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Executive Summary 

Entity Agreements 

AgJ«rrtenl$lpproved by the Entities and/or var\ou$ Public Utility Di$lriCl'S (PUD's) 
during !he period oflhi.!; report inc;1~; 

Columbia River Treaty Entity Agreement on the Detliled Openting Plan for 
Columbia River SIQn.gc: for I AUlJll$t 1997 through 31 July 1998. signed 30 July 
1997. 

Columbia RiverTreaty Entity Agreement on Aspecl$ of the Delivery oftbe 
Canadian Entitlemern for 1 April 1998 Through IS SeplCmbcr 2024 8etwet:n 
the Canadian Entity and the United Stales Entity. signed 20 November 1996. 

Canadian Entitlement Allocation Enension Agreement exe<:u~ by the Un iled 
States of Ameria acting by and through the Booneville Power Administrator 
acting in the apacity of Bonneville Power Administrator and acting for and on 
behllfofthe Un ited Stales Entity and l'ublk Utility Olstnct No. 2 of Grant 
Counl)', Washington (Priest RAopidsProje<:l), dated 29 April 1997. 

Canadian Entitlement Allocation Euension A~menl executed by the United 
States o f Ameriu Kling by and through the Booneville Power Administrator 
acting in the upacityofBoollC'ville P~f Adm inistrator and acting for and on 
bchalfoftbe Uni~ Stales Enlity and Public Utility District No.2 ofGBnI 
Counl)', Washington (Wanapum Project). dated 29 April 1997. 

Can.adian Entitlement Allocation Extension A~ment e-.u~ by the United 
States of America leting by and through the Bonnevi lle PO"'Cf Adm inistrator 
acting in the upal;il)' o f Bonnevi lle Power Admini$trllOr and acting for and on 
bdullfofthe United States Entity and Public Utility District No.1 o fDougl.o.s 
County. Washington (Wells Project), dued 29 ApriI1997. 

Canadian Entitlement Allocation Encnsion A~ment exeocUled by 1M United 
Sutes o f America,cling by and through 1M Bonneville Power AdministralOf" 
acting in the upacity of Bonneville Power Administrator and acting for and on 
behalf of the United Stales Entity ud Public Utility District No. I of Chelan 
County, Wash ington (Rod; Island Projeoct), dated 29 April 1997. 

Canadian Entitlement Allocation ExlcfllIion Agreem~nt execuled by the United 
States of America acting by and through the Bonneville Power Administrator 
""'ling in the c~acity o(BollDov ill" Power Administrator and &eting rOt ""d on 
behalf of the Uni~ S~tel Entity and Public Utility Distric1 No. I of Chelan 
County, Wadlington (Rocky Reach Project), dated 29 April 1997. 



Operating Committee Agreements 

Agreements approved by the Opef1llin& Committee include: 

Columbia Treacy Operating Committee Agre.emenl on Operalion ofTreal)' 
Storage for Ent\anoemetll of .... 'h itdish Sp.owning for January I through 
April lO, 1997, signed 16 January 1997. 

Columbia Treaty Operating Committee A8JftfIletlt on Operation ofTreIOty 
SlOr.Ige for Enhancement of Trout Sp.owning for M=h I through July 31, 1997, 
$igned 4 April 1997. 

Agcemenl among the Columbia River TI'CII)' Opel1lling Committee and tlIc 
Bonneville Power Admin istntioo and British Columbia Hydro and Power 
Authoricy on the Operation of Canadian Trealy and Libby SIOragt: RC$Crvoirs 
and Exchanges of Power for the Period I AuguJl l997 through 16 Janlilt)' 1998. 
signed 4 AugllS'l 1997. 

Columbia Ri ver Trealy Openting Commill« AgRaIICnl On Openlioo of 
TIUIy Slonoge forNonpo .... -er Uses For January I through July )1, 1998. signed 
IS SqMember 1997. 

System Operation 

The coordilllted l)'SIem filled 10 99.46pereenl ofcapac:ity by 31 July 1996 in the Aetual Energy 

Regulation (AERo) $tUdythat implemenlS the PacifIC North ..... est CoordiDllion Agre.emcnt (PNCA) 

opcnIing plan. As a mull, first year fum loadcarryinS capabiliTy (FLCC) was a60pted for ~ ]996-97 

operating year. Actual stonge capaci!)' was fiRed to 97 pn«nt offull . ~ 10 above a~erqe 

$!reamflows throughout the yur. the system generally Operaled 10 Operal;ng Rule Curve or Flood 

Control Cun:e for the enlire period. 

The I JIlDUIJ)' 1997 wale. supply r~ for the Columbia River II the Dalles(JanlW)'-July) 

" "" 138.0 ", ill ion .., .... ron (ldaf). or 130 """,.1\1 of the 1961 _90 aVenige. January ",jnrlll ..-.s above 

normal and February rainfall "1l$ below normal, and the I Mm:h volume ruooffforecast moved upward 

to 134 pm;enl ofnonnal. Above M=h "'in fall ",ised 1M forecast 10 141 percenl on 1 Apri l. April 

rainfall was abovt lIOTntat and May rainfall was below nonnal. and the 1 June volume forecast was 159 

Mar or I SO per cent. The actual January-July cbserved runoff was 159 Mat; or 150 percent ofaverage. 
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which is the second highest in the 119 years ofrccord. The peak daily a'·eragc flow obKrved al The 

Dalles was S10,700 "ubic f«t per _d (ds) on 15 June 1997. 

The lower Columbia River flow was regulated for juvenile fish between I April and 31 AUgu.st, 

based on recommendations of the "TechniCilI Management Team" (TMn consisting ofreprcKntllives 

from five U.S. fe<kntl agencies. State fishery agencies and Indian tribes also provided input I I the TMT 

meetings. This information was usllllily provided through the Fish Passage Ceruer(FPC). The TMT's 

Excc:uti,·c and Tedlllical groups make rccom.mendations to the two opelllting agencies (Corps of 

Engineen and Burcau of Reclamation) on dam and rewrvoiroperations to optimize])l$5A8e conditions 

for juvenile and adult anadromous salmons in a.ceordance with the National Marine Fisheries Service's 

Biologic.al Opinion (BiOp). Each year, the TMTwill also prepare I Wa~r Management Plan to meet 

various fisbny, flow, rescrvoiropemion, and Olberobjectives. 

Coordinated Syilem stonge energy in the AER reached a level of 99.09 percent offull on 31 

July 1997. This value was used 10 determine the Finn Load Can:ying Capability (FLeC), with flm-year 

FLeC being Idopted for the 1997-98 operating year. The actual reservoir refill was 95.9 percent of full. 

From I August 1996 through 31 MllfCh 1997 generation at do"'"11SIJ"eam projects in the United 

States. delivered to the Columbia Storage Power Exchange (CSPE) participants under the Canadian 

Entitlement Exchange AgJftment. was approximately 254 aVenlJi' megawatts It ralt$ up 10 486 

megawa!\$. From I April through 31 July 1997 the cklivery was 246 avenge mega ...... tu, at rates up to 

471 megawatts. All CSPE power was used to meet Pacific Nonb .... estloads. 

From I April 1996 through 31 Man;:h 1997, the Canadian Entity delivered O.9lverage 

megawatlS of energy and no dependable capacity to the U.S. Enfity under the Canadian Enlidemcnl 

Pw.:hase Agreernenl, and befv,·ecn 1 April 1997 and 31 July 1997, 1M Cllladilll Entity delivered 2.8 

average megawltts of energy and no dependable cljlacity 10 the U.S. entity under the CSPEICEPA. 

Treaty Project Operatioo 

The Treal)' pmjeclS, Duncan, Mica, and Arrow, .... ere operated throughout the)'AT in acc:ordance 

with 1M 1996-97 Detailed Operating Plan, the Flood Control Operating Plan, and Kvenl Operating 

Committee agreements on nonpower uscs. Throughout the )Qf, Libby RKrvoir .... as operated in 
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atl;Ol'danc:e with the flood <;ootrol o~r.ling plan, as amended by the U.S. Corps ofEngineen (USACE) 

- Review of f load Control, Columbia Riv .... Basin. Columbia Riv .... &. Tribuwies :irudy, C RT-6J", June 

1981 . The above ""ere modified by a State of Montana rcq~st 10 limit Libby oud'lOW$ 10 powCTttouse 

capacify 1:0 alleviate Total Dissolved Gas (TOG) concerns. During I portion of the year, Libby was 

oper.led for power requirements according 10 the PNCA AER, and during the remlilldtr of!he operating 

year Libby operaled for $Ior11ge and releases required for endangered While Srurgeon.nd Salmon lIS 

required by both the U.S. Fish and Wildlife Se .... ·ice and the National Marine Fiu.ery Servi<:e Biological 

Opinions. The Canadian Eatity has gi\'Cl1 notice !hal it considers Ihe BiOp flShel)'operation to be 

intOnsiSICIlI with !he AOP and Columbil Riv .... Trufy. 

Mica Treaty stonge was 6.7 ~f on 31 July 1996, and with continued storing, reached 7.0 Maf 

or 100 pe:rcent MI <;ootenl on 12 August 1996. The actual re$Cl'Voit ele.·ltion reached. high ofElev. 

2475.4 feet (0.4 feet .bo,·e full) on I September. By 31 December. Treaty slor.ge was dr.fted to 4.2 

Maflnd!he ob$m'ed reservoir level had droppro to Elev. 2427.2 feet. Treaty storage ruched !he lowest 

level on 30 April 1997 It 0.1 Maf. The reservoir reacbed its 1(lVI'CSt level for the 1996-97 water year, 

Ele,·. 231l.6 fttl, on 25 Apnl 1997, 2 1 feel lowerthan the previous )'ear. From then on. Mita's Treaty 

stor.ge refilled, reaching 94 per<:enl offull (3337 thouS&l1d second foot days (ksfd) or 6.6 MaO on 31 

July 1997. The maximum level for 1997, Elev. 2474.4 feet. 0.6 fut from full, was reached on 14 August 

1997. 

The Arrow Treaty slOCage account started !he 1996-97 OpeT1ll1ing ycar(1 August 1996) at 7.1 

Maf, or 100 per<:tnl full, following its 1996 operating year maximum level of Elev. 1442.6 feet on 10 

July 1996. The reservoir was drafted to elevation (Elev.) 141S.1 f«1 on 31 December 1996 with a 

Treaty SlOrage of4 .9 Md' or 6g peTeen! offull . During January through July, Anowoperated under 

several Ope:r.tinS Comminee Agreemem on the operation of Treaty slOIqe for non·po_r uses. This 

IJlftment allowed the operation of Arrow Dam to be ~oordinatcd. for both Canadian and U.S. fisMries. 

and recrealion and dust Storm a,'Oidanee benefits in Canadl. Arrow reached ;ulo"'·C$lle.,.el of the yC&T 

Elev. 1389.5 feelon 31 Mucb 1997. Arrow Treaty Storage reac:hed its annual minimum on 31 Much It 

0.8 Maf or 11 pef'Oent full . April through July, Affoy,' discharges ... ~ Mid tw:r..un 15·20 thou.sand 

cubi<: fec:t per 5eC(lnd (kcfs) III ensure rainbow trout would not spawn at high river levels. Thi$ caused 

Arrow to fill to £lev. 1397.6 feel by 30 April . &tv.unlhe end ofM.y towards !he end of June, Arrow 

oud'low beglllla,2S kcfs and increased to 47 kcfs. which protedcd. trout eggs. HiSh spring runoff in 1M 



Koocenay kiva- ... used a bIdr;wata- _!he NornsCftH fan.. The An'(not ~i, I'iIIftI to EIe'v . 101.4 

feet by 30June. During July, Anrrw ditcbarp ... '&Ii in=ased as Treaty lIorage neared full. The Am:lw 

Rncrvoir reached its highest lenl of Elev. 1«4. 1 f«t on 3 July 1991. The Anew Tre.IIl)' AOfa&C 

reKhed I 00 pet«1I~ full on 31 July 1997. Durina Augu#. inerused outfloW$ drafted Arrow ~o EIe'v. 

101.91 feet. Funher draftina to E~\·. 1432.19 feel. wu done by 30 SqKembcr 1997 with Arrow Truty 

510rage at 6.4 Mafor9O pm:c1Il of full . To minimiu spi llal the Kootenay River plants in Canada, the 

Opcn.~ing Commillee Agreemenl pmnitlcd. Libby·Arrow wIlier UWlSfer IgJ'ft1lIenl in 1997. Undc!-the 

lj;IftIIIent, Libby volume releases were redueed by a local of 190 ksfd through 1.110 July to early AugllSt, 

and an equal amOWlI ofwa\er WU relcued from Arrow Reservoir. This wale, will be KtUrned to Anrrw 

Reservoir in Ihe Cktober to 16 Janl.W)' paiod. 

I).m,;an I'CICI'\W over I'iIIftI by die end of me 1995o96 operating )'I'ar with a ~rvoir b 'd of 

Elev. 1192.2 feet on 31 July 1996. The projecl passed inflow for the mnIIindCT of AlIl\lSI lo mlimain 

the l'CICI'\'oir Dear full pool. During Seplmlber to December. DuncIn wu used to SlIpport the KOOIenay 

Lake !eveland by 31 Decembe" Dlm<:an reservoir had drafted to Elev. 1'57.4 feet (SI per«nl of full). 

Projecl reluses were ~ueed dllnna part of November and early December 10 keep Kootenay We 

below the UC level. l>uocan reached its lowest level during the 1996-97 operating year ofElev. 1796.6 

feet, on 1 May 1997. Minimwn release durin, May to early July helped refililhe ~oir to Eley. 

1891.96 feet (0.04 feel below full) by) I July 1997. Wid! outflows incrascd to nut inflow, !he project 

mlI~ near fuJi pool. On I Sep:ember. 0UIfI0w was inerused to bezin mftin& Do.rneaII and filling 

Koocenay Lake. 8y)O Septanber 1997, Ounean had been drifted to Elev. 1189.83 (<<I. 

Owlna the 1995-96 ~'" year. Libby reached its lIIIXimum level ofEIev. 2451.96 feet (0.04 

fcci below fuJi pool) on 3 1 Ju ly 1996. The firM 12 ct.)1i of Allgust saw Libby rdeuin, 24 kef' and then 

reducing to 12 - 14 kefs forthe remainckrofthe month to Slem high ..... Ieo-difficulties near Sonnen 

Fe,T)'. Libby did IlOl relea$e its full 8iOp volume .lloca~ion because of high inflows and an agreemenl to 

store approKima~ely 200 ksfd o( Arrow Trt'lty wlter. In retllm, Arrowdelive~ \be 200 ksfd in AUgll$l. 

The pro;ecl was drafted to 2402.13 feet by the End ofOecmlber. ",-hich is U7 feet below the Upper Rule 

Curve. in ... tkipation of a1aJgc watn ynr and to tty to eliminate possible spill 10 Itl down to requital 

flood _troI elevatiollS in 1997. Project releases in the $prinl <;'OIlSidcrcd flood control. sturgeon flows. 

refill for recreation and ~IDOII flows. Two SI\IrpOn pIIlses were proviclal in June at \be request of the 

U.S. Fish and Wildlife Service. Libby reKhed its maximum levelof2454.12 (4. 11 feet fTom full) on 



Augusc 12. The end of AuguSC elowltion, Ifter the m.ft for sWnon, was 24S0.12 feet, less !han 10 foel 

&om full. 
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I Introduction 

n, •• ,",wwrJ Culwnbia Ri~ .. T ....... ,. ElIt.t,. Rcpon is fer the 1997 Wau=r Year, I ()Qobn 1996 

through)O Scp!emba-I997. k in<;luo.tes information on the aperUion of Mica, AmI .... Duncan. and 

Libby TeXfVO;rs during that puiod with JddilionaJ information coverin& me reservoir J)'Stem open.ting 

year. I AUgust ]996 through 3] July ]997. The JIO'o'"e1 and flood control effects do"Tlstream in Canada 

and the United Stain an: dc-s<.:ribe4. This report i, the thirty.firSl o f • .scriCli of ann..a.l reporU covering 

the pmod since the ntiflC.tiol of the Co]umbi. River Treaty in Septembrr 1%4. 

Dune&n. Arraw, and Mica reservo irs in Canada and Libby ruervor in the United States of 

Arneriu wert: ~ undo:!-tbc provisions of the Columbia River Traty of January 1961 . Treaty 

swrage in Canada is ~uired 10 be ~ for tho: purposesofflood conDOI and in<;rellina 

hydroclectrie power ameratic. in Canada and tho: United Swn of Ammca. In 1964. the Canadian and 

the United Stales go\-'emmentseac:b desiJlllted an Entity to formulate and eany out the openIt ina 

ltTIIIgenlet1l1 nec;:essary to implo:mml the Treaty. The Canadian Entity is \lie Brilis!! Columbia Hydro 

and Power Authority (S.c. Hydro). The Unilod Stateli Entity is the Administrlltor orthe Bormeville 

Power Administntioo (SPA) and the Division Enaineer of ille North PacifIC Division, Anny Corps of 

Enaineen (ACE). 

The following is. summary of key futures of the T~aty and ~~ttd documents: 

I . Cao'd' is 10 provide IS.S million ~f_ {Maf)of U51.ble 51\l1l1~. (This has been 
a<;«IIIIplishcd with 7.0 Mar in Mica, 1 .1 MaC it! Arrow and 1.4 Maf in Dun<:.n.) 

2. for tho: purpose ofQOlTlpullq downslJUm bmcfits the U.S. hy;lrocleo:lric: &CiJilies in the 
base system will be operated in I manner that makes the most tfl"ective use of the irnpro"ed 
$UUIIlnow rfiIIltioa from operation of the Canadian 5lOrIge. 

). The U.S. and Canada an: 10 share equally the additional poweraeMrltcd in the U.S. 
resulting from ope!8tion of the Canadian $IOfI~. 

4. The U.S. paid Can&da I Iwnp sum of the $64.4 minion (U.S .) for cl<p«led nood tOI'Itrol 
benefits in the U.S. resultina from opention of tIM: c.n.dian 5IOfI&c for flood ~ontrol . 

S. The U.S. ha$ the option of requesting the ev.,1Wion of additklul nood control space above 
IlIaI ~ifted in thr Truly. for. ~yment o U I.17S million (U.S.) for e.,b ofdle fi l'$l four 
reque$lS for this "Qrt-cal l" stonge. 

6. The U.S. constructed Libby Dam with I raervoir that cxrends 42 miles ;'"0 Canada and for 
" 'hic:h Canada made the land I\·ailable. 



7. Both Canada and the United States ha,'~ lh~ right to m.akediversions ofwaler for 
consumptive uses and. in addition. since September 1984 Canada lias 11l1li the option of 
making for po_r ~ 'I""'ifi~ diycn.i .... ,~ oflbc """""",y Rivn illlO 110" bell<lwa!c .... of 
!he Columbia River. 

8. Diff~nces arising under the Treaty wbich cannot be re50ived by the two countries may be 
~f"rTed 10 ~ither the International Joint Commusion (lJC)orto amilrltion by an appropriate 
!l'ibunal. 

9. The Treat)' shall remain in force for It least 60 years from il.'< date o f ratifICation. 
16 September 1964. 

10. In the Canadian Ent itlement Purehase AgTftment of 13 A~glI$t 1964, Canada ~ld;I.'< 

entitlement 10 downsmam pOWer bencfil.'< to the United s:ates for 31).ycars beginning at 
Dunun on I April 106g, _' Arrowon t April 1%0, _nd., Mi",. an 1 April 1073. 

11. Canada and the U.S. uc cac::h 10 appoint Entities to implement Treat)' provisions and are to 
jointly appointe Pennanent Ensinoering 80wd (PEB) 10 ~icw and report on operations 
under the Treaty. 
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n Treaty Organization 

Entities 

There was one meetiDg of the Columbia River Treaty Entities (iodudinlthe c.n.dian and U.s. 
Entities and Entity Coordinators) during the year on the mominl of4 February 1997 in Vancouver, 

British Columbia. The members oflhe two Entities I! the end Qflhe period ofmis ~ Weft': 

UNITED STATES ENTITY 
Mr. Randall W. Hardy, Cllair 
Admin istrator &. Chief E:t«utin Officer 
Bonneville Power Adminiltnuion 
OqwttnmtofEnergy 
Ponllod, OregO<l 

Brigadier GmcnII Robert H. Griff'III, Member 
Division Engineer 
NOIthWC1lem Division 
Army Corps of EqiDeers 
Portland, Orcaon 

CANADIAN EN11TY 
Mr. Brian R. D. Smith, Chair 
British Columbil 
Hydro and PQwer Al<lhority 
Vancouver, British Columbia 

BG GTiff'm succeeded MG Russ.ell Fuhnnlll effective 3 December l!il96 . 

The Entities have appointed Cooniillltors and twojoint Slandinl committees 10 au;5t in Trear:y 

implementation activities. Thesc are dncribed in subsequent pll'l.gaphs. The primlU}' duties and 
responsibilities of the Entities as spec:iflCd in the Treaty and ""lite<! documcnr.s are: 

I. Plan and cxcbange infQmlltioll ""lIung 10 facilities used 10 obtain the bcnerits contemplated 
by Ihe T rear:y. 

2. c.kWItc IlId arrange for delivery of hydroelectric power 10 which Canada is entitled and Ihe 
1I'!I000ts payable 10 the U.S. for IlIndby u.mmission 5om'ices. 

1. Operatc I hydrometcorological systcm. 

4 . Assistllld coopI:IlI1C with the Pennarocnt Engineering Board in Ihe discharge of iu functions. 

s . ~parc hydrocledric and flood. cOII1r01 opcoonl plans for Ihe uSC of Canadian 5tOlllac. 

6. fttparc and implement dcu.i led opcn.tin& plans thl! m.ay produce results mon: aoivanlaleou$ 
10 both COUJItric:s than those !bit would .nx from opcrItiou under assured opcn.tml plans. 

7. The Truty pIOvidH that the two JO\~nts miY. by an exchange 0(_" tmpGWC'r or 
charge the Entities with Illy odler miner coming within Ihe so;ope of the Treaty. 
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Enti ty Coordinators & Secretaries 

The Entities hove appointed members of their respective $t8ffs to $oerve as coordinators or focal 

points 00 Treaty manl1lI'S within their organiutions. 

UNITED STAlES ENTITY COORDINATORS 

Mark W. Maher, Cooniinalor 
Viu Presitknt, Genemion Supply 
Bonneville Power AdminislBlion 
Portland, ~gon 

John E. Velcluad.slcy, Coord inator 
Oire<;ror, Engineffing &. Technical Scntius 
Nonhwewm Division 
Anny Corps of Engineers 
Po rtland, 0re-8OfI 

Dr. Anthony O. White, Secretary 
Regional Coordination 
Generalion SlIjIply 
Bonneville POWff Adm in istration 
Vanco uver, Washington 

CANADIAN ENTITY COORDINATOR 

Timothy J. Newton, Coordirwor 
Viu President, Market De\'elopment 
POWER£>( 
Vancouver, British Columbia 

Douglas A. Robinson. Secn:taf)' 
Power Planning and Acquisition, 
PoWff Supply 
Be Hydro and Pow .... Authority 
Vancouver, British Columbia 

Mr. Maher wl..l lppointed 10 succeed Ms. Judy Johansen effective 21 October 1996. 

Mr. Robinson \VIS appointed to succeed Mr. Gnt.cme Simpson effective 1 November 1996. 



Columbia River Treaty Opcrllliog Comminu 

The Operating Committee was established in Sqxember 1961 by the Entities IIDd is responsible 

for prq>I1'ina; and implementing OSXrating plans as required by the Columbi. RiveTTJUty. makins 

srucfieI; and otherwise assisting the Entities as neecIed. The Operatins Commtt-..onsists of e(&ht 

membcr$ .. follows: 

UNITED STATES SECTION 

Greaorr K. Delwiche. BPA. Co..Chair 
William E. Branch.. ACE, Co-Chair 
Cynthi.I A. Henriksen, ACE 
John M. Hyde. BPA 

CANADiAN SECTION 

bJph D. Lege. B.C. Hydro. Chair 
Kennetb R. Spllfford, B.C. Hydro 
Henry C. Mat, B.C. Hydro 
Dr. Thomas K. Siu, B.C. Hydro 

Mr. Delwic:he "'"as appointed to ~ Mr. Marlo: W. Maher. effco;tive 23 OcWber 1996. 

TbeTe weo: six m('f;linp orthe Operating Commiucc during the year. The dale$, p'-s and 

number ofpenons _nding those lTIfttings~: 

".. Lo<::ation A ........ 

26 November 1996 VancOUVeT. B.C. 16 
16 January 1997 VancouVeT. WA 20 
i3 March 1997 Edmondl, B.C. " 14 May 1997 Portland. OR " J1 July 1997 Grand Coulee, WA. .. 
11 Sepfember 1997 Portland, OR. " 

The Operating Committee coordinated the operation ohhc Truty slOn.Se in accordance with the 

<;um:nt hydroc:leeuic and flood f;OIItrol opentinS plans. This ll5p«t oftlle Commiucc's work is 

descibcd in foJIowitlg scttioos of this report .... hic:h have bem JlftPWedbylhotCommiuccwith tlle 

assiSWICC of Olbc:n. During the period o;ovemI by th is report, the Opentins Committee ~ 

implementation oran agreement on MRnoIvins the Dispute on Critic:aJ Period Dctenninati ...... the 

C.pacily Entitlement for the 199&199. 1999100. and 2000l01 AOPIDDPB·s. and Opetating Procedures 

for the 2001102 IIDd Fu~ AOP·s". The Operating Committee liso completed the I AugUS! 1997 

through 31 July 1998 Detailed Operating PIlIIs (OOP). 
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Columbia River Treaty Hydrometeorologic::a l Committee 

T'he Hyd-omet~logial Commin,"" ""'" _hlished in ~'"""' ....... 19"B hy lh~ F.ntit~ .. nd i< 

responsible for planning and monitoring ~ ~ration of data fa<:;I;ti~s in kwrd witlo!he Trealy and 

otbetwisc assisting the Entities as nceckd. "The Comminoc: <:OruIists of four membmias follows: 

UNITED STATES SECTION 

Nancy L. Slephan, BPA Co-Chair 
Peter F. Brooks., ACE, Co-Chair 

CANADIAN SECTION 

Eric Weiss. B.C. Hydro, Ch.air 
Heiki Walk, B.C. Hydro, Member 

Ms. Nancy Stephan ~ed Mr. Gregory Oclwjchc as BPA Co-Chai. as of23 <XlObcr 1996. 

Mr. Eric Weiss succeeded Mr. Brian H. Fast as Canadian Chair as of 14 Apnl 1997 

Mr. Peter Brooks S\IC«cded Mr. Doug Speers as Co-Cbai . as of 10 Apri l 1997 

"There ~ several personnel clianges Ib is year. Two new US Co-Chain were designated and the 

Canadian Chair was replaced. Then: were two meetings of tht: Hydromctcorological Commin,"", on 27 

October 1996 and 14 April 14, 1997. Tht flf'$l meeting (No. 4 I) was hosled by !he Corps in Ponland, 

OR. and the second (No. 42) was hosled by BPA ;n Vancou\·er, WA. "The commin~ reviewed the 1996 

volume forecast results, hydromtt station changes, and de\·clopmcnlS in \l:lcmcuy. The Corps reponed 

lhat ilS dim collection complller will be replaced . Close coordination between I"" EnnliH will All"""" a 

smooth transiliOll. The Canadian Enlil)' prewnled ilS ...,vised volwne fortaSl. proccd.res and submined 

them for review by the U.S. 
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PU maoeot Eogiou riog Boanl 

Provi$ions for the wablishmenl of the Pamaneol Enginemng BoanI (PEB) and its dUll" and 

respoIlsibilili" are included in the Tra.!)' and rel.ted documents. The members of 1M PEB are 

p~sently: 

UNIIID STATES SECTION 

Sln'en I... St(Kkton, CIWr, 
Wash inglOrl. D.C. 

RotWd H. Wilkuson. Member 
Mi$souJa, Montanl. 

Daniel R. Bums, Alternate 
Washington. D .C. 

George E. Bell. AtlmUlte 
Portland., Oregon 

Richard J. DiBuono, Socnwy 
Washingtoo.. D .C. 

CA.'lADlAN SECDON 

Daniel R. WhelM, Chair 
OU-... Ontario 

John Allan, McmlKr 
Victoril, Brili$b Columbia 

David Burpee . Altem.te 
Ottawa. Ontario 

Prad Khad, Alternate 
Victoril, British Columbia 

Mr. Bell .... "&5 'ppointed 10 replace Mr. Thomas Weaver as Ahemale on 21 January 1997. 
Mr. Khan!......, .ppointed 10 replace Mr. Jack FlrTell IS Ahern'le on 21Jan..aty 1997. 

In gctImll. the duties and respoosibilm" ohhe PEB are 10 ISRI1Ible =OI"ds of flows of the 

Columbia River and !be Kootenay Ri\.·er 1\ the inlern.tional bo"'''b,ry, report 10 both ICl'iemments if 

then is deviation fiom the lIydroelectric: (It" flood control operating Plans, and if appropriuc, include 

recommendatioru for remedial ac:tion; assist in rec:otK:ilinl differeooes thai m.y iii. bctvo"fftl the 

Entities; make periodic inspections and obtain reportS as needed from the Entities to asSUlC that Treaty 

objectives are being met; make an annual report 10 both governments and speci.l reports when 

appropriate; consult witll the Entities in the esubli!hmeo.t IOd opCI"Ition of a lIydrometeoro1ogieal 

Iystem; and, inVestiple and report on any od!eT T~t)' rel.led m.11ef 1\ the request of citbeT 

pW~' 

The Entities f;C)ntinucd their o;oopemioo ... ·ith 1M PEB during the past year by providing copies 

of Entity agreement$, operaling plans, downstream power benefit compuunions, corrc<;tions to 

hydrometeorological doc.umentl, and the annual Entity repott to the Boan! for their review. The annUlI 

joint meeting of the PEB and the Entities ... ·u held on the morning of 4 February 1997 in VancOU"er, 

British Columbia. 
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PEB Engineering Committee 

The PEB has established. PEB EnJinenin, Cornmiuce (PEBCOM) 10 .ni$! in carrying 0111 its 

chilies. The memben ofPEBCOM III the end of the period of this report .. "ere: 

UNITED STATES SECTION 
RX:hard J. DiBIKIOO, Chair 

W.shington, D.C. 
Robe" K. Jollruon, Member 
Oold~n, CO 

Earl E. Eiker. Member 
WashinJtOn, D.C. 

James Barton, Member 
Ponland,OR 

James Fodra.. Member 
Boise, ID 

Stephan J. WriJht. Allemal£ Member 
Wll$hinpn, O.C. 

CANADIAN SECTION 
RogC!" McLIllIJhlin, Chair 
Victoria, British Columbia 

David Burpe.e. Member 
ou,. ..... Ontario 

B.I. Balac:b.andran. Member 
Victoria. British Columbi. 

Myriam Boudreault, Member 
Otta .... , Ontario 

Mr. Fodrea was appointed. Member 10 replac:c Mr. Gary FIMjUII in JanlW)' of 1997. 

Ms. Boudreault ... u appoioted . MemberlO replac:c Mr. Bruno Gobeil on I ~pkml;N:r 1997. 

Mr. McLauJhlin was appointed Chair in Janllll")' of 1997 

International Joint Commission 

The In!enlational Joint Commission (IJC) was created uodcr the 80uncWy WltJerS Truty of 

1909 beI""«Il Caowla and the U.s. Its priDeipi.! functions Itt rendering docisions on the Lt$C of boundary 

water$, iDvutipring imporwll problems ariJin,llong the o;ommon frantic!" not ~Iy c:onncc:led 

with "'alCfWlys, and making recammendltions on any question referred 10 it by either iovemnent. If l 

dispute COftCeming the Columbia RiVtr Treaty could not be resolved by the Enlities or the PEB it mly be 

refemd to the UC fo.- re5OllItion before being subutiued to. tribunal for arbitralion. 

The UC has apPOinted local Boards orConlro! 10 insure compliance with IJC orders and 10 k~ 

the IJC cumnlly informed. There an: three such boards wcst of the continenUoI divide. The-se Itt the 

Intemational Kootmay Lake Board of Conuol, the lnlmWional Columbia River Board of COIIlrol. and 

the Inlemlltionai Osoyoos Lake Board of Control. The Entities and their committe« conducted their 

T reaQ' ac:tI\·ities during the period of this repoI1lO that !here was DO blown conflict with IJC onkrs or 

~I« 
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COLUMBIA RIVER TREATY ORGANIZATION 

CANADIAN 
UNrTED SI'ATES 

G<NERNMEm" GOVERNMENr -- "rnEAIT ---~._&-""'" 

BRm," 00UJMmA 
GOVERNMEm" 

PERMr\NENT ENGINEERING 8OARO 

• 
CANADIAN UNTIED StATES 

PES ENGiNEERING COMMITIEE 

••• 
CANADIAN UNTIED STAlES 

CANADIAN UNTIED StAlES 
ENlTTY ENIl1Y 

• • 
CANADIAN UNl'IFD StATES 

""""""~ ~-• • 
~ ~-•• •• 

OPERATING COMMITTEE 

•• 
CANADiAN lJNI1ID StAlES 

HYDRCIMEJroROLOOlCAL COMMTITEE 

•• 
CANADIAN UNITED STAlES 

• Established by 1REAlY •• EstablIshed by ENITIY ••• Established by PEa 
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m Operating Arrangements 

P01"U aDd FJood CODtrol OptratiD& Plans 

The Cotumbil River Treaty requires thai W raervoirs roustruclCld in C.n .... • be openkd 

punuanllO flood _trol aod bydroelectric open.tina pi ... , developed wreun<kr. Annel< A of the Treaty 

stiPl'llIes thll the United SIaIes Entity witl'llbmit flood c:ontrol operating plans and that the Clnldiao 

Entity will operate in accordance with flood control stong" diagrams or any variation wbi~h the Entities 

aa:rec witt no! be adverse to the dcsimlaim of thc flood control plan. Annex A liso provides for the 

development ofhydroclectric: operating plans silt yell'S in advance 10 furnish the Entitie, with an An um:! 

0perIIina; P1III for Canadian stonge. In lMidilion, Article XlV.2.k oflbe Treaty provides that I Detailed 

Opentina P1III may be developed 10 prod,," more Mivantlgeous rcsulu through w use of CWTftII 

estimllesofto.ds and f'HOUn'es. The Protocol 10 !be Trell}' provides further dcuoil and ~larirK:llion of 

the principles aod requirements of the Trell}'. 

The "Principles and Procedures for the Prcpanotion and Use of Hydroclectril: Optntina Plans" 

~ted OoIc:embcr 1991 together with the "Columbia River Treaty Flood Control Ope"ling Plan" dlUId 

()o;1Obcr 1972. were ~il<!d IS reference documents in the development of w AOP and DOP pl.nli and 

operations for Treaty stonge during the period covcmi by thi5 rqlOft. These doellmen!! were previously 

approved by the Entilies. The flood control SlOIqe Reservation Diagram for L.ibby contained in the 

1912 Flood Control Plan, was ~ by qreemcnl of the Open.ling Commi1lec 10 thM containod in 

the U.S. Almy Corp5 of Engineers (ACE) " Review offload Control Columbia River Basin. Columbia 

RiverA Tributaries Swdy, CRT-63", ~ted June 1911. 

The planninl and operation of Canadian SlOfIge IS discllS5ed on the following pages is for th" 

opcming year, I August through 31 July. MOSI of the hydrognphs and reservoir dw"tS in thi5 report ~ 

for I I) month period., July 1996 through July 1997. 
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Assured Operating Plan 

~ Assured Op:nt!ing Plan, daled Febnwy 1m, establ ished Operating Rule Curves for 

Duncan, AtTOw, and Mica during the 1996-91 operating year. The ()pmI.ling Rulc Cu~s provided 

p idelinn for dra-ft t.nd refiU. They were derived from Critical Rille CUl"Ves, Assured Refill Cu~s, 

Up~r Ru le Curves, and Variable Refill Curves. consislenl ... ith flood control requirements. 8$ described 

in !he 1991 Printiples and Proccdw-cs documenl. "The Flood Control Storage Rese.vation Curves ... nc 

established 10 conform 10 the Flood Control OJXraling Plan of 1912. 

Determination or Downstream Power Benefits 

For each operating year. the Dctennioation of Downstream Power Iknefits resulting from 

Canadian storage is made six years in advance in conjunelion with the ASSI.Irod ()pmI.ting Plan. for 

operating year 1996-97 the estimate of benefits resulting &om openlliog plans designed 10 achieve 

opfimum operation in both COlInmes was less than thaI .... hich would have prevailed from an optimum 

gencnotion in the United Stales only. Theref"",, in accordance with Sections 7 and 10 of!he Canadian 

Entitlement Purchase Agreement, the Entities agreed !batth .. United SillieS was entitled 10 m:cive 0.9 

Ivnage mcgaW1lIU of energy 8Jld no dcpcndable cap8C;1)' during the pcriod I August 1996 through 31 

Much 1997, and 2.1 avenge megawatts ofcnergy and no dcpcndabk: capacil)' during I April 1991 

through luly 1997. Suiflble amngemenu were made betwCCII the Borltteville Power Administralion and 

B.C. Hydro for deJivcry of this em.rgy. 

Detailed Operating Plan 

During the period covered by Ihis report, the Open.ting Committee used the I Aug\lSl 1996 

through 3] July 1997 "Detaikd ()pmI.ling Plan for Columbia RiVCTTreal)' Stongc" (OOP). daled AupSl 

1996, and the I AUpst 1997 through 31 July 1998 OOP signed 30 July 1997 and dated August 1997,10 

g uide Slorage opcrations. The OOP established criteria for determining the Openting Rule Curves for 

use in actual operations. lbc OOP used the AOP critical rule curves forCanadilUl Projc.:ts. The 

Variable Refill Curves and nood conu-ol requirements subsequent 10 I January 1997 _re detemliMd on 

the basis of seasona] volwne runoff forceasts during actual operation. The regulation of the Canadian 

stonge .... 8$ dim:ted bytIK Operaling Commincc on a wccldy basis throughout the year. 
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Enti ty Alrffmcats 

During the period """, ... <4 by this ~pon. one joint US-Canadian arnngem...,t was -woved by 

the Entities. There were also five lIIleaDCIIIS between thc u.s. Entity and v.riQus ""blic Uti lity 

Districu. The fo llowing IabuLHioa iDdicale$ thc dau: each oflhesc were signed and giva a dncriplion 

of the agreement; 

Dltc Agreement 
Signed by EmitjeslfUD Dnsrjpejoo 

20 November 1996 Columbia Ri~ Treaty Entity Agm:mrnt on A5peSh of !he 
Deliva')' ofthc Canadian Entitlement for April I. 199a 
Through September IS, 2024 Between the Canadian Emily 
and the United S_ Entity 

29 April 1997 Canadian Entitlemcnt A1losa1:ion b;tau:ion Agrttmnll 
executed by thc Uniled Swc:s of Amerio;a actina by and 
throuah thc 80nncvillc Power AdministraUlr actina in the 
tlpKil)' of8onncvillc P_w Administrator and K ling for 
and on bdullfofthe United States Entity and Public: Utility 
District No.2 ofGrint Cowlty, W.,binJ'Of! (J'rkJ! Rapids 
Project) 

29 April 1997 Canadian Entitlement Allocation ExJension Agreement 
executed by the United Stales of A/lleIiQ K1illl by and 
through the 80nncvillc Pov. ..... Admin istrltor actin, in thc 
o;apKityofBonnevi l1c PoIo-er AdminiJlrllOr and K tin, for 
and on ~halr of !be United States Entity and Publil: Ulility 
Dislrict No. 2 ofGnnl County. Wahinglon (WanapwD 
Projm) 

29 April \997 Canadian Entitlement Allocation Eltlension Agreemnll 
executed by the United Slak$ of Ameli" actina by and 
throuJh the Bonneville PoWCf AdminiJlrllOr acting in the 
"pac;ty of Bonneville Power AdminiSU'ltor and ACting for 
and on ~half of lIIe United Slates Entity and Publi<: Uti lity 
DistrK:!. No. I of Douglas Cowl!)" Washington (Welt s 
Projeet) 

29 April 1997 Canadian Entitlement Allocation &tension Agreement 
ue:uted by the United Swcs of America KIm, by and 
dIfough the Bonneville Power Administrator actin, in the 
tlpKity of BonMville Pow.:r AdministnolOr and K tin, for 
and on bdIIlfofthe United Swes Entity and Public Utility 
District No.1 of Chelan Coonty. Wash ington (Rock Island 
Project) 
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29 April 1997 Canadian Entitlement Allocation U:lCDs;on Agreemem 
executed by w Unite<! States of America acting by and 
thn>ugh the Bonnevi lle Power AdrniniSb'atOr acting in tIM: 
capKity of8onneville Po .. ~r Administrator and acting for 
and on ~halfofthe United States Entity and Public Uti lity 
District No. I of Chelan County, WashingtOll (Rocky Reach 
Project) 

Operating Committee Agreements 

During the period covered by thi$ report. two joint US-Canadian agrtcments wen: approved by 

the Opc:r.tinS Committ«. The followins tabulation indicates the: dates they weR: sisned, S;'·es 

descriptions of the agreements, and cites the authorities: 

Ptte Agrmneot 
Signed by CommilJtt 
16 January 1997 

4 April 1997 

4 Aug\l5t 1997 

18 September 1997 

Pncrjption 
Columbia TreatyOperating Commin« 
AgtH"mfllt 00 Operation of Treaty 
Stonge for Enhancement of While fish 
Spawning for lanuary 1 through 
Apri130,1997 

Columbia Treaty Operating Committee 
Agreement on Open.tion of Treaty 
Storage for Enhancement o f Trout 
Spawning for MaR:h 1 thn>ugh 
July31,1997 

Asrecment among the Columbi. Treaty 
Op:rating Committee and the Bonneville 
Power Administnllion and Brjtish 
Columbia Hydro and Power Authority on 
the Operati(m of Canadian Treary and 
Libby Stonge Reservoirs and Exchanges 
o fPowa- for the Period 1 AugUSl 1997 
through 16 January 1998 

Columbi. River Treaty Opera!ing 
Committ« Agreement on Opera!ion of 
Treaty StonISe for Nonpowcr Uses For 
January Ilhrough July 3 1, 1998 
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AytborilY 
Detailed Opel"lting 
Plan, I August 1996 
through 31 July 1997, 
dated August 1996 

Detailed Openting 
Plan. 1 Aug\l5! 1996 
through 31 July 1997, 
dated August 1996 

Oo:tJiled Open.!ing 
Plan.. I August 1997 
tlvough 3 1 luly 1999. 
apPrOved luly 1997 
and dated 
August 1997 

Detailed Opera!ing 
Plan, I August 1997 
throogh 31 July 1998, 
approved July 1997 

"'" '""' Aug\l5t 1997 



Loog Term Non-Treaty Storage CODtrac:t 

In ac:cord&nce with the 9 JlIly 1990 Entity Apeemmt whicb approved the QOII!nI;t bel.,OCn B.C. Hydro 

and BPA ~latiDg II) the initial filling ofnon·Trnry .aon&t, coordinated lISe ofnon-Treaty sunge, and 

M ica and Arrow refill mhancement. the Optraling Committee monitored the storIge opentions made 

under this Agretmenl throughout the opentina yur II) insure thai they did no! .dvawly impIICI 

operation of Canadian $l<Qge required by the Oetliled Operating Plan. 

IS 



IV Weatber and Streamflow 

W~atb~r 

Summer 19% was pleasant IoCroSS tM Columbia Basin. The July weather patterns <;Of1sistcd of 

an upper.le\·el ridge along the: WeSl coast. resulting in "'"&/TIt ""eather and generally ~Iow normal ninfall. 

This ridge gave way ( 0) minClf di~ rKa1 the 4'" and again after mid·mC)l1th resulting in minor ... ~. 

This panem c:ootinued until mid-<k1C1bcr ""hen a low pressure system became .,.~hoRd in the 

Gulfof Alaska, sending a series O)fstcmls into the Northwest, ~ginning the $I1OW lICCWt1ulatioo season. 

This continued through mid·NO)vember when the rim m.jor 51"",, o f the yell" moved through !he 

NO)nhwest. During November 13-19,' strong moistu_laden system ITICked through the rq;ion. Two­

day total rainfall s exceeding 2 inches wen: ~mon across northern a.nd western Oregon. southwestern 

Wa$hingtC)l1. and the IIOfthcm pari O)fldaho. Amoonts over 6 inchC$ covered large sectiCHls of western 

Orcgoo and the southern ~ades. Between 10 and 14 in<:hes Ikluged a few sites in southweStern 

CregCHl. Over the next few days rainfall slackened, but signifiunlly cooler .ir interacted with persis~t 

pTKipitation and multed in some heavy snowfall.t middle and upper el .. v"io)lI sites and scanered ice 

pellets and freezing nin in nonhC&Stern Washinglon and northern Idaho. MooClllte but steady 

precipitation continued until Chrislmas when heavy rainfan lSIin visited the regiCHl. A weather panem, 

with its sootCe in the equatocial Pacific, sent. series or""ann and wet. storm systems illto) the Northwest 

thaI lasted through New Years Day. This Pineapple Express genented. pronounced $IIOwmelt which, in 

oonjuncliCHl with the heavy ",ins., prod...ecd widespread no<lding in Washington. Oregon IlIKIldaho. 

Light 10 mOOenle precipitation returned in early January and continued through March. 

The snowmelt season ~gan "'ith a linle mCll1: snow. April sufferd from , 'ery cold weather with 

a Yukon air· mass S\'I'eeping into westem Mont.ana and colliding wi!h marine .ir to produce record 

snowfall in both Missoula and Kalispell. Other partS of !he Nl)Tthwest cCHltinued to be subjected 10 

§CIInerr:G sJKr,o,"CTS fClt the rc5I of the month and eontinll ing into early May. Late April "'as aC«1lted by 

two ullus.ual stClflTls: !he remnants o f typhoon Esa and the remnants ortropical st""" Jimmy. By May 8, 

a strong high pre$$LI1C ridge developed, dnwing warm air into the region, resulling in rapid s.nowmeh 
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and fkIoding in the Clark Fort, YaaI.:, Fi$her, Pend Qreille, SpOUne, Torwket, Yakima and 5rW:e 

basins. By the ]ast week of me monm the high pIl'SS\IfII sysIem was ~I~ by. more wesle-rly flow 

that produo;cd !howe", Ibrougbout the: bao'n. Th" cool, ... ·ct ...... tbcr wminucd inco July and oontimoed 

through the summer season. 

The fllll.l monthly J'ftIC'pilaliOll ind.ee:s for the Co]umbia Basin .bove The Dalles are sbown 

Ixlow for !he ]997 Watc:r Y~. These indices are based on 60 stalions and are compuled al the end of 

each month after all the dal.l are collected. Also sho\<. ... in the lable are the monthly indices as. ~enl 

oftbe 31).year nannal (1961 -90). 

WY 97 Precipitatio. Ipdex a1 T he Dalles 

Month Prec:ipiwiOll Month Precipil.llion 
(in. ) "" Un.} "" 0,,, 2.15 I" A" 1.97 12) 

No_ 3.52 129 Mo, 1.75 " "" S.27 17S I~ 2.06 11' 
1M 3.67 1" 1,1 2.07 190 
F,b l.S6 " '" 0.97 " Mv 2.93 155 Sop 2.02 1 .. 

""'~1 29.94 128 

Streamflow 

The observed inflow and outflow hydrognlpt.s for the Treaty mavoirs for the period ] July 

1996 thrQtlgh 31 Ju]y 1997 are s/Iov. ... on Charts 611rough 9. Observed Ilows ""ith the computed 

uruegulated flow hydrognlplls for the same ll-month period for Kooten.oy Lake. Columbia RiVeT II 

Bircbbank, Grand COI,Ilee, and The Denes are shown on Charts ]0, ]], 12, and 13, respectively. Chan 

14 is. hydrograph o{observed and 1 .... 0 unregulated flo .... s at The Dalles during thc April through July 

1997 period, incllKling a plOi nfflo~ occurring ifTqjulatod only by the Treaty reservnin. 

Composile operating year unregulaled streamflows in the basin aoo"e The Dalles ""ere much 

higher than the past few years, although .... ith a slow start as Septemlxr, October and No-'emlxr 1996 

were below nonnallt9O%. Mon:h and May were the high months. Ixing in the 160-]55% ofnormaJ 
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range. ~ August 1996 through July 1997 runofffOl'"The Dalles was 191.0 Maf. 140% of tile 1961-90 

.Yt:I1Igt. 1lIe ptalt rtgulattd discharge for the Columbia RiYer al"The Dl.lIes was 570,700 crs on 15 June 

1997. The 19%-97 monthly \lIlreg\Ilalcd .meamflows and their pereent of the 1961-90 .'-erase monthly 

flows ~ shown in \be follo"';ng table for the Columbia River II Grand Coulee and at "The: Dl.lIes. n-c 
flo"" h.I.,"t: been C(lITecltd ((I exclude the effects of regulalion provided by $lOBge rest:r"YOlr1. 

Columbia River at Columbia River at 
Grand Coulee in cfs The Dalles in cfs 

Time NatuTal Pertent of Natural Percent of 

""" - Averut: - Average 

Aug% 112,870 10. 144,450 I" 
Sq." 62, 180 " 93,570 97 
(k," 50,370 '" 87,110 101 
N~" 43,460 100 88,380 97 

"" " 40,680 " 113,570 120 
Jan 97 57, 150 ". 186,850 19' 
Feb 97 48,830 lOS 172,030 '" M ... 97 92,830 1S7 235,720 166 
Apr 97 161,550 ". 334.500 '" May 97 409.570 ISS 68 1,230 161 
lun97 445,720 1lS 694,490 1<0 
Jul97 242,670 127 330.910 ". 
Operating 
y,. 147,320 '" 26),570 1<0 

Water 
y~ 149,600 133 267.940 142 
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Seasonal RUDoffFore:casts and Volumes 

Observed 1997 Apri l through August nmoffvol1.llTle$, rw.tjuSlcd to ucll>de!he effectS of 

regulation of upstream storage, an listed below fOf eight Io<:ations in the Col1.llTlbia Basin: 

Volume In PCfCentof 
19 £n'jog ]OOOa!a:t;Feet 12§] -21l6V~[m 
Libby Re$Crvoir Inflow 7.852 '" Duncan Re~rvoir Inflow 2.40S 117 
Mica Resen'oir Inflow 12.524 10. 
Arrow Reservoir Inflow 23.262 '" Columbia River It Birchbank 50.408 '" Grand Coulee Resmloir Innow 83,341) IJ7 
Snake River II LoWffGraoile Dam 35.281 '" Columbil River 111be Dalles 133,13) '" 

forecul$ of$QSOft&l runofT'·oI1.llTle, based on p~ip;tation and SIIO"-pack data. .... 'Cre prepared in 

1997 for I large number orlOCItions in the Colum bia River Basin and updlted eacb month as the season 

advanced. Tlble I li$l$ the April through AU8US1 "olume innow fcncasu for Mica, Arrow. Duncan, and 

Libby project:$, and for W!JCgullted runoff for theColumbil River at The Dalles. Also $hown in Table 1 

lit the ~J volumes for these fh·c loulions. The f~ for MkL Arrow, and Dwtcan inflow wm: 

~ by B.C. Hydro, and those for the loweT Columbia River and Libby inflows _ ~ by the 

Nationa l Weather Sc::rvic:e and Ri~er fom:UI Center in coopen.lion with the COrp!O ofEnginccrs. 

National Resource Con~"""lion Servic:e. BUrelu of Reo:;bmalion and B.C. Bydro. The 1 Apri l 1997 

fom;a$l of Jan....,. through July nmofffor the COlumbia River above 1be D. lles was 149.0 Mafand the 

IICtual observed runoff .... as 159.0 Maf. 

The following tabulalion $WTlmarlus monthly foroeasu S;II« 1970 of the January through July 

runoff for the Columbia River abo,·c The DIllies «ICI1parcd with !he acrual runoffmeasuml in millions of 

lIC~fcel (Maf). The 1\'mgC January·July NtlolTfor the 1961·1990 period is IOS.9 Maf. 
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Tb~ Dallq Volum~ RugofIFor«asts in Ma((Jap-Jull 

1970 82.5 99.' 113.4 114.l 9S. 1 115.7 
1971 110.9 1211.5 126.0 134.0 133.0 135.0 137.5 
1972 110.1 128.0 131.7 146.1 146.0 146.0 151.7 
1973 113.1 "., " .1 13.0 .... 71.7 112 
1974 123.0 1.0.0 146.0 1411.0 147.0 147.0 156.3 
11I7S 96. ' ' 062 114.7 116.1 115.2 113.0 112.4 
11176 113.0 116.0 121 .0 124.0 124.0 124.0 122.' 
,m 75.1 622 55.9 51.1 Sl.8 51.4 SU 
1117' 120.0 114.0 101.0 101 .0 104.0 105.0 105.6 
19" ".0 71.6 113.0 au 111.7 19.1 13. ] 

11110 U .• 11.9 11.9 19.1 " .• 117.1 9l.' 
11111 106.0 " .1 14.' l UI 11.2 115.11 10).4 

19" 110.0 120.0 126.0 1)0.0 111.0 121.0 ]29.~ 

11111 110.0 10a.o 113.0 121.0 121.0 1111.0 118.7 

"14 113.0 103.0 111.6 102.0 107.0 114.0 1111.1 
19S5 131.0 1011.0 105.0 98.6 91.6 100.0 81.1 
1986 96.8 93.3 ]0].0 106.0 108.0 108.0 ]08.3 
11187 88.9 81.9 71.0 10.0 76.7 75.8 76.5 

1981 19.2 74.1 n.1 74.0 76.\ 75.0 73.7 
]989 101.0 ]02.0 "., 99.' lIa .6 96.' " .• 
"" U., 101.0 104.0 96.0 96.0 99.' 99.1 

'99 ' ] 16.0 110.0 107.0 106.0 ]06.0 104.0 107. ] 

"" 92.' 19.' U.S 112 112 67.1 1 ... 

'99' 92.' ... , n3 76.6 S1 .9 ... , 11.0 ",. 79.1 163 71. 1 732 75.5 76.4 7S.0 

'99' 101.0 99.' "3 99.' 99.' 97.9 ]04.0 

"96 ] 16.0 ]22.0 130.0 126.0 1J4.0 141.0 13113 

'991 1)1.0 14S.0 142.0 149.0 ISJ.O 1511.0 1511.0 
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V Reservoir Operation 

General 

The 1996-97 operating)'e&r was chlll1lCteriud by above, l() much above normal pro:c:ipilalion for 

the Columbil Suin above The Oalles cxeo:p! for AugUoR _ So:p\e:mber 1996, February 1997 and May 

1997. December 1996 and July 1991 had 175% and 190% of normal pro:c:ipilltioo. The JanlW)'. July 

volume observed II Tho: Dalles Wa$ 159 million acre feet (Maf) which was tho: higheSl in 1961 - 199(1. 

The operating year began with the coordinated system reservoirs officially filling l() 99.7 percml 

ofswn.gc UpAC iry Of) 31 July 19%. As. re ... lt. fiut year flffillOitd ~inll ~lity (FLeC) "''''' 

adop!o:d for the 1996-97 operating year. 

The I JlIlUlry 1991 watl:!" supply forco;ast for The Dalles was 138.0 Marfor the January. July 

period. or 130 pe:rcml of!he 1961-90 Iverage. Subsequent forccuuthrough March reiko;:led an 

incre&$ina trend 10 134 pm::o:nt. with tho: April forecasl inereuing further to 141 pcfCCnl. May and June 

$IW inc:reasing amountS l() ISO pm::o:nt ofnonn.J . A<:tuII r\InOfffor January-Ju ly _ ISO percent of 

normal. 

During !he 10 April.) I AugllSl SIlmon flow augmcnlluion period, U.S. proj~ Were usod 10 

augment flows II Lower GBnito: and McNN)'. The National Marine Fisberies Service's Biological 

Opinion, released in carly Mlu"ch ] 995, listed t:argcl flows tllal wt'rt! variable based on runofrvolume 

forecastS. The targel flowl Were: 

, Lower Granite, 85.000-100.000 cfl during 10 April _ IS June, and 50.000-55.000 ers 

during 23 June - 3 L August; 

- McNN)'. 220.000-260,000 crs during 20 April, 30 June, and 200.000 efs during] Ju]y· 

31 August. 

Prov ision for adjusting target flows based on nmoffvolume fom;:aslS was bIscd on a s lid ina 

scale wilb L.owerGnnite al 100,000 efs and 53,500 efs for !be two periods. McNaJ)" was 11260,000 e ls 

for !he fir$! perm. The s.eeood period is set II 200,000 cf. and does nO! vary with runofrforecasu. 

Daily flood control regulation was required once during the winter of 19%-1997 season , This 

oc:c:urrcd in early JanUlry. Trealy projects' outflows _"'"' affecled as there was ruffi<:icnt storage 

.,·.illble in Grand Coulee 10 achieve flood control objectivn. The peak flow at 'The DaJles durill& the 

flood evenl was beld 10 321,500 cfs on 5 JanUlry 1997. 
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The sy5(C1!l reached 99.1 percenl of its full energy capaci!)' in !he Actual Energy Regulalion 

(AER) oa 3 I July 1997, resu lling in r",l-yur FLCC being adopted for !he 1996-97 operaling year. 

M ica Reservoir 

As sholoon in Chan 6, !he Mica ReKTVoir (Kinbaskel Lake) level was II elevalion 2470A fee!, 4.6 feel 

below full pool elevation 2475 fee! with !he ~ding Mica T~aty SlOI"I.gc al )]56.2 ksfd (6.7 Mat) 

or 9S percent offulJ on 31 July 1996. 

llte local inflows into Miu reservoir avc:nog«l40.7 1<f;:fs in Au8l'st. reducing to IS .S kcfs in ~ptembcr. 

and then dropping off to about 5 kcfs by 1996 year coo. Mica Treaty storage continued 10 fill during 

August reach ing full Treaty Storage of )529.2 ksfd (7.0 Mat) on 12 August. Mica reservoir remained 

allO,·c full pool between 1210 19 AuguS{ and water was spilled to mainlain!he level 10 full pool. llte 

reservoir exc:ceded full pool elevalion on 31 AU8l'st and 1 September 1996 and reached respect;,·c 

elcvaTions of2475.3 and 2475.4 feel on these days. The Mica Treaty net reached 41S ksfd on 

)1 August . The ~oir level remained above elevation 2460 fee! until carly November. 

Actua.I Mica di5C~ "''C"fC flirly high tJuough August wim the IVtnlge rutbint: discharge al 70% of !he 

muimwn in the year. This torrespOnded to an IVCTIIse rurbine discharge of 30.3 kefs in August. The 

rurbinc discharge decrnsed 10 lbout 26 kcfs in months of September and Oc!ObeT. Mica Powerhouse 

disclwges during November wcre high with an Iverage of 37.4 kefs. In December. !hc discharges 

Iveraged about 29 kcfs, and the ~ .... oir drafted to elevation 2427.2 fee! by 3 1 December 1996. Treaty 

storage I I end of December " ·U 2 142.7 ksfd (4.2 Mat). 

In January 1997, me inflows dropped off \0 one kefs Or Ie$$, gradually increasing befv,-ccn February to 

mid·ApriJ 1997 bef<m me stan of spring freshet. The B.C. Hydro Non·Treaty Storage reached 75% of 

!he full amounT. Mica powerhoLl$e di$chargtS for January avenged around 26.4 kcfs and the genmuion 

from Mica continued to decrease over winter 1997. The resecvoir drafted to clevalions 2401.1 feet by 28 

Fcbnw)', with Truty Storage al 1007.1 k5fd t.IId Mia Treaty Hex al 326 ksfd on that dale. The B.C. 

Hydro NTSA mnained unchanged II S51 ksfd in February and Man:h. The Mia Reservoir continued to 

dnll during Mucb . Apri l and reached ilS lowesl level for !he 1996-97 year It ele-'o'ition 2383.6 feel on 

25 April, 1997. This level was 21 feet lower than the jm:vioos year's low level. Mica Treaty storage 

mICh~. minlmwn of 56 ksfd (0.1 Mat) on 30 April with Miu nu rea<:hing 25 ksfd . 
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Tbe: MiCll ullvine disclwge in April "''U lbout IS kefs dropping to an average of abolll 3 to 3.5 kefs in 

MlY and June 1991 when !be cornsponding planl generation was less than 10% of plant ClIpacity. With 

!be start of !be spring ~shet in early MlY, Miclo discharges ",'ere reduced., and the reservoir ltfilled 

quickly. AI the: end of May, the MiCll Trt:1I)' flex had bo:I:n i~ 10 83 bfd.. The MiCll Trt:lIty 

disl;~ was 10 kefs for the months of May and June, allowin& Trt:lIty storage 10 rt:fill to 3336.9 bfd 

(6.6 Mar, 94% of full) by 31 July. Local in flows were the hiihm in June and July Iveraging about 66 

kefs and 59 kefs rt:s~ively. Actual Miclo discharges during July averaged 20 kcfs, rt:SUlting in the Mica 

Trt:lIty f]v; of29 ksfd by the end of July 1997 and the resc ..... oir had refilled to elcv.u.ion 247\.1 fe<:L The 

plant discharge iI'lcreased to 21 kefs with plant genC'llltion II about 45% of plant ClIpllCity in July. 1991. 

In August 1991. the Mica Reservoir le~cl remaioed within a fOOl offutl pOOl elevation bef,.,.ftn It Aug\lS1 

10 ]9 AUgust before receding. The Mica Trt:lIty stonge ruc:hed fun" 3529 ksfd on 12 Augusl 1997. The 

in flows droppe:d off 10 under 30 kefs by m id-Sqltcmber ] 997. 

Revelstoke Reservoir 

Outing the 1996-97 operating year, the Revelstoke proj«:1 was operated gt'ner.1ty as. run-of-river plant, 

with the reservoir level maintained within 4.8 feet of its normll full pOOl lc\·el. elevllion 1880 feet. 

Outing the spring &nhet, March through July. the reservoir WIS occuionaUy operated as low as 

e1ev.u.ion 1875.4 feet to provide additional Operational ~e 10 contrOl high locil inflows. 
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Arrow Reservoir 

As shown in Chin 7, the AITOW Reservoir level reached its maximum actua l elevation of 1442.6 fee-! on 

10 July 1996. The Reservoir h.ad drafted sl ightly 10 elevltion 1442.4 fee-! by)1 July but the treBly 51~e 

aeeounting for MiulArmw was full. The reseNOir continued 10 draft in AuguSI Ind graduatty drafted to 

elevation 1428.4 fee1 by the end o f Seplember. 

ArTow dischlrge$ dccJUScd OVrl" the lutumn mon ths from an 1"rI"3gt' o f SS kefs in October \0 an 

Iv~e of 4S kefs in December. The Iocll infk'''s decreased from 31 .9 kef. al the end of July 10 14.6 in 

August and then dropped 10 6.3 by the 1996 yearend. The Armw Reservoir drafted 10 elevation 1418.1 

feef by 31 December 1996 with the Arrow Trelt)' aonge on thaI dale II 2446.S ksfd (4.9 MIt) ~ 68% of 

full. 

In early January, B.C. Hydro requested thaI Arm ... ·oulflows be selectively ~uced below Trealy requests 

10 keep rivrr le"e1s al acceptable and mlimlin~ble levels during ,,"hilefi.h spawning and laler 

emtrgence. BPA agreed 10 this un.der lenns of the Non·Power Uses Agreement. The trQty requests 

were ~uced during this period for a lou.! 0(202 tufd MId bao:k. This storage was Iller returned and Ibe 

Can.dian Tre~ly 51",,!!e returned to the Treat)" Stonge Regulation (TSR) levels. Arrow Reservo ir 

continued 10 draft during the January. Mm:h period wben the local inflO'-'-,. rtI1Iged between 5.0 to s .g 

kef •. 

Armw Reservoir reached its lowes:. level for the year II 1389.S ree1 on 31 Mm:h 1997. Arrow Treaty 

storage reKhed its m inimwn II 392 ksfd (0.8 Mlf)or 11% offull l' the end ofMm:h 1997. 

During April the AITOW discharge: was kept between IS· 20 kcfs in an _"empt to insure thll rainbow 

trout would not spawn 1\ higher river levels. Se"e-raJ trOlIt redds. wh ich were de-walered. were kept 

wened for I limited lime using I pump and JPrinklc-r system. 

During April through June. Arrow was opmIIed under the lenns of two Operating Commine!: 

agreements, Operation of Treaty Slorage for Ertha-tccmenl of Whitefish Spa .... ning for January I through 

April 30, 1997, and Operation of Treaty Stonge for Entw.ccmen[ of Troul SJHI .... ning for Man:h I 

through July 31, 1997. These agreements Illowed the Arro ..... projeo:;l flows 10 be mainllined and ~\o"Oid 

de.watering rainbow trOUt ~ds. With [he to ..... discharge Ibroughout April and m05l of May. and start of 



S]X'ina: freshet in mid-M.y ",hen high inflows a«:omed. the Arrow RC'KrYoir level rose 10 elevation 

]397.6 fccl by 30 Apri] and ]419.1 feet by 3] M.y. The reservoir o;onlinued 10 fill in June due 10 higher 

inflows. 

With the stan of the Spring fTnhet. UKRuing discbarzes from the Kootenay River ~IUled. Nck",.!cr 

effecl on the Noms Creek Fan,' prime spa""uinlloc'lion for rainbow trout. Discharge from Arrow WIS 

held II 20 kefs for the ftnl three ... ec/uI of M.y ..... gradu.ally inereased Ihrougbout the mooth of June. 

Anow reacl!ed I level of 1437.4 feet by 30 June 1997. Exocpt for. few days nClt th-c end of June, 

AmIW re$CrVOir levels s]ightlyexccedcd the Treaty flood control eu ..... e levels during June and car]y July. 

The Arrow discharge """IS incruscd substanli.lIy in July 15 Arrow T_ty storlIe ne~ full and !~ 

Resnvoir ruched its highesl Ie-·el for the ),"11" at elC"Vltion 1444. 1 feet on 3 1 July 1997, 5lightly above 

full pool elevation 1444 feet. The Arrow discharge peaked for the sununcr II 94.6 kefs on 11 Jllly. The 

Arrow Treaty S1orag .. c;(lOllcnt confinued 10 fill and rnc:htd full (1.1 Mal) 011 31 July. With the increased 

Arrow discharges in lIIe July and August. the Arrow RC$eNoir drafted 10 elevllion 1439 feet 

approximately by Ihc end of Au8"Sl-

To minimize spill.t the Canadian KooI:cnay River plants and m.inllin Kooc:anu$I fC5oCtVoir WIlier levels 

in Canada for resident fish and recreation. the Canadian IlI1d U.S. Entities -.greed 10 • Libby-Arrow w.cer 

transfer f()r l.te SUmmer of 1997. Under the agreement, Libby disclwgc5 were reduced by I total of]9(I 

ksfd through August IlI1d illSlelld, an equal amount of water was released from AlTOW rc$UVoir. This 

AlTOW water effectively stored in Libby will be relurMd 10 Anow Rnavoir in the Oetobcr to ~cmber 

1991 period 15 pan of the ~cnt. 

DUDCIiD Reservoir 

A$ sho.l.ll in Chit! &, the Dunc:an reservoir Ie,·e] ",,-as: II elevation 1892.2 feet, s]ightly .bove full pool on 

3 1 July 1996. The reservoir remained within OS feet of fun pool elev.,ion 1192.0 feel and ru,hcd full 

Truty ~e (within 1110'" bfd) on sevcraJ days durinl August 1996. 

During the month of September, Duncan di5<;bargcd an .~eragc of S.S kcfs to ma intain the KOOIenay 

We le,·ct, and KOOI ...... y Lake Oows. The proj~1 disebarge was rcdllCed 10 an . ' ·crage of 3.S kefs in 

();Iobn" and rem.ined tbcrc for most of November. dropping off 10 2 kefs in fim half of Deecmbcr. 
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Higher dischar!cs between mid·December to FcbrulU)' ~ nco;cssary to again suppon Koolenay Lake 

levels and flows. The Duncan Reservoir level was It elC'\'lltion 1851.4 feet (58% of full) on 31 December 

1996. These opentiOO5 contributed to Duncan ~rvoir levels remaining at or below 1M flood control 

curve in this openlin, year. 

During January, the Du.ncan disclwge increased to about 6 kef$. The reservoir was drafted thn.>ughoul 

Febnwy to mid.Martb 10 meet Kootenay Lake lJC levels. The Duncan reservoir exceeded il$ Treary 

flood control Curve s4b11y near the end ofFebnlary and then continued to draftanOl.ber 6 feet below 1M 

flood conuol o;urve bctw«n Man;h to I May 1997. Tht: reservoir racbed ilS IowesIlevel for 1M year at 

elevation 1796.6 feet (2.2 feet above empty) on I May 1997. 

Tht: Duncan discharge was reduced to minimwn, 100 cfs, on 2 May 10 begin refilling the reservoir. The 

reservoir re/W;hcd elevalion U34.4 feet by )1 May and elevation 1879.7 foot by 30 June. Duncan 

remained on minimum discharge unlil 4 July. AI that lime discbarge WI5 increased 10 slow the rite of 

reservoir refill. 'The Duncan reservoir reached full pOOl at elevation 1192.0 feet on IS July 1997 and 

exceeded it by 0. 1 feet to li92.1 feet on)O July 1997. 

Duncan passed inflow for the remainder of AUi\lSl 10 main ... in the reservoir near full pool. On 

I September, the Dunc.an disc:hargc WIS increued to 5WI drafting the re5C'rvoir IIld fill Kootenay lake. 

Libby Reservoir 

As shown in Chart 9, Lake KoocarmSi Sto.l1ed the opcn.ting year It Elcv.24S8.96 feet. 236 feet 

bigher than last year and 0.04 feet below full. This WI5 the lake' s peak summer leve l. 

Tht: fU'St 12 days of August saw Libby releasing 24 kcfs reducing to 12.14 kefs for the remainder 

of the month bo=.use of high watl:f difficulties near Bonners Fmy. Libby did nO! release il5 full BiOp 

volume allocation due to the Arrow Libby swap of nearly 200 bfd, and this water was delivered from 

Arrow Lakes instead. September outflows were in the 8-12 kefs range for an on·going Montana Fish, 

Wildlife ~ Pub fi ..... ry study. Th~ ob...,.......,.. poollc .. cl on)O Sepccrnbec 1996 ....... Ekv. 2.48.7 fecI, 

while the AER level "lIS Elev. 2432.3 feel. 

26 



In October Libby W&!IlI$Cd for wccldy load $haping. Week£nd flows ~. ki::fs Thursdays 

Ituough Sundays, and !he weekday tIows were ''' .5 kef$. By OcIober 21 weekly !oed followin& Slopped 

and the project released 14.5 kefs for oearlythe rest of thE mooth. 1M !'e$CI'Voirdnfted only n iM fet'! in 

OcIObt:r 10 elevation 209.26 feet. Libbyopemed for power, fish monitorinl studies. and Oood QOIIU'OI 

in ]l;o~m1ber and was drifted aboul I .. feet. Libby mainuoined full load (20 kcfs on 4 unilli. I unil was 

0\11 ofsavicc due '" a forced outage) for the whole month ofDecemberexo;ept for 4 clays over !he 

CILrisunu holiday when loads "''ere down and a fish monitoring srudy was condUCIed (4 kefs). The 

projecl ... 'aS drafted 10 2402.J3 ret'! by the end o fOe«mber which is 8.87 feet below 1,"= UJIP'" Rule 

Curve, 10 try to eliminate possible spill in January to gel down to anticipated low flood control elevations 

in 1997. 

On I January and I february, the A"-;I· Aug1l$l volume ~ "'-ere 112% and [15% of 

1IOmUII, rnpeo;tively. In both January and february, the projrct was operated for flood QOIIU'OI. All four 

available wits were operated at !beir maximum ClJlKity both months. February inflows .. we only 

101% (lfnormal, and on 1 Man:h,!be April · AUJU$! v(lillme forecast ... reduc:a;l to 110% ofnonIlAl. 

0Inf\0¥,'S in Man:h .. 'ere reduced from 18 kefs to 7 kefl weekly Iverage to reflecl the new volume 

forecast. Betv..'CC:I1 17 and 21 Man:h and I • 10 April , I flat 4,000 efs and 6.000 efl now was maintained 

to met'! flood QOIIU'Olire fill needs as well IS accommodate the Swe of Idaho' I request In faci litale 

rlinbow IrOlIt spI",ning. Projecl releases in April II'KI M,.y of 1.7 ki::fs and 13 kefl Iveraging colI$iderai 

nood c:ontrol needs &S well as ..,fill to provide both st\lrg«ln flows in June and salmon flows in August. 

The U.S. Fish and Wikllife 5eTvice reqtleSled thne pulsing operations from Libby up to full 

powerhou'JIII ClJlKity to enhance sturgeOn ~in, lbove Bonners Fenywhere the hard river bouom is 

mOR c:ondlK'ive to SIW'J«IIl egg survival. These pulses were requested to tale plaee .. 'hen the Wiler 

ImIpctat11re at Bonnets Ferry reached 10, 12 and I .. deJfees CelsiU$. The flJ$l pulse ... accommodated 

June S. 19. The $«:GIld pubc "''as pufonnecl June: 24.21. A third pulse WIS not done due 10 fear of 

fillin&i'Piliing in June. There w&s I lot of rain during the month of June and therefore leIIeral HllItWllI 

pulses
H 

of sturgeon Wlter occurTCd. 

Throu&hO\lI the month of July the lempen.lUre remained below normll and precipitation was 

sli&htly below normll . M I result, the waler supply fom:ast was not manifestina iUoelf in the form of 

runoff, bon evaporation. By July 16 the OIIlflo",' was ramped oo..n to 10 ki::fs and the rHelVoir elevation 

II the end of the month was Dear 2453 fet'! (6 feet from full). The ste..ty [0 kcfs "'as requested by the 

Libby continued to ~kue 10 kefs will the Libby/ Arrowswap was initiaud on August 1l and the 

outflow "''as iDCruscd 10 \4.5 kef" 190 ksfd ofwatcr was swapjXd (stored in Libby .. 1Iile 190 bfd was 
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n:1eased /Tom Arrow). The muimum reservoir elevAtion reached wa!i 2454.82 fool on August 12. n.e 
~ of August elevalion was 24SO.12 feel., Ie" dian 10 feet from full . 

September outflows wen: Wffkly sllaped - higher flows during the wock and IoweI' flows during 

the weekend. This operation \Va$ I concession by the power indUStI')' 10 not daily shape flows, lIS has 

been done in the past, 10 help improve the general hccalth ohhe river. The ~rv~ pool lcvel on 30 

September 1997 was Elev. 2447.J8 feel The April- August seasonaIllII1offwas 123 1Xrcet1l o fnormal. 

Kootenay Lake 

As sho"'ll in Chart 10. the level o fKOOIclUlY Lake al Queens Say was al elevalion 1746 .4 feet on 3 1 Ju ly 

1996. The Ic-.'CI al Nelson n:Khed bo:low the: summer IJC maximum of elevation 1143.32 foe! on 12 

August. Discharges were adjUSl.~ to JWS inflow during AUgust. 

For the month ofScptember, the Kootenay Lake d ischarge WIIS adjusted to keep the downstream Brilliant 

planl al full load without spill. approximalely 19 kds. By 31 December 1996 the lake was near full pool 

al elevation 1744.8 feet(aboo.ll O.S feet foon UC level). 

Beginning in January, Kootenay Lake was drafted 10 avoid violaling the: IJC order. The lake discharges 

wen: kepi slightly above the inflows during the period Janlllf)' 10 mid-Marcb approximalely to c;omply 

with the IJC leve ls. The lake level dropped to I low of 1739.7 feel on 19 March and thereafter started 10 

fill. Local inflows into KooteNiY Lake lXaked on 21 March at SJ.9 kefs when the lake discharge "''IS al 

about 26 kef, and the lake exceeded !he IJC level between 20 March to I April, 1997 by up to one foot in 

Ihis period. This was no! a TrcII)' violation, bowever 1$ the e:occccden<.:C$ wen: due 10 extraOrdinary 

IUIll1f'1i high inflow conditions and are allowable undeT the 1938 IJC Order on Kootenay Lake. The 

outflows from Duncan wen: Ihereforc, fiuther n:duccd 10 . minimum 10 lower Ihe lake level. The lake 

level rem.ined below the: UC levels for the: n:maind!:r of the 1996 - 97 year. 

Inflo""$ 10 Koolen.ay Lake inen:ascd starling mid-Apri l and Ihe lake Raebcd its peak level for the year at 

elevation \752.9 feet on 12 June. The lake level remained ~Iose 10 the peak unlil 16 J\IIIC 1991 bc:f~ 

starting to drop ofT. With receding runoff in Ihe laner part of J\IIIC and reduced Libby d ischarge in July, 

KootCDllY Lake drafted, "'ilh the lowest SUmmer lake e levalion occurring on J September I I elevalion 

1743.6 fed. The Nelson gauge lC\'cl dropped below the UC 5IJl1Imcr ie"el o f clC\'alion 1743.32 feet on 

12 August 1997. Lake discharges WffC adjusl~ \(J keep the Nelson gauge level below elevation 1743.32 



feel: untillhe end of AuiUS!:. Durin, September, due \0 wc (ICCUII'CDCCS ofhaovy rainfall, lake disc:llqes 

wen: adjusud 10 r;radually re fi ll ;t to \be I1C Ic:vel o f 1745.32 feet by 7 January 1997. ~ lake was 

opcnIted 10 gradually refill to a llow accommodation of any bigh inflows yel to come. On 30 ScptmIber 

1997, !he: lab reac:hcd an elevalion of 1744.42 f«l. 

Storage TraDSrer Agree mea ts 

In Ihe 1996-97 opeming year,!he Canadian and U.S. Entities entered inlO a storage InnSfer 

agreemml for the summer of 1997 in whicb ;ncreued re leun from Canadian Treaty projects were used 

to redlKZ the OI.Itflow flOln Libby. This openl1;on reluhod in aboul 190 bfd Ic:II5 waler beinll re leased 

from Libby dvring August, reducing !he amOl.lnl of spill at Canadian powerplanlll on !he KOOlel'lll jl River, 

and maiMloininll b.iaJ!er Lake Koocanusa levels in Canad' and !he u.S. than would ocbcrwisc haYC 

resulta!'OCC1lITCd..thlll improving ~ion. The addilional water taken OIl! of Columbia RiverTreaty 

SIanit' ... ill be rerulNd by 16 January 19911. 
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VI Power and FJood Control Accomplisbments 

Ge nera l 

During tht: period eovered by Ibis report, Duncan, Arrow, and Miea reserv(lirs w.- operated in 

a<:~ with the Columbia Ri~ Treaty, SpocificaJly, Ibe operation oflbe reSI:I'Voirs was governed 

by Ibe! 

I, ~Detailed Operating Plan for Columbia River Treaty Stonge - I August 1996 
th ..... ugh J I July 1997,M dated AuguJ( ] 996. 

2. ~Detailed OperaIing Plan for Columbia River Treaty Storage - 1 August 1997 
through 31 July 1991, ~ dated I August 1997. 

3. '"Columbia River Treaty Flood Control Operating Plan,M dated October 19n. 

4. '"Columbia River Truty Entity Agreement On Operation ofTreary Storage for Non­
Power U$e$ for January I, 1997 through July 3 1, 1997,ft dated 16 January 1997. 

S. ~Agreemmt among tI>e Columbia River Truly Operating Comminee and the 
Bonneville Po ... ·er Adminim"ation and British Columbia Hyd ..... and Power Authority 
on the Operation ofCanldian Treaty and Libby Stonge Reservoi", and Exchanges of 
Power for the Period I August 1997 through 16 January 1998,H daled 4 August 1997. 

Consistent with all Detailed Operating Plans (OOP) prepared sirK:e the instal iltion ofgflleralion 

al Mica. !he 1996-97 DOP wlS designed to achieve optimum power genertlion at·site in Canada and 

dowru;ueam. in Canada and the United SUOtl:S, in lICC'ordanc:e with Annn A. pat1Igraph 7 of the T reaty. 

The 1996-97 Aswrcd Opera.ling Plan, prepared in February 1992. was Il5cd as the bls.is for the 

preparation of the 1996-97 DOP. 

During the period coveted by this report, Libby l'e$ervoir was operated in 1tCOrdana: wiill the 

1972 "Columbia River Treaty Flood Control Operating Plan,ft as amended by the U.S. Army Corps of 

Enaineen (ACE) MRevicw of Flood Control, Columbia Ri"er Basin, Columbia River &. Tribuw-ies 

Study, CRT.63~, dated June 1981. During the operarina year, Libby operated for storage and releases 

r«Juired for endangered While Sru~ and Salmon as required by boUt the U.s. Fish and Wildlife 

Serviu and the National Marine Fishery Se""'ice Biological Opinions. 
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Powtr Deliveries 

The Canadian Entitlement to downstream pIlWt'r benriits from DuIK:&ll, Arrow and Miu for the 

1996-97 0JleBIin& year had been purchased in 1964 by the Columbia S~ Power Exchange (CSPE). 

In &e<;ordance with me Carwlian Entitlement ExellaT.ge A~ent dated 13 AuguM 1964, the U.S. 

Entitydelivered capacity and energy 10 the CSPE panicipaots. The generation at downstream projects in 

the United Slates, delivered WIder the Canadian Entitlement Exchange, was 254 aven.ge mepwws from 

I Aup$! ]996 tIuoogh J ] Man:h ]997 and 246 average megawtltU from ] April 1997 through 

J 1 July 1997. Capacity deliveries were up to 486 m'gawatlS from ] August 1996 through J] Man:h 

1997 fItd 471 megawans from I April ] 997 through 31 July] 997. 

In aec:ordance with the Entity Agreement on the Determination ofDown$trelm Power BencftU 

for Operating Year 1996-97, the Canadian Entity deli,'ered 10 the U.S. Entity 0.9 average megawtltlS of 

annual energy..oo nodependable capacity during the period I August 1996 throuah 31 March 1991. In 

acoorda.nce with the Entity AgrttII1ent on the Determination of Downnream Power BenefitS for 

~rating Year ]997-98, the Canadian Entity delivered 10 the U.S. Entity 2.g average megawatts of 

annual energy and 00 dependable capaeityduring the period 1 Apri] 1997 through J I Ju ly 1991. These 

energy deliveries were required by Sco;:tion 7 of the Augv.st 1964 Canadian Entitlement Pun:huoe 

Agreement. 

Pown OpenltiODS 

The Coordinated System stonoge level in the AER at the beginning o f the 1996-97 opeming year 

was 99.46 percent full whiclt IUultod in the System adopIinll a ] st-year firm load calT)"ing capability 

(FLee) from the critical period studies. Due to abo~e Iven.ge streamflows throughout the year, the 

s)"sU'm gencr.tJly operated to Openting Rule Cun'e (ORC) or flood conlrOi for the entire period, 

producing large 1lIn0000ts of surplus energy. "The system storage energy reached 99.09 percent full an 31 

July 1991. and the system adopted ]St-year FLeC from the 1997-98 PNCA Final Regulation .study. 

The faliawing table shows !he SW\IS af the energy ~ in Coordinaled System rescrvoin at the end af 

each month in the 1996-97 operating yearcompared 10 !he ORC «If propGrlioned draft pGints were 

&l'I'litable). Noonal full Coord inated System reset'Vair storage energy is approllimately 63.1 thou'llnd 

(KMW-Mo). 
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END OF PERIOD ENERGY STORAGE 

047.04 -1.8 
" .7 -2.04 '04.04 ". ... ' .3 0.' 
111.5 2.' ' .2 0.' 
15.1 2.' LO 2. , U 
l B.l 2.' 0.3 2' 2.' 
39.11 L7 6.7 •. , L' 
57.5 ~., 17.7 ~. , 

62.0 0.0 22.0 0.0 
21.8 ~., 

M 000 ScpIember 1996, !he sum o fCanldian TreJOI)' swrap""IS positioned. 202ltsfd below 

Ihe AER study storage rou.l Il5 pn lmIIl o f Ihe 1996 Libby-Arrow Wiler transfer agreement. ~!'NO 

Entities I.J!lftd to mum Treaty storage 10 !he AER ltudy level $UCh llIat halfoflhe difference (101 k'fd) 

would Ix: filled during the U.S. Vemila Bar IjNIwning KaIOIl (OclOberfNovember), with llIe <KlIer 1II1f 

being filled during lM Canadian ..... itdish IjNIWllina season (December). 

10 early ScpIember. the U.S. ~ flexibility draft at AnrTw .t • I1IIe o f S kcfs pn day througb 

early Octobe:r for. toW draft below TSR of]18 bfd. ~ U.S. obtained the . igb! 10 flexibility draft in 

rewm forCanadian whitefish operations in the previous Janllllf)'. The flexibility draft was returned in 

FcbruaJy of 1997. 

Trntyopentions during the period December 1996 throu&h Apri l 1997 -.-e planned to 

flCililate meeting fi$heries objectives in ear..da. Tbex objcc:tives coveR<! mounlain whitefllh and 

";nbow IJ"OUlljNlwoing in c.n.da between AnrTw Dun and the border. Due to the record runoff. U.S. 

Flow Augmenlalion and Vernita Bar requirements did not require the anislance ofTrcaty storage . 

In January, the Arrow Treaty discharge was reduced from the mid-SO', kcfslO 4S kef' for 

approximately ]4 days 10 k«p mountLin whilefuh 1jNI .. ."ing .. lbe 1o~1 practical river levell. The 

storage resulting from whitefish opemions ...... lloc:aced Q follows; 262 ksfd in NTS, I SO Itsfd above 

TSR II Arrow with release in February and MardI, and S6 ksfd above TSR II Miclo with release in lile 
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Jllly. In lite January, Arrow Treaty discllargo:s were Iglin reduc;od for gcnerltion limits at GBnd Coulee 

and flood control considc1'ations. The storage above TSR at Arrow im:reased I(> 246lafd.. 

During !be Aprillllrough July 1997 period. water was reuined in Arrow lbove iU PDP wider 

tcnnl of the 1997 Openoting Committeoe Agreement on the Operation ofTruty Stonge for EnhllK'Cf1lent 

ofTl'O\It Sp" .. ning. By 30 April 1997, the Arrow Treaty elevation was approximately 0.1 Mlhbovc 

PDP elevltion. During the M.y through July period. this wain' was relalJcd in. manner «lR$mmt with 

Canadian D«<h for troIIt Jplwning and pt,,&,essi.-c Am:lw refill. Considering the record January tIlrough 

Jll ly Nnof'fand the unusual hydrologic eventl, U.S. IIld Canadian fishmes objective$ were IItisfied to 

the extent possiblc. 

Flood Control 

The Columbia River Basin re$Cl"Voir system was opcntcd for flood control once durin, the 

wUtlCr of 1996-97. MOSl of the flood «tI'Itribution came from the WilllIMtte River and lower Coillmbia 

River tributaries. Treaty projects' outflow. WCI'e IlOI rectuced m allevi"e flooding conditions in the 

Ponlllld, Vlncouver harbor during this high water event because there was sufficient stonoge Iv.il.bic in 

GtVId Coulee to achieve flood control objectives. The peak regulated flow It The DIllies was 321,500 

cfs on 5 January 1997 and the peak: W=JUlatcd flow was 391,000 cfs on 3 JUlIIII)' 1997. The obsef',ed 

pcak stage.t VancoIWer, WuhingtOn was 22.1 fCC!. 6. 1 feet: over flood Mlle. on 2 JlIluary 1997. The 

unregullted ruge for this event would hive been 21.9 feet 01\ 4 January 1997. 

Flood SIagC II Vancouver. Washingtoo was nCftdcd for much ofM.y and June duru.g!he 

spring Nnol'f. Significant flood control was provided by the Treaty projects in the course of regulating 

the 133 MAF (14J% of normal) April. Allaust nmof'fvolumc III The Dalles.. ~ observed and 

w=gul.tcd hydmgrapbs for the Colwnbi. RiVft' . t The Dalles between I April 1997 and 31 July 1991 

are shown 01\ Chan 14. The unregulated peak flow at The Dalles would ha\'C been 196.000 cubic fed 

per second (cf.) on 1 JWlC 1991 and it wu controllcd 1(>' mll<imum of 570,700 crs on 15 June 1997. 

The observed peak stagc" VIllCOUVcr. WashingtOn was 19.0 feet: on 4 June 1997 and the w=gulatcd 

stage would III .... been 21.4 feet on. June 1997. 

Chll't I S documents the relative filii", of Arrow Illd Orand Coul~ during the principal li ll ing 

period., and compare. the regulation OfthcK two reservoirs to guidelines in the Treaty Flood Control 

Opcming PIIll. 
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Cmnpuwions of:he Inilill Controlled Flow (ICF) for system flood control oponlion were made 

in ac:,ordance with the Trelty Flood Control Operating Plan. Computtd Inilial Controlled FLows at The 

DaLles ¥me 487,000 cfs on I JanUll)' 1997, 499.000 ,(s on 1 February, 477,000 ,Ii; on 1 March, 

494,oootcfs on 1 April, and 518,000 'h on I May. As mentional earlier, the observed peak flow II( The 

o.lles was 570,700 th. Data for the 1 May ICF computation IQ' given in Table 6. 
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Table I 
Unregulated Runoff Volume Forecasts 

Millioo of Acre-Feet 
1997 

Columbil River It 
QunCIll """" ""' t.il>I> Tbc PalIn, Ortson 

M_ M_ M_ M~ M~ 

F~ "" .... , Probob' ProIo" Probable """"', 
Date - I April- 1 Apri l _ I April _ I April- I April_ 

-U!..OI 31 AuguS! 31 August 3J AugyH 31 August 31 Au"y$l 

JM"")' 2.1 21.7 11.1 7. 1 12 1.0 

F"""", 23 25,2 12.5 7.' 125.0 

M~h 22 25.2 12.4 7.0 121.0 

April 2.2 26.1 12.9 7.' 125.0 

M.y 2.3 26.6 13.0 '-' 130.0 

J~ 23 26.2 12.6 7.' 136.0 

A< ..... 2.' 26.6 123 7.' 133.1 

NOTE: 1besc dauo were lISCd;n ..::rual opcrItions. Subsequent revisionl have been made in some cuel. 
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TABLE 1 
1997 Vuubk Rdill Curvf 
MIuR~rvoir 

11318 

l.:l!;"i !It ,1 :8 
~;: ~ 3:8 

J :' 447 :9 ~:o .8 .8 ,,,:1 
m
., ~.' n, 

4 .; _ 4 .1 _149

j llIU l "l .. lll~ 

~
:!4 42lY:~ dB ~t' . '%j_o 3000.0 3000. . , .1 703.0 703. 

5 .t -. -10.5 -j" 
7j R~- ' H~" ~ ~ . 

2421.5 ~_ I ~. I ~ . I 

, I~:~ 161H 16itl17~n I.~H 17~:~ 
10000. 10000. 10000. 10000. 10000. 10000. 

1m! lu!8 lUll ,!1!! ,Ill! 1m! 
447.4 44H 2441.9 ~u ~j 441.$ 

2449.1 
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TABLE 3 
1m V.ri.ble Refill Curve 
Arrow Re$ervoir 

JlIL I I ECC. IT 

~1.0 

n~1 
' jm 1 n.9 

1444.0 1444.0 1444.0 \444.0 1444.0 1444.0 
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TABLE 4 
1996 V.rUble Refill Curve 
Do_a_ Reservoir 

IHIll JAN 1 fEB 1 MAR APR 1 MAY JUN 1 

'm~ 1917.5 ,.S2.6 1m·! 1~_! 1144 '1 - '\'Il! "_00 Il-j - li­B: Ul. h~:' U6A II A 5U: 

l~:' '~-! 
n;:l 

Illl:l 
97.9 97.9 

747:A f83.3 
1~~ lId 

""1 'jlg I9§H 1m 1 . 

n.7 61.7 70.1 71.9 ~_' 5 . 607.9 510.2 601.4 . 
1 . 100.0 100.0 100.0 . 

. 6. 6. . . 

'Hi; 'i?:~ 'ill I 'Iii! 'II lUI.? I 7 1 14 I I . I I .4 I . 
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TABLES 
1997 V.riIIb le Refill CUl"Yt 
Libby Reser .. ' olr 

• 

1},'TTl JAN I FEB I MAft APR. MAY JUN I 

~:!o I~J~ im:~ :m1 U~:1 !H~~l· 
.~: m:: ~~H m~ M: • • J.: 

266l 3104.1 2994.' 3351.1 1442.93630.1 



Table 6 

Computation of Initial Controlled Flow 
Columbia River at Tbe Dalles 
I May 1997 

, May Forecast of May-Augu$I Unregulated 
RunolfVoIuma, Maf 

less E$timated Depletions, Mal 

Less Upstream storage CorrecOOll', Mal 

"'CA 
"'ROW 

DUNCAN 

LIBBY 

LIBBY + DUNCAN UNDER DRAFT 

HUNGRY HORSE 

FLATHEAD LAKE 

NOXON RAPIDS 

PEND OREllLE LAKE 

GRANO COULEE 

BRa.\'NLEE 

OWORSHAK 

JOHN DAY 

TOTAL 

7.979 

5.000 

1.379 

' .980 

-1 .0n 

2.093 

0.500 

0.000 

0.458 

5.052 

0.950 

1.922 .,., 
29.636 

FOlllCilst of Adjusted Residual Runofl Voluma. Maf 

Computed Initial Controlled Flow from Chart 1 of Flood 
Control Opemng Plan, 1.000 efs 

11' .0 

31 .136 

31 .136 

79.864 
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Chart 1 
Seasonal Precipitation 
Columbia River 8asln 
October 1996 - September 1997 
Percent 01 196t -1985Average 

- ".130% 

_ ttO-130% 

90-110% 

_ 70-90% 

<70% 

Seasonal Precipitation 

Canada 

UnIted Sial". 

------- - -----"'- ---------' 
Information prepared by 
NATIONAL WEATHER SERVICE 
Northwest Rivor Forecast Center 
Portland, Oregoo 
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Columbia Basin Snowpack 
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CHART 6 
REGULATION or MICA 
I JULY 1996 - 31 JULY 1997 

• 
, 

, "O"~AC FT 0'00' mv. ,."~ 

/ ~ ./ • .. ----+ ., 

'" '" ~ 1/ , 

~ / • -;/./ 

" vi ,., , 
~ 
~~ 
, t ""0 

O'SUvU «{VAron" ' - - , , ,-r-
c .. mCAl.~l( Cl/.VC 

15 .w.e: cv .. , , 
DEAD ISTORAIG£ ELr' 2JT4 

L J 

T T T ~ w, PROJECT INFLOW 

~ ,,,t-+-I-+----, 
~ , ,,,.j;---t----r---t---t---t----C---t---t---t---i-
~ 
~ 

~ 
~ 
I' , 
• 
~ 

'Uo :>t:P OCT NOV n:B /dAR APR MAY 
111116 !997 

'UN 'U' 



,q,. 

"". 
"~. ,-
"" 

0 

~ 
• ~ , 

~ 
~ 
u 

~ 
• 0 

i , 
• 0 

< 

CHART 7 
REGULATION or ARROW 
I JULY 1996 - 31 JULY 1997 
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CHART B 
REGULATION 01' DUNCAN 
1 JULY 1996 - 31 JULY 1997 
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CHART 9 
REGULATION or LIBBY 
I JULY 1996 - 31 JULY 1997 
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CHART 10 
REGULATION or KOOTENAY LAKE 
1 JULY 1996 - 31 JULY 1997 
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CHART 11 
COLUMBIA RIVER AT BIRCH BANK 
I JULY 1996 - 31 JULY 1997 
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CHART 12 
REGULATION OF GRAND COULEE 
1 JULY 1996 - 31 JULY 1997 
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Chart 13 
Columbia River at The Dalles 

1 July 1996 - 31 July 1997 
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CHART 14 
COLUMBIA R1V8R AT TH8 DALLE:S 
I APRIL 1997 - 31 JULY 1997 
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CHART 15 
1991 RELATIVE FILLING 
ARROW AND GRAND COULEE 
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