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Executive Summary 

Entity Agreements 

Aifeemeots lppfOVed by the EDtities durm, the period of this report include: 

System Operation 

()eu,iled OperlliUII Plan for CoJumbi' River Trea~y StORlie, I AU~SI 
1992 througb)1 Jllly 199), dllod November 1992. 

The Assured Operating PlIIl , and Detmnillllion of DownsUUlII Power 
Benefits for Operating y~ 1997-98, dated October 1992. 

The coordimnod syscem fined 10 68.6 pe«mt of .Actual Enern Rerulllioo (AER) Slorage 

cap.city by 31 July 1992. A$ I rmllt, third year firm etlerfY !(lad ttrryin, capability (FELCC) was 

adopted for the 1992-93 oper;ulnll year, Actual storage caplcity was filled to 76'\. From August 

throu,h April the $}'SCetn proportionally drafted to meel FELCC. May througb Jllly bad the syslmt 

meetinll EneriY Cootent Curves (ECC). 

The 1 bnu:ary 1993 water wpply forecu~ for the Columbia Rh'er at The Dalles (Jan·Ju!) was 

92.6 MAF. or 87 percent of average, the $ame as for 1m. This forecast indicated that ~oond:uy 

etIer~ would be Ivailable , However, the Federal System was operilled wnurvativcly to el1SlIre thll 

about ) MAF above the eJlefey OOntcnt o;urve (ECC) would be provided for the 1993 juvenile fub 

now lIIp1entatioo. Elleri)' was purchased 10 keep the resemJin (GWid Coulee and Libby) above 

ECC. The early spring remained dry and forecasted runoff continued 10 drop IImil April wben the 

uend turned upward . The ilCt\>aI observed nilloff was 88.0 MAF, or 8J percent o f average and the 

six!centh lowest sin.ce 1929. 
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The peak daily averqe flow observed II The Dalles was 386,SOO en. The lower Columbia River 

was reiU!aled in May, June and July to meet requests fnr fish nnws delivering the Water Budget and 

Flnw Augmentatioo vnlumes. The observed coordinated system !Image content reached n percent of 

capacity on 31 July 1993. However, the energy Willen! reached in the Ao;tuill Energy ReJUlliinn 

(AER) for Firm Energy load Carrying Capability (FELCC) was only 73 percent of full. This villue 

was u.sed tn detmnine the Finn Energy Load CarryillJ Capability (FELCC) for the 1993-94 npeming 

year. BecaU5e the energy coment AER rudled only 73 percent full, third year FELCC was adopted 

for the 1993-94 operatin& year. From I AuiUS! 1992 through 3 1 Marc.b 1993 &eneratinn at 

downstream projectS in the United SLates, delivered un.der the Canadian Entitlement £Kc.bange 

A&foemen!, was appro~ima\ety 305 lVerlJe mqawans " rates l,Ip to 844 me&aWKIU. From I April 

through 31 July 1993 the delivery Wl$ 293 averq:e meg.watu, at rates up to 755 megawatts. All 

CSPE power was u.sed 10 IDtIeI: Pacific Northwest lOIds. 

Treaty Project Operation 

The Treaty projects were operated throui!tnut the year in accordance with the 1992-93 Detailed 

Operating Plan and the Rood COfIIJ"OI Opmting Plan. 

Mica treaty slIIrlge readied 99.6 percent of fUll coment 00 21 AUJUSt 1992. However, due 10 a 

sl,lbstantJal Treaty OVerT\ln and depletions in the /'ITS account. the reservoir elevation was only 245 1.2 

feet . By 31 December the reservoir level had dropped III elevation 2407.4 feet. Treaty stOrage was 

fully depleted by II Febrnry 1993. The restnlOir reached its lowest level. elevation 2340.4 feet , 5 

feet below its previou$ reeo«l low level, on 23 April 1993. From then on, Mica's treaty SIOtlge 

refilled, reac.billJ 56 percent full (1962 k$fd) on 30 September 1993. The maximum level for 1993, 
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elev.ion 2419.4 fMl, was reached cn 12 Sepumber. This isS7 feel below full pool &lid 23.8 feel 

below the previoos lowesl peal:: . 

DurillJ the 1992 opmIlina year. Arrow reached lIS lJ\Uim ... m level of elevation 1412.4 feet on 31 

July 1992. The reservoir drafted dW"illJ AuillSt 10 elevllioD 1408.3 feel. Red ... ced October and 

NGYember outflows filled the reservoir with the level ruching elevation 1415.2 feet on 17 November 

1992. He.lYy releases dllfilllllle December and J&fNlr}' cold snap dufted Arrow. readling, 

miaim ... m elevation of 1385.2 feel 01126 February 1993. Starlin, in !:lid-May, hiab inflows and low 

outflows filled the reservoir to eievl1ion 1430.4 feet by 30 I ... ne. Treaty SIOrqe WI$ euentially filII 

II 98.5 percent. During July, Mica discharges wete incteased to redllCe lIle substantial T reaty 

... ndemJn &lid mainwn Arrow levels. The Anow level WI$ lIUIintained in the ran,e of 143 1-1434 feet 

from mid-Jul y Ihrou.Ih Seplembu. 

Duncan reservoir did not fill dLlfinl the 1992 operatins year beiDa; 44 feel below full pool at 

eleo-llion 1848.0 on 3 1 July 1992. Treat}' Slorlie WIS 48 pes-cent fuJ I. A special LibbylDuncan 

D'lI"ISfer of 465 bfd had drafted the reservoir ,ivin, reoord low summer levels. The 3J AulUS\ 

resnvoir level was elevation 1832.6 feel. During Octobu-December,the Duncan outflows were near 

100 efs and most of the LibbylDuncl.O Slorqe tnllilfer was r«umed 10 Duncan belweeo 10 October 

and 18 December, fillin, the lake to elevation 1841.8 feel by 4 December. December releases 

drafted the pool 10 elevation 1827.9 feel, 40 feel below IISI yur's levd on 3 1 December. Duncan 

reached ilS lowest level durin,the operatin, year, elevation 1794.9 fett, 00 22 April 1993. 

Minimum releases durin, May-July t,elped refill the reservoir to elevalion 1881.9 feel by 31 July . 

Continued fill in, had the reservoir reachin,llS peak elevation of 1885.4 feet nil 10 AUlUst . Between 

3 July and 19 July, 132 !<sfd WI$ Ir1lI.5ftred ()Ut of Canadian storl,e a:! a result of a LibbylDunean 



Transfer AfreeOlem. However, 10 mIoimize spill ill KooIenay RIver plams,lIIi$ water was released 

from Mita ralller lIlan Ov.nean. Th is swrage will be rmlmed between I September and 31 

December. 

Durioa: lIIe 1992 opera1in& year, Libby reached its muimum level, elevation 1439.& feet (19 feet 

below full) o n " AuJUst 1991. The reservoir beaan its drlwtl down in mid·AuJUst. On 11 October, 

Libby beaan reieasina: the 465 bfd of LibbylDuocao Inn$fer. 10 late Oaober and November a speoeial 

operaI.ion for MODtana DeplrUneDl of Fish , Wildlife, aod ParL:s and power requirements resulted In 

tile lab beina: dnfted to elevation 13.59 . .5 feet by 31 December. A minimum level of elevation 

2323.0 feet was reached 011 23 March. From mid·March throua:h IIlid·AuJUst the Libby outflow was 

maintaiMd near minimum, 4,000 0:&, elIcepI for a two week period In June. Between 1-1.5 JUM the 

outflow was illCTUSed to provide I flow near 20.000 cfs at Bonnen Ferry, 10. About 400 It::sfd was 

released durinll: this period as pan of 3 while sturaeon spawnina study. The reservoir reached its 

biabesl elev.tion of 244B.2 feet 00 Lrobor Day, 6 September 1993; about 11 feel below ful! . 
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I Introduction 

This annual Columbia River Treaty Entity Repor1 is for the 1993 Water Year, I October 1992 

Ihrnl!ib 30 Seplember 1993. It InclLides infonnar:ion 00 the operation of Mica, Arrow. Duncan, and 

Libby reservoirs durinil that period wi!h additional infonnation coveril\i !he reservoir system 

operatinf year, I AufUS! 1992 throufh 31 lilly 1993. The power and flood control dfeas 

downstrwn in Canada and the United Swes Ire desc:ribed. This repor1 is !he twenry-seventh of. 

series of annual reports coverinf the period since the ratification of !he Columbia River Treaty in 

September 1964. 

Duncan, Arrow, and Mica reservoirs in Canada aDd Ubby reservoir in ~ United Swes of 

America were constructed under the provisions of the COlumbia River Treary of Janulll')' 1961 . 

Treat)' storlie in Canada is required to be openaed for the pIIrpo$e$ of flood control and ioc::tea!int 

hydroelectric power feneration in Canada and the United States of America. In 1964, the Canadian 

and the United Swes iOvemments w:h o:IesiillUlled an EIIllty 10 formulate and earry OUt the openting 

lI'TantemeII.U necessary 10 implement the Treary. The Canadian Entity is the British Columbia Hydro 

and Power Allthority (B.C. Hydro). The United Swes Entity Is !he Administrator of the Bonneville 

Power AdministriUion (BPA) and the Division En,ineel' of the North Pacific Division. Army Corps of 

Engineers (ACE). 

The following is a summ&r)' of key features of the Treaty and related documents: 

l. Canad. is to provide IS.S million acre-feet (maf) ofus.ahIe ,!Oralie. (This bas b=1 
accomplished with 7.0 mal in Mica, 7.1 mar in Arrow and 1.4 maf in Duncan.) 



2. For the purpose of computing downstreaIII benefits the U.S. byelroelectric facilities will be 
opemecl in I manner thll mates the IDO$t effective use of tbe Impf1)Ved $tn.amflow resulting from 
opemion of the CaoacIlan storage. 

3. The U.S. and Canada are 10 share equally the additional power generated in the U.S. 
resulting from operation of the Canadian storage. 

4. The U.S. plIicI Canada • lump sum of the 164.4 million (U.S.) for e>:pected floocl contrOl 
benefits in the U.S. resulting from opefation of the Canadian SIOrage. 

S. The U.S. bas the option of requesting the evac:ullioll of additional floocl control space above 
that specified in the Treary, for, payment ofSl.!7S million (U.S.) for eadI of the fim four reque:su 
for this 'on-eall' storage. 

6. The U.S. consUUeled Libby Dam with a reservoir thll e>:tencls 42 miles into Canada and for 
which Canada made the landivillable. 

7. Both Canadl and the United Stat" hive the ri&bllll make eliversions of water for 
consump(ive uses and, in addition, after September 1984 Canada has the option of JI\ll;ing for power 
purposes specific diversilllls of the KOQ{enay River into the beadwllm of the Columbia Rivei'. 

8. Differences Itlsin{ under tile Treaty wbid! CI:IUIOI be resolvecl by tile fWO eournria may be 
referred 1(1 either the International Joint Commission (UC) or 10 arbitration by an appropriate tribunal. 

9. The Treaty shall remain in we for It least 60 years from its elate of ratification, 
16 September 1964. 

10. In tile Canadian Entitlement Purdtas.e Agreement of 13 AUiU!I 1964, Canadl IOld illl 
entitlement to Oownstreatn power beIIefia to the United States for )O.years wgiMinglt Duncan on 
1 April 1968, .u Arrow on I April 1969, and II Mica on I April 1973. 

11. Canacla and the U.S. are eacb 10 appoint Entities to implement Treaty provisions and Ite to 
jointly &ppOintl Permanent Engineering Boarel (PEB) to review and r~rt on opemioDll uncler tile 
Truty. 
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n Treaty Organization 

Entities 

There were cwo meetin,s of thtl Columbi, River Treaty Entities (lneludill, the Canadian Entity 

Representative aud U.S. CoordinatOrs) durill, the year on the morning of 3 December 1992 in 

Vanoouver, B.C., :and the afternoon of 20 May 1993 in Portland, OR. The members of the twO 

EDlities at the tItId of the period of this repan were: 

UNITED STATES El'ITITY 

Mr. Randall W. HlLI'dy, Cbaimllll 
Administrator. Bon.neville Power 
Adminisll'atioo 
Depanment of Eoeray 
PonJand, Dre&Oo 

Major General Ernest J . Hanell 
Division En,ineer 
Notth Pacific Division 
Army Corps of EoJlneers 
Portland, Oreaon 

CANADIAN ENTITY 

Mr. Mar~ EHesen, Cb~ 
~ Qaillliiit, British Columbia 

Hydro and Power Authority 
Vancouver, B.C. 

Mr. Eliesen succeeded Mr. Norman Olsen effective 30 November 1992. 

The Entities bave appointed Coordin.alors and two joint $landin, romminees to assist in Treaty 

implementation lCIivities. These are described in subsequent PilTaiIlpbs. The primary duties and 

responslhilities of the Entities as specified in the Treaty and related documents arc: 

I. Plan and udtlDJe information relating to facilities U$ed to obtain the benefits CQmemplated by 
the Trul}' . 

2. Catcul'te and lltTan,e for delivery of bydroelectri~ power to wbich Canada is entitled and the 
amounu paylble to the U.S. for standby transmission services. 

3. Openr.e a bydromel:tIOrolo,lu) system. 

4. AssiSi and cooperate with the Permanent En,ineerin, Board in thtl dischar,tI of iu functioD.$. 
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$. Prepare hyo1roe1ewi~ aoo flood eomrol operatInl plam for me use of Canadian stor31e. 

6. Prepare aoo implement detailed operatina: plam mal may produce res.ults more 8dVllll2&:eous 
to both rounmes man those that would arise from operation undet assured open:Iinl plans. 

1. The Treaty provides thll! the two lOVmumtJts may, by an exdlante of QO(es, empower or 
eb1ra:e the Entities with any other maner comia, within the scope of the Trury. 

Entity Coordinators 

The Entities blve ~inted members of their respective ltaff$ to sen-e as coordlrwor$ or foal 
pomu on TrUlY mahm witbln their organiwion.s. 

The memben a:e: 

UNITED STATES EN'ITTY COORDINATORS 

Sue F. Hickey, Coordinator 
Asst. Administrator for Office of 
Energy Resouree, Bonneville PoWet 
Admininralion 
Portlaoo, Oregon 

Robert P. Flan.aaan, Coordinator 
DirectOr. PllMin, aoo En,ineerin, 
North Pleific Division 
Anny Corps of En,ineer1 
Portland, Oregon 

P:unela A. Kinesbury, Secretary 
Entl'D' R_ree Speciills(. Canadian Treaty 
Section 
Division of Power Resources 
Bonneville Power Admi.n.istration 
hlrtland, Oregon 

CANADIAN ENTITY COORDINATOR 
EfP 

H.D. KennetlJ»PJ', Coordinator 
President &: CEO of POWEREX 
Vancouver, B.C. 

Grieme L. Simpson, Secr«.ary 
Resource PlannillJ ElIJineer 
BC Hydro and Power AII\hority 
V&IICOllver, DC 

Mr. Epp was appointed In $Ucceed Mr. FQ~ aoo Mr. Simpson wu appointed is Secntary 
effective 7 May 1993. Ms. Hickey succeeded Mr. Sienk;iewicx effective 19 July 1993 . 
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Columbia River Treaty Operating Committee 

The Operating Committee was e5abli.!.hed In September 1968 by the Entitie5 and is re5ponsible 

for preparing and implementing operatini: plans as required by the Columbia River Treat)'. II1.8king 

StUdies il!ld otherwise !Wisting the Entitie5 as needed. The Operating Conunittee consists of ei&bt 

members as follows: 

UNITED STATES SECTION 

Marl: Maher. BJ>A. Co-Chlirmlll 
Nicbol .. A. Dodge, ACE, Co-Chlirman 
R~II L. George, ACE 
Steven A. Momfon, BPA 

CANADIAN SECTION 

TllDOlhy J. Newton, BeH, Chairman 
R&tpb D. Lepe, BeH 
Kenneth R. Splfford. BCH 
Gary H. YO\llIf, BCH 

Mr. Maher was appoimed 10 succeed Roben D. Griffin, effective I March 1993. 

Then were six meetintS of the Operating Committee during the year. The date5, places and 
number of persons mending those meetings were: 

D., Location .. ,,"'-
16 Novemba' 1992 VlIICOUvet, B.C. i6 
21 January 1993 Portland, OR. .. 
2S March 1993 Vancouver, B.C. 17 
19 Mly 1993 BolIDeville, OR 17 
13 July 1993 Vancouver. B.C. is 
29 September 1993 Portland. OR 16 

The ~rating Committee coordinated the opetnion of the TreaTy stOrage in ICWrdance with 

the current bydroelectric and flood col\U'Ol operating plans. This asp«! of the Committee's work is 

described in following sections of Ibis report whicb have been prepared by the Committee with the 

auistance of others. During the period covered by this report, the Operating Committee completed 

the 1992-93 DaliJed Operating Plan (DOP), the 1997-98 Assured Operating Plan, and a report 

fo~ing the Canadian Enlitlement ellIitled 'Columbia River Treaty Forecast of Canadian 

Entitlement to Dowmtream Power Benefits, Entitlement Forecast St;odies,' dated April 1993. 
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Columbia River Treaty Hydrometeorological Committee 

The Hydromeceorolo,ical Committee was establ ished ill September 1968 by the Enlilies and is 

responsible for plilMina and monilorina the operation of data faeililies in accord with the Treaty and 

otherwise ISWlin, the Enlilies u needed. The Committee consiSts of four members as folloW$: 

UNITED STATES SECTION 

Bruu E. MacK.y. BPA Co-Cbalnnan 

Dou.,lu D. Speers, ACE, Co-Cbairman 

CANADIAN SECTION 

William Olin. BeH. Chalnnan 

Brian H. Fast , BeH, Member 

There was one meetin, of the Hydrometeoroloaical Committee, on 5 November. al the BPA 

Diltmet" ContrOl Cenler in Vanrouver, W A. The committee revieoNed the 1m volume forec:asl 

results. hydromet station dlances. and developmeots in !e.lemeuy and forecasl procedures. II also 

addressed the revision made in the discharge ralin, CUI"Ve$ for Keenley5ide projeCI. In aener.!. data 

was eo;dlan,ed slllOOlhly with 110 major problems . 
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Permanent Engineering Board 

Provl$ioll$ for the e4tablishmeot of the Permanent Eni ineerina: Board (PEB) and il$ duties and 

respolI$ibilil ies are inc:lllded in the Treaty and relaled documentS. The memben. of the PEB ate 
presently: 

UNITED STATES SEmON 
HCfben H. Kennon. Olainnan, 

Wasbina:ton. D.C. 
Ronald H. Wilkerson. Member 

Mluoula, MollWll. 

John P. Elmore, Al!emlle 
W&Sbina:tOn, D.C. 

lbomas L. Weavei', Alltmale 
Ciolden, Colorado 

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

CANADIAN SEmON 
David OI.lhon, Olairman 

Ottawa. Ontario 
John~, Member /lJ/u,/} 

Viccoria, B.C. 

Don A. Kasianchuk, Ahemlle 
Viewr;', B.C. 

Vic Niemell. Alltmale & 
S~""" 
Vancouver, B.C. 

In a:eneral, the duties and responsibililles of the PEB ate to assemble record$ of f10W$ of the 

Columbia River and the KO(Menay River al the intenutiollll boulldary; report to both governments if 

there is deviation from the hydroelectric or flood coDtrol operating plans, and If appropriate. include 

recommer.dations for remedial action; usist in recondllna: differem:es that rnay arise betweea the 

Ent ities; make periodic irutpectioll$ and obtain reports as needed from the Entities to UlIure that 

Treaty objectives are beIng met: mike an aMual report to both govetn.ments and special reportS wh m 

appropriate; consult with the Entities in the establishmeot and operation of a hydrometeoroloaieal 

S)'$tern; and. investigate and ~rt on any other Treaty !"dated matter at the request of either 
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The Entitie$ continued their eoopen1ion with the PEB during the past year by providina: 

copies of Entity' agreements, ope:ming plans, downstream power benefit computations, corTeaions to 

bydromel«lrolo,ical documents, and tile annual Entity' report to the Board for tIleir review. The 

annual joint meetin, of tile PEB and tile Emities was held on the afternoon of 3 December 1992 in 

Vancouver, B.C. A ipC(W joint me«ina: of the PEB and the Entities was beld 00 20 May 1993 in 

Portland. OR., to distuSS the EDlilie:s' resolution of the compuwion of (",pacity ("Joellt limits. 

PEB Engineering Committee 

The PEB has establishod I PEB Engineerin, Commillee (pEBCOM) to usist in carrying OUt 

its dUlies. The members of PEBCOM " the end of the period of this repon were: 

UNITED STATES SEmON 

S.A. Zan,aneb, Chainnan 
WuhinllOn, D.C. 

GM)' L. Fuqua, Member 
Portland. Oregon 

Earl E. Eiter. Member 
W~ingtOn, D.C. 

Lany EillS , Member 
Golden. Colorado 

Stephen I. Wri,ln , Alternate Member 
Wuhington. D.C. 

Richard L. Minelstadt. Alternate Member 
Ponland. Oregoo 

• 

CANADIAN SEmON 

R.O. "Neil" Lyons. Chairman 
Vancouver, B.C. 

David Burpee, Member 
Quaw •• Ont. 

Roger McL.-u~lin. Member 
VictOria, B.C. 

RaIl Balachandran, Member 
VictOril, B.C. 



loternational J oint Commission 

The Intt~tional Joint Commiuion (lIC) was erUled under tile Soundlry Wilen Tmty of 

1909 between Canae!; aDd the U.S . Its principal functions ate renderina decisioll5 on tile use of 

boundlry waten. investi,aUna important problems ari$in, aloOf tile common frontier not necessarily 

OOJl.!lected witll WIt_IYS. and makin, recommendations on any question referred 10 it by either 

lovemment. If, dispute conctmln, the Columbia River Treaty could DOt be re$Olved by the Entities 

or the PEB it may be referred tn the UC for resolution before beinl submitted to a tribuPli fur 

arbitnlion. 

The UC hu appointed local Boards of Comrol 10 ill5ure compliance with UC orden and to 

keep the UC cutTeruly infunned. There are four such boards west of the continent.al divide. These 

lITe the Imemalional Kootenay Lake BoW of Control. the Imemational Columbia River Board of 

Control, the Imernational O5oyoos Lake Boud of Control and the International SkI,il River Board of 

Control. The Entities and their committees conducted their Treaty activities durin, the period of this 

tepon so that there · .... as no Ic:Down oonflia with UC orders or ",les. 
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Columbia River Treaty Organization 

CANADIAN GOVEI'INMENT UNITED STAlES GOVERNMENT 
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• • 
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III Operating Arrangements 

Power aDd Flood Control Operating Plans 

The Columbi~ River T reaty require:$llIZ1 the teservQin consuuned in Canada be openIled 

pursuant to flood control and hydroel~ic operatint plans developed thereunder. Anne:< A of the 

Treaty stipulates that !he United Slates Emity will submit flood control openlinz plans and that the 

ClDadian Entity will oper:ue in IICC(lrdance with flood control stolllge di&&f&lll$ or any variation ... 1Iieb 

the Entities aaree will DOl be advene to the desired aim of lIle flood control plan. AMeli. A abo 

provides for the developmcot ofbydroelecuic operating plans five years in advance to furnish the 

Emilies with an Assured Operaiing Plan for Canadian storage. In addition, Article XIV.l .k of the 

Treaty provides thlll DeWJed Operlllo, Plan may be developed to produce mote advantageous 

results throuih the use of current estimates of loads and resources. The Prowcol to the Treaty 

provides furth er detail and clarification of the principles and requirements of c.he Treaty. 

The "PTinciples and Procedures for the Preplrllion and Use of Hydroelectric Operating Plans" 

dated Oeeembef 1991logetber with the 'Columbia River Treaty Flood Control Openning Plan" dated 

Oo:tober 1972, esublish and explain the geMraJ criteria used to plan and operate Treaty storage 

during the period ~vered by th is rep<>n. These documents were previously approved by the Emities. 

The planning and operation of Tre.ny SIO~e u discussed on the followina: pages Is for the 

opendina: year, I AuiUst through 31 July. The planning and operniDg for U.S. storage operated 

aecord tna: to the Pacific Nonhwest Coord ination Aereemeot has been cbanged to the ume period . 

Most of the hydrographs and reservoir cbarts in this report are for I 13 month period, July 1992 

thfOl.lgh July 1993. 
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Assured Operating Plan 

The AMllred Operating Plan (AOP) dated Sl:ptem"- 1988 e.<ttablished Opera,;ng Rule Curves 

for Dlinca.n, Arrow, and Mica durinl the 1992-93 Operllling year. The Opetain&: Rille CIII'Ves 

provided ",iddines for draft and refill. They were derived from Critical Rille Curves, Assllud Refill 

Curves. Upper Rule Cllrves, and Variable Reftll Curves, consistent with flood control requirelatllts, 

IS de;cribed in the 199\ Principles and Procedures document. The Flood Control SlOllIge 

Reservation Curves were established 10 confonn 10 the Flood Comrol Operating Plan of 1972. 

De1e-minOtiOD Of DownsUClun Power Benefits 

For eaeh operarin&: year, the Detennioalion of Downstream Power Benefits resuhing from 

CanaDian Tr~ty stOrage is made five years in aIIv&rK:e in conjllllCtion wilb the ASS\lred Operal;;'g 

Plan. For operating year 1992-113 the estimate of beMfits resultinl from operating plans designed 10 

achieve optimum operation in both countries indiU!ed no loss in energy or dependable capacity, 

therefore tIO enerD delivery WIS required during the period J AUgust 1991 through 31 Much 1992. 

For operating year 1993-94 Ibe estimate of benefits resulting from operating plans desia:ned 10 ach ieve 

optimum opemion in both countries WIS less than that which would have prevailed from an optimum 

operation in the United SUtes only. Therefore, in accordance with Sections 7 and 10 of the Ca.udian 

Entitlement Purchue Alreement, the Emities agreed that the United SUles was entitled to receive 2.3 

megawatts of dependable capacity and tIO enern durin, the period I April 1993Ibrou,h 31 July 

1993. Suitable lrTan,emems wen made between the Bonneville Power Adminisuation and B.C. 

Hydro fur delivery of this capacity. 
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Detailed Operating Plan 

During the ~riod covered by this report. storlJe operations were implemented by the 

Operatini Commitlee in accordance with the 'Detailed Operati"i Plan for Columbia River Treaty 

Stol3j:e" (DOP). dilled November 1991. The DOP esw.lisbed criteria for dererminin, the Opentini 

Rule Curves for UK in actual opemlons. ElIcept for minor chillies at Arrow durini the sprin, 

montlu, the DOP used the AOP critical rule curves for Canadian Projects. The Variable Reml 

Curves and flood control requirements subsequ~m to I l anll1t'y 1993 were determined on the basis of 

$tU01Ul volume runoff foreasts duriol actual operation. Results of the Actual Enerity ReiUlation 

were used to determine the muerin, of releases from Mica. The rqulation of the Canadian storq:e 

was conducted by the OpemiOi Conuninee 00 I weekly basis thl'OllahOllt the year. 

Entity Agrttmeots 

Durini the period covered by thi$ repon. twO IJrtemenU were officially approved by the 

Ent ities. The followin, tabulation indiC3tes the date each of these .... ere slaned and ,ives a description 

nf the azre.ement: 

Date AiI'eemettt 
S hwed hy Entities 

4 Dttember 1991 

23 November 1991 

Descriptioo 

Detailed Operatini Plan on Columbia RiYer TrW)' Storlie. I Auf\lSl 
1991 throu,h 31 July 1993, dated November 1991. 

Assured Operwinl Plan, ~mninillion of Downstrel1ll Power 
Benefits for Operatin, Year 1997·1991, dated OctobeT 1992. 
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Long Term Non-Trealy Storage CoDlract 

In acconlanee with the 9 July 1990 Entity Agreement ... iliell approved the rontt'lCl between 

B.C. H)'dro tad SPA relating to the Initial filling of lIOn-Treaty storaze, coordinated u.se of IlOn­

Trwy storaze. tad Mica tad Arrow refill enhancement, the Opecaling Committee monitored the 

stOnte opecalions made under this Agreement througbOUt the operating year to insure thlt they did 

not advendy Impact opemion of Treaty storage required by the Detailed Operating Plan . 
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rv Weather and Streamflow 

Weather 

The 1993 .... ater yur, I period of extreme weather" conditions, .... as preo;:eded .... im mild w~!lIet in 

August and September with little siillificant precipit3lion to dampen the 4-6 years of drou&ht tbar. 

have pJagued the area (Oans I and 3). October fared a IinJe heau with two ltorms affectine the 

area: Olle at mid montb and the other II! the end of Ih Il1Omb, The Janet 5Wrm was more intenSe bu.l 

did nol produce I 101 of precipitation hecluse it moved quictly throueb the basin to California. Other 

moderate storms followed unlil mid·November when me ]0 .... pressure began drJwing more air from 

the arctic and sending il mlo the basin. This pauern continued, with Only brief respites. until early 

January wtJen thejetstream, alooe with the flo .... of moisl air, OlOved into central California, brinaille 

ev .... oolder ;,rid dryer air acrou the basin. Thls weather pattern oonlin .. cd tl>to\Iel>o\&t the winter 

season, with the storm brushine the southern border of the basin and I~vine the northern poRion ... itb 

]irue precipiwion. After mid-January the jetstream aglio moved north .... ard and established itself for 

a week', stay on the Oreeon coasl, producine modeme precipitation and IcmperJtures . During me 

lasl .... eek of the month the jet moved into British Columbia, leaving me Northwest under I dry 

airmass, Th is pattern lasled unlil mid-February when arctic air, with a I1lIjectol)' over the DCeaD. 

produced moderate precipitation oYer the basin. Durine tbe last twQ .... eeks of February the 

temperarures (laduaJly returned to normal while the preo;:ipi1.llion remained in the normal ranee. Th is 

basic weather panern conlinued until 10 May when I SlrOnllo .... pra.wre syslem was est.ablished off 

the oortlJern California coasl, drlwina very wacm and dry south .... est desert lif into the Northwesl 

(Cham ( and 5). Durioe this ICkiay period lemperarures rose 10 an unusual IS degrees F aboye 
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DOrmal and produced significant snowmelt, espeo;:ia/ly to lower elevltion $nowpackt. Al the Inw 

moved nonheastward the southern branch of the jet moved into the resion with moisture thlt mUted 

with coo]u IiI from the nonh to produce showers, an unu$ua/ ]y lacle number of thunderstollll$, and 

even I few torn:Ido$ over the southern ponion of the \»sin. This ilDDDspberic now pattern continued 

into .... ugust. with only. few inte(tUptions by more seasonal weather. Temperatures were frequently 

20 dCiree:s F below normal and precipiwion Iyenged more than twice monthly nonna/s in many sub-

\»sins. 

The final momhly preciplwion indices for the Columbia BasIn above The Dalles are shown 

below for the ]993 WItCl" year. These indices arc based on 60 ltatkms and arc wmputtd at the end 

of each month after all the data au collected. Also shown in the table are the monthly indices u • 

percent of the 3O-year aYera&e (1"961-1990). 

WY 93 Indices 

Month hecipiwion Month Precipitation 
liII.l W liII.l W 

""92 1.39 " .... pT 93 2.31 I" 
N~92 2.50 " May 93 2.OS 113 

"'" 92 
2.78 92 JUD 93 3.01 166 

Jill 93 2.45 " Jul 93 :UI "" Feb 93 0.93 .. '\u,93 1.62 131 
Mar 93 2.00 1116 Sep 93 0.58 'I 

Water Year 23.95 103 

Streamflow 

The observed inflow and outflow bydrognophs for the Treary lUen>o;n for the period I July 1m 

thtoua:h 31 July 1993 are shown on Owts 6 throu,h 9. Observed floW$ with the computed 
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unreJUllIed flow bydroif3Phs for !he same 13-momb period for Kootmay Lake, Columbia River. 

Bircbba.'lk, Orand Coulee, and The Dalles are s/Iownon Charts 10, II, 12, and ll, re:spectlvely, 

Chart 14 is a hydrograph of observed and two unregulated flows 11 The Dalle:s during the April 

thl'Ollgh July 1993 period, including I plOt of flows oeo:urrin, if regubled only hy !he Treary 

Composite operatin, year unregul1led strumflows in !he basin above The Dal le:s were near 

slij:htly less than last year, with only May eJ!ceedin,!be DOnn, The Octobel' throu,h September 

ruooff for The Dalle:s was 82 pereeDl of the 1961-90 avenge, The peU regulated discb ... ,e for the 

Columbia River 11 The Dalle:s was 386,500 ds 00 17 May 1993. The 1992-93 monthly unregulated 

streamflows and their percent of tile 1961-90 Jveraa:e monthly flows lI'e shown in !he (oUowin, !able 

for the Columbia River 11 Orand Coulee and 11 The Dalle:s. These flows have been corrected for 

slO •• ,e in lues and reservoirs 10 exclude the effects of reJUlation, 

Columbia River at Columbia River at 
Orand Cool" in cis The Dalles in rn 

Time Narural Per~enl of Natura! Percent of 

"'"" -"'" Aycrne -"'" Ayenge 

Au, 92 66,<00 63 87.230 63 

S" " 46. 100 71 64.410 67 

""" 49.3-40 102 71 ,830 " Nov 92 36,720 76 64,680 71 

Do< " 
25,370 60 52,400 56 

Jan 93 24,640 60 60,420 61 
Feb 93 19,860 43 56.830 .. 
Mar 93 43,240 13 1)7,570 97 
Apr 93 95,990 " 204,600 'I May 93 287.600 109 471 ,390 112 
Jun 93 190.810 58 319,020 64 
Jul 93 147,230 77 202,800 79 

y~ 86,110 76 149,470 79 
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Seasonal Runoff Forecasts and Volumes 

of upstream stOnge, aft! lisled bdow for eilht loCIIioll$ in the Columbia Basin: 

Volume In Percent of 
bowion 1000 Aru.-Fttt 1961-90 hymn 

Libby Res«vo;r Inflow '''' 86 
Duoan Rt$tfVOlr Inflow 1$7$ n 
Miu Reservoir Inflow "" 78 
Arrow Reservoir Inflow 17397 n 
Columbia River ;u BireblwU; 32m 80 
Grand Coulee Rt$tfVOir Inflow 49$76 81 
Snake River ;u Lower Granite Dam 224S I .. 
Columbia River _ The O~les "'''' " 

Forecasts of ~l\Il "'DOff voll,tD\t, basCId on precipitation U'Id snowpack dlta. were prtplfeil in 

1993 as u.lual for a IUle DUmber of loutions in the Columbil River 8MiD and updateil eIIch month as 

the season IIdv&nc:N. Table I lists the April througb AUgust vobme inflow forec&$lS for Miu, 

Arrow, Duncan, and Libby proje<:lS, and for UllttruJ;ued IUDOff for the Columbia River ;u The 

Dalle$. AI$O sbown in Table I are the actual volumes for these five Jornions. The forecasts for 

Miu, Arrow, and Duncan inflow were prepared by B.C. Hydro, and those for the lower Columbia 

River and Libby inflows were prepared by the U. S. Columbia River Forecastm, $en>Ke. The I 

April 1993 forecast of January thtougb July IUDOff for the Columbia River above The Dalles was 

76.6 MAF and the arnIai obwved IUDOff was 18.0 MM. 
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The followinr Ubutalion summarizes monthly forecasts since 1970 of the January through July 

runoff for the Columbi. River above The Dalles C(lmpareli with the actual runoff measured in 

millions of aao-feet (MAF). The average January-July runoff for the 1961- 1990 period is IOS.',1 

MAF. 

The DallS! YolulM Rynoff fqregsa in MAE Dan-Jyll 

"'" "" '" "'" "" "" "'" ""'" 
"'0 82.' 99.' 93.' "., 95. I 95.7 
1971 110.9 129.5 126.0 1l4.0 133.0 135.0 137.5 
.on 110.1 128.0 138.7 146.1 146.0 146.0 151 .7 

"" 93.1 90.' " .7 83.0 80.4 78.7 71.2 ",. 123.0 140.0 146.0 149.0 147.0 147.0 156.3 

"" 96. ' 106.2 114.7 116.7 1 15.2 11l .0 112.4 

.'" 113.0 1 16.0 121.0 124.0 124.0 124.0 122.8 

.on 75.7 62 .2 55.9 58. 1 33.' 57.4 51 .8 
1978 120.0 1]4.0 108.0 101.0 ]04.0 IOS.O 105.6 
.m 88.0 78.6 93.0 87.' 89.7 89.7 83.1 
"80 88.9 88.9 88.9 89.7 90.' ,.,.., 95.8 
1981 106.0 ".7 "., 81.9 83.2 95.9 103.4 
"82 1]0.0 120.0 126.0 130.0 131.0 128.0 129.9 
1983 ] 10.0 108.0 113.0 121.0 121 .0 119.0 118.7 

"" 113.0 103.0 97 .6 102 .0 107.0 114.0 ] 19.1 

"" 131.0 109.0 105.0 98 .6 98.6 100.0 87 .7 

" .. 96.' 93.3 103.0 106.0 108.0 108.0 108.3 
"87 88.9 81.9 7'.0 80.0 76.7 75 .8 76.5 
1988 "., 74.8 72.7 74 .0 76. 1 75.0 73.7 
]989 101.0 102.0 94.2 99.' 98.6 96.' 90.' 
.". ... , 101.0 104.0 96.0 96.0 99.' 99.7 

"" 116.0 l iO.O 107.0 106.0 106.0 104.0 107. 1 

'99' 92.6 89. 1 U.5 71.2 71.2 67.' 70.4 

'99' 92.6 ... , 77.3 76.6 81.9 .... 8S.0 
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V Reservoir Operation 

General 

The 1993 opetaIina year ~ c:haraeteriud by below .verlte precipitatiOn durina Aua:ust­

February and above POrmaI Mueh-AufUSt. TanpmrtuI'CS basit1lly were below pormaI Aua:ust­

Febt\Lary. aoina above pormaI wly in the slIOwmdISeas<lIl. finishl.lla with June and July below 

nomul . The 'lIOwm~h Jeasotl WU ehat"lCleriud b)' oontill\lN cold. wet conditloltJ_ AI The Dolls. 

!be ob$erved January·Jul y runoff was 83 percent of .vera,e. eleven percenl hieber than the April 

fOrtocasl, and four percent lower than the January foreelS! . 

The operaling year began with the roordirwed reservoir sysltm officially fUlina 10 68.59 perceDt 

of stonge cap.cil)' 00 31 Jul)' 1992. M a result, third year firm enera:y load urrying eapability 

(FELCC) wlS Idopted for the 1992·93 opetillina yur. The bteUpoint of 61J.S8 percent \IIOIlld have 

required adoptina fourth year FELCC. 

In AUI\l51 the srmm beaan opmting betwern CRC' and anply in .ccordance with proportioDal 

dllft requiraneDU. The s)'Stem operated between third and fourth year rule curves from September 

throuah January. Durina Ftbruary and Much the s)'Stan was empty (a«:ordina 10 Actual Eneq:y 

lhau1illion), opemjnl ill 91S MW. and I3n MW. below s)"Slem F"ELCC. I-Iow_. purchas.es and 

ill'".poIU made prior 10 and durina this IUne. were u.sed 10 IDee( S)"5Iem Ioacb. April nw the system 

slightly rea)ver and operate between CRC3 and mIJlI.y. Durin&; M.y throuah July. the system innows 

wtre bieb enoueb 10 _ FELCC without proportionally draftina. 
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Tb~ I January water supply foreca$l was 92.6 mat for!b~ January-July period, or 87 per(:l;IIt of 

!be 196 1-90 .ver.ge. Subsequent forecasts !brou&h April refl(!ol;ted a dl/lCreasing trend, wi!b!be April 

forec.as! 72 percent of normal . Duril\i April through Jul y, above IlOrmal precipitation rumed the 

forecaus upward with the June Rlow11ll runoff forecasts volumes of 8 I percent of noT1ll2l. 

In April, the system WIS in proponional drlft between seoond and third year critical rule curves, 

bowever, SPA b..:l more than 3 MAF stored in the system above POP. At the beginning of Ihe 15 

April-IS June flow aupeotation period, the wate!" budga and 3 MAF were used to provide an 

average period flow at The Dalles. Follow!na: !he release of National Maine Fisheries Service's 

Biological Opinion on 26 May the flows were regulated to meet target flows during June and July at 

McNary. During ~tly, June and July, the Iverage oluflow at McNary was 286,000 cfs, 222,000 cfs 

and 161.000 efs, respectively. 

Daily flood control regulation WJS 001 required during the 1993 snow melt aeason. The year·, 

observed peal: flow at The Dal les WlS 386,SOO eli 00 17 May. The milch above noT1ll2llernperJrures 

io May caustd the peak to be considerably higher !:han the calculated Initial Control flow values 

wbich wete varying betweeo 210,000 and 275,000 rn. Last year', peak WI$ 232,300 rn. The 

system reacbed 73 petceDt of its fuJI eneri)' capacity in the ActlIal Elleri)' Reeulation (AER) on 31 

July 1993, resulting in third-year FELCC being adopted for the 1993·94 openninJ year. The 

observed refill was n~ of eneri)' capacity. providinJ some reservoir operating siorage above II"Ic 

proportional draft level going inlO the new operating yeat. 
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Mica Reservoir 

As shown in Chan 6, Mica rewvoir (Xinbuke.: Lake) WIS at elevation 2450.2 feee, 

approximately 25 feee below full pool elevation of 2475 feet, on 31 July 1992. The reservoir reached 

il$ muimum elevation of2451.8 feet on 7 August. Treaty stOnge eontinued 10 fill umil21 August at 

which poiDt it eontained 3514.6 bfd (99.6~ full). 

Summer dischara:es from Mic, were mainuined at approximately 40,000 cfs 10 mitia:ate low 

Armw reservoir levels. This was sipificanlly hia:ber than the releases specified iD the DOP, and a 

500 bfd overrun was accumulated. September and Ociobet- releases avetla:ed about 20,000 cU, and 

the overrun was full y corrected by 10 November 1992. l.Qwer-tban-DOP relea$e5 were contiDlied. 

however. to protect Miea reservoir levels and preserve winter peakina: capabilities. On 31 December 

1992 the wxlerruo was 354 brd. 

IR:spile the large underrun, rmlfd low Miea elevations were e~perienced for much of the winter. 

The 31 December 1992 elevation at Mica was 2407.4 feee, approximately 7 feet below the previO\lS 

minimum for this date. Mica bouomecl out at a new record low of 2340.4 feee (5 feet below 

previous) 00 23 April 1993. The underrun on that date was 6SO bfd. 

Treaty stor~e was fully depleted by II February 1993. Releases required by the DOP continued 

10 draft the aocoum, and the overdnit peaked at 1292 ksfd on 5 May. 

Unusually bia:b lemperarures in May result.ed iD a rapid snow melt. Betwee!I II May and i3 

May, inflow 10 Kinbasket Lake increased from 10,000 cfs 10 64,000 ef. and the reservoir bea:m 
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filling npidly. The record low snowpaek CO\I.ld nc:\ suppan these inflows for long, however, and 

they quickly dropped off 10 40-50 kcfs. The peak inflow for the yur was 7S,400 cll; on 8 June. 

This was an i$oJ.ated railIfaIl event, bowever, and the second bighest was 64,700 cf$ on 14 May. 

Unseasonably cool tempe:mures and I depleled snowpack combined 10 produce $tleamflows 

approltimalely 60,; of Ivenge in JUM and Jul y. During Ib is period. Mi(:l relea!les were illCTea!led 10 

support Arrow reservoir levels for summer recreati;lD. and 10 correct the record UndemiD. The litter 

rtlc.bed • peak of 921 bfd on 6 July. 

On 9 July, Mica diseb.acges were increased 10 flcilitale disc.bacge reductions from Hungry Horse 

wbic.b would reduce inflow and ,pillac Waneta. The storlie transfer WIll stOpped on 17 July, by 

wbich time 54.S bfd bad been accumu.l'led. This water was retumed during September without spill 

III Seven Mile or Waneta. 

The Mica reservoir COn!inued 10 fiji at a reduced ratt in July. August. and September, and 

reaehed a pule of 2419.4 feet on 12 September. Tl'elty srorage on the 5atIle dille was only 1648 bfd 

(47 ,; of full). 

Reyelstoke Reservoir 

During this operating year, the Revel$loke project was basically operated IS a run-of-the-river 

plaDI, maintainina: the reservoir level within two feel of 11$ normal full pool elev.ltion of 1880 fea. In 

early January, however, the reservoir was dn.wa down appnlltimately S feet to provide -.ddition.al 

peal: genemion required during I protracted cold nap. 
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10 May, the reservoir was dBwa approximately 3 feet below full pool to provide the opeming 

flexibility nee ..... ry 10 Iddres.s rapidly increasing inflows. The reservoir level wa:s returned 10 its 

oormaJ opeming range when lIIe threat of $pill passed. 

AITow Reservoir 

As &bowa in Chan 7, Arrow reservoir filled 10 d_ion 1412.4 feet by 31 July 1992. 

Discharges ranged from 45.000 10 65,000 rn from mid-/uly 10 lIIe end of August. and the reservoir 

drafted 10 elevation 1408.6 feet despile mubm>m dl$dtlrle:5 from Miea. Ouring!his period, !he 

overrun from Mica WIS increased from 350 bfd to 500 ufd. 

The project basically paued inflow in September and the fltst half of October and the elevation 

on 19 October was 1409.7 fett. Reduced disdlarge:s in Ille October and November filled the 

reservuir iJightly, and the maximum elevalion of 141!5.2 feet was recorded on 17 November 1992. 

The Arrow Treaty slorage continued to fill for a few days and ruched 1933 bfd on 21 November. 

At about the same time (10 November) tile Mica overrun WIS reduced 10 zero. and an underrun 

iniliated 10 maintain Mica's peaking capability. 

Disdilrle:5 averaged appTOlimately 60,000 cis in Decemb« and January, and peaked at 87,000 

efs during the cold snap in early January. The bi&b flows rapidly drall:ed both the reservoir and 

Arrow Treaty swrage. On 31 January 1993 recorded levels were elevation 139 1.7 feet and 1000 ufd 

respectively. 



Di$d\a/"ies of about 45,000 cfi; in February ccntinued the draft at a sliihdy slower tate. 

Minilnums for both reservuir elevation (1385.2 fed) and Arrow Treaty storqe (610 afd) wen 

recorded on 26 February. 

From 20 March to 13 May, discharies were held at 15,000 efs to prolea 1r000t redds at the Noms 

Cr~k fan, and the reservoir filled lteadily. In mid May. frezhec flows on the Kootenay River 

provided a backwater effect, and Arrow discharj:1!$ were redUCed to 8.000 ~fs. The combined dfea 

of low discharieli and bigh inflows ,reatly incrused the rate of fillil\i . By 30 June, the re$e.vQit 

elevation reached 1430.4 feel., and Arrow Treaty storlie was basically Ml at 3525 aId (98.5*). 

Discbuie$ of up 10 61,100 ~fs drafted the reservoir sliiJ1t1y in the first balf of July. Increao;ed 

dischuies from Mica were initialed to reduce the lubstantial underrun and help nuintain Arrow 

restr\'Oir levels. This anion reduced the underrun from a pe.ak of 906 lafd on 6 July, to 299 Icsfd on 

31 AuiUSt. and kept the reservuir near elev.uion 1433 feet durini the lao;t month of the summer 

recreation leawn. 

Dunean Reservoir 

A! shown in Chan 8, the Duncan resenooir filled to ele\'llkln 18-48.0 feet by 31 July 1992. well 

below the full pool elevation of 1892.0 feel:. Treaty Storaie in Duncan OIl this date was 339 bfd 

(48~ offull ). 

A special Ouncan/Libby storaie transfer moved 465 bfd ((I Libby between 9 June and 1 ACi\l5t 

]992. Maximum discblriles of ]0.000 cfl in early August drafted the reservoir- rapidly. Reoord low 



summer reservoir levels were experienced, despite beio, above the proportional draft poim (due w 

AlTOW releases). The reservoir ended AUgllSt 1\ elellllion 1832.6 fen . 

MinimulII flows of 100 rn were dischlrled from Labor Day (7 September) to 4 December, by 

..... hich time the re5en'Oir hid fined to elevation 1841.8 fen. Included in this low flow period was the 

rerurn of most of the DuncanlLibby water. The rerum oommeoced on 10 October, and WI!! 

oompleted on 18 December. 

D«:embef dischar,e.s varied from minimum to 8,000 rn, but Iveraged approKimately 3,900 ch 

for the month . By 31 December 1992, the reservoir bid been drawn down to elevation 1827.9 feet. 

40 fen below the 31 December 1991 level. 

Durinl January the outflow Iverq;ed 5,400 ct; &lid by 31 January the reservoir reached elevlllon 

1803.2 fen, and contaiDed only 41 bld of Treaty stOrait. Inflow to the reservoir in February COI:ld 

110( keep up with the avenge reluse of 1,600 ct;, and the reservoir drafted furtber, endin& the mo~th 

It 1796.4 feel . Th is WI!! well below the drawdo ... ·o level required for flood COntfol. 

Minimum flows in Mardi did liwe to incruse reservoir levels, and twO weUs of fl ows averq;i"i 

3,SOO c:fs in mid·Aprii effectively emptied the reserv()ir. The minimum elevation for the year was 

1794.9 ret! re<:orded on 22 April 1993. 

In May, minimum releaseli and blib inflows resulted in rapid ftllinl of the reservoir. The peU-. 

inflow fOf the yea! was 15.900 tfs recorded on 14 May. The 31 May elevation was 1837.7 feet. 
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Minimum disdlaI'Jts wen mainlllnecl woup JUDe aDd luly, aDd the ~ir contilNed 10 fijI 

"OIdily. Oa 31 July, the reservoir h8d reaehed elevatioa 1881.9 fe«, and was "" full (611 ksfd). 

FilJin, colllinued umil 10 AU(USI, II wbid! time me reservoir peaked at 1855.4 feet aDd 648 tsfd 

(91.8. full). 

Between 3 July and 19 July. 112 tlfd was umsfemd out of Canadian IlOnIc as p.arI af the 1991 

O\IncanIl.ibby 5wrqe trlIISfer Irreemem. The Canadian Elllity c:bose to reluse Ibis waler from 

Mi~Arrow rather than O\Iucam, aDd this action tUI blCk reluses II Libby aDd rtrdur.:ed lpillil 

BrilJiaJll. 'fbis water will be mumed ~ I September aod 31 Detember 1993. 

Libby Reservoir 

As dIown in Cbllft 9, Libby did not completely refill followilll the 1m nUloff, wilb Lake 

KoocInuu Jwtinl the operIIinl year at elevation 2439.1 feel:, 20 feet below full . The lake reached 

its hlJbest love! of devarioa 2439.8 on 5 AuIUS' 1m. 

LU:e Kooc"m,u _ drafted from mld·AuCUSI into lile December, with the powerbollse Iold 

ftttOrina from full 10811 10 minimum releases on weekdays aDd 4,000 cfs 10 1.000 tfs 0 11 weekends. 

On 10 October, Libby began reluslnl46!5 ksfd of LlbbylDuocan lnIlSfer slored earlier In the 

summer 10 enhance lake refill . O\Irinllltl Oetobtr and November, oulflows wen conlrolled f.or 

MORana Oepanment of Fish , Wildli fe , aDd Parb tnru.ect surveys. The elevation on 31 Decanber 

was 2359.5 feet ; this level was Iboul 16 feet.t)ove the. proportiooal draft poiN:. Inflows duriq die 

Oetobtr·Decembet period were 92 pa«rn of,venae. 
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In Jarwary, water supply foreeut$ for the upper Columbia Buin drainaie were about 90 pelUDI 

of .... erq:e. l ibby's forecast was 88 p~. With. l.b elevation near 2360, no draft was 

requir61 !CI meet lIle 15 March nood control requirement of elevation 2390 feet. The libby outflow 

WIS load factOred the first of January to meet loads created by lIle re&ion's cold snap. Purina IS 

January Ihru 15 March. lIle Olltflow remained al 4,000 cfs excepl for periods of load factorina; !CI meet 

system demands. The lake reached its low le ... el of ele ... ation 2323.0 feet 00 23 Marcb 1993. The 

minimum flow of 4,000 cfs was maintained from IS March until 28 M.y wben outflow "'3S increased 

to 8,000 cfs as pit! of study to .ttract wbite sturJeGn inlO lIle rucb near Bonnen Ferry for 

Spawnina. Warm weather in mid,May Staned lIIe snowmelt ruoofl', but it WIS short lived. The peat 

inflow of the season was only 54,000 cis and very early in lIle lUSOn on 16 May 199]. By the end 

of May, lIle pool level was near elevation 2387 feet. Much of June and J uly uw inflows in the 

20.000 cfs ran8e, 59 and lOS percent of avenae, respectively . 

Ou.rini the firu half of June, 400 b.f of stored lU&menWion water WIS released to mainuin nows 

of near 20,000 cfs al Bonnen Ferry to encourage stulleon spawnin&. Al the end of lIlis operation on 

17 June, Libby reservoir was near elevaioo 2400 feet, 59 feet from hill pool. In an anemp! to 

improve Ihe muimum level tbarthe reurvoir would rucb, BC Hydro and BPA readied. an 

aareoemem. known as the Duncan·libby Traosfer A&reemenl, that permitted. BC Hydro 10 store watee 

in Libby reservoir by reieasini water from Canadian Treaty storage. On 17 June 1993, the outflow 

was red.ucelllO 4,000 cfs willl BC Hydro repJacina the libby flow thai BPA WI$ request.in& with flow 

from Mica/Arrow. This arran&emeo&: conMued ibrouah July and libby reservoir filled to elevation 

2438.8 feet on 31 July 1993. Uni ... ersaI Studios, filmin& in the Kootemi Falls Itea, were provided 

flows near 4700 and 6300 cfs so lila! stunt work lilLy were daini in the river COIIld be done safely. 
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By LIbot Day. 7 September, lhe l'fIIenIOir bad ruebed its nwimum level, elevation 2448.2 feet. 

The JIlI\lW}'-July obIervecI runoff_ 532 1 kif, 83 pelceDt of average.. 

Kootenay Lake 

As shown in Olan 10, KooteDlY Lake was at elevation 1743.4 feel (Queen$ Bay 'lie) on 31 July 

1992, and !he lake was already bein, OOllStrained by !he UC su.rnmer muimum operatinillevel 

(1743.32 feel at the Nelson gauge). Inflow was passed throuaboullhe lIIOlIlh of AU(USI to mailltain 

this level . In Seplembei",!he bigher FalllWinter UC level permitled filling, and Ibe late level rose 10 

1744.3 feel by 30 September. During October, November and December 1m, Kootenay We was 

operated between elO!V3Iions 1744.2 feel and 1745.0 feel to minimiu spill at Brilliant. 

Kootenay We began draftina in early January, in .cc:onlance wilb !he UC curve. and oontinued 

\(l draft in February and March. The minimum level ror the year "'IS elevation 1738.95 feel on 4 

April 1993. 

In early May, I rapid increase in temperature initiated bii,her inflows. and the lake ruled rapidly. 

Disehatges were increased accordingly, and Ibe muimum release for the year was 44,100 efs on 24 

May. The peak elevation of 1745.8 feel .... recorded on 3 June. The neM record low SIIO"'JIxt 

oould IIOt llUIintain the inflows , and Ibe late level dropped SteadUy over !he ont six weeks despite 

biah Libby discharges (lppro~imately 17.000 en) Initiated 10 support sturlflOn Spawnioll. On 26 

Ju ne, Ibe Nelson aluae dropped below the critical UC level of 1743.32 feel and Ibe late level was 

mainuined below this level for the balanee of the summer. 

" 



Storage Transfer Agreements 

An qreement was reached in June 1992 between Be Hydro and BPA to $lore Be Hydro water in 

Ubby. The agreement involved operatina: Duncan and libby in suc:b manner that water was 

essentially tnnSferred from Dunem to libby, 50 that libby reservoir would be at a higher elevation 

than it would have reac:bed otherwise, and therefore enhancing the summer reereation possibilities in 

Canada and U.S. Ultimately, 46S.3 bfd of water was tnnsfernd from Duncan to Libby. The water 

was transferred back 10 Duncan reservoir by I B December 1992. 

A similu .greement was used in the summer of 1993 when Dunc&D!Arrow were used 10 reduce 

thHPutflow from Libby. Thi$ operation resulted in abwt 130 bfd less water being released from 

Libby and the lake reaehins • level that was about 6 feet higher than ;t otherwise would have been. 

This wam will be returned by 3 1 December 1993. 

A further agreement between the Entities facilitated the !eDJporary transfer of 54.5 ksfd of slOl"3Ij:e 

from Miu 10 Hungry Horse. The agreemenl reduC«l the amount of spill II the Waneta proj«1, 

resulting in a significant enuiY pin for Canada. Thi$ waler was rel\lmed to Canadian SlOraa:e in 

September. 
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VI Power and F100d Control Accomplishments 

General 

Ourin& the period covered by thi5 report. Dull(:all, AfTOW. Mica. and Libby reservoirs were 

operated in aecordance with the Columbia River Treaty. Specifically. the operation of the reservoirs 

was aovemed by: 

I. "DeWJed ~ing Plan for Co]umbia River Treaty Storlie · ] AUi\lSt ]992 through 

3] July 1993," dated November 1992. 

2. 'Columbia River Treaty Flood Control Opeming Plan.' dated October 19n. 

COlllll$tent with all Deu.iled Openting Plans prepared since the installation of ieneratlon at Mica, 

the 1992-93 Deu.iled Operating Plan was desi,ned to achieve optimum power generation at-litt in 

Canada and dowll$tream in Canada and the United States. in accordaoee with parafl'aph 7 of Annell A 

of the Treaty. The 1992-93 As$ured Operllini Pl iIlI. prepared in 1988. was used as the basis for the 

prepuation of the 1992-93 Detailed Operating Plan. 

Power 

The Canadian Ent itlement to downstream POWCf' bentfits from Duncan. AfTOW and Mica for the 

1992-93 operating yw- bad been purcbased in 1964 by the Columbia Storlge Power EJehange 

(CSPE). In accordance with the Canadian Entitl ement Exebange AfI'eement dated 13 AUi\lSl 1964. 

the U.S. Entity delivered capacity &lid enerJY 10 the CSPE participanu. The generation at 
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downstream projecu in the United Slates. delivered under the Canadian Entitlement Extban&e w~ 

30S avenge megawattS from I August 1992throu&h 31 March 1993 and 293 average megawattS from 

I Aprillhtnu&h 31 July 1993. Capacity deliveries were up to 344 megawatU from I August 1992 

througb 31 March 1993 and TSS megawatts from I April through 31 July 1993. 

The Coordinated System proportional draft point (PDP) at the beginning of the 1992-93 opeming 

year WIS 68.6~ full wbich resulted in the system adopting I 3rd-year firm merIY load cacryin& 

capability (FELCC) from the critical period studies. Due 10 persistem low inflows. the system 

continued to proportionally draft from Augustthrou&h April to meet FELCC. The system PDP 

reached empty during FebruiU)' and March, failing 10 meet FELCC by about 2.400 MW-Months. 

This was the first time that the CoordiDated System had failed to develop !.be FELCC defined in the 

critical period studies. The system prOOuced sU!Jllus eneTiY during May through July wben Arrow 

and Grand Coulee refilled 10 their Operating Rule Curve (ORC), but DlOst headwater reservoirs 

operated on minimum flow trying to refill. The system PDP reached 72.9'1; full on 31 July 1993, 

and the system again adopted 3td-year FELCC from the critical period studies. 

The following table sbows !.be status of the el!etJY stored in Coordinated System reservoirs al the 

end of each month compared 10 the ORC or PDP during !.be 1992-93 operating year. Normal full 

Coordinated System reservoir slOrlie is approximately 63.700 megawatl-mon!.bs (MW-Mo). All 

figures are 10lXl MW-Mo. 
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END OF PERlOD ENERGY STORAGE 

Coordinaled Syslem Canadian THai, 

MON ORClPDP "',,'" Di"H'nKlI! ORC/PDP Ad"" Di"enno.:e 
K-MWMOI K-MWMo$ K_MWMos K_MWMOI K_l\fWMO$ K_MWl\I05 

Au&: 92 ... s 4S.8 S., 14.9 12.9 -2.0 

"''' 36.1 42.0 S .• 14.3 [3.0 _1.3 

Co " 32.2 38.9 ,., [4. [ 12.9 -\,2 

Nov 92 "., , .... '.0 [ U [ \.9 OA 

"'" " 18.0 26.9 .. , 16.6 , .• L3 

'u93 ' .1 18.9 ••• ,., ,., 0.0 

Feb 93 '.S 14.S 11 .0 1.0 ,., 1., 

M .... 93 ,., 16.8 13. [ 0.' '.1 , .S 

A,,93 'A 12.7 14.3 L. '.0 ,., 
May 93 29.0 )8.6 •. , ••• .. , 0.' 

JUD 9) 4\.2 " .. .. , 12.6 12.6 0.0 

Jul 93 47.1 49.S , .. I:U 14.1 -<>.3 

~rations for juvenile fISh in bod! Canada and the U.S. influenoed projeet operations in bo\b 

countries. In April, May and June f1e~ibiJi!)l al Grand Coulee, Arrow and Miea was U!ed to insure 

thai the outflow of Arrow did IIO! ,0 below aboul IS kcfs in order 10 pTOled UOUI habital al Noms 

Creek in British Columbia. Libby released 400 kaf of waler durin& June thai had been siored above 

PDP levels 10 assist the sprio& salmon ouoni,mion and provide flows for a lest during white sturgeon 

spawnin& peri0d5. 

BPA developed and implemented an extensive pIIrdluin& stralei\Y 10 meet projecled eneri\Y 

deficitS, provide for flow augmentation in the Uniled States and other oonpower requitemenu durin, 

an exu-emely low flow period. The following table is. 5Umnwy of the federal purchases (in averaa;e 
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MW) durina: Aucust 1992 throua:h July 1993 that are in addition to those provided in the operuina: 

plan thaI were needed 10 meet finn loads. 

FEDERALPURCHASES(~ 

Ao. S"" "" NO' "" J~ Fob Mu A,< M., J~ Jo' 

... 371 "2 '" "" 2530 1S'15 ,.., 6729 0 0 '" 

Beginning ill July, the U.S. and Canadian entities Igreed to store in Libby and Hungry HOfH 

wilb Canadian treaty Wiler. DIIrin& July, Libby and Hu naTY Horse reduced their OOtflOWI while 

Canadian ttealy JIOraae was drafted to produce the same flow at the border. The pu~e for the 

reservoir balancing was 10 increase Lake Koocanusa elevation for recreational opportunities in Canada 

and 10 reduce spill at the KCIOfenay River plants project in Canada. Hungry Horse discharae was 

r!:duced to reduce ,pill at Waneta. 
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The folio"'ing table sholl's BPA nonfirm and SUrtllllS sales in mej3watt hours (MWh) to 

NOrUlwe5t and Sol.lthwest utilities Gl.lnn, the 1992·93 opn-aIin, yur. 

BPA NONFIRM AND SURPLUS SALES (MWb) 

PERJOD TO NORTHWEST 1lT1LmES TO SOUnlWIST unLITlES 

NONFIRM SURPLUS NONFIRM SURPLUS 
ARM ARM 

AUG 9'2 0 0 0 144,89$ 

"PO, 0 0 0 0 

OCT " 
0 109,041 0 0 

NOV 9'2 0 Ill,SOI:) 0 0 

DEC 92 0 121,500 0 0 

JAN 93 0 111.600 0 0 

FEB " 
0 136,640 0 0 

MAR 93 280,807 ",." %,1112 0 

APR 93 193,108 "" 91,119 9$,$)0 

MAY 93 1.211,072 0 1,420,112 84,47S 

JUN" 1,049,726 174,800 762,328 122,0)1 

JUL 93 m,0I2 90,000 837,441 74,4S2 

TOTAL 3 ,447,3~ 956,950 3,391,870 1,488,642 



Flood Control 

The Columbia River Basin reservoir system, but DOt the Col ... mbia River Treaty projects, was 

operated on I shon-term daily basis for flood control between 15 May and II J ... ne 1993. Althoueh 

the Upper Columhia Basin ex~enced low 5DOwpack, the ')'$tem went 011 flood control operation in 

the lower river due 10 hieh flows (llear 190,000 ~fs) in the Snake River. Grand Coulee staned the 

flood control se&SOD nearly full, seven feet below full pool. By mid-MIY the elevation wall near 

elevation 1286.0 feet and the oudlow was 120,000 m. The John Day oudlow was !).eine controlled 

oeu 360,000 cfs. By 19 MIY, Grand eo ... lee was releasioe 150,000 cfs with Joho Day beine 

coDlrolled 10 380,000 efs. By II J ... ne, Grand Coulee's flood control allowable level had heeD raised 

10 elevation 1289 and with fallioe inflows in the ... pper basin, the flood control operlltion was 

tenninated. The observed and ",oce£llliled hyd~h$ fur the Col ... mbia River at The Dalles 

between 1 April 1993 and 31 J ... ly 1993 I1"e UJown 00 Ch2tI14. The WlCe,...lated peal: flow at The 

DillIes WO\Ild hive been 602,000 cfs l1li 23 May 1993 and it was a ;mtrolled to a maxJm"m of 386,500 

cis on 17 hby 1993. 

The observed peal: staBB at Vancouver, Washioilon was 13.4 feet on 18 May 1993 and the 

unregulated staBe would have been 21.1i feet 00 23 May 1993. Chart 15 documents the relative 

fiUinB of Arrow and Grand Coulee durinB the prin~ipal mline period, and compares Ihe re,...lation of 

these two reservoirs 10 iUidelines in the Treaty Flood Control OperatinB Plan. Becau-se thls year's 

runoff VQlume forecast was small and Arrow was drafted very low for power, Ihere was no flood 

control operation at Arrow after 30 April as the curve on Chan 15 did 001 BUide the operation after 

that date . 

Comp'-'tations of the Initial Controlled Flow (ICF) for system flood control operation were made 

in accordance wilh Ihe Treaty Flood Control Operatine Plan. Comp ... ted Initial Controlled flows at 

The Dalles was 278,000 ds on 1 Janu.ary 1993, 275.000 ds on I February, 234,000 cfs on 1 March, 

210,000 cis on I April, and 27S,000 cfs on 1 May. As mentioned eulier. the observed peal: flow at 

The Dalles was 386,500 ct's. Data for the 1 May ICF computation are eiven in Table 6. 
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Table 1 

Unregulated Runorr Volume FoN!CllSts 
Million of Acre-Feet 

.993 

Colulllbia River at 
PunCiO ""'" .... I.ibb.x Tho Dalles,Ougon 

Most M~' MO$t Most Moo 
Forecast Probable Probable Probable Probable Probable 
Date· I April · I April· 1 April - 1 April - I .... pril -

llJol 31 AURlm 31 AuguS! 31 August 31 AUl!\Ist 31 August 

January <.. 21.2 10,6 S .• IU 

February <.. 19,3 , .• S.3 n .' 

Mud> <.7 11,1 ••• ••• 7(),3 

April <.7 18,4 '.2 ••• 61,4 

Mo, ", 18,2 ' .0 ••• 73, 1 

J,~ 18 \II .S , .. ••• n .' 

A~. ", 17.9 .. , S.S SO.1 

NOTE: Thes.e dw were W«I in ldUai operations. Subsequent revisions have been made in $Ome 
eases. 
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1993 Variable Renn Curve 
Mica Reservoir 
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Table 6 

Computation or Ioilial ConlroUed Flow 
Columbia River 01 Tbe Dalles 
1 May 1993 

I May Fote«Sl of May-August Unt'eJUlated 
RUllOff Volume, MAF 

Lau E.$tinw.ed Depletions, MAF 

Lau UpSU'Ufll Sto~e Correctiolls, MAF 

MICA 

ARROW 

DUNCAN 

UBBY 

UBBY + DUNCAN UNDER DRAFT 

HUNGRY HORSE 

FLATHEAD LAKE 

NOXON RAPIDS 

PEND OREILLE I..AKE 

GRAND COULEE 

BROWNLEE 

DWORSHAK 

JOHN DAY 

••• 
5.0 

1.3 

3.1 

-0.0 

l.2 

0.5 

0.0 

0.5 

0.' 

0.0 

0.3 

II.l 

TOTAL 17.6 

Forecast of Adjusted Residual Runoff Volume, MAF 

Compuud Initial Cootrolled Flow from Oart I of Flood 
Control Opentinl Plan, 1,000 cfs 

42 

61.0 

1.5 

19, 1 

4 1.9 

25 1.0 
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_ F'1e<:lpi1aUOIl vety high and mole than 15O'!to 01 average 
I!:ill Precipitation high and more than 120% 01 average 
c::::::J PIe<:lpitation low and mote than 80% of aV9rage 
ezza Pre<: ipitation vety low and mote than 5O'!to or a .... rage 

Chart 1 
Seasonal Precipitation 
Columbia River Basin 
October 1992· March 1993 
Percent of 1961 · 1985 Average 
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liN/TED sri/rii OF ,4IM£Rici.· 
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In 'Otmation prepared by 
NATIONAL WEATHER SERVICE 
NoMhwesl River ForcaSI Center 
Portland,Orvgon 
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Regulation of Duncan 
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Regulation of Kootenay loke 
1 July 1992 - 31 July 1993 
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Columbia River at Birchbank 
I July 1992 - 31 July 1993 
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NOTES 

1 PERIOD OF RECORD FOR SUMMARY: 1878 - 1965 

2 OBSERVED AND UNREGULATED DISCHARGE 
SHOWN FOR COMPARISON. 

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

4 THE 10, 25, SO, 75 AND.9O% LINES REPRESENT 
PERCENTAGE OF TIME THE FLOW IS EOUALLED 
OR EXCEEDED ON THAT PARTICULA R DAY. 
THESE LINES ARE BASED ON TEN DA Y MEAN 
VA LUES. 
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Chart 13 
Columbia River at The Dalles 
1 July 1992 - 31 July 1993 
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Chart 14 
Columbia River ot The Dalles 
1 April 1993 - 31 July 1993 
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