94 121 
0.90 50 
2.30 127 
1.74 159 
0.74 60 
1.37 98 

20.07 86 



Streamnow 

The observed inflow and outflow bydrograpb.s for the Treaty reservoirs for the period 1 July 1991 

through 31 July 1992 are shown on Charts 6 through 9. Obsel'ved Qows with the computed unregulated 

Dow hydrograpbs for the same 13-month period for Kootenay Late, Columbia River at Birchbank, Grand 

CouJee, and The Dalles arc shown OD Charts 10, 11, 12. and 13, respectively. Chart 14 is a bydrograph of 

observed and two unregulated flows at The DaUes during the April through July 1992 period.. including a 

plot of OO'NS occurring if regulated only by the Treaty reservoirs. 

StreamflOM in the basin above The Dalles were near normal for the composite operating year, with 

November. February, July, and August exceeding the norm.. The October through September runoff for 

The Dalles was 67 percent of the 1961-90 average. The peak regulated discharge for the Columbia River 

at The Dalles was 232,300 cfs on 22 May 1992. The 1991-92 monthly natural streamOows and their 

percent of the 1961-90 average monthly Dows are shown in tbe (ollowing table for the Columbia River at 

Grand Coulee and at The Dalles. These fIO'NS have been corrected for siorage in lakes and reservoirs 10 

exclude the effects of regulation. 

COLUMBIA RIVER AT COLUMBIA RIVER AT 
GRAND COULEE IN CFS THE DALLES IN CFS 

TIME NATURAL PERCENT OF NATURAL PERCENT OF 
PERIOD FLOW AVERAGE FLOW AVERAGE 

AUG 91 130,800 120 160,200 112 
SEP 91 57,3SO 85 83,150 ISO 
OCf91 32,160 67 56,860 66 
NOV 91 29,9SO 62 70,980 79 
DEC 91 27,890 66 68,540 73 
JAN 92 30,470 74 68,040 70 
FEB 92 40,190 . 89 94,280 83 
MAR 92 57,610 98 118,300 85 
APR 92 108,700 93 179,200 82 
MAY 92 212,200 81 303,100 73 
JUN 92 202,900 62 263,000 54 
JUL 92 117,600 61 lSO,4OO 59 
YEAR 87,440 80 135,500 82 
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Seasonal Runoff Forecasts and Volumes 

Observed 1992 April through August runoff volumes, adjusted to exclude the effects or replation 

of upstream storage, are listed below for eight locations in the Columbia Basin: 

Location 

Ubby Reservoir Inflow 
Duncan Rese:voir Inflow 
Mica Reservoir lnflow 
Arrow Reservoir Inflow 
Columbia River at Birchbank 
Grand Coulee Reservoir Inflow 
Snake River at Lower Granite Dam 
Columbia River at The DaUes 

Volume In 
1(Q) Acre-Feel 

4456 
1830 

10922 
19627 
33793 
42903 
96S4 

58904 

Percent of 
1961-90 Average 

70 
89 
95 
84 
83 
70 
42 
63 

Forecasts of seasonal runoff volume, based on precipitation and snowpack data, were prepared in 1992 

as usual for a large number of locations in the Columbia River Basin and updated each month as tbe 

season advanced. Table 1 lists the April through August volume inflow forecasts for Mica, Arrow, 

Duncan, and Ubby projects, and for unregulated runoff for the Columbia River at1be DaUes. Also 

shown in Table 1 are the actual volumes for these five locations. The forecasts for Mica, Arrow, and 

Duncan innow were prepared by B.C. Hydro, and those for the lower Columbia River and Ubby inflows 

were prepared by the U. S. Columbia River Forecasting Service. The 1 April 1992 forecast of January 

through July runoff for the Columbia River above 1be DaUes was 71.2 MAF and tbe actual observed 

runoff was 70.4 MAF. 

• 
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The following tabulation summarizes monthly forecasts siDee 1970 of tbe January through July runotJ 

for the ColumbLa River above The Dalles compared with the actual runoff measured in millions of 

acre-feet (MAF): 

Yru .I!n Feb Mor AI!!: I!!!! M!J!!I 

1970 82.5 99.5 93.4 94.3 95.1 95.7 
1971 llO.9 129.5 12M 134.0 133.0 135.0 137.5 
1972 llO.1 128.0 138.7 146.1 146.0 146.0 151.7 
1973 93.1 90.5 84.7 83.0 SO.4 78.7 71.2 
1974 123.0 140.0 146.0 149.0 147.0 147.0 156.3 
1975 96.1 106.2 ll4.7 ll6.7 llS.2 ll3.0 ll2.4 
1976 ll3.0 ll6.0 121.0 124.0 124.0 124.0 122.8 
1977 75.7 62.2 55.9 58.1 53.8 57.4 53.8 
1978 120.0 ll4.0 108.0 101.0 104.0 IOS.0 IOS.6 
1979 88.0 78.6 93.0 87.3 89.7 89.7 83.1 
1980 88.9 88.9 88.9 89.7 90.6 97.7 95.8 
1981 106.0 84.7 84.5 81.9 83.2 95.9 103.4 
1982 llO.O 120.0 126.0 130.0 131.0 128.0 129.9 
1983 llO.O 108.0 ll3.0 121.0 121.0 ll9.0 ll8.7 
1984 ll3.0 103.0 97.6 102.0 107.0 ll4.0 ll9.1 
1985 131.0 109.0 IOS.0 98.6 98.6 100.0 87.7 
1986 96.8 93.3 103.0 106.0 108.0 108.0 108.3 
1987 88.9 81.9 78.0 SO.O 76.7 75.8 76.5 
1988 79.2 74.8 72.7 74.0 76.1 75.0 73.7 
1989 101.0 102.0 94.2 99.5 98.6 96.9 90.6 
1990 86.5 101.0 104.0 96.0 96.0 99.5 99.7 
1991 ll6.0 110.0 107.0 10(iO 106.0 104.0 107.1 
1992 92.6 89.1 83.5 71.2 71.2 67.8 70.4 
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V Reservoir Operation 

General 

The 1992 operating year was characterized by below average precipitation and above average 

temperatures in the September througb March period. The snowmelt season was cbaracterized by 

continued warm, dry conditions. At the Dalles., the observed January·July runoff' was 66 percent of 

average. ooe percent lower than the April forecast, and twenty-one percent lower thao tbe January 

forecast This runoff volume was the lowest since 1977. 

The operating year began with the coordinated reservoir ¥tem officially filling to 99.6 percent of 

storage capacity 00 31 July 1991. As a result, first year finn energy load canying capability (FELCq was 

adopted for the 1991·92 operating year. 

The system began September operating in accordance with proponional draft requirements. The 

system drafted between first and second year rule curves through December, and DO secondary energy was 

sold. 

The 1 January water supply forecast was 92.6 mar for the January-July period. or 87 percent of the 

1961-90 average. Subsequent forecasts through April renected a decreasing trend, with the April forecast 

67 percent o( average. The January, February, and March Actual Energy Regulations (AER) showed the 

system operating to ECC and not requiring proponional draft. However, BPA was purchasing energy to 

store up to 3 MAP in Orand Coulee and Arrow by 31 March (or a subsequent flow augmentation release. 

In April, the system was in proportional draft between second and third year critical rule curves, 

however, SPA bad more than 3 MAF stored in the system above PDP. During the 15 April-IS June now 

augmentation period, the Priest Rapids minimum target now o( 134,000 cfs was first reacbed on 6 May. 
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The May average outflow was 140,(XX) cfs, and the June average outflow was greater than 150,(XX) cfs. The 

subsequent Oows at The Dalles were greater than 200,000 cis and 180,txXl cis in May and June, 

respectively. 

Daily Oood control regulation was not required during the 1992 snow melt season. '[be year's 

observed peak Dow at The Dalles was 232.300 cfs on 22 May. Ust years peak was 348,(XX) cfJ. '[be 

system reached 67.7 percent of its full capacity in the Actual Energy Regulation (AER) on 31 July 1992, 

resulting in third-year FELCC to be adopted for tbe 1992-93 operating year. 

Mica Reservoir 

As shown in Chart 6, Mica reservoir (Kinbasket Lake) was at elevation 2472.8 feet, approximately 

2 feet below the full pool elevation of 2475 feet on 31 July 191)1. Treaty storage filled three days later, on 

3 August. Mica reached full pool on 8 August and began spilling a day later as inflows remained well 

above average. On 10 August, high temperatures and heavy local rainfall resulted in tbe peak inflow for 

the year, 98,400 cis. The reservoir surcharged to elevation 2475.&5 feet, the highest level on record. The 

project discharge reached a high of 100,500 cfs, including spill of 50,000 cfs, for eight bours on 10 August. 

Project inOow remained greater than powerhouse capacity until 24 August, when tbe spill was terminated. 

Another rainstorm on 1 September triggered a rise in inflow to 52,800 cfs, but this event was contained in 

the reservoir with no spill. 

Reservoir inOows receded quickly after 1 September, reacbing approximately 10,000 cfs by the end of 

the month. The project was kept at full load, 4O,(XX) cIS discharge, tbrough most of September to correct 

the substantial underrun that had accumulated during the summer months. By 1 October, the reservoir 

level had dropped to elevation 2467.7 feet. On 1 October, the evacuation of Treaty storage began 
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according to the Detailed Operating Plan, with about two feet of Treaty storage drafted during October for 

flood control. 

Mica pow-erhouse discharges averaged about 23,000 cfs October through December, and the reservoir 

level dropped to elevation 2438.4 feet by 31 December. Treaty storage on that date was 5.1 MAF. 

During January 1992. powerhouse discharges averaged 33,000 cfs, wbile discharges durinS February 

were slightly less, averaging about 29,000 cfs. The reservoir had drafted to elevation 2402..7 rcct by 29 

February 1992. 

The reservoir continued to draft in March and most of April, although at a much reduced rate. 

Discharges during botb months averaged approximately 15,000 Os. The reservoir reached its lowest level 

for tbe 1992-92 season, elevation 2389.7 reet on 23 April Mica Treaty storage reacbed a minimum or 1.4 

MAF on 26 April. 

In late April, a rainstorm hit the area, increasing inflows from approximately 10,000 cfs to over 

40,000 cf's. This signalled the start of the spring freshet in the Mica basin. Inflows ranged hom 20 to 

55,COl cfs during May and from 40,000 to 75,000 cfs during June. The peak inflow for the year was 

75,S(() cfs on 13 June. Discharges during May-June averaged jun over the OOP discharge or 10,000 cfs, 

and the reservoir had risen to elevation 2442.6 feet by 30 June. 

In early July, mOows dropped substantially. In addition, Mica powerhouse releases were maximized 10 

help mitigate the low Arrow reservoir level. The Mica reservoir contmued to fiU at a reduced rate during 

July and the first part of August, and reached its highest level for the year or only elevation 2451.8 (7 

August), 23 feel below full pool. Treaty storage at Mica continued to fill after this date, reaching a 

maximum of 6.97 MAF (99.6 % of full) on 21 August. 
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Revelotoke Reservoir 

During Augun 1991, reservoir inflows were unusually high. due primarily to lhe high Mica project 

discharges. The reservoir filled to tun pool and began spilling on 9 August. On 10 August, the project 

discharge was i.ncreasod to 114.soo cis, including spill of 62.1XXl ds, for abut eight hours. 1be spill 

damaged an access road to the project and caused significant bank sloughing. Spill., Revelstoke was 

gradually reduced as reservoir inOow receded and the project stopped spilling on 21 August. 

• 
During the remainder of the 1991-92 operating year, the Revelstoke project was generally operated as 

a run--of·river plant, with the reservoir level maintained within two feet of its normal fuU pool level. 

elevation 1880 feet. The reservoir was drawn down to elevation 1877 feet on two ocx:asions during the 

winter to help meet system load and exchange obligations. There was no need to draw the reservoir down 

prior to tbe 1992 spring feshet, since the potential for high local infIO'.W was substaDtially lower than in 

other years. 

Arrow Reservoir 

As shown in Chart 7, Arrow reservoir level was elevation 1441.4 feet on 31 July 1991. The Arrow 

Treaty storage account was considered to be fully refilled on 3 AUgusL The project discharge was 

maintained at 6O,0CX> cfs, instead of being increased to pass inflow, on 3-4 August to aid in the unloading 

of a nuclear reactor on the Columbia River below Priest Rapids Dam in Washington. On 10 August, 

inflow to Arrow reservoir increased significantly due to spill at Mica and Revelstoke, and tbe Arrow 

discharge was increased to 11S,1XX) cts on 13 August. Project outflow was reduced below inflow on 

14 August to fill the Arrow Non·Treaty storage 'accounts . these accounts were filled by 25 August. The 

reservoir reached its maximum level for 1991, elevation 1444.2 feet on 30 September. 
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The reservoir was drarted approximately 5 feet during October and a furtber 3 feet in November. 

During tbe last halt oC December, discharges were increased steadily from 37,000 cfs to 72.000 cfs, resulting 

in substantial drafting of tbe reservoir. The 31 December reservoir level was elevation 1428.4 feel 

The snowpack in the upper Columbia basin was about average on 1 January 1992, aDd tile beavy 

Arrow reservoir draft, begun in late December, continued through January. Discharges during January 

ranged from SO,OOO to IOS,OOO ers, and the 31 January reservoir level was elevation 1410.9 feel 

, 

For the month of February, discharges were reduced significantly and the reservoir HUed sllghtly, to 

elevation 14121 feel on 29 February. The project resumed drafting al that time. reacbing a low level of 

elevation 1407.4 feet on 17 March. 

During 18-26 March, discharges were held at 10,000 cfs to facilitate tbe setup of the Noms (pass) 

Creek Fan Fish Studies. Between 26 Marcb and 30 April, project discharges were bekl at lS,OCX) cfs to 

ensure that rainbow trout spawning on tbe fan occurred at low river levels. In addition, a total of 14 

guidewall cables at Keenleyside Dam were replaced during this low-now period. Low Arrow discbarges 

during this period fit in with the U.S. Entity's plan for storage of -Flow Augmentation- water at Arrow. 

The Arrow reservoir level rose to elevation 1420.4 feet by 30 April. 

On 1 May, tbe Arrow discharge was increased to 3O,0CX) cfs. Due primarily to rainfall events during 

the first part of May, inflow to the reservoir was greater than 3O,OCX) ers, and tbe reservoir level continued 

to rise, reaching a bigh of elevatio n 1426.3 feet on 14 May. This level was substantially above tbe normal 

Arrow reservoir level for tha~ time of year. A very low runoff volume forecast for the total Columbia 

River basin as a whole had lowered the allowable drawdown level of Arrow. Therefore. in mid-May, the 

Treaty discharge was increased to 4S,OCX) cfs and again to 7S tOCK) cfs by the end of the montb to accomplish 

tbe drawdown. 
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In June, discharges were further increased to 9O,1XXJ cfs and finally, to 119,1XXJ ds On 14 June in order 

to draft aU required storage from the Arrow reservoir by the end of June. During the higb KcenJeyside 

discharge, a discharge of 174.1XXJ cfs was recorded at Bircbbank, just upstream of Trail. Althougb the 

flood damage level is near 235,CXX> cfs, some flooding damage was reponed along the river between 

Castlegar an~ Trail, and an immediate reduction in the KeenJeyside discharge, to l04,1XXJ d's, was agreed 

upon. The reservoir hit its minimum level for the summer, elevation 1407.2 feet on 28 June. 

Discharges were reduced below 3O,CXX> cfs for the first two weeks of July, resulting in 5OD)C recovery of 

the reservoir. However, from mid-July to the end of August. discharges ranged from 45,(XX) to 65,CXX> ers, 

resulting in a slow draft of the reservoir even with the upstream Mica plant running at nearly full load to 

minimize the Anow reservoir drawdown. 

Daily discharges were held in the 10,IXXJ to 2O,IXXJ cfs range during 1-3 September for an inspection of 

the energy dissipator structure at Keenleyside Dam. After labor Day (7 September). Mica discharges were 

reduced to start correcting the substantial overrun of Treaty water into Arrow. 

Duncan Reservoir 

As shown in Chart 8, the Duncan reservoir reached its full pool elevation of 1892 feet on 

1 August 1991. During August and September, project discharges were adjusted to match inflow and keep 

the reservoir within a foot of full pool. On 10 August, high temperatures and heavy rainfall increased the 

daily inflow to 15,900 cf's. The reservoir surcbarged to elevation 1892.7 feet on that day. with the project 

discbarge peaking at 13,CXX> cf's on the following day. However, the inflow soon receded and the reservoir 

was drawn down to nearly full pool by 13 August. 
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During most of October, Ihe project discharge was held II 5.soo cis, with tbe reservoir drafting to 

elevation 1880.3 feet by 29 October. There was no further drawdown from then until mid· December, as 

discharges averaged about 1,00:> ds to pass inflow. 

Drawdown of the reservoir recommenced 00 14 December, with discharges increased to 6,000 cfs for 

the remainder of the month. This resulted in a 31 December reservoir level of elevaUOn t868.8 feet. 

meeting the DODd a:mtrol requiremeot for that date. The Duncan reservoir continued to draft in January, 

February, and early March 1992 to provide Oood oonteol storage. Discharges averaged about 8,000 cfs 

during this time and the reservoir was drafted to elevation 1806.7 feet by 5 March. A furtber draft of tbe 

reservoir storage oommenced o n 28 March, and the reservoir reached its lowest point for the operating 

year, elevation 1800.2 feet o n 10 April. 

The Duncan discharge was reduced to minimum 100 ds, 00 24 April to begin filling the reservoir. 

The reservoir level reached elevation 1850.1 feet by 9 June. On that date, an agreement was signed to 

operate Duncan and Libby so as to effectively transfer stored water from Duncan to the Ubby reservoir to 

enhance the recreational aspects of Ubby for Canadian users. This resulted in Duncan discharges being 

increased 10 10,IXX> cfs by 11 June. The reservoir oonlinued to fill slowly, reaching elevation 1853.9 feet 

by the end o f June. Discharges were reduced below 10,(XX) ds for the first half o f July, and the reservoir 

level reached its peak level for the operating year, elevation 1856.1 feet on 11 July. This peak level for the 

year was 36 feet below full pool, and was the lowest-ever peak over tbe history of the Duncan project. 

On 18 July. discharges were again increased to 10,000 ds, and the reservoir drafted quickly to elevation 

1838 feet by mid·August Discharges were reduced to an average of 6,000 ds for the last half of August, 

but tbe reservoir oontinued to draft, reaching elevation 1832.6 feet on 31 August A total of 465.4 ksfd 

was transferred from Duncan to Libby under the DURcan·Libby Storage Transfer Agreement. Under the 

agreement, this water will be transferred back to the Duncan reservoir by 31 December 1992. 
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Libby Reservoir 

As sbown in Chan 9, libby completely refilled following the 1991 runon, witb I...ake Koocanusa 

reaching full pool on 27 July 1991. The reservoir remained in the top fOOl through August and started 

drafting on 3 September. 

Lake Koocanusa was drafted rapidly from October and into early December, with the 5-unil 

powerhouse running near full level from 2S October through 12 December 1991. Tbe elevation OD 31 

December was 2369.2 feet; this level was about 12 feet below the proportional draft point because of 

provisional draft. Inflows during the October-December period were 107 percent of average. 

In January. water supply forecasts for the upper Columbia drainage were about 92% of average. 

Libby's forecast was 9S percent This forecast combined with the heavy Call draft resulted in DO additional 

draft belDg required to meet the 15 March flood control requirement of elevation 2368 feel The Ubby 

outflow remained at 4<XXJ cis from 4 January 1992 through 19 March when it was reduced to 3000 cfs to 

improve refill probabilities. The lake reached a low level of elevation 2362.2 feet on 14 March 1992 

Weekly load factoring with about 6(XX) cis outflow occurred from early April into early May. Wann 

weather in late April started the snowmelt runoff. The peak inflow of the season was only 36,000 cis and 

very early in the season on 9 May 92. Due to the low runoff in the Columbia Basin, tbe ~tem remained 

on proportional draft in May and June. In late May BPA requested an increase in Ubby outflow, maintain 

a slow flll and not be above the PDP elevation of 2413 on 30 June. These increased Dews combined with 

the forecast that Ubby reservoir was nol going to fill brought many complaints from Ibe reservoir users in 

the U.S. and Canada, as well .as (rom people wbo could not fisb in tbe river below tbe dam. 

In an attempt to improve the maximum level that the reservoir would reach, BC Hydro and BPA 

reached an agreement that permitted BC Hydro to store water in Libby reservoir. On 10 June 1992. the 

27 



outOow was reduced to 4,IXXl cfs with Be Hydro replacing the Libby now that BPA was requesting witb 

now from AIraw and/Or Duncan. This arrangement continued into August allowing Ubby reservoir to be 

filled to its maximum level, elevation 2439.8 feet on 4 AugusL At that time Be Hydro indicated that it 

would not be storing any more water in Libby. BPA's request for release from Libby in early August 

began to cause a draft of the reseMlir. By Labor Day, 7 September, the reservoir bad drafted slightly 

more than S feet to elevation 2435.1. The January·Juty observed runoff was 4646 kat. 73 percent of 

average. This runoff volume was the fifth lowest in the 1928-78 period of record. 

Kootenay Lake • 

As sbown in Chart 10, the level of Kootenay Lake at Queens Bay was elevation 1746.3 feet on 31 July 

1991. As inflow receded, tbe lake was drafted, with the level of Nelson reaching the summer DC operating 

level of elevation 1743.32 feet on 26 August. Discharges were then reduced to pass inflow for tbe 

remainder of August 

For the month o( September, the Kootenay lake discharge was reduced to prevent spilling at the 

downstream Brilliant plant. This allowed the lake to 61110 elevation 174S.2 feet by 2 October, and the 

Queens Bay level was then maintained below Ihe autumn DC operating level of elevation 1745.32 (eet. 

Discharges from the lake during the October·December period averaged about 27,OCO cfs. 

Kootenay lake began drafting acrording to tbe ue curve in early January 1992. witb average 

discharges during the January·March period of 19,OCXl cfs. The lake drafted below the ue limit of 

elevation 1739.32 (eel by 27 March, and reached its mirumum level for 1992. elevation 1739.0 (cct on 13 

April. 
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In mid·April, local inflow to Kootenay Lake began to increase, and the lake filled to elevation 1741.4 

feet by 30 April. Innow during May·June averaged 37,(XX) cfs, peaking at 61,000 cfs on 7 May. 1be lake 

reached an initial peak level of eJ~tion 1744.1 feet on 11 May. After a drop in tbe lake level ill late 

May, the Jake tben reached its peak level for the year, elevation 1745.1 feet, OD 6 June and agaill OD 14 

June. The maximum lake discharge for tbe year was 40,000 cts during the period 5·16 June, resulting in 

only minor spill at all of tbe Kootenay River plants except for Brilliant. 

The runoff began to recede in mJd·June, and Kootenay Lake drafted quickly. The lake level at Nelson 

dropped below the UC summer level of elevation 1743.32 feet on 10 July and the lake was lben held below 

this level until the end of August. The average release in July.August was 23,000 cfs. On 1 September, 

the lake began filling again to the UC autumn level. 

Duncan-Libby Storage Transrer Agreement 

This agreement was reached in June of 1992. BC Hydro and BfA agreed to store BC Hydro water in 

Libby. The agreement involved operating Duncan and Libby to transfer water from Duncan to Libby, sO 

that Libby Reservoir would be at a higher elevation than it would have reacbed otherwise, and therfore 

enhance summer .recreation for Canadian and U.S. users. Ultimately, 465.3 ksfd of water was transferred 

from Duncan to Libby. The water will be transferred back to Duncan reservoir by 31 December 1992. 

On 4 June 1992 Libby project outflow reduced (rom 22,000 cfs and reached 4000 cfs by 10 June 1992. 

Concurrently, on 6 June, the Duncan outOow was increased from 100 cfs reaching 10,000 cfs by 11 June. 

The Libby outflow remained 4(XX) cfs until 4 August when Ubby reacbed its maximum elevation of 2439.8 

feet. Meanwhile the Duncan discharges continued to be 10,OCXJ cfs through mid·August except for a 

two·week period in July when the discharge was reduced to 6000 cfs. The highest elevation Duncan 

reached was 1856.1 feet on 11 July. 

29 



VI Power and Flood Control Accomplishments 

General 

During the period covered by this report, Duncan, Arrow, Mica, and Ubby reservoirs werc operated in 

accordance with the Columbia River Treary. Specifically, the operation of the rC5CMlin was governed by: 

1. -Detailed Operating Plan (or Columbia River Treaty Storage - 1 August 1991 throup 

31 July 1992," daled November 1991. 

2. ·Columbia River Treaty Flood Control Operating Plan,· dated October 1m. 

Consistent with all Detailed Operating Plans prepared since the installation of generation at Mica, the 

1991-92 Detailed Operating Plan was designed to achieve optimum power generation at-site in Canada and 

downstream in Canada and the United States, in accordance with paragraph 7 of AnDel: A of the Treaty. 

The 1991-92 Assured Operating Plan, prepared in 1986, was used as the basis for the preparation of the 

1991-92 Detailed Operating Plan. 

Power 

The Canadian Entitlement to downstream power benefits from Duncan, Arrow and Mica (or the 

1991-92 operating year had been purchased in 1964 by the Columbia Storage Power Exchange (CSPE). In 

accordance with the Canadian Entitlement Exchange Agreement dated 13 August 1964, the U.S. Entity . 
delivered capacity and e nergy to the CSPE participants. The generation at downstream projects in the 

United States, delivered under the Canadian Entitlement Exchange was 318 average megawatts, at rates up 

to 932 megawatts, from 1 August 1991 through 31 March 1992, and 305 average megawatts from 1 April 

through 31 July 1992. 
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The Coordinated System reservoin began the operating year near full on 1 August 1991 which allowed 

the System to adopt a 1st year finn load carrying capability (FLCC) from the critical period studies. After 

operating near the Operating Rule Curve (ORC) during the fall and winter, low in1Iows caused the 

Coordinated System to proponio naUy draft from April through July to meet Fl...Cc. The ooordinated 

system proportional draft point (PDP) was between critical rule curves. 

The following table shows the status ot the energy stored. in Coordinated System reservoin at the end 

of each month oompared to the ORC or PDP during the 1991-92 operating year. Normal full Coordinated 

System reservoir storage is approximately 63,700 megawatt-months (MWMo). All figures are 

l<XX>MWMo. 
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END OF PERIOD ENERGY STORAGE 

CoordInated System Canadl.a l'raiJ 

MONTH ORClPDP ActuaJ Dur ........ ORClPDP ActuaJ DIlrereDco 
K·MWM08 K·MWMOI K·MWMOI K-MWMOI K·MWMOI K·MWMOI 

Aug 91 62.2 61.8 -0.4 29.4 29.5 0.1 

Sep 91 58.2 58.2 0.0 29.3 29.2 -0.1 

Oct 91 51.2 52.3 1.1 20.4 20.4 0.0 

Nov 91 46.1 46.8 0.7 17.4 17.3 -0.1 

Dec 91 39.2 41.5 2.3 15.6 15.3 -0.3 

Jan 92 28.9 35.1 6.2 8.5 9.3 0.8 

Feb 92 21.4 32.1 10.7 5.2 8.9 3.7 

Mar 92 19.4 27.7 8.3 4.2 6.8 2.6 

Apr 92 22.3 30.2 7.9 2.6 8.6 6.0 

May 92 29.9 40.4 10.5 7.7 11.2 3.5 

Jun 92 41.1 46.0 4.9 11.7 12.0 0.3 

lui 92 43.6 47.9 4.3 15.6 14.1 .1.S 

To provide now enhancement for the endangered salmon, the U.S. implemented a 3 million acre feet 

(MAF) flow augmentation program developed by the Nonbwest Power Planning Council's FISh and 

Wildlife program. During 1 January through 30 April, up to a maximum of 5.75 MAP was stored above 

the ORCJPDP in Arrow and Grand Coulee combined. The flow augmentation program kept the 

Coordinated System well above PDP January through May and provided higher flows for fish in June. 

BPA developed and implemented an extensive purchasing strategy to meet projected eRergy deficits, 

provide (or now augmentation and other non power constraints. and enhance reservoir refill during an 

extremely low water year. The following table is a summary of the federal purchases (in average MW) in 

addition to those provided in the operating plan that were made (rom August 1991 through July 1992. 
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FEDERAL PURCHASES (aMW) 

Aug. SopL Oct. Nov. Dec. Jan. Feb. Mar. Apr. May Jon. Jul 

125 392 303 454 5TI lOll 2095 682 654 0 96 1235 

Beginning in June, the U.S. and Canadian entities agreed to re5elVOlr balance between Ubby and 

Canadian treaty water. During June and July. Libby was operated on minimum discharge wbile Canadian 

ueaty storage was drafted to make up the difference. lbe purpose for the reservoir balancing was to 

increase Lake Koocanusa elevation for recreational opportunities ill both Canada and tbe U.S. 

The following table sbO'NS BPA nonfirm and surplus sales in megawatt hours (MWb) to Northwest 

and Southwest utilities during the 1991·92 operating year. 

BPA NONFIRM AND SURPLUS SALES (MWb) 

PElUOD TO NORTHWEST tmUllES TO SOtmlWfSJ' lTI'ILlTIE8 

NONf1RM SURPLUS FIRM NONFlRM .. SURPLUS ARM 

AUG 91 194,490 8.800 387,152 0 

SEP 91 0 "...., 0 128,2.49 

OCT 91 0 142,177 0 118,013 

NOV 91 0 150...., 0 103,213 

DEC 91 0 1$1,968 0 ",3>' 
JAN., 0 111,600 0 105,65<4 

FEB., 0 104,400 0 10:5,486 

MAR., 0 98,188 0 104,536 

APR ., 0 0 0 83.280 

MAY" 670,428 0 2,604,180 423,675 

JUN 92 560,740 0 400~38 89,249 

JUL92 0 0 0 133.935 

TOTAL 1,425,658 809,813 3,391,870 1,488,642 
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Flood Control 

The Columbia River Basin reservolr system, including tbe Columbia River Treacy projecu, was 

Dot operated on a daily basis (or Oood control in the spring of 1992. The observed and unregulated 

bydrographs for the Columbia River at The OaUes between 1 AprU 1992 and 31 July 1992 are shown on 

Chart 14. The unregulated peak Oow at The Dalles would bave been 328.3S0 cfs 00 11 May 1992 aDd it 

was controlled to a maximum of 232.300 cfs on 22 May 1992. 

The observed peak stage at Vancouver, Washington was 9.39 (eet on 22 February 1992 and the 

unregulated stage would have been 11.03 feet on 12 May 1992. Clan 15 documents tbe relative filling of 

Arrow and Grand Coulee during the principal filling period. and compares the regulation of these two 

reservoirs to guidelines in the Treaty flood Control Operating Plan. Because the runoff volume forecast 

was small, Oood conuol requirements were relieved at Arrow after 30 April. this curve did DOt guide 

operation after that date. 

Computations of the Initial ControUed Flow (lCF) for system Dood control operation were made in 

aca>rdance with the Treaty Flood Control Operating Plan. Computed Initial Controlled Flows at The 

Dalles were 292.<XX) cis on 1 January 1992, 288.<XX) cfs on 1 February, 252,<XX) cfs on 1 March, 200,000 cis 

on 1 April and 2OO,CXXJ cfs on 1 April, and 2OO,OCXl cfs on 1 May. As mentioned earlier, the observed peak 

now at The Dalles was 232,300 cfs. Data (or the 1 May ICF computation are given in Table 6. 
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Tabl.1 

Unregulated Runolf Volume Forecasts 
Million or A ...... F .. t 

1992 

UNREOULA1ED RUNOFF 
COLUMBIA RIVER AT 

llllliCAN 6BROW MICA LIBBY TIiE I2AI J ~,QIY:;OOM 
Most Most Most Most Moot 

Forecast Probable Probable Probable Probable Probable 
Date . 1 April - 1 April - 1 April - 1 April - 1 April -

Jl!2I 31 August 31 AUMt 31 August 31 August 31 AyMt 

January 1.9 21.5 10.8 6.0 81.5 

February 2.0. 23.4. 12.3. 6.1 79.3 

March 2.0 22.5 11.5 5.7 73.5 

April 1.9 20.4 10.8 5.0 60.1 

May 2.0 21.3 11.1 5.3 60.1 

June 2.0 20.9 11.4 4.5 56.4 

Actual 1.8 19.6 10.9 4.5 58.9 

NOTE: These data were used in actual operations. Subsequent revisions have been made in some cases. 
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TABLEZ 
Variable RenU Curve 
Mica Reservoir 

I'ROBABU J .... l-SlJULy IJCFLCloi , lAI' 
" III urn 

851 fORECASt DRat ~ DAt!,ll lSJ't) 
851 COlCF.DAtl-31.Jt1l.Y IMFLOW,UFD 2/ 

ASSlMED RBl-JUt,31 IKFLOW,I or VOL . 
ASStI1ED ru1-JUl.)1 IMFLOW , DrD 'oj 
HI" RBl-JIJ1.3l CIUTI'UM, ltSrtl 
HIli JAJl31 u.sDVOIR CXIIfTElft , l!P'D " 
HIli JAII31 IUUlWIl 0»fT!lft ,1DT 81 
JAll1 !Ce." . 1/------------------. 
lASE !Ce , n ...................... . 
LOWER LIHIt. " 1/ •• • •••.• , •••••••• 

. ~~= =~:~n ~mg:: ~~ ~i 
KIll HluU-JUL31 OUTFLCW , r::sFD 
HIII' FEB28 USERYOIR 0'JIfT1lfT , ltSFD 5, 
KIll' FD2.a RESERVOIR cotITUT . nET 81 
rEB2I!1 EtC.n . 7/------------------> 
lAS!! ECC , n ...................... . 
LOWER LIMIT. " 1/ ................ . 

ASSt.I1ED APRl - JUL31 INFLOW , I or VOL . 
ASSlHlD Al'I.l-JUL3 1 ItIFLOW , UFD . , 
MIa APRl - JIJ1.31 OUTYLCIW , UFD 
HIlt HAlt31 R%SERVOIR CONTDIt , lCSFD 5, 
HIM HIJl31 atSDlYOIR COHTtMT , FEEt Sf 
HIJl31 !Ce,". 7/ ------ --- ----- - -- -> 
BAS!! ECC. " ........ . . .. .......... . 
LOWER LIKIt, " 1/ •.•..• .. ••••••• .. 

ASSIHD HIoY1-JUL31 IKFLOW, I or VOL . 
ASStHD HA.Y1-JIJ1.31 IIfFLOW, UFD '0 1 
HI" HAYl-JUL31 OUD'LOW , KSFD 
HIlt Al'R30 IWUll.VOIR CONTEtft , UFO 5, 
HIIil Al'R30 RESfllVOIR. CONTlHt ,FUt 81 
APR30 !CC" 7/-- ----------------> 
BAS! !Ce . ·FT : ..................... . 

ASSlMD JUIH - JUl.31 INFt.OW . X OF VOL . 
ASSlJ1EO JUM1- .J11L31 INFLOW ,ItSFD 41 
MI N JUJU-JUl.31 OUTFLOW .KSFD 
MI" HoU31 RESERVOIR COlITDfT . ICSFD 51 
MIll' Ho\Y31 RESERVOIR CONTENT , FEn 61 
Ho\Y31 !Ce.FT . 11-- -------- ------- -> 
BASE!Ce . FT ............... , . ..... . 

ASStJ1£D .roLl - JUl.31 IMFLDW.X OF VOL . 
ASSltiED JULl-JUL31 INFLOW .UFD 4, 
MIll JULbJUL31 OUTfLOW .1CSED 
HIIf JtrJiI30 RESERVOIR CONTENT . ItSFD 51 
MIN JUH30 RESERVOIR COII'TEII'T . F!!T 61 
JUN30 !Ce ,FT . 7/ - ------- -------- --> 
BASE £Ce , FT ...................... . 

JUL 31 !Ce , FT ................ .. 

UITIAL JAIl 1 FD 1 HAl. 1 APR 1 HAY 1 JUII 1 

2431 , 7 
2416 . 8 

2416 . 5 
23114.1 

2401 , 1 

1411 . 7 

2443 . 1 

6655 , 4 8614 . 8 8248 , 1 6513 . 6 1142. 4 1142 .4 
U64 , 4 41111 . 1 4M3 . 4 42112 . 3 4105 , 1 4105 , 1 
612 , 1 551 . 3 513.4 460 . 4 440 , 8 440 , a 

3181,8 4437 . 4 4150.0 3631 . 11 3664.2 3664 . 2 

100 . 00 
3111 . 8 
uee . 1 
2011 . 1 
2uO . l 
2436 . 1 

81.10 81 . 70 
3614 . 11 4335 . 4 
1148 .1 1163 . 8 
1614 . 1 1051 . I 
2433 .0 2'18 . 3 
2426 . 1 2'18. 3 

85 , 30 115 . 30 81 , 50 
3604 , 2 4121 . 8 4046 , 3 
1314 ,11381 . 8 1423 , 5 
13011 , 8 18a . 3 eo6 , 4 
2424 , 8 2411 . 1 2415 , 3 
2416 , 5 2411 . 1 2415.3 

" . 40 eo , 40 111 . 40 114 . 10 
3418 . 1 4011 . 4 3'34 . 6 3632 . 1 
1001 . 1 1014 . 5 1035. 11 1110 . 2 
1112. 0 532 . 3 731 . 5 1058 . 1 
2420 , 5 2401 . 1 2411 , 1 2418 . 2 
2405 . 1 2401 . 1 2406 . 1 2401 . 1 

72 . 60 12 , 60 14 .20 76 ,00 10. 20 
2745 . 7 3121 . 1 30711 . 3 21112 , 2 21131 , 1 
.74.1 .'5 , 0 702 . 5 500, 1 800. 1 

1451.3 11112 , 1 1152 . 7 1417 , 1 13111 . 1 
2421.12417 ,11421 . 32427 , 2 1425 . 6 
2411 . 7 2411 . 8 2411 . 5 2411 , 1 2411 . 8 

35 , 110 35 . 110 31 , 70 37 . 50 311 . 70 411 .50 
1357 , 11 15113 .0 1523 . 1 1440 . 8 1454 .7 1364 .5 
351 , 7 3151 . 1 3111 , 4 452 . 6 452 . 15 452 . 15 

2530 , 0 2302 . 3 2356 . 5 2541 . 0 2527 . 1 11517 . 3 
2450 .15 244a . 0 1447 .0 2450 . 7 1450 . 5 2443 . 1 
2443 . 12443 . 12443 , 12443 . 12443 . 11443 . 1 

24 70 . 12470 . 1 2470 , 1 2470 . 1 2470 . 1 2410 . 1 

1/ FCR A1UtOW AND DUlfCAII : THE LaoIER LIH.lT WILL BE THE SIG8!Jl 01 THE ntVATIOlf REDEll TO PROTECT AGAIII'ST A 
R!CtIRR!MC! OF 11138-37 SIREAKFLOWS OF THE PREVIOUS !CI«TB (V)!CC LtSS TIl! QUANTITY OK!! I'OOT TIII'!S THE II'lH!IER 
OF DAYS IN THE CURRENT MJNTB . FOR HlCA : THE I.C.WER LIMIT WILL 8E THE !LEVATIOIf M!lDlD TO PROUCT AGAINSt A 
RECURRENCE OF 183a-37 STREAMFLOWS . 

21 LINE 1 MINUS LI NE 2 .. . .. 3/ LIME 3 MINUS LIN! 4 •••• , 41 PR!C£DING LIME X LI~ 5 
5, FULL COffTENT (3529 . 2 KSFD) PLUS LINE PR!C£DIMG TSAr LESS LINE PREC!DlltG TSAT. 
al FRa1 RESERVOIR ELEVATION - STORAGE OltITDIT TAIIU . OArED FEll 21 , 11173 , 
71 l.aa:R OJ' !LEVAUOH ON PRECtDI NG LIME e. tLEVATIOlf DtT!R.KIHEll me. TO YEAR . 



PIIOMlIL! JAlll- 31JULY lMi'l.C.W. UP 
.. lit lSFD 

851 PCII!CAST DRCII. rat CAn,n Dro 
1il51 CC*I' . DAT!-31JULl' IIIFLCW,DFD 21 

ASS!JC) FEIl-JULl1 IIFLOW,Z OF VOL . 
ASS~ rCn-JUL31 rKFLCW , XSPD 4 / 
MIW PDl-JUL31 CXl'TFL(Ioi',XSFD 
MICA REFILL IlIQUIR!H!lfTS . lSFD 1 / 
HIlt JAlI'31 RESERVOIR COlftD1' , UFD 51 
HIlt JAlf31 RESERVOU <X*t!lfT ,1DT 81 

IIItIAL 

JAl31 ttx:.rr . 11------------------> 
!AS! tee, n . .... . ............... . . 
LOWER LEMIt , " 1/ ..•. . ....••...... 

ASSlMED HARl-JUL31 IIFLOW , l OF \101. . 
ASSttm) HARl - JUL31 INJ'LaoI,XSFl) 4, 
HIlt HARI-J\lL31 ~.UFD 
MlCA RUILL UQUntr.HE!f1'S. lSFD I I 
HIM FUll RESERVOIR CO!fTElf!, 1CSYD 51 
HIlt fDa! RESERVOIR CONTENt, Fttt 81 
FEB28 ECC,FT . 7 /------------------~ 
!AS! ECC , FT ••••..•••••••..•••••••• 
LQtlER LIMIT. FT 1/ .....•• . ......... 

ASSa£D APRl-JUL3 1 I~. Z OF VOL , 
ASSII1ED Aflll-JULll IIfFLOW ,XSFD 4 ' 
HIM APRl-JULll ourFLOW , KSFD 
HICA REFILL UQUlREMElffS , 1CSFD 1 / 
HIM MARl1 RESERVOIR CONTENt , 1CSFD 51 
HIM MARl1 RESERVOllt COlfTtIfT , Fut SI 
HAR31 ECC . FT . 7/------------------:00 
BAS! ECC, n ...................... . 
LOWER LIMlt, " 1 / ................ . 

ASSlI1ED WoY1- JUL31 IIFLCJW, 1 or VOL. 
ASSlI'mD Ho\Yl-JUL31 Im.cw ,XSFD 4 / 
MIM HAYl-JUL31 OUTFLCJoI.KSFD 
MICA REFILL UQUIRDmfTS , KSFD 8 , 
HIM AP1l30 RESERVOIR CONTEMT , KSFD 5/ 
MIN Al'R30 RESERVOUI. CONTENT , rUT 8 / 
APR30 !Ce , " . 7/------------------:. 
BASE ECt , n ...................... . 

ASS(HD Jt1N1-JUL31 IKFLOW,1 OF VOL . 
ASStHD JUlfl-JUL31 IKFLOW.XSFD 4/ 
HIM .nnll - JUL31 OUTFLCJoI , KSFD 
MICA RErILL REQUIRlHENTS. KSFD 8 / 
MIM HAY31 RESlRVOIR CONTEIfT .KSFD 5/ 
MIM HAY31 RESERVOIR CONTENT.FUT 8 / 
HAY31 ECt .n . 7/ -------- - -------- -:. 
BASEECC. n ............. .. ...... .. 

ASSUH!:D JULl- JUL31 IKFLOW, I or VOL . 
ASSUMED JUL1-JUL31 I!lFLQoI' , XSFD 4 / 
HIN JULl-JUL31 OUTFLQoI . KSFD 
MICA REFILL RIQO'IRll1EMTS, XSFD 8 / 
MIN Jt1N30 RESERVOIR COlfT9!, KSFD 5 / 
MIll' Jt1N30 RESERVOUI. CONTEII't , rUT 8f 
JUN30 ECC FT 7/ -------- ------ - ---:. 
BASE ECC. ' n : •••••..•••••••.••••••• 

JUL 31 tee, Ft ................. . 

1423 . 8 
1408 . 8 

1407 . 0 
1383 .8 

lUO .8 

1428 . 3 

1443 .6 

TABLE 3 
Variable Rellll Curve 

Arrow R ... rvoir 

JItJ( 1 FEll 1 IWl 1 API. 1 HAY 1 JUlII 1 
LOCAL totAL totAL LOCAL LOCAL LOCAL 

8888 . 4 20342 lil88 8788.7 8138 . 4 8138 . 4 
4537 . 2 10258 8714 . 4 4418 . 8 4103 . 8 4103 . 8 

822 . 5 1042 . 0 840 . 4 474 . 5 278.2 278 . 2 
3714 . 78214 . 08774.03845 . 4 3845.83845 . 8 

100 . 00 
3714 . 7 
2738 . 8 
2288 . 8 

331 . 8 
1385 . 8 
1408.8 

81 . 00 87 . 20 
3603 . 3 81158 . 0 
2588.8 2725 . 8 
1848 . 8 2471 . 5 

723 . 3 - 178 . 1 
1384 . 11377 . 8 
138 4 . 1 1383 . 8 

83.70 84 . 30 87.10 
3480.7 8688 . 88518.5 
2441.82570 . 82788 . 7 
1384 . 8 2830 . 0 2622 . 5 
1155 . 8 281 . 6 478 . 0 
1402.8 1384 . 8 1388 . 0 
1402 . 8 1384 . 8 1388.0 

81.20 66.50 88 . 50 85.30 71.60 
2273 . 4 6127 . 5 6010 . 2 2578.3 2810 . 5 
1587 . 1 1654.2 1771 . 7 2418 . 0 2418 . 0 
874.8 2 802 . 0 2787 . 8 800 . 6 800 . 6 

2218.51808. 52138 . 82620.72588.5 
1422 .1 lU6 . 7 1420 . 7 1428. 8 1428.2 
1422 . 1 1418 . 7 1420 . 7 1428 . 4 1426.4 

25 . 10 30 . 20 31.10 27 . 40 30 . 00 
854 . 1 2782 . 6 2728 . 7 10151 . 0 1083 . 8 
884 . 1 842 . 8 1026 . 5 14158 . 0 1488 . 0 
358.5 1366 . 2 1385 . 4 452 . 6 452 . 8 

3181.13105 . 7 3242.8 3533 . 6 3520 . 8 
1437 . 51436 . 7 1438 . 8 1U3.3 1443.1 
1437 . 51436 . 7 1438 . 8 1U3 . 3 1443.1 

41.80 
870 . 7 

1488 .0 
452 . 8 

35711 . 8 
14U . O 
1443.8 

1 / FOR ARROW AHl) DUltCAJf : TIl!: ~ LIMIt WILL BE TIl!: HIGHER or TB! ELEVATIOlil KEDED TO PROTECT AGAIMST A 
RECURRENCE OF 1836- 37 STR!AHFL.a-/S OF THE PREVIOUS t-rlII'tH (V)ECC LESS TIl!: QUAnITY 0Itt root TIns tHE IftIotBER 
OF DAYS IN tIlE CURRENt t-rlII'tB . rat MI CA : tHE LOWER LIMIT WILL 8! 'f8! !L!VATIOlil IfEEDtD 1'0 PROTECt AGAIMST A 
RECURRENCE OF 1836-3 7 StREAHFLOWS . .... 2 / LIN! 1 MIKUS LIN! 2 . .... 3 / LIN! 3 MIKUS LIn 4 .... . 4/ PRl:C!J)IMG 
LIKE X LIJrfE 5 ..... 5/ FOR ARROW LOCAL : FULL 'CONTENT (3518.15 KSFD ) LESS LIN! PRECEDING PLUS LIN! PR!aDIMG 
l'HAt LESS LIME PRECEDING tHAt . FOR ARROW TOTAL : FULL COHT9! (35711.15 KSFD) PLUS tw:I I'RECEDI!IG LIlIES L!SS 
LIN! PRECEDING tHAt ... . . 15 / FRa-t RESERVOIR EL!VATION - StatAG! CONTENT tABU . DATED nB 21 , 1111 3. 

7 / LOWER OF ELEVATION ON PRECEDING LINE 0lI. ELEVATION DEtERMINED PlUClI. TO YEAR . 
8 / rat ARROW LOCAL : MICA MINII-U4 PCWER DISCHARGES . Fell ARROW TOTAL : MICA FULL cnfttrT L.tSS !lltRG1' 

CONTENT CURVE . 
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TABLE 4 
Variable Refill Curve 
Duncan Reservoir 

PROBABLE JAll-31JULY IIfFLCIi' , tA1 
It. I. XS1D 

851 FaiECAST IRRCa rca DATI , I. lSFD 
851 IXIIfl .DAtl-31JULY Itm.OW,xsrn 2/ 

ASS~ RBl-JUL31 JIrFLCN, I (I VOL . 
ASSI.I4ED nll-JUL31 IlfF1Df,UrD 4, 
HI" rDl-JUL31 ourn.cw,I:SFlI 
HIII' JAlf31 RESERVOa COlfT!Il1' ,rsrn 5, 
MIl JAM31 IlESER'V01ll CXlIfT!ltt ,nn 61 
JAMl1 zec,rr . 1 f ------------------~ 
BAS! ECC, n ...................... . 
LOWER LEHIY, rr 1/. , .............. . 

ASSlMED HARl-JUL31 IIfFLCIi',Z or VOL. 
ASSLI1ED HARl-JUL31 IKFLOW,ItSFD 4{ 
HI" HARl-JUL31 OU'Tl'lD<I , ISfD 
HUll FEllS RESERVOIR COICT!JfT , UFD 5' 
HIli 1!lIZ8 RESERVOIR CCIlfTEIIT , F!!T 81 
rD28 ECC ,rr . 1 1 ------------------~ 
BASI EO: , pt •••.••••••.••••.•••.••. 
LOWER LIMIt . " 1 / •.•.•••••..•• . ... 

ASSlI1ED Al'Kl - JUL31 1IfFLCW , l or VOL . 
ASS1I1ED Al'IU-JUL31 INn.OW ,1tSFD . , 
HIM APRl-JUL31 OUTF1.QoI ,ItSFD 
HIM HAR31 RESERVOIR COHT!1ft ,lSFD 51 
HIM HAR31 RESERVOIR COIIt!Mt ,nEt 6/ 
MARl1 !OC , Ft . 7/------------------> 
BAS! ECC, n ..................... . . 
LOW!Jl LIMIt. " 1/ .............. . 

ASStI1ED I'V.Yl-JUL31 IKFLOW, 1 01' VOL. 
ASSIl1ED HAYl-JUL31 IKFLOW,lSFD 4' 
HI" Hl.Y1-JUL31 CIU'YFl..OM,I:SFD 
HII APR30 RESERVOIR CO«TElI't , lSFD 5, 
HIII' Al'Il30 USlllVOIR carrEIf!, ruT 81 
APR30 ECC , Ft. 1 1- - -----········--·~ 
BAS! ECC , Ft ••••••.•••.••..•.••.••• 

ASSI.MED .nnU-JUl.31 IIfTLCW.l Of VOL. 
ASSII1ED JUM 1-JUL31 IIfFLOW, lSFD • / 
HIM JUltl-JUL31 OOTFLOW , lSFD 
HIM HAY3 1 RESERVOIR CONTtHT,XSFD 5/ 
HIM HAY31 RESERVOIR COIfTtIfT,FUf 8t 
HAY31 tee,Ft . 1 1 -·--------··------~ 
BASE ECC . Ft .................. . ... . 

ASSII1ED JULl-JUl.31 IIfFLOW , l OF VOL . 
ASSI.MED JU(.l-JUl.31 IIfFLOW , KSFD . , 
HIM JUl.1-JUL31 OUTFLOW , lSFO 
HIlt JUM30 RESERVOIR COIfT!ln , KSFO 5/ 
HIlt JUM30 USERVOIJl COltTDT,F!ET 8t 
JUM30 ECC , FT . 11------------------~ 
lASE ECC , Ft •••••• ••• ••••• • •••••••• 

JlJL 31 ECC , FT ................ .. 

1833 . 8 
11121.3 

1834 . iii 
1801 .1 

1838 . iii 
11102 . 5 

1833 . 8 

18.11 . • 

187l.1i1 

18311 . 1 
8211 . 1 
1l1o . 3 
11 • . ) 

100 . 00 
71' . 3 
101 . 11 
100 . ) 

1813 . 1 
1821 . 3 

1i11 . 1iI0 
81i11i1 . 3 
108 . 0 
112 . 5 

11115 . 1 
11115 . 7 

1i15. '0 
881 . • 
102 . 1i1 
121 . 2 

18111 . 1 
111111 . 1 

11108 . ) 
1111 . 7 
1i11 . 8' 
111S . 1i1 

1i11.1iI0 
111 . ' 
11' . ' 
'2 . 11 

110' . • 
180' . ' 

115 . '0 
7"' . iii 
111 . 3 

1l1iI . ) 
11101 . ' 
111011 . ' 

1l1iI . 50 81i1 . 50 
1Il1iI . 5 101 . 8 

1Il . 5 81i1 . ' 
1'0 . 0 IiIl . 1I 

1121 . I 1812 . II 
1821 . I 11112 . I 

111.10 
' 1K1.0 '5 .' 
211 . Z 

1II31i1 . 0 
1131i1 . 0 

l2 . 20 
230. 0 

ZI . l 
50l . 11 

111111 . 8 
11111 . 8 

111 . 10 
537 . 1S 

51i1 . 3 
227 . l 

11132 . 0 
11132 . a 

32 . Z0 
2 52 . ' 

30 . 1 
.13 . 5 

111l1li . 1 
1111111 .1 

1803 . 1 
Ul . O 
al . ' 

180 . ' 

87 . 50 
1101 . , 
128 . 1 
" .< 

11112 . 1 
1111Z .1 

a1 .'0 83.110 
185 . a 1111' . 1 

88 .1 1'11 . ' 
10a . 1 188 . 1 

lIIU . Z 11128 . .5 
11115 . 2 11121 . ' 

10 . Z0 
.533 . a 
e8.1 

2311 . 0 
1113'.' 
113 • . • 

37 . ao 
2.a . • 

33.11 
.80.0 

1118 . a 
11181.a 

71 . 80 
510 . 2 
10l . 1 
Z88.3 

111102 . I 
111102 , I 

33 . 70 
Z38 . 1 

!l2 . 7 
!lla . ' 

1110 . • 
1810 . • 

150.5 . 1 l!10!l . 1 
15a . l 2"8 . 1 

1 • • 11 1' . 15 
11' . l 111' . l 

711 . 10 
.511 . 2 
103 . 1 
Z82 , 3 

111.1 , I 
111.1 . 8 

3!1 . 80 
2'Z . 1 
'2 . 1 

'18 . • 
1810 . 1 
1870 . 1 

' 11. 110 
22' . Z 
'2 . 1 

531. 1 
1871 . 8 
11171 . 8 

1118Z . 0 l11i12 . 0 188Z . 0 l11il2 . 0 1182 . 0 1182 .0 

LIHlT WILL e THE HIGHER OF THE EUVATIotI MnDED TO PR:OT!CT AG.\IIfST A 
PREVIOUS I'Dfl'B (V)ECC LESS THE QUAIM'ITY ON! FOOT TIns THE !ftl1BER 

THE LOWER LlHIT WILL B! THE !U:VATIOl' IfE!DED TO PROTECT AGAIMST A 

X LIIfI 5 
THAt . 
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PROBAlIl.! JA1fl-31JULT IIIFLC*,KAF 
" 1M ISrD 

"'I FCIlEC.AST ERRCIl PCR DAT!, 1M ~ 
OMDvm JAlfl-DAT! INFLOW, III KSFD 
"'I COIQ' .DAU-31JULY Ilf1't.Qof,XSFD 11 

ASSlt4ED FElII-JUtJl INFLOW. Z or VOL. 
ASStI1ED rElIl-JUl.31 INFLOW,ISFD 21 
FEB MlICUPI now DQUIRfloIDfT,crS 31 
HIlt nBl-JUL31 OUTFLOW,KSFD 4/ 
HIM JAJil311lESDVOUl COlfYtNT,ISFD" 
HIli .JA1f31 USER'VOIll COIfT!lf!, nET 51 
JARll !Ce,PT. " - -----------------~ 
BASE ECC, n ............... . 
LOWER LEMa!, PT ................... . 

ASSlI1!O KARI-JUl.31 IIfFLOW,Z OF VOL . 
ASSllitD "IoU-JUL31 IMFLOW , ISFD 2/ 
MAR MllfDUt FLOW REQUIllEMDI1' ,CFS 31 
HIM MARl-JUt31 OIJ'fFLOW,KSFO 4, 
HIM" n:B28 RESERVOIR CONTENT , KSFD " 
HIM F£B2a RESERVOIR CONTEKT,FEET 6 / 
FED28 !OC,PT . 71---------------- --> 
BASE !XX:. FT ...................... . 
LOWER LlMlT, PT •.•••.••••••••••..•• 

ASSIHD APRl-JUL31 IM'FLOW,Z OF VOL . 
J\SSIHD APRl-JUL31 INFLOW,ISFO 2 / 
APR HIJlUU! FLOW REQUIll!MENT ,CFS 3/ 
HIM AP'RhJt1L31 OUTPLOW,lSFD 4/ 
HI" Mo\R3 1 RESEl.VOIR COHfElt! , DFD 51 
HIM MARl1 RES!lt.VOIR COlCT!lft,nET 81 
HARJl !CC PT 7/------------------> 
lIAS! ICC , 'n: ..................... . 
LOWER LOOt, n ................... . 
ASSUH!D HAYl-JUL31 IIfFLOW,Z Of VOL. 
ASSIJoIEl) MAYl-JUL31 IJfFLOol,KSFO 2J 
MAY HIl'lIlO1 FLQoI R!QUIR.EMEl'lt , CFS 3 / 
HIM HAYl-JUL31 ~, KSFO 4/ 
HIM APR30 RESElI.VOIR cotI'TEI'IT , KSFD 5/ 
MIN APR30 RESERVOIR cotI'TEIfT , FUT 6 / 
APR30 ECC,rt . 7/ ------- - -- -- --- ---> 
BASE ECC, rt •.•..••••••....•••••••• 

ASSUMED .nnU-JUL31 ItfFl.aoj,l OF VOL . 
ASSlt'IED .nnU-JUL31 II'IFI.QoI,KSFD 21 
JlJlI HINIKI1 FLCJoI REQUIR.EMElfT , CFS 31 
HII'I JlJlIl-JUL31 OUTFLOW,KSFD 41 
HIN HAY31 RESElI.VOIR COI'In:lfT , KSFO 51 
HIM HAY31 RESElI.VOIIi. COlITENT,FEET 61 
MAY31 ECC , rT . 7/------------------> 
BASE ECC, rt .. .................. . .. 

ASSUMED JULl-JUL31 11'lFI.Qol,1 OF VOL . 
ASSUMED JULl-JUL31 INFLOW , KSFO 2/ 
JUL HINII-U4 FLCJoI REQUIREMENt .CFS 3/ 
HII'I JlILl-JUL31 OUTFLOW, KSFD 41 
HIN JUM30 RESERVOIR COMTEIft ; KSFD 51 
HIN JlJlI30 RESovon cotf!EI'IT, FUT 61 
JlJlI30 ECC,rt . 7/ - - ------ ----------> 
BAS! tee , " ............. ..... .... . 

JUL 31 ECC, " ................. . 

nlttAL 

2417.8 
2287 . 7 

2415 .0 
2281 .0 

2412 . 2 
2281.0 

2411.3 

2434 . 4 

24515.1:1 

JA81-JUL31 FORECAST , - !.ARLYBIRD, MAr 8/ 

TABLE 5 
Variable Rellll Curve 

Ubby Reservoir 

J .... 1 n:a 1 MAR 1 APR. 1 HAY 1 J1Jlf 1 

80ao.0 6130 . 1 5737.1 5123 . 4 5452.6 5461 . a 
3070 . 4 30aO.6 28a2 .5 2583 . 0 274U . 0 2183 . 8 

886 . 8 606 . 4 552 . 5 533 . 4 474 . 5 361 . 5 
0.0 at . 3 178 . 0 304 . 2 557 . 4 1284 . 1 

2183 . 6 23a2 . a 2161 . a 1145.4 1117 . 1 1112 .2 

a7 . 14 
2121.1 
4000.0 

724 .0 
lU3 . 4 
2387 . 3 
2387 . 3 

a4 . 47 a7.25 
20fi2 . 82327 . 1 
4000 . 0 4000 .0 

fi12 . 0 fi12.0 
105U . 7 7U5 . 4 
2383.62364 . 4 
2383.62364. 4 

Ul . 24 a3 .a2 U6 . 58 
lUU2.3 2247.4 2088.0 
4000 . 0 4000 .0 4000 . 0 

488 . 0 488.0 488.0 
100fi.2 151 . 1 1iI10.5 
2380 . 0 2361 . 0 2373 . 1 
2380 . 0 2361 . 0 2373 . 1 

83 . 21 85 . 65 88.08 IiIl.20 
1811 .0 204a . 5 l1i104 . 2 151i11 . 8 
4000.0 4000 . 0 4000 .0 4000 . 0 
368.0 3fi8 . 0 368.0 3fi8 . 0 

1061.5 821i1 . 0 1iI1' . 3 1288.7 
2383.8 23fi7 . 0 2377.7 231i18 . 5 
2383.82387.0 2317 . 1231i18.5 

56 . 86 51.50 51i1.13 61.22 fil.13 
1241 . 6 1375 . 1i1 1278 . 3 1068 . 5 1152 . 1 
4000 . 0 4000.0 4000.0 4000.0 4000 . 0 

244 . 0 244 .0 244 .0 244 .0 244 . 0 
1512.1i1 1318 .fi 1476 . 2 1685.1i1 1601 . 8 
2411 . 6 2403 . 1i1 2401il . 6 2420 . 1 2416.3 
2411 . 6 2403 . a 2401il .6 2420 . 1 2416.3 

11i1.41 11i1.1i18 20.54 21 . 27 23 . 32 34 . 1' 
423.8 478 . 1 444.1 371 . 3 400 .4 386.4 

4000.0 4000.0 4000 . 0 4000.0 4000.0 4000 . 0 
124 .0 124 . 0 124.0 124 . 0 124.0 124.0 

2210.1 2156.4 21UO. 4 2263 . 2 223' . 1 2248.1 
2445 . 6 2"3 . 3 2444 .1i1 2'48.2 2446 . 1i1 2447 . 5 
2445 .8 2443 . 3 2444 . U 2448 . 2 2446 . 1i1 2447 . 5 

245a . 0 245U . 0 2451i1.0 2.5U . 0 2451i1 .0 2451i1 .0 
81i1 .1i1 8U . l 87 . 7 73 . 1 13.1 61i1.1 

1/ EXPECTED INF1.OW MINUS (a51£1tROR & JAHI-0ATE INFLOW) ...... .... ... •. . 21 PRECEDING LIME tlHES LIKE 11 
31 BASED ON POWER OISCBARGl R!QUIRDItNTS, OEn:RHlJrED I'JICM 8/ ..... 41 ClMJ1J.fIV! HIIfII-U4 OUtFLOW I'JICM 3/. 

FRa-t OAt! TO JULy 
5{ FULL CONtENT ( 2510.5 KSFO ), PLUS 4/, AND HII'IUS 2 / ...••• 6/ ELEV. FROM 51, II'ItERP . FROM IWPP StoRAG! 

COMtDft tABLE 
11 ELEV . FRCH 6/. BlIT LIMITED or; BASE ECC, & > ECC Laa:R LIHIt •••• 8 1 USED to CALCULATE TB! POWER OISCBARGl 

REQUIJUMEIftS FOR 3{ 
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Table' 

Computation or InItial Controlled Flow 
Columbia River at The Dall •• 
1 May 1992 

1 Kay Forecast of Kay-August Unregulated 
Runoff Volume, MAP 

Less Estimated Depletions, HAP 

Less Upstream Storage Corrections, HAF 

~~ 6.3 

ARROW' 2.9 

DUNCAN 1.3 

LIBBY 3.2 

LI BBY + DUNCAN UNDER DRAF'l'* - 0 

HUNGRY HORSE 1.2 

FLATHEAD LAKE 0.5 

NOXON 0.0 

PEND ORElLLE LAKE 0.5 

GRAND COULEE 2.0 

BROWNLEE 0 . 0 

DWORSHAK 0.1 

JOHN DAY ~ 

TOTAL 18 .2 

Forecast of Adjusted Residual Runoff Volume, MAP 

Compuced lnieial Controlled Flow fr,om Chart 1 of Flood 

49 .4 

1.5 

19.7 

29 . 7 

Control Operating Plan , 1,000 efs 200.0 
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Chart 1 
Seasonal Precipitation 
Columbia River Basin 
October 1991 - March 1992 
Percent of 1961 -1990 Average 

_ Precipitation very high and more than 150% of average 
_ Precipitation high and more than 120% of average 
In ' wI Precipitation low and more than 80% of average 
ErZZJ Precipitation very low and more than 50% of average 

41 
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Chart 2 
Columbia Basin Snowpack 
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Chart 7 
Regulation of Arrow 
1 July 1991 - 31 July 1992 
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Chart 9 
Regulation of Libby 
1 July 1991 -31 July 1992 
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Chart 10 
Regulation of Kootenay lake 
1 July 1991 -31 July 1992 
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Chart 11 
Columbia River at Blrchbank 
1 July 1991 - 31 July 1992 
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NOTES: 

1. PERIOD OF RECORD FOR SUMMARY: 1878 - 1965. 

2. OBSERVED AND UNREGULA TED DISCHA RGE 
SHOWN FOR COMPARISON. 

3. PLOTTED POINTS ARE THE MAXIMUM DAIL Y 
DISCHARGE FOR THE WA TER YEAR. 

4. THE 10,25,50, 75 AND 90% LINES REPRESENT 
PERCENTAGE OF TIME THE FLOW IS EQUALLED 
OR EXCEEDED ON THATPARTICULAR DAY. 
THESE LINES ARE 8ASED ON TEN DA Y MEAN 
VALUES. 
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Chart 13 
Columbia River at The Dalles 
1 July 1991 - 31 July 1992 
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C'art U 
Columbia River of The Dall,s 
1 April 1992 - 31 July 1992 
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Chart 15 
1992 Relative FIlling 
Arrow and Grand Coulee 

, 
R.tatJv. filling ~delln •• ba.ed on octJve etorag.~/oc~ Grand Coulee , 
ro.v. 1208 to 0) to capacity at Arrow (E)ev. 1 to ). Flood Control_ , , 
woe relieved at Arrow after April 30. TN. curve dkj not guide , 
operation. after that date. I , 

, , , 
Grand Coulee FiJIl Pool 
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Elevation. o.."ng FIlling 
I-Grand Coulee (oCtuoO 

Arrow (odJusted) 
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Elevation 1444.0 
Arrow Normal Fun Pool 

1390 1400 "'0 '""0 1430 

Arrow Lake Elev. - Fl Above MSL 
(Average of Nakusp and Faquier) 
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