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Executive Summary 

General 
The c.nadi.an Truty projects, M~ Duncan, and Arrow were opemed during the reporting 

period .ccording to the 1997-98 and 1998-99 Detailed Openling PlanI., the Flood COCItrQl Operating 

Plan, and several $IIpplemental opetttin8 apeemenl$ described below. lb.roughout the year, Libby was 

opmotcd .,;cording 10 the Flood Control Openling Plan, lllIameuded. During:l portion of the: year, the 

Co.ps operated Libby for power purpoICs.,;cording to the PacifIC Northwest CoordinatiOCl Agreemenl 

(mCA) Actual Energy Regulalioo (AU). During the remainder oftbo year, Libby was opentcd 

according 10 the: temls and coodillon5 of the Biological Opinions as specified in the U.S. Army COfpS of 

Eagincers Roconil of Decision, and ac:c:ording to JUpplcmental opEnring ._"eng descn'bed below. 

M recorded in the Detailed Operating Plans covering the CUfTeIlt year's operation, the Entities could no! 

agree on the operatiOCl of Libby. 

During tIte ~poftins period, the Entities wen: DDt able toagree OCI an AOP and ~enninalion of 

DoWIl$lJam Po\W:r EkftefiU (OOPB), &I required by the Truty, d .... to the displlte Il!g.anlins Libby. 

H~ver, in antkipatioo of potentia] settlements, the Entities dMt ~plete two sets of studies and draft 

2002~3 AOPIDOPB documents, with and withoul the inclusion of the Libby minimum flow. for 

srurgeon and salmon. In..:\clition, the Eatities have draft AOPIDDPB docwno:nts, with and without the 

effect of Libby minimum flows for IIW"geOII and salmon, for !he 21XlO-01 and 2001-02 operatins yeas. 

On April I, 199&, the first l«IItD of Canadian EDliUement power 10 British Columbia sirou 1963 

bepn flowing at the exming interconnections between BPA and B.C. Hydro. The in itiaiamouot 

delivered, not including tran5mission losses and Kheduling adjustments, was 50.0 Ivenae MW.t rates 

up 10 111.1 MW. On AUgust I, 199&, the Canadian Entitlement return ~ 10 50.& Ivenge MW II 

rate$upto 136.& MW. 



Entity Agreements 

Agreement approved by the Entities durin& the period of this report inclo.tdcs: 

• Columbia River Treaty Entity Agreement 00 AdjldtmeDt ofTransmi$Sion Loues to 
Reflect Step-Up Transformer Losses 00 U.S. Columbia RWer Fcden.I Projects, 
signed Marcb 9, 1998. 

• Columbilo River Treaty Entity Agreement 00 Mpect! of the Delivery of the 
Canadilll Entillnnent for April I, 1993, through September 15, 2024, signed 
Mardl26, 1993, and effec:tive upon a diplom.atk exchange ofoow between the 
United States and Canada relMin& 10 Entitlement Di$pO$&l ill !be United Swes. 

• Columbia River TnIfoty Enlil}' Agreement 00 the Detailed Open.tinr; PIIn (Of 

Columbi. River Storage for Augwt I, 1998, througb July 31, 1999, signed 
Jul)' 30. 1998. 

Operating Committee Agreements 

Agreements Ipproved b)'the OPUlting Committee ioclude: 

• Agreement 00 Impluneotation of!he: Mow Local Mc1bod forTreal)' Stonr;c for 
OperIling Year 1997·98 Among the Columbia River Treat)' Operatin& Committee, the 
Bonneville Power Administratioo, aod tbe British Columbia Hydro aod Power Authority, 
dated February 2, 1998. 

• Columbia River Treaty Operating Committee Agreement 00 Modification of 
ScheduIin& Procedures (Of' Aspects of Delivery oftbe Canadilll Entillnnent, April 
1998 througb February 1999, dated Man;h 30, 1998. 

• Columbia River Treaty Operating Committee Agreement on Treatment of 
Tran.smissioo Losses Relative 10 tbe Canadilll Entitlement, dated April I, 1998. 

• Agreement among the Columbia River Treaty Opentin& Committee. the Bonneville 
Power Administration aod British Columbilo Hydro and POWU" Authority 00 the 
Operation of Canadian Traty aod Libby Storqe Reservoirs aod Excha'l8'$ of 
~ for the Period AUgust I, 1998, through January 17, 1999, signed 
Jul)' 31, 1998. 

• Columbia River Treal}' Open.ting Committee Agreement 00 11K: Operation of 
Canadilll Treat)' and Libby StOOl&e Reservoirs for tbe Period Au&ust I, 199&, 
througb April 30, 1999, signed August 19, 1998. 
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• Colwnbia River Treaty Opcnlinl Committee ~ent 00 the Operation ofTruty 
Storage for Enhanr:ement of MO\lIItain Whitefish Spllwoing for the Period of 
September I, 1991, through July 3 1, 1999, s igned September I , 199&, 

System Operation 

The coordinated ')'$len! filled to 99,09 percent of CIIp""ity by July 31. 1997, in the Pacific 

Northwest Coordm.!ion Agnemenl (PNCA) Actual &tergy Regulation (AER) openting plan, The AER 

hydroosystern monthly power model cIernonstrates an opa.lion for U,S. projects that meets flflll load and 

all non·powu requirements, Included in the AER i,!he Tmlty SIOrap Regulation (TSR) operation for 

Canadian Treaty storage. The TSR is developed based on the Assured Open.ting Plan (AOP) and 

Detailed Opcnling Plan (OOP) for Canadian storlge. Once lIIe TSR is eomplered for Canadian SlOrIge 

it is input 10 the AER as a fIXed ]NIrIIIIeter. Sin« the AER showed the coordinated system being 

99.09 pen:ent full on July 31, 1997, fll'St year fU"IJI load canying Cllpability(FLCC) was adopted for the 

1997-9g operating)'"l'. A_I stonge eap.c;ity was filled 10 95.9 pereenl offul t. Due 10 above average 

strumflows throughout the 'jUt, the system geoen.lly operated 10 Opet&tiog Rule Curve or Fk>od 

COIIII'OI Curve for the CIII~ period. 

The Jan\IIJY I, 1993. W1IIer supply fOfClCUl for the CoIUlllbiio River at The Dalles (January-July) 

was 86.4 million acre-feet (Maf). or 12 pereenlofthe 1961-90 a'·enge. January !'Iinfall was above 

nannll and the February water supply f()f'O<;lSl incl'ClRd 10 9S .2 Mafat The Dalles. Rainfall was 

gmerally below normal in February, March, and April, and as a result the May fmal .... !er supply 

f~ at The Dalles bad decrused to 89.1 Mar. May was extraoely Wd.. and tbc pre.cipitation in tbc 

basin above The Dalles was 20 1 percent of normaJ for the month. Juno precipitation was also above 

normal. and the actual January-July observed runoff was 104.1 Maf, or 98 perceot of Ivense. The peak. 

daily avenge flow observed at The Dalles was 442,200 cubic fed per second (ch) on Mliy 30, 1993. 

The Lower Columbia River flow was ",gullied for juvenile f1$ll between April 20 and AUllllt 3 1 

based on ,.,..,...mmdation$ of the '"Technical ManagCIIIC(lt Team~ (1MT) o;onsisting of represenwivOli 

from five U.S. Federal agaKies. State flJbcry agencies IIKIlDdian aibes abo provided input at the TMT 

meetings. This information was usually provided throu&h tbc Fish P-ae C~(FPC). The TMT'. 

Executive and Technical grovps mike recommendations 10 !be rwooperatin& agcncic$ (Corps of 

Engu-n and BUfUjj of Reclamation) 00 flow and operations 10 optirn~ pusage eonditioos for 
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juvenile ...cI-.lull .-iromOll$ salmOlU in the lower Snake J.IId CoI\Ul1bia Riven in KCOI'dance with the 

National Marine Fisheries Service', 8iologicll Opinion (BiOp). EadJ year, the TMT will also prepare a 

Wafe'r Management Plan 10 mee1 vllious fl.Shc:fy. flow, reservoir opcntion.1Dd ocher objeclives. On 

May 14. 1998. Supplemetllal Biologic&l Opinion was issued by NMFS in response 10 listing oflfu1:oe 

Roc lhead species in the Col\Ul1bia River. 

Coordinated System storage enerJY in the AER reached alewl of99.39 percent of ful l 011 

July 31, 1998. Thi, value was used to ddermine the Firm t..o.d c.tryinS Capabi lil)' (FlCC), with 

flISt-year FLeC beiDa adopted for the I99J-99oper1lin& year. The ICtIIal reservoir ~fiJl was 

99.39 pereent of full. 

From April I. 1997, through Maid! 31, 1998. genc:ntioo.l downstream proj«u in the 

Unite4 States delivered to the Colwnbi. Storqe Power ExehanJ:e (CSPE) participants under the 

Canadian Entitlement EKC'b'oge Agreement, was approllimllely 246 a~ mepwatts.1 rates up 10 

471 mepwatts. Fl"OIII April 1 through July 31, 1998, the delivery was 215 .verage mepwatlS, all"lle$ 

up 10 416 megawaltS. All CSPE power was uKd to meel pac:irtc: Northwes'l to.ds. 

From April I, 1997, through Man.:h 31, 1998. the Canadiall Entitydeliva-ed 2.8 avcrag<! 

mepw.1tS of et>e'1)' IDd DO dependablc capacity 10 the U.S. Entity UDder the C&nIdiall Enlitlemetll 

Purdwc Agreement. Between April I, 1998, and July) I. 1998. the Canadian Entity deliverod 

3.7 avenge mepwatts of energy IIId 0.4 mepwalU of dependable l:IpICity to the U.S. Eolity under the 

CSPEJCEPA. 

Treaty Project OperatioD 

The Treaty projeclS, Duncan, Mica, IIId Arrow 'NCR! opel"lled throughout the year in accordarIu 

with the 1991-98 l)egi\ed Openting Plan, the Flood Conlrol Opmting Plan. and several OpeminS 

Committee q:reetneDtS l1li DOIIpower use throughout the year. Libby reservoir was opentod in 

~ with the Flood ConIrOl 0ptntiDg: pLan, ullllCllded by !be U.s. Army Corp$, o(F..n.giDeers 

(USACE) "Reviow of Flood Control. ColumN River Basin, Columbia River&. Tributaria Study. 

CRT-63~ June 1981 . During the fall of 1997, Libby was opemed for power roquiTemenlS lCCOfdina 10 

tbe m CA AER.. By De«mber 31, 1997. 1Dd durina the ....... · iodef oflbe opentiDg year, Ubby opentod 



for ~ and..,1eues requiral for endangered Whit~ SI\II'JC'O'I and Salmon as ~mendcd by both 

the U.S. Fw, and Wildlife Service and the National Marine FWIay Service 8iol08i<:al Opinions. AI 

recorded in the Detailed Operating Plan for the current year, the Entities OO\Ild 001: a&l"" on operations of 

Libby. 

Mica Treaty storage was 6.7 Maron July 31, 1997, and with continued storina:, reached 7.0 Maf 

or ]00 ~t full COIItent (lD Augtl$ll2, 1996. The actual ~oireJev-.tion ~ a high of 

elevation 2475.4 feet (0.4 f~t above full)on Seplember I. By December 3 1, Truty stonge _ drafted 

10 4.9 Maran<! the ~ ..,.ervoir levellLad drvpyod 10 elevation 2439.8 feet. Truty storage ..,ached 

the IOWWI level on AprillO, 1998 a' 0.0) Maf. The reservoir reached its lowest level fOTthe 1997-98 

water year, elevation 2386.4 feet, on April 23, 1998. From then 01\, Mica's Treaty SIOnge ..,filled, 

~illg 93 pm:ent o ffull (6.S Mar) on July 31, 1998. The muimum level for 1998, elevation 2466.6 

(8.4 feet below full), was ..,ached on AuSUS! 10, 1998. 

The;.now Treaty tton8'C account startaI the 1997·98 ~ year(Augus! I , 1997) at 

7. 1 Maf, or lOO peroent fuJi. The men>oir was drafted 10 elevation 1427.7 feet 01\ December 31, 1997, 

with a Treaty storage of6.0 Mafor 84 pereeot offull. Anow ~ its lowest level of the year 

elevatioa 13116.2 feet on Apri l I, 1998. Anow Truly tton8'C reached its annual minimum on ~b 3 1 

at 1.I Mafor IS percent full. W"rtb low dUcbarges in April and May, and the SlII1 of the spring fresbe\, 

Arrow filled to e levation 1397.2 roct by April 30. Apri l S through July 5, outflows were held between 

12 and 20 kefs 10 ensun: rainbow trout would DOl 'plwn -.t high river levels. The Arrow Reservoir 

reached iu bia:hest level of the year on July 31, 1998. at elevlotioa 1438.6 feel. The Anow Treaty S«nge 

reached 100 percent full on July 29, 1998. To minimit.C! spill II tbc Kootenay River p\anu in Canada, tbc 

Operating CommiUoc AgrocmCllt pmnitted . Libby-Anow water transfer Igreelllftlt in 1998. Under the 

agreement, Libby volume releases were reduced by a lotal of ]07 bfd ill July and August, and an oqllal 

&IIlQI1Il1 of_ was ..,leased from;.now Reservoir. This water will be mumed 10 AlTOW Reservoir in 

the Seplember 10 January 17 period. In July, outflows were increased and the Arrow otllfl.ow peak.bd I I 

72.2 kefs on August 6. During AUgust, increased outflows dnftcd Anow 10 elevalioll 1437.37 fOCI. 

Further dnofting to elevation 1433.20 feet was done by September 30 . 

Duncan reservoir OVer fillbd by the end of the 19%-97 operating yeaTwith. reservoir level of 

elCVlltion 1892.1 feet on July 31, 1998. The project putcd inflow for the remainder of August 10 
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maintain the reservoir near fill] pool. Oo.aing Sepember to December, Duncan was IIXd 10 adjU$l the 

KOOleIlIIy l..Ikco IIrveI aDd by December 31, Duncan reservoir had dnfted 10 ekvltioa ]'59.4 feet 

(S8 p"'ceut offulJ). Duncan re.:bccI its lowest level during the ]997.98 opentin8 yell" ofelevuion 

1795.9 feet, on Man:h 24, ]998. Minimum release during May 10 Clfly July helped refill the reservoir 10 

elevltion 1892.0 by August 12, 1998. With outflows iDcreued 10 near inflow,!be projeo;t mlintaiI\N 

near filll pool . On September ], outflow was increased to begin dnfting Duncan and filling 

Kootenay Lake. By September 30, 1998, Duncan had been drifted to eleVllion 1877.95 fOCl 

Duriog the 1997-98 0penti08 yeIf, Lake Koocanusa began AUgust 1997 It elevltiou 

245).56 feet (S.40 feet below tidJ pool). The rtnl ]) days of August 1997 Libby reJCIHd 10 kefs and 

coolinued 10 fill. By AUgusl12, 1997, LUe Koocanusa wu It elevlt;oo 2454.82 feet, 4.1' feet from 

fuJi . When the salmOll mlMgers would h.ave requested outflow be iDcrease410 filII powerlIouK outflow 

of24.5 kef, for doWtl$trealJl salmon flow IUgo:tmtltion, the Libby/Arrow $WIp aqeet!leDl was initiltcd 

bytheClnadian Entity aDd !be COIpS ilK:reased outflow to only 14.5 kefs. The Arrow project relClHd 

the Idditionll 10 kcfs for !be mnain<lerof August. Ultim~1y Libby did not releuc W&Ier down 10 its 

interim dnft limitofelevltioo 2439.0 feet be.:1"""of!be l&JftIIlml 10 store approximltely 190 bfd of 

Arrow Treuy _e.. In rerum, Anowdelivered the 190 ksfd in August. The Libby project was drafted 

10 2411.71 feet by the end ofOec:ember, wbicl! is within one fOOl of the Upper Rule Curve. Projor;t 

releases in tile spring COIl5idcred flood cootJOl, J\urg('OIl flow5, refill for I"C!eRItioo aDd salmon flows. 

Only one snu-aeon pub!: wu provided in June since the water supply forecast in early May was below 

80% of normal. This opemion was coordinlted with !be U.S. Fish aDd Wildlife ~ioe. Libby reached 

its lllUimo.mllevel of24S1.32 (0.68 feet from full) 011 July 17, 199 •. The end of August elevlt;OIl in 

1998, after the dmt for salmon, was 2443.17 feet, IS.\3 feet from full. 
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I Introduction 

This ann\llli Columbia RiVeT Treaty Entity RC'pOI1 is for the 1998 Water Ye..., Oc:1Obef I, 1997. 

Ihroush Sepcember 30, 1998. It iDcllldet informatiOOl 001 the operItion or Mica.. Anuw, Dunean, and 

Libby "",,",,,0iT$: duringlhat period with additional information covering the reservoir 5)'$1= optratin& 

yc.r, August I. 1997, throogh July 3 I .1998. The pow~r and flood COflcrol effects do"tulrnm in Ca.rwIa 

and the United States ~ described. This report is the thirty-$eC(lfId ora $eries of annuaJ ~ 

CClvering the period since the ratifICation of the Coll.lll1 bia River Treaty in September 1964. 

Duncan, Anuw, and Mic.a raervoin in Canadio and L.ibby rner'loir to the United SIIleS of 

Ameriel ""C1"e eorunuaed WIder !he PfOvuionsof!heCoiumbia RiVeT Treaty of b.ll\lllry 1961 . TIUlJI 

storaae in CuIada ill operIted for the purposes offlood cancrol and iocrcuing bydroelectric power 

gcnenotioo in Canada and the United Stites of America. In 1964, !he Canadian and the United Stales 

8O"nnml:flts ~h desigrwed an Entity to formulale and C&I"T}' 0Ul the opeming arnngcments neo=.suy 

to implement the Treaty. The Cao.dian Entity is the British Columbia Hydro and Po ..... er Authority 

(B.C. Hydro). The United SlaW Entity is COIIIprised of the Administrator of the Bonneville Pow~r 

Admininratioo (BPA) and the Divi5ion EIIginoer of the NonhWffieTn Divisioo, U.S . Anny Corps of 

Engintef1 (ACE). 

The following is a summary ofk.er features of the Treaty and related document:!: 

I . Can&dI is to provide 15.5 millioo acre-feet (Mat) ofusablf: storage. Th is tw been 
ae~pli5hed with 7.0 Mafin Mica, 7.1 Maf in Arrow and 1.4 Mar in Duncan. 

2. For the purpose: of e.omputing dowostrurn pCI\'~r benefits the U.S. base ~ hydroelecnie 
faeilities will be operIted in a manner that mues the moo effec:ti"e use of the improved 
sueamOow resulting from opention of the Cao.dian storage. 

1. The U.S. and Can&dI ~ 10 share eq\lllll)' the downstfeam po_r benefits gmeraled in the 
U.S. resulling from operIlioo of the Canadian storage. 

4 . The U.S. paid Ca/ladulump sum of the S64.4 million (U.S.) for onc half of the present 
worth of expected fuMe Ilood cootrol bencfilll in the U.S. resulting from operation of the 
Canadian stonIge. 

5. The U.S. ha5 the option orrcquesting the evae\llllion of additional flood cancrol sp.ce above 
!hr.! $p«ir>ed in !be Treaty, for. payment ofSU75 million (U.S.) for each of the first four 
r«tuest:s for this ·on ....... lI" storage. 

6. The U.S. had the option (whicb it txercUcd) 10 ooru:rruct L.ibby Dam with, "",,",,,oir!hr.t 
extends 42 miles into Canada and for wh ich Canada agroed to mue the land ,v,ilable in 
return for do"1lStJ"eIm p""'"ef bencfiu in Canada. 



7. Both ean..da and the United SUIC$ hlvt the righi iO mUt divcnions ofWlkr for 
consumptive wcs. In .!dilion •• OO Septtmber 1914 Canada lias had th~ optioQ of muing 
for plWCf purposes specific di\'efSions of the Koacmay River into !be ~ofihe 
Colwnbia River. 

8. Differences ...uing under the T~fywflidl cannot be: rQOjvcd by lbe rwo countries may be 
rcrm-od to either the Inlemalional Joinl Commission (IIC) Of 10 arbiln.lion by ItIlpp'O[)i ~ 
tribun&l. 

9. The Treaty shill mIllin in fOfCC' for II least 60 yurs from ill date oftluflC&lio!'l. 
Septtmber 16, 1964. 

10. In IheCanadian Entitlemcr.1 Purclwt Aglftmeal of Aug'U$l 13. 1964, Canad.o sold ilS 
cr.lillcmml to o:r.o..-ruu-e.m pOWI:O' bcncfm to the Unitod Sutes for 3Q.years beginnina'l 
Ouucan 011 April I. 1968. II Arrow 011 April I. 1969.11Dd al Mica on April I, 1973. 

I I. The Canadian EnliUemml Purclwoe Agreemcnl btpn txpirin8 011 April I, 1998 and th.al 
power c:ornponcnt owned by c.n.da .tt,..ibl.ltable to Ounean is bel", rcftImod 10 Canada al 

thc U.S. - CmMa borOer. The eompooc!lll auributable to Arrow will bej:in to be mumed 
Apri l I, 1999, wh ile the last pwt .l!triwuble to the conJtnICIion of Mica will bc.gin to be 
rerumod April I. 2003.ihus mdia.s the P'w'ehut-A~l 

12. C.nod. and illc U.S . .... e.ch 10 appoinl Enlities to implcmeal T~t)' provisions and are 10 
jointly appoinll l'ennanem Engir>coerina Boe.rd (PEB) to review and repon on operations 
UDder the Truly. 
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n Treaty Organization 

Entities 

The.e was <JOe medin, of the Columbia River Truty Entitie$ (including the c.n.dian and u .s . 

Entities and Entity CoordimoloQ) during the)'W" on the morning ofFebru&ry 3, 1998 in 

Portland, Oregon. The membcn of the \WI) Entities a' the end of the period orthis report were: 

UNITED S1 A TES ENTIn' 
MI. JlKlitb A. JobanJen, Cllair 
AdmiDistrator Ii; Cllief Executive OffICer 
Bonoeville Power AdminiJlrltion 
~ofEnaJ;y _0.. ... 
Bripdia-GeDenl Robert H. Griffm. Member 
Divisioa EngiDeer 
North~ Division 
Atmy Corp. of Ensmwn _0...,., 

CANADIAN ENTIn' 
Mr. Brian R. D. Smith, Chair 
Brili$b Columw 
Hydro and Power Authority 
V_va, Britisb Columbia 

Ms. Johansen sua:eedoed Mr. John S. Robetuon effective Juoe 8, 1998, who in !\1m had 
5UoCCeeded Mr. Randall Hardy as Chairman as of October I, 1997. 

The Entities lvove appointed Coordimoton, Socmaries and \w(l joint standing oommiltCCl to 

assist in Treaty implemenwioo ..:tivities duot an deseribed in lU"-Iuent ~pIui. The primary 
duties and rHpOIlJibilibes; ortIE Entities III speciftod in the Tre.aty and rdated documents an 10: 

I. Plat! and exc.hmge information relatm, to f..:i lities used 10 oba.in the benefrbwntcmplated 
by !he T ruty. 

2. Calculate and am.Ilse for delivery ofhydrodoctri<:. power 10 which Canada;1 entitled and tIM: 
amounu poyable 10 the U.S. for standby transmiuioo services. 

3 . Operate a hydrometoorological system. 

4. Auist and cooperate with !he Permanent Engineering Board in the diseharse of ill functions. 

s. f'rqIare hydroelcctri<; and flood oonlrOl operating plans for the use o fCalladian stonge. 

6. ~ and implement detailed opcratin, plans lllat may produce results more advant&&eQUI 
10 both COUI"Ilries than tIK.c thaI-..ld arise from opention UDder _Ilred operatina plaas. 

Additionally, the Tlaty provides Ihat the twO sovemmmlS by an exdIange of di-plonuotK:: DOles lD.Iy 

empower or charge the Entities with any other maner c:omin,,,,ithin the scope of the Treaty. 

The Entities met once during the year, on the moming ofFebruary 3. 1998. 
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Erltity Coordinators & Se<:rdaria 

'fly, Entities have appointed mem~ of their respective staffs to serve as Coordinators &lid 

So<;~ to ~ u focal points on Treaty mancn within !heir organWtions. 

UNITED STATES ENTlTY COORDINA mRS 

Man: W. Maher, CoonIinaux-
V~ President, Generation Supply 
Bonneville Power Administntioo 
__ 0.."", 

James E. Crews, Coordin.a1or 
Director, Engin«ring &: Tcc:llDicaI Scokes 
Northwestern Division 
Anny Cofps orEngiDecn 
Ponland. Oreson 

Dr. Antbcny O. White, Scr=tuy to 
the U.S. Entity 

Re,JiOlUlI Coordination 
RHO\lm! Optimization 
Bonneville Power Administntion 
Portland, Oregon 

CANADIAN ENTITY COORDINAmR 

T. J. (Tim) Ne'NICOl, Coonlinator 
Viee President, M..-ic£t Development 
POWEREX 
VUoOOUV«, British Columbia 

Dou.gw A. Robinson, Sec;mary to 
theCanadiaaEnti1y 

Power P!anniDg 
Po .... er Supply 
BC Hydro and Power Authority 
Burnaby, British CoIUlllbU. 

Mr. (hws ........ ppoinla!lo ,.ooceed Ml. Kristine Allaman, effective August 16. 1998, who in 

tum was appointed to ~ Mr. John Velelwd$lo:y effective Oetober I. 1997 . 
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Columbia River Treaty Opentiag Committee 

The Operating Comminee was established in ~bcr 1%3 by the Entities. and is responsible 

for prepatllli and impkrnenting opetUing pla!u as required by the Columbia River Tmoty, making 

studies &lid otherwise assisting the unities as needed The ~g Committee consiStS of eighl 

members as follows: 

UNlTEDSTATES SECTION 

<m:gory K.. Dclwidle, BPA, Co-CIWr 
William E. Branch, ACE, Co-Chair 
Cynthia A. Henri.k$a!. ACE 
John M. Hyde, BPA 

CANADIAN SECTION 

Ralph D. Legge. B.C. Hydro, Chair 
Kenneth R. Splfl'ord, B.C. Hydro 
Ke lvin C. Ketdlum, B.C. Hydro 
Dr. Thomas K.. Siu. B.C. Hydro 

Mr. Ketchum was appointed to succeed Mr. Hmry Marl!; effOClivc April I, 1998. 

~ _ six meetings of the Operating Commitke during the year. The daies. plaees. and 

number of penons anending tbo5c meetinp were: 

"'" November 20, 1997 
JanlWy 14, 1998 
MarclII2, 1998 
May 12. 1998 
July 22, 1998 
September 17, 1998 

I mtiqJ 

Vaneouver. B.C. 
Portland. OR 
Edmonds, B.C. 
Ponland, OR 
Mica Creek, B.C. 
Portland, OR 

Anepdw 
20 

I' 21 

I' I' 17 

The Openr.ing Committee coordinated the operation of the TIUl)' stOnIgc in aoeordanee with the 

current hydroelectric: and flood OOOU'(l1 operating pla!u. This Il$pCCt of the Committee's work is 

~ribed in fn llowing sections of this report, whic:h have been prepared by the Committee with the 

assiJw>ce of others. During the period covered by this report, the Opcming Cornrn inee eomplded the 

August I, 19981hrough J ... ly31, 1999. Detailed Operating PLan (OOP). 
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Columbia River Treaty Hydrometeorological Committee 

The Hydrome<eorologicaJ Committee was ~mbli~ in $qxember 1963 by the: Enlilics and is 

re5potlSible for plantting and moaitoring the ~i<ln ofcUla f..:ilil;cs in accoro wjlll the Truty and 

0Ibe!wisc assisting !be Entities as needed. The Committee ~i$I! offour mcmben U (ollo"''!! : 

UNffiP STATES SECDON 

Nancy L. S~, BPA, Co-CIJI,ir 
Pet« F. Bn:Iob.. ACE. 0>CbIlr 

CANADIAN SECTION 

Eric C. Wew. B.C. Hydro, Cbair 
Don J. 0.-.-. B.C. H)'dro. Member 

Mr. Druce a""""""'" Mr. Hew Walk u CanadiM Member u of~ I. 1991. 

Thccre .... ere TWO mectinp of the H)'dromftcorologic:al CommitTee . on Oc:1Obef 21, 1997 and on 

April 14, 1991. The fU'Sl meeiing (No. 43) was IlosIed by Belt in Vanco\Ivo:r, BC and the SOOO!Id 

(No. 044) was bo$wI by the Corps in PortlaDd. OR. 

AI the ~ober 28, 1997, meeimg. the 11 attefloioM di.cll$lCd the ne .... CAFE UNIX-btied 

=puler ~ing 1)'SteIIl, I LAN-bued Iqll¥ornlml for the o ld COlumbia Bum TeJccomm ... nic,olions 

S)"SItm, updating of the hydromet station liS!. 10 distiJl.s1.lish bc:I_ Treat)' and suppon SlalionJ. and 

plans ofBC EnviroomeollO lqllace snow pillowl with Il1\0 .... eounes. The committee reviewed 1997 

t'Csc:rvoiTopcrations, ...... ter supply f~ and various for«.astina issues II Revclstoke and Duncan. A 

projecl to coover! to the U.S. National Weather Serv~ Ri,-cr F~ast System (NWSRFS) from SSARR 

;J ~ 10 take up 10 three yean 10 complefc. 

AI the April 14, 1993, meeting. the 8 Ittend«s m:e;ved I PfC"ntalion on !be SNOTEL system 

operations and CQSU., and 00 River FOfeCast Centc1' f~. The principcl.etion item from lIIis 

meeting was an identified need 10 updale the 1964 -rmns of Reference" which created the: Committee. 

and. need 10 distinguisll ~ Treaty and S\lppon hydromft Slaliolu. 
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Permanenl Engineering &ard 

Provisions for !be establishment of!be Permanent Engioming Board (PEB) and its dut ies and 

responsibilities are included in !be Treaty and ~Iated doe\llJlerlts. T1l'" ' ...ubers of !be PEB are 

presently: 

UNJIID STAlES SECTION 
Steveo L. Stockton, CbaiT 

San Fno.:i.seo, C ... 
RooaId H. Wilkerson, Member 

Missoula. Montana 

Clwles M. Hess, Alternate nominee 
Washington, D.C. 

George E. Bell , Altmuote 
Portland, On:son 

Rielwd J. DiBIIOOO, Secretary 
WashingtOn. D.C. 

CANADIAN SECTION 

Inniel R. Whelan, Chair 
Onawa.Onwio 

JOM Allan, Member 
Victoria, British Columbia 

PT&d~, Altem.o.te 
Vietoria. Briti.5.h Columbia 

David E. BIII"p«, Alternate 
Onawa. Onwio 

David E. Burpee, Seaewy 
Onawa. Onwio 

Under !he Treaty, !he PEB is 10 a$$emble ra;.ord.s offlows of !he Columbia River and the 

KO<Me1UIy River at !he inlematiO!\l.I boundary. It is also 10 rc-port to bot:h governments iftllere i$ 

cXvialioo from the hydroelectric or flood control ~ing plaJu, and if 'ppn:>pri.te. incJucX 

rocornmendations for remedial Ietioo. AddiliooalJy. !be PEB is 10: 

• assist in reeoociling diff"euoce:s that m.y arise bdweeu tIM: EntitieS; 

• make periodic inspections and obtain reports IS IIftded &om the Entities 10 ass ... re that 
Treaty objectives are being met; 

• pI"CJIMC an annllll"'POn 10 both governments and special reports when IpptOpriate; 

• GOIl$ult wi!h!he Entilie$ in the establishment and opellltioo of. hydrometeorological system; ..., 
• iovestipte and report 01\ &/Iy oIher Treaty related matter at the teq...est (If either government. 

The Entitia eontinliOd their coopellltion with the PES during the put yeu by providing eopits 

of Entity apwmenta. opa1Ilins plana, dowasaurn power benefit C(laIputalion$, OpeBting Committee 

'gJWI1lents, _I«lions 10 h)'drometeorological documents, and the annllll Entity tepOR 10 the Board for 

their re~iew . The annuaJjoinl meeting of the PEB and the Entities WIS held 01\ the momins of 

Febnwy 3, 1998, in Portland, OrtJ<MI. 
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PEB Engineeriog Committee 

The PEB has established a PEB Engineering Committee {pEDCOM} to assist in carrying out its 

duties. The memben ofPEBCQM at the en-d of me period ofmis report were: 

YNlJED STATES SECTION 
Richard J. DiB\IOIIO, Chair 

Wubington, D.C. 
Robert K Johnson, Mnnber 
Golden, co 

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

James D. Barton, Member 
Portland, OR 

D. James FodJea, Member 
Boise. 10 

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

CANADIAN SECTION 

Roger S. Md.lughlin, Chair 
Victoria, British Columbia 

David E. Burpee, M~mber 
Ottawa, Ontario 

Latty N. Adamache, Member 
Vancouver, British Columbia 

Myriam Boudreault, Member 
O\u.wa, Ontario 

Dr. G. Bala BalaciwldBn, Member 
Victoria, British. Columbia 

PEDeOM met with the: opc:nIting oommittee on October 1, 1997, in Vancouver, B.C. and on 

February 4, 1995 in Ponland, Orep. 

Ioteroational Joint Commission 

The International Joint Commission (UC) was created under the Bo\mdaJy WatCfI Treaty of 

]909 between Canada and the U.S. Its principal fUnrtions U"C rendering decisions OIl the use of boundary 

waun, investigating important problems arising aIonS the common fi"ootier not necessarily connected 

with waterways. and making rocommendations on any quest:ioo !"!'ferml to it by e ither sovemmenL If 

the Entities or the PEB cannot IftOIve I d ispute concemins: the Columbia River Treaty, tN.t dispute may 

be refcrrcd to the IJC for lWO]ution. 

The UC has appointed IocaIBoAnb of Control 10 insure oompliancc with lJC orders and to keep 

the UC informed. ~ are dJree such board! west ofdle continental divide . These U"C the ]nternational 

K.ooten.y L .. b Board of CootroJ, the International Columbia River Board of Cootrol, and the 

Infern·tional Q,oyooI Lake Board of Control. The Entities and the uc Boards conducled their Treaty 

IoCtivities during the period of this report so that tben: was 110 Irnown confIicl with iJC orden or rules . 
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ill Operating Arrangements 

Power aDd Flood Control OpentiD& Plaos 

The Columbi.. RiverTruty mjllire. that the l'CSCI'Voin constrvcted in Canadl be opented 

PUl'$lWlt 10 nood control and hydroelectric opH'IIing plans developed thereunder. AruH:x A of the Treaty 

stipulltn that the United Statn Entity will SIIbmit flood control open.ting plan. (FCOP). AruH:x A also 

SII)'lI that the Canadian Entity will operate in K«Irdance with flood control stonge dilg1tllls or any 

variltion ..-b.ich the Entities agee will 001: be adverx 10 the ~ired aim of the flood control plan. 

Anoa A 1110 pro¥ides for the ~Iopmenl ofhydroclccaic opcmina plans lix years in 111_ to 

furnish the Emilia witb an Assured Opentina: P .... {AOP) farc-.tian ROnIp. In Iddition, Micle 

X1V.l..k of the Treaty provides that I Detailed Opemia, Plan may be developed 10 produce RSUIts more 

IdvlllUfllOll$. The Pracaxol to the Truty providQ fIIrth« deC&i11Dll ellrif-aioa oftbe princ:iple$ and 

requin::meatl o(the Treaty. 

The "Prineiples IIJd Proced_ for the Prepamion and Use o f Hydroelectrie Operatina PIIIIlI" 

dated December 19911Oge1ber with the "Columbil River Treaty Flood Control Operatin, Plan" 

dated 0a0beT 1912, estIblish and explain tbe ,1:IWnI crirm.1Ised to ~Iop the DOP and operate 

Truay ttonae durin, the period eoveml by this report. The flood QOIICJOI Storip ~ion lMJnm 

for Libby eouuined in the 1972 FIaad Control PIaa, WIS lDIeIIded by qreement ohbe Opentm, 

Committee to dill: QlIII'iMd in the U.s . Amly C:wp$ of Engineers (ACE) ~hvicw of Flood Control, 

Columbil River Buin, Columbil Rivo:r,l Tributariel Sb.dy, CJlT-63", dated JI.IIIe 191 .. 

The plMniog and opcntion o(CanadiID Treaty SIOfIge IS discussed on the following pages is 

for the opcnuing)QT. Allgust 1 through July 31. The operItioa of Canadian Treaty 110000ge ;. 

determined by the Truly StoRp Regulltioa (TSR,). The TSR is developed bIsed upon the critical rule 

curvet, Mel Power rn.et.arae Requirements for III pI"Ojew in Ihe h;:i(K> Northwest dW were developed 

for the ]997·91 Assured Opmoring Plan ( .... OP). The resulllnt rule C\D"YeS fOl"CanadiID projects mly be 

IIpdaled IIi&htly 10 be c:GIISiSU'llI .. itb o;una)t rcoquiremeats upon ~ent ofboth Entities. The 

CaoIIIian Stonl&" opcntinns JaUltinl in Ihe TSR .... flUId and ~ input 10 the Pacir.e Northwest 

CoordiDWon Ageanem AauaJ EnercY IleJUIIUoa (AU). U.s. 1tonIp projects Ire opo:rIIed to the 

prin.:lples defined in the PlCiroc Northwe$t Coordination Agreement proeedures and Ihe resultant Acrull 

EnercY Recuillions (AER,). Most of the h~ and rescrvoirdwu in Ibi. report lITe for. 

I)·monlb period. July 1997 thJo\Igh July 1991. 
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The following dwt demonstrates the COInpO$ile CanJldian Treaty Openting Rule Curve (ORC) 

as computed from the Treaty storage Regulation (TSR). The TSR was on in ECC (Energy COJrten1 

C~) during the entire period. 

9000 
8000 

~ 
7000 
8000 .. 5000 

D 4000 • 3000 S 
" 2000 

1000 
0 
~ 

" ~ , , 
l;; 

Composite Canadian Tntaty Storage 
AutillNl: 1, 1181" to S.pt.mbe, 30, 1"' 

~ -, 

~ ~ ~ ~ " " " " " " " " " " " , i g ~ ~ "- ; 
~ 

j, " " c 
0 • ~ • , , 

Jl • • « z , 
~ '" '" 

, 
Da .. 

1_ ~erwd Storage _ TSR Storage I 

Assured OperatiBg PlaB 
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The Assured Openoting Plans, dalod October 1992 aDd October ]994, established Operating Rule 

Curves and ocher openlling crileria for Duncan, Arrow, and Mica during the ]997-98 and ]998_99 

openling yean, respectiv.:ly. The Opeming Rule CUrYes provided guidelines for dn.ft. and I1Iml. They 

were derived from Critic.al Rule Curves, Assurod Refill Curves, Upp:r Rule CUrves, and Variable: Refill 

Curves, COIlIiae.D.I with flood conln)lllIquimnents, as described in the ]991 PriDciples and Procedura 

doc:umeflL The Flood ConIn)I SIQragI: R.aervation Curves ~ est&bli.$bcd to wnform 10 the Flood 

Control Clpcn.ting PLan of ] 9n. 

DetenIlination of DoWllstream Power 8eBefits 

For .....,h operating year, IIH: Determination of I>ownstrum Power Benefits resulting rrom 

Canadian Treaty ~ is made silt.)'CUI in advance in conjunction with the AssuJod Opermng Plan. 

For operating year 1998-99 the estimate of benefits resulting from operating plans designed 10 acbieve 
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optimum opent ion in bod! countries was lea than that whlch would have jlft:vailed from an optimum 

opcnt;on in the United Stak$ only. The Enlities -.groed ttw. in 8C«II"dance with Sections 7 and 10 of the 

Canadian Entitlemenl Purcb.ase Agreement (CEPA), thc: Un iled States was entitled 10 n:ceiV(!: 

• 2.8 avenge megawatts of energy and no dependable capM:ity during the period April I, 1997 through 
Mardl31, 1998, and 

• 3.7 aveno8e megawlns ofenergy and 0.4 mepWlltts of 6ependabIe capacity durin8 the period 
April I. 1998 through Marc:h 31. 1999. 

Suitable arraJIgmlCOB wen: made between the Bonnevi lle Power Adm inistration and B.C. Hydro 

for delivery of this energy. 

Return of Canadian Entitlement 

Canadian Entitlement to downstream powcrbenefns was.old to a nonprofit orpnixation, the 

Columbia SIOf"IIge Power Exc:ban~ WIder CEPA for a period of thirty yean following <:OIllpletion of 

each Canadian ston.gii project Purcbase o f Enlillemeot under CEP A expired Mardl) ], 1998, for 

Duncan, &lid will e:tpirc Much 3 I, 1999, for Arrow and Marcb 31, 2(0), for Mica.. 

On April I. 1998 Entitlemenl power began being n:tumed to Can.da al the U.S.·Canada border, 

over existing power lines, as established by the November 20, 1996, Entity Agreement. For the period 

April I, 1998, through July 31,]998. the amount returned for J:luno;an was 50 avenogii megawatts of 

energy lila peak of I II megawalts ofeapedty. For the period beginning August I. 1998. and mding 

March 31 , 1999, the amOlDlt returned wi ll be 50.8 IVeBgii meglwatts orenergy at. peak of 

136.8 meglWltts of capacity. 

Detailed Operatiag Plan 

During the period o;ova-ed by this replft, the Opeming Cocnmittco: used the August I, 1997, 

through Ju]y) 1,1998, "'Detailed Openting Plan for Columbia RiverTlUty Storage" (DOP), daud 

August ]997 and the AuguSll. 1998, through July 31. 1999, DOP, .igned Ju ly 30, 1995, and d.oted 

August ]998, to guide storage operations. These OOP's establi&hed emma for determining the 

Opent.linS Rule Curves and oWer operaling data for use in actual operations. The DOP used the AOP 

critical ",Ie curves for Can.dian Projects. The Varilble Refill Curves and flood control requirements 

rubsoquent to January ], 1998, wen: determined on the basis of $eUOIlIl volume runoffforecaSl$ during 

actual opention. Tho Openring Commiuco:, OCt. weekly basis throughoul the year, directed the 

~gulatia:! oftbe Canadian stonge. 
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Entity Agreements 

Durins the period covered by this report, three joinl U.S . ..c.n.dillll WTaJlgmlenli were approved 

by lhe Entilies. The following tabulation indicates \be date CKh ofthne was signed and gives a 

de&cription of tile q:reemenl: 

Marcil 26, 1998 

July 10, 1998 

Dtscrip!jon 
Columbia River Trealy Enlily Agreemenl 011 Adjustmenl of 
TransmiJsion Losses to Reflect Step-Up Transformer Losses on U.S. 
Columbia River FedcnlI Projecu. 

Columbia Rinr Treaty Entity Agreemenl 011 Aspects of the Delivery 
oftbe Canadian Entitlcmentl'or April I , 1998 through 
September 15,2024, to be eff..::tlve upoo an e~ehange ofdiplonwic 
Dotes between the United SIIICS and Canada. 

Columbia River Treaty Enlily Agreemenl on tbe Detailed 
OpcratiDg Plan for Columbia River SIOf'Ige for August I. 1998 
through July 11, 1999. 

Operating Committee Agreements 

Durina the period covered by lhis report, the Operating Committee approved fivcjoinl 

U.S.-Canadian agreements. The following llbulalion indicateS the dalCS tbcy wen: . igncd, gives 

descriptions of the -V-ents, and eites tile authorities: 
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July 31, 1998 

FJ::"~~~T~"",:;~s~,~:,,;:-------lplan, AUgustiPiii,,·,"-:-l 
For 0pera1inl Yew 1997-98 Among the through July 31, 1998, 
Columbia River Treaty Openlling approved Ju ly 30, 

I ~:::::~~""~:""""'::: iUc Power 1997, and wed the British Columbia August 1997 
Hydromd Power Authorily 

Agreement on Tl'I/aUnent of Transmwion t..oues 
Relative 10 Delivery of !be Canadi..n Entitkment 

Columbia Hydro aDd '" . 

the Bonneville 

&lid Exchanges 
the Period August 1, 1991, 

through 17 J&IIuar)' 1999 

Delivery of !he 
Canadi..a.o EIltitl<:menl 
for Aprill , 1998, 
through Sepfembe-r 
24,2024, dated 
November20, 1996 

forAprill, 

November 20. 1996 

Plan, Augmt I, 

I ""_ July 3 L, '991',1 
Approved July ) 0 , 
]998, and dated 
Augll.!lt ]998 

'--+~~:;~:?~~~;;T""'~~":-l1p~,e~'A~o~om"'~~" 1 ;j for the Period Through July 31,'A' 
August I, I through April 30, ]999 Approved July 30, 

]991, and dolled. 

r
., ..... "~ .. --i1~~~\f.~P,:~~o~r~T~..,~~S~""'~~'~'~~~~lrp~AUgunl. WhitefIsh fur the Period through July 11. 1999. 

8, 31, 1999 approved July 30, 
1991, and dated 
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Long Term Non-Treaty Storaee Contract 

An Entity Agreement ~ted July 9, 1990, approved the conlnlCt t.et...."«Il B.C. Hydro and BPA 

relating to the initial filling of nOll-Treat)' storage, coordinated use of non-Treat)' storage, and Mica and 

Arrow refill enhaIIcement. The Openting Committee, in accordanoe with that agn:.emenl, monitored the 

Slange openUions m~ IlDdcr th is Ageemenl througboul lhe opmting ye&r"tO insure thai they did not 

advenely impact operation ofTn:aty storage. 
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IV Wealher and StreamOow 

Weather 

This year's wuther was influcncc<l by the puk and waning effects of the strongest and 

longest_Lasting EI Nillo to 0«1.11' thil o;enwry. The tanpcnolllle$ of the tropical and North Pacific Ocean. 

due to EI NiM, were sufficient to move the stonn-stecring. upper Icvelatmospberic weathu syslems IJId 

their jet me.m$ aWllY fTom their typical seasonal positions. In most summers a high J'"'UI.ITI: system 

resides in the Gulfof AIasb blocking storms from entering the NorthWHt and in the wmterthe Gulfis 

domillltc:d by .lIrge low pressure system that, with its COIlnter-cloc:kwise ci~ul.tion, steers storms inlO 

the NorthWHt. lliliI year, however, the high and low pre$S1.ITI: systems were leu intense and IocIted west 

ohbeir t)'pie.tl positiOrl$ whicb allowed wvm and wei air IIlI55e5 in the NOfthWHt and kept tempen.tureI 

low because of the additional cloud cover. The: rt-positioned winter low pressure systems allowed thejCl 

stream to !!plit, with ooe bnncb of the jet, dire<;ling stom\s. inlo CCllUI.! British Columbia and the other 

brmcb directing storms intocaJtnollJld ~them CIlifomiL This left the Northwest ...,Ialively WImI and 

dry, Ul'o:pt during periods wben the splitllow JII1tcm broke down. 

July 1991 welther was dominated by. steady flow ofmoistlir into the Northwest. producing 

showers that resultc:d io Delfty twice the norm.1 monthly rainfall.rove GrInd Coulee, and with me 

additional cloud «IVer, lowertban normal tempe1'allJnS. Late in July, and lasting through August, a 

broad high pressure ridge: formed on the CO&$! bringing drier and wvmer air mlo the ...,gion and allowing 

on ly throe-fowths the nonnal Augusl rainfall, even with the CJ<tno .. infal l from the passllge: of the 

renllllllts oftropie.tl $lOmI/gnDCio on the 20th. 

The weather panerns shifted again in September allowing more and stronger storms 10 pc,oep.le 

the Northwest producing more th.art 150% ofnonnal rainf.1I in the Colwnbi. Suin .bove GrInd Coulee. 

In October. fo llowing the pauagc: offonnertropic:al storm Ghrgtr, winler began to mAke itS pRlCIICC 

known with heavy precipitation, cooler tempcmurc&, and the beginnmgon the winter snowpacks. 

November and December saw IIIOlber adjustmenl in !be weather ~tterns with basin lempcnotures 

Iveraging 2.IOF above nonn.t and .verage monthl)' pm;:ipiwion tIIIging from hltflotwo-thinb of 

normal during these typia.lly precipitation and sno ... ..:cumulation months. JIIl\llry saw a tum of the 

,,",vious two-month's weather by beina warm (4 .3°F .bo~e oorma1) IIld wet (105% ofnorm.l.bo~e 

Grand Coulee IIld I IJ% .boveCultepr). Several fronts and deep troughs movc:d across the basin 

during the fLm 10 dII)'$, followed II mid-month by. warm IirmlSS with llle\'erat frontal systems which 
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dumped me month·s heaYiest pro;ipiuotiOll, followed by 5IIowers that <:O!1tinued 10 ~ month' s mil. 

February laW yet aoodtcrdwlgc in !he weatMr p"tIem$ with the split now directing mO$! $tOm! energy 

into nonhem California and tile southern edge ofme Columbil Basin. BlUin temperatures Ivenged 

3.3°F lbove normal and prec:ipitation above Grand Coulee WIU only 43% of normal. 

Mud! 5&W a return to nontlIl weather patterns with rapidly moving SlonnS, showers, and brief 

periods of clear weather. Buin letnperatures avenged 1.1 Of lbove normalllld pm:ipitalion a1XIYC 

G~ Coulee avenged 10S% ofnormll. The PacifIC Nonhwest Seasonal Prc<;ipitation Aocumulation is 

sho"'TI in CIw! I. Upper air tow.pres$ure troughs with cold air, clouds, and rainfall &om AWki 

dominated the pacirlC Northwest the fU$l three weeks of April. Warm lemperatures and an unusually 

strong tbennal low engulfed !he region in SO-WF weather during the \as( wed< thal: initiated fast and 

furious snowmelt, resulting in minor floodinS in eastern Idaho. This thennlliow was slowly pushed 

eastward and was replaced by cooler and wetter Aleutian air that brought the wet cycle back to the 

Northwest by May 3 with an upper aIIIl<l&pberie trough exteodina from AWb to the Oregon coast. This 

helped guide front after mmt into the region for the rest of tile month. ~ipilltion in the Columbia 

Basin above Grand Coulee aYeraged 176% of normal. The resulWlt accumulated snowpac:k ICI'OSS the 

JanUlf)' Ihroogh Mly period is shown in Cbart 2. JUlIe 5&W I continuation ofthc wet spring with rainfal l 

IYeraging 134% ofoormal in the basin lbove Grand Coulee wIlile in July bot moist weathu dominated 

the basin above Grand Coulee with temperatures averaging 3.S"F above IKIf1IIII and rainfall avenging 

140%ofnormal. 

Im·o P, eciRimlilll WllIll n, ~I!g 
M~ili Precipiwion M_ Precipitllion 
(1997) "'" "" ( l99g) "'" "" ,.1 2.07 190 ,~ J.69 12S 
A •• 0.91 7& F,b I." 69 

'" 2.03 145 Mu 1.90 1110 
0" 2." 162 A" 1.42 89 N., 1.63 60 Moy J." 201 

"" 1.54 " ,~ 2.3 1 12& 
,.1 1.45 1)) 

A •• 0.47 " July·June Arun'" 25.32 '" 
Tempemuredepatture IIld pm:ipiborion foreach month are shown in Clwts 3 through S. 
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Streamflow 

The obKrved inflow and outflow h~ for tile Calladian raecvoirs for tile period 

July I, 1997, through July 31,199&, are shown 00 Cham 6 through I . Chan 9 shows Libby hydrogrlphs. 

Obsavcd flows with tile computed UlIfeIIIWcd flow hydrosnph$ for tile $&lTIe 13-month period for 

Kooten.y Lake, Columbia River.l Birehbank, Grand Coulee. and The Dalles are shown 00 Charts 10, 

II , 12, aDd 13 respcr;1ively. Chart 14 iu hydroJrapll of observed and two IIIlngulaled flow •• 1 The 

D.lles durina tile April through July 199& period, including. plot offlows oeeurring if regul.ted ooly by 

tile Treaty ~irs. 

Composite operatilll)'at UlIfeIIIlated Ilfelmflows in tile t..sin .bove The Dal les were near 

DOnDaI, far below tile IasI: yearI ",ell above .venge IlJUmflows. Mly W1.S the:! high month during tile 

.sprin8 runoff, beiD.s ill the 127% ofnonaal range. The AuSUS' 1991 throu&b July 1991 runofffor 

The o.JJes W1.S 143 Mlf 105% oftbc 1961-90 ,vcn.se. The peak. regulated discharge for !be Columbi. 

River at The Dalles W1.S 442,200 co 00 Mly 30, 1998. The 1991-91 monthly WlI1:gulated (natural ) 

strumflows aDd their percenl of thc 1961·90 .veqe month ly flows are shown in tbe followin, W>le for 

tbe Coillmbill Riverat Grand CoWee and.1 The Dalles. These flows Iuove t-n conected to exclude the 

efferu of regulatiorl provided by AOnge reser;oin. 

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

Time N_' Percenl of NaMal Percent of ..... - Avrngs - Avrnge 

AUl 97 115,490 "' 151,270 114 

"''' ",'" I3S 133,150 ' 38 

""" 92,150 192 146,520 171 
Nov 97 60,510 '25 114,930 12' 

"" " 40, 150 " 88,150 94 
Jan 98 40,5 10 " 96,7>0 98 
Fcb91 '2,460 " 101,760 " Mar 98 62, 110 105 145,430 103 
Apr 91 114,910 " 225,580 ' 01 
Mly98 323,370 III 535,600 127 

Jun98 235,110 n 390,280 79 
Jul98 155,120 " 220,240 .. 
",.., .. 
V_ 114,260 10' 196,940 ' 05 

w.~ 
V_ 112.990 '01 1&9.590 '00 
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Seasooa l RUDoffForecasts aDd Volumes 

Observed 1998 Aprillhrough AuSUSf nmoffvolumes, adjusted 10 u~lude the effects of 

regulalion of upstrum stonge, an: listed below for eight Ioo:ations in !be Columbia Bui.a: 

Loq!ioo 
Libby Reservoir Inflow 
Duncan Rcsctvoir hlflow 
Mica Rcsctvoir Inflow 
Arrow Reservoir Inflow 
Columbill River at Bircbbank 
Grand Coulee Reservoir Inflow 
Snake River &I Lower Gtanite Dam 
Columbia Ri"':r at The Dalles 

Volume In 
1000 Actkfeet 

5,338 
1,987 
11 ,0'23 
20,747 
37,279 
37,860 
2S,008 
90,094 

Pen::enlof 
1%1-90 Avmu 

92 
97 

" .. 
92 

" '09 
97 

Forecasts of Je&SORI.I nmoff volume, based on pm:ipitatioa &lid ~ data., were prepared in 

1998 fOf a large numbeT of loc:ations in tbe Columbia River Basin &lid updated eacb month as the season 

advlllOed. Table I lim the April through August volume inflow fonlCUlS for Mica, Arrow, Duntan. &lid 

Libby p-njects and fOf WlJ'egulalcd runoff fOf the Columbia River &I The Dalles. Abo shown in Table I 

an: the M:twli volumes for tbcse five Ioutions. The foretUU for Mica, Arrow, &lid Duncan illf!ow were 

prepared by B,C. Hydro. The forecam for the Io~ Columbia River and Libby inflows were prqw-cd 

by the Natioo&! Weather Service and Riv« Forecast Center in coopeIltion with thee COI'pSofEngincen, 

Natiou.l Resource Conservation Scr;ice, BW'CIu ofka:lam.tion and B.C. Hydro. The April I, 1998, 

foreo:ut of Januay Ihrough July nmofffor the Columbia River above The Dalles was 90.8 Mafand the 

actual observed runoff was 92.1 Mai. 

The fol!owin811bu1alioa 5ummarixes IIIOIIthty fono:am since 1970 of the JllIuaythrough July 

nmofffor the Columbia River above The Dalles compared with the actuIl nmoffme&$lU'Cd in milliOR$ of 

l(:,.fCC'l (Mal). The avu.ae Januay·July runoff for lIle 1961-1990 period is 105.9 Mai. 
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The Dalles volume Runoff Forecasts in MafOao· JuJ) 

v_ "" '" "" ... "'" "'" ""'" 
1970 82,5 99.' 93.4 94.' 95.1 95.7 
1971 110.9 129.5 126.0 134.0 133.0 135.0 131.5 
1972 110.1 128.0 138.1 1-46.1 146.0 1-46.0 151 .1 
1973 93. , 90.' 84.7 83.0 80A 78.7 71 .2 
1974 123.0 140.0 146.0 149.0 147.0 147.0 156.3 
1975 96. , 106,2 114.7 116,7 115.2 113.0 112.4 
1976 113.0 116.0 121 .0 124.0 124.0 124.0 122.8 ,." 75.7 62.2 55 .• 58. , 53.' 51.4 53.' 
1978 120.0 114.0 108.0 101 .0 104.0 105.0 105.6 
1979 " .0 78.6 93.0 87.3 89.7 89.7 83.1 , ... .... .... .... 89.7 90.' 97.7 95.6 , .. , 106.0 84.7 84.' 81 .9 83.2 95 .• 103.4 ,.., 110.0 120,0 126.0 130.0 131 .0 128.0 129.9 , .. , 110.0 108.0 113.0 121 .0 121.0 119.0 118.7 , ... 113.0 103.0 97.8 102.0 107.0 114.0 119.1 , .. , 131.0 109.0 105.0 .... 98.6 100.0 87.7 , ... .... 93.3 103.0 106.0 106.0 106.0 108.3 
, .. 7 .... 81 .9 78.0 80.0 76.7 75.8 76.5 , ... 19.2 74.8 72.7 74.0 76.1 75.0 73.7 , ... 101 .0 102.0 94.2 99.' .... .. .• 90.6 , ... 68.' 101 .0 104.0 96.0 " .0 99.' 99.7 , .. , 118,0 110.0 107.0 106.0 106.0 104.0 107.1 
'992 92.6 89.1 63.' 71 .2 71 .2 67.8 70.4 

'99' 92.6 68.' 77., 76.6 81 .9 98.' " .0 , ... 79.7 76.3 78.1 73.2 75.5 76.4 75.0 , .. , 101 .0 99.6 94.' 99.' 99.' 97.9 104.0 , ... 118.0 '220 130.0 126.0 134.0 141 .0 139.3 
'997 138.0 145.0 142.0 149.0 153.0 159.0 159.0 , ... 98.4 95.2 91.7 90.6 as. , 101 .0 104.0 
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V Reservoir Operation 

General 

The 1997· 98 open.tiog ye..- began with slightly above norm,1 pm;:ipitation in October IICross the 

basin. By the cod of December pm;:ipilation had dwindled and the buin wide accumulated precipitation 

was below normal. The accumulated precipitation remained below nonnal through April. The May final 

_1:1" supply foroc;ast, which was developed during the f~ ten da)'5 of May and included precipitation 

through AprillO, was 89. 1 Marat The Dalles for the Januarylhrou&h July period. This was 84% of 

.veno~ for the period 1961-1990. May was. very wet mooth whmo prccipilalion was 176% ofnonnat 

above Grand Coulee. 235% ornonnalabove i..oWft" Granite, and 201% of normal above The Dalles. 

When the June final water supply forecast was develope<! during the f.m len days of June, this additional 

May precipitalioo was included. The June (mal water rupply forecast bad inetased dramatically to 

101.0 Marll The o.lles for !hi: period January tbrotIgh July. Juoe abo bad above nonnal procipn.tion, 

and the observed ruooffat The Dalles for the period January Ihrough July was 104.0 Mar, or 

98% of average. 

During the April 10 - August 31 $limon flow augmentation period, U.S. projecl:J wen: used 10 

lugmC"llI flows It i..oWft" Granite and M~Nary. The National Marine Fisheries Service's Biological 

Opinion, released in early Man:.b 1995, listed flow objectives that were variable bucd on nmoffvolume 

forecasts. The flow objectives -...::n; 

• Lower Granite, 85,000-100,000 cfs during April 10 - June 20, and 50,000-55,000 cfs 

during Juoe 21- August Jl. 

- McNary, 220,000-260,000 ds during April 20- June 30, and 200,000 cf3 during 

July I.August]l. 

Provision for adjusting flow objec:lives based on runoff volume forecasts Will based on I sliding 

$CAIe JUda thaI ;" 1998 Lower Granite flow objectives were 90,000 ef$ and 50,600 ers for the two 

periods. The McNary tpriDg; objective was 228.000 cfs for the fU"$1 period; the second period i$ fCI at 

200,000 cfs and doeI not vary with runoffforocasu. 

The compuution oftbe flow objeclives al Lower Granite an: ba-' on the M.y fllll i WIIICf 

supply forecast, which was 173 Marl! Lower Granite forthe April tbrotIgh July period, which is 

800/. of average. The spring flow objective at McNary was baed on the May fmal water supply forecIIst 

of g9.1 Marat the Dalles for the January through July period. Although May and JIQ)C experienced 

above normal precipitation, the flow objectives an: not updated in those month$. The flow objectives ,I 
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LowerGranile were exceeded in the spring and swnmer. The observed outflow I I Lower Granile for !he 

period April to through l une 20 was 113,000 efs and June 20 to AUgust 3 1 was 53,OOOef's. AI McNay 

the Spring period flow objeclive was exueded. The average observed outflow for !he period 

April 20 through Jome 30 was 289,000 efs, and the observed flow from July I through August 31 was 

173.000efs. 

There were no significanl flood control ..:!ivitics during lale 1997 through !he 1995 fresh~ In 

lale May 1998 !here were some minor restrictions in projor;t opc:mions for flood f;:Qntrol and the stages al 

both Vmc:ouver, Washington, and Ponland harbor did no! reach flood !tap. 

Mica Reservoir 

As shown in Ctwt 6, !he Mica Raervoir (Kinbuket Lake) level was It elevltion 2471 . 1 fot'! (Ill 

July 3 1, 1997,3.9 fot'! below full pool elevllioa of2475 foel. The C(II 1 ~pooding MM:Ii Treaty stonge 

was 95% full It 3336.9 bfd (6.7 Mat) (Ill that dale. 

The local in~ into Mica reservoir averaged aboU141 kefs in August, redUoCing to 27 kefs in 

September and aboul 5.6 kef, by 1997 year end. Mica Trea!)' stoiaif' continued to ftll duriog AUgust, 

reaching full storage 00529.2 ksfd (7.0 Mat) on August 12. AlII resull ofa I in 200 year n.infaJ1 event, 

high inflows filled the MM:Ii reservoir 10 full pool on Ow:ober 2 and requiftd 1 ' pill o f 59 bfd during 

0ct0ber 2.5. The inflows started to reoeede on October 4 and the reservoir SWled to drop as nubine 

discharges ..... "..""y.1 inflows. The Mica Trea!)' undemIn of 130 bfd on August 3] increased in 

Sep!ember and October, decreasing somewhal in Novemberwith the year end undernm 11467 bfd on 

December 31 , 1997. The _ ir level remained above elevltion 2460 feet unlilllte November. 

ACfIIII Mica di$ehuges were fllirly high through August 1997 and averaged 81% of tbe 

mlltimum turbiDe capacity. This com:spondcd 10 an Iverage di5chqeof aboU135 keh in AIIgUSt. 

Subsequent d ixlwgcs avcn.ged about 25 kcfs in Sep!ember, 33 kefs in October, 27 kef's in November 

and aboU135 ken in Dece:mber. OverNovember &nd December, the reseTVoirdrafted by 29.1 feet to an 

elevltion 00439.8 feet by year end. Al that time the B.C. H~ Non-Treaty Ston.se was about 

680 ksfd; 60% offu]1, w ith Trail)' Slonge It 24S1.6 ksfd (4.9 Mal) 69 % of full. 

In early Janll&l)' ]998, the inflows dropped off to below I kef' , p .... ly increasing to an 

IVerage of S ken betwoen Jano.wy and mid-April 199& beftft the SW1 of the spring 1Jeshet. Mica 

PowerhoIac cfuclwp for Jano.wy lveraged II'OIlIId 34.7 kefs and the geoera1ion from Mica coatinued 
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to decrease OVeT winter 1998. The reservoir drafted by 30 feet over January and FdIruaty, to 

elevation 2409.2 feet by February 28 with Truly Storage It 1344.9 ksfd ami Mica Treaty \llIdm'v.n of 

43 ksfd on that date. The B.C. Hydro NTSA was at 714 Ufd at the ead of Februuy. Duriog Mart:h and 

April, the Micio R.eKrvoi r was drafted by 2 1 feet and reaehod itt: ~$llevel forthe 1997.98 year 

of2386.4 feet on April 2.3 , 1998,2.8 feet higher than the low level in previous year. Mica Treaty stonIge 

reached a minimum of IS ksfd (Om Mat) on April 30 with Micio flex at 513 b fd. 

10 March and Apri~ the Mica turbine dixhara;es averaged about 21 kefs miu<;;ng to 80 average 

1.7 kcfs in May and 0.9 kcfs in JIIM 1998. The con-esponding plant generation was less than 5% o{plll1t 

c.apKity dllring these months. With the stan of the spring freshe1 in culy May. Mica dUclmrge$ 

remained low, and the reservoir refilled by 59 feet to elevation 2446 feet. At the end of May, the Mica 

Trea!)' un6ernm bad been reduced to 479 ksfd. The Mica T_ty di.Jclwtl:c was 10 kef! for the months of 

May, JWIC! and July, allowing Treaty stonge to re fi ll to)214 ksfd (6.5 Mar; 93%offull) by July 3 1. 

Local inflows were the highest in May, June and July Iveraging about 44, 43 and 49 kefs, =pcdivtly. 

Aetual Mica diJclw'ges during July IVen.ged 21 kcfs, re$Ulting in a Mica Treaty un6ernm of363 ksfd 

and I reservoir elevation 0(2.463.5 feet by end of July 1998. The ~ing plant generation was 

about 45% of plant c.plItity in July 1998. 

On August 10, 1998, the Mica Reservoir level reached a rnuimwn elevation of 2466.6 feet 

before receding. Very high tmlperUUtt$ in August prodoced high inflows due 10 glacier melt. The Mic. 

Tre.!)' stonge rtIChecI fu ll at 3529 bfd on August 13, 1998. The inflows dropped ofl"to under 30 kch 

by the e!id of AUgII$I 1998. 

Reveistoke Reservoir 

DuriJlg the 1997·98 opmroting year, the Revelstoke project wu opmroted gener.Jly as I 

f\IIH)f.river plant witIl the ll!ICO'oir level ....mtained within 4.1 feet of its IIOI'IDal full pool elevation of 

1880 feet. During the spring fresbet, March thrO\Igh Ju]y, the ~l'YOir wu occasionally openI!ed as low 

as elevalioo ]874.4 feet to provide additional operational spKe to~] high local inflows. 
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Arrow Resen-oir 

As shown in Chart 7, the Arrow RelefVoir Iovel rt:.IW:hed its maximum acrual elevation of 

1444.1 feef on July 31 with the Arrow Treaty storage reaching 100 percent full a day earlier on 

July 30, 1997. In comparison, the: Miea Treaty stonge filled on August 12. The maximum Treaty 

storage from the Canadian Projects was recorded on August I, 1997, It 7792 ksfd. The reservoir 

continl>ed to draft in AUgust and ruched an elevation of 1432.2 feef by the end of September. 3.1 feef 

bigher than the previous year. The Arrow Tmlty stonge was 6.4 Mar CIl" 90 percent full lit the end of 

September. 

Arrow discharges decreased over the autumn months from ao Ivenoge of 59 kefs in September to 

J8 kefs in November. The discharge increued to IIIIVenogt: 0£6O kefs in December. L.Qca1 inflows 

decreased from aboul lO kef! atthc end of July, to 63 in August and to42 by !he 1997 year-end, still 

substantially vealer than !he previous year. The I ill 200 yearrainfalJ event in October resulted in high 

inflows lale in the fal l. The Arrow Reservoir dnfted to eleVlltion 1427.7 feef by December 31, 1997 with 

Ibe Treaty stcnge: 1It)010 ksfd (6.0 Mal) or 84% offull on that dale . 

In late December 1997, B.C. Hydro requested thaI Arrow outflow!; be selectively mlooed below 

Treaty requests to keep river levels lit KoCepbble and maintlinable levels dwlng the wbiterlSb Spllwning 

and emerpoce period from December 24 to IanUN)' 21 , 1998. BPA qrccd to Ibis under terms ofthc: 

Noo-Power Uses Agreement. Subsequently, in JanUN)', a minimum di$chatge 0( 5) kefs al Keeoleyside 

wu e$IIbli.shed, RducinllO J8 kefs durinl llSl ... -eek ofMarcb and rIlT1ping down further to aboul 

20 kefs in April to meet objectives for rainbow trout s;pawnillg. In !be transition &om whitefish to 

rainbow trout pro(<<tion, droppinl thc: flows to 20 kefs resulted in dewatering of some whitefish eggs. In 

the procets of obtaining tbese naws, B.C. Hydro exm:ised. its option 10 store up 10 300 ksfd under a 

Provisional Draft Agroernent DVa"the first 16 da)'ll o f JaoUN)'. This Wiler was later released to lUIist 

with the U.S. Flow Augmentation opnbon. In additiou a Provisional $Iorage of200 bfd in Arrow &om 

November 1997 was liter released by both !heCanidian and U.S. entities in spring md summer io 

~ with agreemenl5 e$t.Ibli$hcod to .-opentiooal and rl$bory objectives. Arrow Reservoir 

eontioued 10 draft during !he January 10 March period when the local inflows Ivenged 43 and 27 kefs 

approximately. 

10 this operaling year. the Columbia River Treaty Operaling Committee qrccd 10 use the 

'Arrow l..ocIl ' method, instead of the def.ult ' Arrow Total' method for determining the treaty releases 
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from JlJluary throup July i 998. The' M Ow Total ' IlIrti10d and 'Arrow l..ocal' melbod differ in two 

primary .... ys. The mO$I .iplif~l4ifferenc.e ill t!w!he 'Amrw Total' method adjusts Arrow Ie 

o;orn~6 ror Mica beini ~ 10 iU Projtd ()pen.tina: Criteria.,. iDdkaw;l in!lwo OOP, wbi\ct in 

Ibo ' Amlw l.ocaJ' method Arrow is DOt required to ..:IjotSl ill re$pOn$e to Ma'. ~ This 

raulu in !he 'AlTOW Local' method DOmlally aj lowing additional (Inft of Arrow l"IISCfV()ir dllJing the 

January to MaId! peric>;l with. cort"CSpOQdina:'~ in disehl.rp f« (be April 1(1 July petiO<!. An 

additional diffa-eno:e ;s l1l&I the 'Arrow TocaI' method ukut.tes the Variable Refill CUI""K(VRC) r« 
Arrow UIIina ~Ut.ltd inflow 10 Arrow Ies3 the sIonjJe......oed. to ~filJ Mica, wbi\ct the • Arrow Local ' 

I!ICthDd c'k>,IRles the VRC for Anaw usn., Mica ', OOP relea$co plll$loocaI illfIaw 10 /Vrf1W, omittins the 

sung.: M>eOed 10 .... fill Mica. III boll:! UICS, Ibo AfTOW , ...... o'Oi.r is tatgelcd 10 be IrUIy MI 011 July ) L. 

Arrow bservoir r--.bed its Io....-ut level for the yu:- at 1316..2 ~ on April 1, 1998. Arrow 

Treazy storase rea.cbed its minimum at S47 Ufd (LI M.of) Of 15% of,..,U -' the ODd ofMatt:b 19911. 

DuriDg Apiland ~May. the ArrrNIdito:h&rge was kepi; It ~ 20 kc& in IlI'l attempt 10 iaIurc thIt 

raillbow frouI would no( SIMWII at.b.igbcr riva-leveb. A """'" A!row ~ in mkj..May was popible 

bec,"se the bKkwatet etTect:I ofhipc:r KooIen..y Itivcr ~ helped to maintain suitable river lI!Yels on 

tbc Nom Cnoek FaD, a pirtle spa_iDa" Iocatioa for naiobowr tfOII(. I.a C(JDSU1Iatioo wilh tile Cuadian 

FWI«y Agmcia, aD inDovative 'Sipboa Exc.ovuioo Method' ..... applied u IbowD ill !he pholocrapb on 

!he next pep to ~ rainb<7w trout "Ii' from rcdds in d&aier of beina cSe...-.terod 10 temporary 

llatchery facility a, the project. This pro~!DOn! effective. tlI.n the pt"G'IioUII year'. alIefDpt If! koep!be 

!$ids wetll:<! for a li!nited time UIIiDa' pump and sprinkl« l)"SIem. wort is abo curreotIy underw.yto 

dc:v.:1op s~$peciflC TOP guidcliDes throup the malles of the $ptiial and tempcnl <kpch di.tlribution of 

acNJt rainbow I1OU! ill !be Columbia River. 



Rainbow Trout Egg Excavation Stucly Siphon EX(ilYation Method, Norms Creek An>a . 
Columbia River Basin, April I, '199ii. 
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The Arrow fISheries Opem.iOllll were <:O!Id"",ted under du: term, o f two OperatinS Committee: 

agreemmlS, "Operation orTrat)' Stonge for EnhllKmlcnt of WhitefISh Spawninj for 

Septcmber 20, 1997, throop April 30, 1991", and "Opcralion ofTruty Storage for Nonpowu uses for 

January 1 throop July 31, 1998M
• These agrcemo::nts _bloc! the Arrow proj~ f\ow$lO ~ adjl.lSlcd 10 

reduce impacts to whitefISh &lid UOUI redds. With the low di3cbarp in April and May, and !he start of 

the sprins fiahd with hijb inflows in foily, the Arrow Reservoirrose to e levation 1397.2 feet by 

April 30, 1421.1 feet by May 3 1, and 1434.4 feet by JI,IllC 30, 1998. Arrow reservoir levels remained 

1M:10w the Treaty flood eonlrOl cutVe levels throosJ!oot theopentiog year. 

The Arrow di$cl\arge was increased SIlb$taDtially in July as ArrowTreaty storage neared full and 

the reservoir reached its highest elev.tion, 1438.6 foct, on Jllly 31, 1998. The Anow discbarp peaked It 

72.2 kefs on AIISI.lSI6, approximately Ihree weeks liter Ihao the previous)Uf. The Arrow Treaty 

5I<n8e content continued 10 fiU and n:ac:bed full (7 .1.Mai) 00 Jllly 29. With the.iocfeased Arrow 

discharges ill late JIIly and AUgust, the Arrow Re$ervoir drafted 10 elevation 1437.4 feet by tile end of 

' ...... 
To minimize spill at theCanadian Kootenay Riverplanl$ and maintain Koocanus. reservoir 

watcr levels in Canada for resident fish and r=ution, the Caruwiian and U.S. Entities av-IIO a 

Libby-Arrow water tnnsfer in summer of l 991 IS de$cribed ill the Srorage T rusfcr Ap'eemcut section 

liter i.n this report. 

DancaD Reservoir 

As shown i.n Chart I. the Ouncan reservoir level was It elevation 1392.1 feet, s lightly lbove full 

pool on IS and J\l1y 30, 1997. The reservoir level exceeded the fu ll pool s lightly on sevcral days in 

August and September lIS _11. The reservoir remained within 1.0 feet ofebe full pool elevation of 

1392.0 feet WItH Sepfembcr 1997 and ,lijbUy cxt«ded full Treaty -0I'a8f' on several days durioS July 

and August. By Seplember 30, 1997. Duncan had been drafted 10 elevation 1889.8 feet. 

Owing the month ofScptember. Duncan disch.arged an ave~ ofS.O kefsto maintain K_IY 

Lake levels and KooI"II8), River flows. The project d ischarp Ivenoged 4.2 kc& in October, 4.9 in 

November and 6.0 in December. Higher discharges betwco:n mid-Deo:ember to February were nee.,."'Y 

to lpin support Kootenay Lake levels and flows. The DImcan RC5o:rVOir level was at elevllion 



IIS9A feet (sa" offu1l) on December JI , 1997. The DuncaII rHerVoir ~ at or below the flood 

control CUl"Y8 tbroa&fIout the ope. :ttiD, year. 

Durin, January, the Ouoan discharge wu inc:ruKd 10 about 1.2 kc"'. The ~JeTVoi.r was 

~ Ihrougbout Febnwyto mid-MardI and reaeJxd its lowest lev!:1 fortlle year at elev.lion 

1795.9 feet (1.7 feet abov8 emJl'lY) on March 2.4, 1991. 

The DuncaII dillCl\arp WIS reduc8d 10 minimum, 100 c&, during most orM.)' 10 begin refiUing 

!be reaervoir. The reRfVOir rached 81cyatioa 11«.3 feet by MIIy J] and ekvatioo ]In.2 r_ by 

,_JO. Duncan remaiMd 011 minimum ditthar&e until July 5. At that time disc .... !: wu iDaaIed 10 

11ow!be rate ofraeo-oir refiU. The DIrrK:aI ~ reaeJxd fujI pool elevlrion of Im.o feet on 

Auau- 12, 1991. 

DImc.an euentiIlly puMd inflow for the mnlinder or Augusl to main"'n the retel"Vo,r near fun 

pool. On S8ptember I, 1M Duncan dillClwge wu iDcreued 10 rwt dnftilll the reKl"VOif and fill 

KooIcnay We to the UC limit. 

Libby Reservoir 

As shown ill CUrt 9, Lake Koocan ... -* me opei'tW, yar It Elevation 24Sl .S6 feet, 

5."" feet dowII from full. The tint Il eliys of Aupsl Libby relca$ed 10,000 c& and continued to fill. 

By AIIIVSt 12, Lake Koocan ... readied iu mWaium SWDlDer elevllioa of24S-4 .12 feet, .4. 1 I feet from 

full. By August IJ,IIIe U.S. salmon IDIIlIgerI were expected 10 req_ the Libbyoutflow be irIcnued 

10 its full Powert.ouse Clp8City outflow of 24.500 efs for the remainder of August, wbit h would 

ultimately drift We KOOC"n"H 10 III elev.tion IIQf 2.439.0 f_ by August JI . RIthm" than cVICUlting 

10 an elevation 20 feet from full, the Libby/Arrow ItOnge ~cnt wu initialo;l b)' the Canadilll 

Entity on Auaust 13. The Libby outflow ...... iDcreued lO ].4,500 efa, 10,000 efs leu tbIo full 

PowerbouK~. The idditioOll 10,000 cfI ...... ~Iea-' from A.mYw W. for the rem.ining 

niMteea da)'l of Au&\dl, hmoe!be toW acb'nae amount 0(190 kcfs. BreI"", o(tbe 190 ofd 

ncbanae, Lake KoocanUSleodod the moratb of AIIJ'UI at elevation 2.450.12 feet, 1.11 feet from full. 

September througb Deo;ember 1997 Libby was U50d for wmly load lbapina;. The moatbly 

'venae outflow incre:ued slightly each IDOIItb. TWo pel iods of minimum outflow were JIIpp]ia! to 

complete. INdy ofbu:rbo! ID01Iement dowiutreIm of Libby. "I'b.o$e rw., 5tudy periods were 

NO\'ember 28 tIlrough November 30. 1997, and December 25 through December 28, 1997. when the 



Libby outflow was beld at 4,000 c&. In December !be monthly IVeRie outflow was 22,900 d's. 

Lake Koocanusa cndod December a elevation 241 1.71 feet, within one foot of the normal December 3 I 

flood cootrol point of elevaioo 2411 feet. 

The .... Ier supply forecasts a Libby in January through May generally decreased with time. In 

Jan\l&f)'the Apri l through AUgust ~ was 5.$4 Maf, or 87% of .... aaae. In FebnLary, Mardi, Apri], 

and May the fora:asu were 89%, 79%, 82%, and 79% of .... cntge, respeo;tively. The end of month flood 

control Wge'I elevations at !be CIId of e.eb month w.:re: January, eJevlllion 2402.7 feet; February. 

elevation 2392.3 feet; MaR:b, 2413.2 feet; and Apri l, 2413.2 feel In order 10 achieve these objectives as 

they varied with each month, !be Libby outflow wall 8,390 cfs in January and !be end of month elevatioo 

was 2403.04 feet, or within.34 feet. The February averagc outflow was 9,420 crs, and the: end of month 

elevation was 2392.71 feet, or witb,n 0.41 feet of!be Rood control wgd. The March water supply 

foreeut diminished by 10% and the: end of month flood control elevation _nlUP 20.90 feet. Libby 

mnained on minimum outflow fur mO$t of!be month of Marcb and drifted sligbtly 10 clevation 

2391.S8 feet. April inflow remained low "",til tbt: lui w«It. The m<.>llth avenge inflow wu only 

7,980 cfl, wIIile tbt: outflow rmJained a minimum flow of4.ooo Ch. LIke Koo/;anusa filled slightly 10 

elevation 2399.62 feet <.>II April 30, still fat below tile reoornmeDded flood control evlClIItion draft. 

Since !be May fulll water supply forecast was less than 80% oflveragc, tbe U.S. Fish and 

Wildlife Savi~.gRCd 10 fajuest only one sturgeon pulsing operation. The outflow £rom Libby 

remained It minimum 0£4,OOO cfs tluoIIgb May 11. 8y May 19, tbf, outflow was 2],600 cfs &I Libby. 

This pulse was delivered wneo the water temperature at Bonners Feny reachod 100 Celsius. Alter !be 

pulJe opcrItion, outflow was ramped Oown slowly. During !be May 28 through June I period I rain 

event in the KOOIeIII.i Buin caused Libby outflow to be reduced 10 as low as 3,500 ch for Oownstream 

Rood control. During the montb of May, Lake Kooc:anusa refilled 10 elevation 2440.15 feet. 

The J'ft'Cipilltion during the month of May was 201% oflv~e. Ike.",.., of this wet month, 

dw: water supply forecut suddenly inClftSed 10 93% ohverage, OOtll105t oftbe water hrd aJready runoff 

dllrin, MlY. For the month of June, the oper1Itional objective was 10 gradually fill Lake Koocanusa 

withoI.n causing flooding downstream. or tbmItening 10 fill and fcree spililltCf" in the year. During !be 

f~ 25 days of JUNE !HE: U.S. Fish and Wildlife Savice requested steady outflow from the Libby projor;! 

10 maintain • level wetted perimeter after sturgeon spawning occurred during the lite May nin evenl 

The outflow from Libby was held near 20,000 efs through June 25. InRow in June was 29,740 cfs and 

outflow was 19,330 cfs. The projec:t filled 10 elevl tion 2454.16 feet, ooly 4.84 feci from fidl . 
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During July the obja.:tive was to try to maintain a level oudlow from Libby that would be 

mairttained through the mooths of July and August that would evKuate Libby to elevatioo 2439.0 feet by 

August 3 1. This objoctive _ to maintain down$trcam fishery habitat and IIIpply summer saimQn flow 

while eVKlLlling the project to elcvatioo 2439 feet by August 31. T"bc outflow suggested wa'I to be 

be""een IS ,OOO efs and 18,000 efs. While this planning was underway, the Libby/Arrow Rorage 

exchange ~enl was being negotiated. T"bc stonge exchange agreement changed the Libby end of 

August toJgct elevation and the level outflow required to achieve the elevation. 00 July 14, the outflow 

from Libby wa'I redllCCd to 4,0(X) cfs for two days to assist. local sheriff's off"ec in!ICarCb and ra:ovcry 

ofrwo drownin8 victims near Koote1Iai Falls. This outflow reduction operation was closely coordinated 

with three field offK:cs of the U.S. Fish and Wildlife Scrvi<.:e and the Montana Fi$h Wildlife and Park.t. 

BccaU$C of the reduced outflow Lake Koocanusa filled to its highest elevation in 1998 on July 16 of 

2458.33 fec1, only 0.67 feet from full. After the sean:b opct"Itioo, the; project outflow was set at 

14,000 e& again to continue the level flow opemion through August; boweverthe Libby fArrow storage 

exchange was appearing m(R likely. Outflow from Libby was reduced to 12,000 efs by July 23 to 

prtpare for an e:u:1wIge of as much as 200 bfd 10 that the end of August target elevation for 

Lake Koocanl1$l. was near elevation 2448 feet.. 

By August 4 the bydrologic conditions in Canada wt:re elwlging: and the amount of stonge 

exch.a.n.8e from Arrow to Libby could not be as bigh as 200 ksfd. Since Arrow was coosideml by the 

Canadian Entity to be drafung too quickly, the ArrowlLibby IItOnge exchan8c target was reduced. It 

Ippeared that only 70 bfd of storage <;OIJ1d be exchanged. In rHpClI13C the Libby project oudlow was 

increased to 22,000 cfs in order to achieve an end of August toJgct clevltioo below 2448 feet. By 

August 23 the U.S. and CIOIda agreed to exchange 106 bfd of stofIge in Libby S() that the end of 

August tu"Jct elevation would be DCatelevation 2444 feet. The U.S. Almon mangen had a TCquesl to 

have 111 the WMer releasod from Libby prior to the: end of August so that it would bave traveled put the 

McNary dam before AUgust 31. To rupond to this requesl the outflow from Libby was moped down 

slowly over a six day period from 22,000 cfs to 9,900 cb on August 21. 

Outflow from Libby was increased to 14,900 efs September 2 through September S to meet 

power demands. After the power noed the outflow WI$ 9,000 cfs for. few days and finlllIy 1,000 cfs 

from the remainderof5eptember 1998. LIke Koo....<DUSI .... U at elevation 2437.9 feet on September 30, 

21.21 feet from full . 
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KooteDay Lake 

As shown in ChIll1 11), the Iel/el of KOOIenay Lake at Queens Bay WI$ at elevalion 1745.5 feet on 

July 31, 1997. "The lake...., graduallydtafted during August to meet the summer UC maximum 

elevation of 170.32 f_ (Nelson gauge lel/el) and on Augusl27 • ...., at elevation 1743.1 feet. 

Discharges were adjusted to pass the inflow until month end. 

For the mooth nfSeptember, the KOOIenay We discharge WIll adjusted to keep the downstream 

Brilliant plant at full load without spill at approximately 19 kefs. "The lake level...., raiwI in 

September, l$ allowed in the IJC Order. and reaehcd an elevation near 174S fed by end ofCktobn. 

During October and November, the Ialr.e level was kept high by passing mOow, ",ith yur-end elel/ation 

of 1744.6 feet on December 31, 1997. The lake did 00{ reach the maximum IJC elevation of 

1745J2 feet through to January 7. 1998. bul ranaincd within 0.5 feet of tile IJC level . 

Bcainning in January, KOOIrnlY Lake Wl$ draftcod as requiflld by the UC onIer. The lake 

disdlargcs were kept slightly above the inflows during January to mid-March to stay below the IJC 

limits. The Ialr.e rcxhed a minimum level of 1738.6 feet on April 21, 1998, rising quieklytbereatkr with 

the commeneement of the spring fiuhet. The inflows peaked on May 27 at 79.8 kefs. The Koolenay 

Lake dischargd were then a1$O increased. and the outflows from Duncan wen: fIlduoed to minimum, 10 

fIlducc the lake Iel/el rise in the summer of 1998. "The Koocen.y Lake discharges peaked on June 6 at 

60 kcfs. 

KOOIenlY Lake reached its peak level for the yur Ii elevation 1749. 1 feet on June 2, 1998. The 

lake level gradually Sllrted 10 ~ d...e 10 r«eding IUIIOffin June and July, and fIlduoed Libby 

discharges in July 1998. KOOImay Lake dnfted in tbese months with the lowest summer lake elevation 

o f 1743.0 feet oceuning on Augu# ll . Heavy power demand to mid-August abo requiflld pater 

KOOIeIIIy Lake discharges and contributed totbe Iowa! month-cnd elevation. The NeOOn puge level 

dropped below the UC summcr level elevation of 1743J2 feet on July 27, 1998. Except for one day OIl 

AUgusll, when the elevation r.,."bed 1743.38 fcce due to WICltp«tcd high inflows, lake disclwges were 

adjlUled 10 keep the Nelson gauge level below elevation 1743.32 feet until thccod of AU8ust. During 

September, increased outflows from Libby and Duncan. combined with modcnte market demand. the 

lake SWted 10 refill gradually. The lake level was controlled in September to maintain opera!ing $pace 

to a.ccommodate unit outlgel at Kootenay projecu in the fall as _lias potmtialiy high inflows fora:as\ 



for dlis wiIlter. The lake is projected to remain Deal' elevation 1744.0 feet in September ItId 

mid-Octobcr 1998. 

Storage Transfer Agreements 

In !be 1998-99 opeBting year. !be Canadian and U.S. Eotities enterod inlO a storqe transfer 

ayeemeot for !be summer of 1998 in whidt ~ reloucs from Canadian Treazy projeo;ts were US«! 

to reduce !be outflow from Libby. This opentioll resulted in lbout 107 bfd less WlIter being released 

from Libby dwillg Allgu..st, ItId redlJO(ld the amount of spill at Canadian plwerpJaolS on !be Kootenay 

River, wb.iJe maintaining higher l..ake KOOC&IlUS8 levels in C,,"MI ItId!be U.S. The additional water 

taken OUI of Columbia River Trury Stonge will be retumed between October 1998 and 

January 16. 1999. 

" 



VI Power and Flood Control Accomplishments 

Geoenl 

During the period covem;l by this rI!pQrt. Dunean, Arrow, and Miea rnnvoiB were operIted for 

PO"TI', flood control, and adler benefi ts in ~ with !beColumbia River Treaty and openuing 

plans and agreements described in Section III . Consisten! with al l OOP's ~ since the instal,-,ion 

ofgenen.tion a' Mica, the 1991-98 and 1998-99 OOP's were designed to ...rueve oplimum PO"'TI' 

generalion ai-lite in Canada and downstream in Canada and the United SIa!es, in accordance with 

paIlIgRph 1 of AnnQ A of the TIU!)'. 

During the period covered by this report. Libby reservoir was operated for Ilood control and 

otber purpo$I!I in accordance with tile Treaty and the 1912 "Columbia River Treat)' Flood Cootrol 

Openting Plan, M as am~ by the U.S. Amly Corps. ofEngineen (ACE) YReview of Flood ConIJOI, 

Columbia River Basin, Columbia River a: Tribuune, Study, CRT-63", dated June 1981. Durin8' 

portion oflhe year, Libby operated for poYI'CT purposes ucordinglo the PacifIC Northwest Coordillltion 

Agreement O'NCA) Actual ~ Regulation (AU). During !be mnainderofthe operating year. 

Libby opmIled for stcnge and re lea$e$ rec.ommeaded for endangered White Sturgeon and Salmon by 

both the U.S. Fish and Wildlife Savke and the National Marine Fishery Service 8iological Opinions. 

As recorded. io the Detailed ()peratiDJ Plao for the current )'Ql, the Entities eould 110( agmo on 

operations of Libby projeo;t. 

Flood Control 

The CoIUlllbia River Basin reservoir S)'Ife1D, iDcludiog the Columbia River Treaty projeclS, was 

opmned on a daily basi. for flood OODtrol for only a sboo1 time in the spring 0( 1998 u heavy niDI 

caused alhatp rise in nmoffin llll! May. The observed and wuesu'-ted bydrograp/ls for the Columbia 

RiVff II The Dalles between April 1, 1998. and July 3 1. 1998, an: shown OIl CIIatt 14. The unrqull!ed 

peak flow &I The Dalles would have been 61 7,000 cfs on May 29. 1998, and il was ronlTOlled 10 I 

muimum 0(442,200 cn on MIl' 30, 1998. The observod peak stage It Vancovver, Washington was 

14.8 feel on June I. 1998, and the unregu'-Ied stage would have been 22.4 feel on May 31, 1998. 

Chan IS documents the re'-tive filliog o f AlTow and Grand Coulee during the principiI filling 

period, and compares the regulation of these tw1l reservoirs to guidelines in the Treat)' Flood ConIJOI 

Openting Plan. Because this year's rullOffvolumc was low and Arrow was drifted deeply for poYI'CT. 

there was DO daily fJood eoolJOl opentioD aI Arrow Ifter April 30, 1998. 
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Computalions oftbe Initial Controlled Flow (ICF) for system flood <;ootrol operation wen: m.de 

in accordance with !be Treaty Flood Control Open.ling Plan. Computed Inilial Controlled Flows al 

The ~Ilcs ~ 218,000 efs on JaolW')' I, 199&, 308,000 efs on Fcbnuuy I, 297,000 ef5 on March I, 

2&7,OOOef5 on April I, and 254,000 cf5 on Mil}' I. A!< mentioned earlier, tile oo-ved peak flow al 

The Dollies was 442,200 efl. ~ta for !be May I, ICF computatioo ill given in Table 6. 

Canadian Entitlement 

The Canadian Entitlement 10 downstream power bend"lb from Duncan. Arrow, and Mica for 

most of 1997-98 operating year had been JlUfChased in 1964 by !be Columbia Storage POWCT Exebinge 

(CSPE). The $lie of the Cao.dian Enlillcmenllo downstream power benefits from !be operation of 

Duncan reservoir!emlinated on Man:b 31, 1998,2400 hours. In..:oordanee with !be Canadian 

Entillemenl Exchange Agreement dated August 13, 1964, the U.S. Entity delivered capacity and energy 

10 the CSPE participants. The generation al downstn:am projects in the United States, deli ... ered unoo 
the Canadian Entitlemenl Evehan8e, was 246 .... erage megawatts from Augu5t I, 1997, through 

Man:b 3 1, 199&, and 215 IV~ megawatts from April 1, 1998 thl"Ollgh July 31, 1998. Capacity 

deliveries ~ up 10 471 megawatts from August I, 1991, through March. 31, 1998, and 416 megawatts 

from April I , 199&, through July 31, 1998. 

In accordance with tile Entity Agreement 011 the Determination ofDown5tream Power Benefits 

for Open.ting Year 1997-98, tile Canadian Entity delivered 10 the U.S. Entity 2.8 average: meglwatlS of 

&rIDual energy and no dependable capacity during the period August I, 1997, through Man:h 31, 199&. In 

~ with !be Entity Agreemcol on the Detmnimotion of Downstream Po_r Benefits for 

Operating Year ]998-99, the Canadian Enlity delivered to the U.S. Entity 3.7 a ... erage megawatts of 

&rIDuai CReI"8Y and 0.4 megawam dependable ~ity during the period April I, 199&, through 

July 31, ]998. Thc5C cnersY deliveries weft required by Soi;:lion 7 of the August 1964 Canadian 

Entitlement Purchue Agreement. 

On April ], 1998, tbe first retII/'n of Canadian Entillemenl power to British Columbia since 1968 

began flowin& at tbe existing points o f interc:oll/lCll:t between BP A and B.C. Hydro. These 

deliverie!l wen: for the Canadien Entitlement to downstream power benefits from the operation of 

Duncan reservoir. The initilol amounl delivered, not including transmission 10$5e$ and scheduling 

.djustments, was 50.0 average MW.t I1Ites up to 1I1.1 MW. On August I, ]998, the Canadian 

Entitlement rcIumed increased 10 SO.8 .venge MW .ll1Ites up 10 136.8 MW. 
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Power Generation and Other A(:(:omplisbmenu 

The Coordinated System stongfllevellt the begiMing of the 1991·98 openoting year WIS 99.09 

percenl full as of JIJuly 1991 as measured in the P..:i(", Coordination Agreement (PNeA) A~1\IIl 

En~ Regulation (AER). The Treaty Storage operation outiiocd in chI' AER is fixed from the Treaty 

Stonge Regulation (TSR) study. Sin<.:e the System was 99.09 perccnt futl, 1st-year finn C1l~ II*! 

carrying capability(FELCq was Idopted for the U.S. system from the PNCA critical period studies. 

Due to above Iverage strcamflows througIioIIt che year, the system genenUyopmltcd to Openting Rule 

Curve(ORC) or flood wnlro! for the entire period, producing ~ 1tQ0UII1$ ofJurplus energy. The 

system storage eneIlIY reached 99.J9 percent full on 31 July 1998, as measured in the AER. and the 

symmldopted IsI.year FELCC from the 1998-99 PNCA Final Regulltion study. 
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U.S. Coordinated System Hydro Generation 
With and Without Canadian RegUlation ,...... ... 

Actual U.S. power benefits from the openolion of Treaty stongfl are unknown due 10 the 

complicated nat\II"C of hourly power opetItioos and the need to speculate on Ilternative operating 

p~ures, DDnpDWel" ~iremC1lts. and marU1 C(lndiliorls in the absence of Treat)' stonge. However, 

the graph on chis page shows I rough m imate of the lven;ge monthly im,*" on downstn:am U.S. powa-

8eoentioa durin8 the 1991-98 opuatiq year. wi ch and witboul lhe regulatia:! ofCanldian Treaty 

storage. hued on the mCA AER tb8I includes minimum flow and spill oonstraints for U.S. fl3hery 



objectives. The U.S. pin in Iverage annual usable eno:rgy. wmputed &Ii firm me!lD'. plus non-firm 

energy that displaces PNCA thmnal ~ plus 40% of the mnlining oonfirm eller8Y. wu 1022 

oMW. 

Based on the IUthority from the I ~7-98 and I ~g-~ ooP's, the Opertting Commin" 

completed seven! operating agreements, described in Sec:tioo m , tIw resulted in power and odm­

bomeftU both in c..IIIdIo and tile U.S. ClW:t- balefils include incrased reservoir levels for summel" 

I"CCn\f.tion and dust storm IVOidance and changes to strumflQWs below Arrow that enhIonoed trout and 

whitdisb splwning Illd lIle downstream migration of Slim 00. The following graph $hows tile difference 

I t the U.S. border between Iverage moolllly regulated OOP TSR soum flows and the xtur.1 SIJQm 

flows due to these agreements. The UlIJ"egulated mum flows are also shown for comparison p1IJ"p<)MS. 

As of September 30, 1997. the sum of Canadian Treaty storage was posiliooed 95 tufd bc:low the 

OOP TSR. Tbt: Enlitios drafted I total of 190 bfd belowtbe TSR by August 31, 1997. per the wms of 

the ArrowlLibby Swap Agreement, with 1ho U.S. rerumina their hllfofthe Swap by the end of 

September. 

1997-98 Canadian (Arrow + Duncan) 
Slreamflows In kcfs 

Aug Sep Oct Nov o.e JaIl f. MJ,r • ...,. Jun Jul 
, ..., ... O,.allo .. Y_ 

In euJy Oo:.tobo:r, the U.S. U>d 8CH Iif-' to store wmr into Treaty space to avoid spi ll It 

Grmd Coulao: INn, per the Colwnbi-. River Trcaly Operating Committee Agreement 011 the Operation of 

Truty Stofqe For Fall ProviliolUll Slorage&Dd Mountain WhitefISh Spllwoing Flows through 

March 31, 1998. W.ter $tOred UDder this .....,enl wu to be releued during February and MatclI for 
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the benefit ofboth power and whitefish. Two h~ ksfd were stomI <;OIlsiSlent with the tams of this 

agreement 

Beginning Januuy 1998, Arrow', disc~ wu qain rcdlJQe(! bclowTSR levels per the tmns 

of the Columbia River Truly Openning Comminee Agreement on the ()peRtion orTreIty Stonge for 

the Fnh.aneement ofMounlaio Whitefish Spa"'ning for September 20, 1997, through April)O, 1998. By 

the end of whitefish 5plWDing the whole of Clnldian stonge waslpprOXimately 1100 ksfd above TSR. 

This water was releued throughout Febnwy and Mardl consistent with the above agreements, such thaI 

by the end ofMard! aboo.lt SOO ksfd (approximl1ely I mal) was kft in ean.dian stonge. This amount 

was eonsilterJt with the U.S. need for flow IUgmentation u allowed for in tile Columbia River Treaty 

~em On Operatioft ofTruty Storage forNon·~ U_ for January I, 1997, through 

Ju ly)I , I997. 

During the April through July 1998 period, ..... ter wu stoftd and released in. manner C()fl$istent 

with Canada', need for trout 5plWDin8 and plogressive Arrow reml and the U.S. need for salmon flow 

augmentation and flood control. By July 1998, ean.dian storage wu returned to ilS TSR elevation. 
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Table 1 

Unregulated RUDoffVolume Forecas CJ 
Million of Acre-Feel 

'99. 
Columbia River III 

"'""" """" .... J.i>IzI The Dalles. Oregon 

M~ M~ M", M", M", , ...... -,. _ ... _ .. Probable -,. o., . I April - I April - I April- I April_ 1 April-
Jruf 3[ AuKUSJ 1I August 31 Au.4.tI 31 AY!ll!$I 31 hu!ll!$l 

JM"", L' 21.5 10.7 s.s 76.1 

,....." 2.' 222 10.6 s .• 83.3 

...... L' 213 10.0 S.I 711-' 

April 2.' 212 10.4 S.2 77.2 

Mo, L' 19.5 10.1 S.I 75.4 

J~ L' 20.4 10.1 S., 88.6 

-.1 2.' 20.8 11.0 S.' ".1 

NOlE: These cilia were used in IICt!!a.l operatiOD$. Su~uen! revisions have been made in some cases. 

l8 



00 ..... .. ............ .. · , ..... 
! ! ! ..... o~ 

°ig~~~: 0 ........ 0 ... oS:~ .... " ........ 0 • . N N 0 NNN N 

" " ! " .. 0 .... "' .. O ... ~O ... 0 ....... N ....... · . . . . . . , > :::::s:: ...... 0 .......... ..~O .. O ..... • ..... 0 ... .. .. .. ... ............... " i ......... ...0 .... ...... ..0 ..... .... • "" N .. O~ ...... NO NNN N "I N N 
N, 

" ~O .... .... .. 00 ......... .... O ... ~O .. .. .. 0 ....... " !M I · . . . . . . ....... · ...... • .......... ... O~~.O .. 00 .... .... ... .. 0 ......... 0 , ~ ...... 
"':::g:::g~~ .... 0 . " .. .. ... .. " ....... . " • ..... ..... ~g:::::;::;;::; :::g ... ~ ;::;;::; • ~; ~I "N N ..... ... ...... N 

N " ."' " . ........ • ... O .. ~O .. .. . 00 ....... .. .. 0 ..... .. .. .... " ........ " • ' " , .:..:§..:.: .... · . . . . . . · . . . . . . ....... "'i" . ! .. ~ .... ...8 ....... 0 ..... 0 ......... .. .. 0 . ...... 0 :;:; : $ .... .. ...... ... ~ :;?i~ ~ .. ........ ..... ..oo~ .... . " iii' 
, '" .... ... ... ~g:::;;;;::; ;::; :::g ~ ;::;;::; • •• • ..... ~ ....... ... .. ~~ .... N = N N 

!~Ii 00 .... ... .......... "' .. ~ .. o .. o .... o.o .. ~ .... ", .. 0.., ... "'0 .... O~ ...... I N 
.. . .... 

..;.:~.;.:.: .. · . . . . . . · ...... ...... . 
~ .. O~ ...... O~ ....... .. .......... 0 ~ Og ........ .. .. "' ........ 0 , ..... ~ ... "';g;:::~~ ..... ~ ...... ............... ... .... .... .. ... ~gr.:~; : " .......... .......... ..0 .... ... ... ...... ..... • , • • N ..., .. ~ ....... ... ~ ....... ... .... ~ .. N .. O~~ .... NO NNN N L I, 

N • • " 0000 ", ... 0 .. .... .. "' ... O~ .. ..... ~ ... O ~ O .. .. "' .. ...... ~ .. ... .. 0 ........ .. .. 0 ........ " II; ! ....... . . . . . . . . . . . . . . · ...... .. ... .. · ...... 
! 0 ....... ".O .... ~ ... .... 00 ........ ::: ; U;;;~ " .......... 0 ~~O ......... ..... 0 ........... 0 ........ :::~U:;:; ...... 0 ... . .. . .. ... 0 ........... ... ............ ... .. 0 ...... . " .. ~!ii! . ~ ..... .. .......... .. O .. ~ •• . 0 ..... ...... .. ...... ..... .." ........ • 

I " • • N .. .... " .... ..... ",. .... ...... N ...... .. ........... ...O~ ...... •• NNN N N 

" " ",' , .0 "- " • 0 N ~It:: .. 
• ." ' N 0 0 • N hU ,. O. .- N N N • •• .. • • • • " NN NN N N N N 
" i •• , , , ........ , .... .... .... ..................... .... ................... .... .................. ...., .............. .................. 

'I" " ............ ............ .. ............ ................ .. ... " .... .. ......... 0 
~ 

, , · . , . I 
asaa 

, , !i ~ ::: f t ' - 'I 
, , ii ' "I "'I a: .. . s , 

~e~ 12 T ~f'": ~f'": 121: sf'": sf'!:! sf'": 12 " -
, 

~ 

HI in ~"i!il Hli!! ~'I!ii ~'I!i! ~;i!ii 
. , • 

~ 1m .... :I ! • • !hi !hii !hi !!"ii "" " "" . .ON 

~ ""I" » > 

" HI! "J," ~M~§:::! "' .. ~§:::: .. ~,,, -~~§~~ ...... ~ ~~ •• it ~~ ~~ ~::I U ~::I ~~ NO §! III·!!. III.!!. '* .. , ,,1-". t !!I· ... t 77~~ .. :1 . ~~~~ .. t 
"' iali !h'~~~t~ lll'!!~ti i!l'~~ t~ " ';;' iil'!~ ~t iil!:!~t ~~i "I' tt , ;;!;;! 'oo~_ 

~: ! 
~~ ti r'i ll'" ooEm"· !i;!ll~! ",,.;:::1:1 ~ °i'i"" 'i'iii" • 

II., !' • " ! II- '01 11""0. I ' "0. I' '0 • .... e··· i 3 ·T""'l .... " ...... i3 ............ 53 2;~~is~a ;;~i~ ;.i , .,:!i! :n:z !ii!1i!ii!., :!:! ii!i!ii! :!:!~ii!i i! :! ::I: :i!li! Ii! ii! 



~ --• • 
l " • 
~ t 
'.i • • • 

..,~~ 
~. ! 
~. " .. ::~ 

"" ,I 
"" • 

" "" 51 
"" 
II 
" .. 
el 

ii 
l , 
• " 

"'0 ... ... 
N .. ~ ... ......... ........ 
. " " ...... ... .. ~- .. 
:-.: 3 ;;:;: 
"" " .. ...... .. .. .... .. '"' .. --...... _. " 

.... -... .. .... ., "'.0_ ........ s .. .. _0_ .. 

...... ... . -"' ,." 0' • 
" 
.. 0 .. 0 ......... .. ..... ........ _ .. .... ..... ..... ... ....... 0 .. __ ..... ... 

0 ...... ... .. 
.o ......... .. .. .... --

... ... ............ ... .... .. ........ ... 
• 
'. I " ~ ~:.l te :a~ 

i ii -'5 i~ 
: ~; ~~~e!! 

•• 
"' "0 •• "" 

• j ' ""I '"" 7 7 it;n , 
!'I~ !!ij§!!~~~ 
" i oo il!!~" j. II, ".1 .. ..... .... • .. ··2" .. :::: Ui1t;;!i! .. a 

....N ......... .. ,,, .. 

... .. 0_0 .... 

" :lI~:: ~=: .. NN __ 

..0 ........... .. ... ... ...... .. .. .. ..... ..... . 

" 

-...... .. ...... --

... ............. ... .. .. .. .... .. 
, " te :n! 

" " 
"' .­"" "" 

!i~ II 
--~e •• 
3;;:8~g:§ 
lId!!. ' 
m'::~'~ 
!I!I!!!!' ",."h! 

.... ............ · . . . . . . .............. ... .... ..... ..... . ... .. ... ... . .. - .. .. ..- ........... · . . . . . . .. .. ......... ... .. ...... ....... ......... ......... 

... ...... ... .. · . . . . . . .. .. .. "' .... ... .. ......... .. .. ....... ., .... ...... 

.... ................ .... .. ... ..... .. 
• 
• • 
" 

... .... ...... . ... · . . . . . . 
i:I::;:~:::~: .. .. ..... ..... ......... -
.. ......... . · . . . . . . 
:o::::::g:;; ,:,: .. ............ ... .. --.. .......... .. · . . . . . . .. ......... _-
.:'l:::;:: ::~ ~ ... - --
... .......... . 
.. ...... .. 0 .. 
........... 0 .... ..... .... ... ...... -

.... ................... ...... ...... 
-• o 
• 
" 

... .. . 0 ....... · . . . . . . 
0_"",-"''' ..... _ ...... -........... ......... -
• .. . ..... 0" .......... ... ... .... -- .... -... ....... ... 

..... N_ .. 

.. .. . 0 .. .. · . . . . . . .. ........ ... ...... ..-.. -.. -­........ .. .. - .. .. -

.. .. _ .. 0 _ _ 

· . . . . . . ................. .. .... -.. -­. ...... .... ..... ---
... ........ ... -· . . . . . . .. .......... .. ............ -­...... .... ... - .. _-

;:;;:;:;:;;~;:: 

, 
• 
" 

... ......... .. · . . . . . . .. ..... ., .. ..... 

. ~;~go:; o:; 

""" 
0 .... .. ..... .. 

...... .,0 .... ............... .. ... " .. 
""" ..... .......... · . . . . . . ... .... ., ...... 

.. g;;;::; o:;o:; - .... -

... •• 0 • •• · . . . . . . .. ...... ..... .. ...... -.... ... 

• 
• • • 
" 

• 
• 

, 
• • , , 
11 · . .. " ., · ' i fI- ,; 

; iii! § 
! h~ ;; i .,g, , 
.. .. ::!. ;; , ,0 • . · "I" " ! Ii .. ~ , .. " .. __ 0...... .. ~~ e ~ .. .. -<:= .. 

.. .... .. . ... 
- N .. _ 

· . . . . . . .. ....... -.. ... ....... -.... .. .. ....... . . .. .. _ .. ; !:I ~ ! 
" " '0""" o!' .i' 
~~~o~~,; ~ ~'I'" ............. .. ... ... ..... ... .. .. - ~~ .. .._- .... " I: 

, lii,l· , u,' I 
""" ;"'il .. .... ...... 5:1" · . . '. 5 

" I " I " I" '-'il. !5e ~ ~ !~e ~ ~ ~~e·~ !tie ~~ g;~~.~ 
ii, II ~~", ii, II ii, II ,; li!1 

I 

--! "" ii!!! --l --l ,i,ll" "" . "" . "" , "" , " ... , .... .... .." .. .. .. 
""I~"; ""I~;; ""I,"; "51'!i il," "~~~;. ,~~ ~~~. "~~I ~ . 9, .. j ww . t t~~~~~ 
ill'::" ii!'!!~' ii!'~~'~ ii!i!!5~ i li'I!' 
iiilil~~ iii!!!~' iiiiii~! iiilii~!" li!i! 
S5i~i;i3 22;~ii5i SSSt iia3 s~~~;;~3 * : ~ ~~~ ~ 

<1 



~ 
" a 
~~ 

~ ! 
i: 
~~ 

• • > i i:: u 

f;~8 

~ 0., .... 

! ~ .. "O ... ....... .. -
.. 0 .. ... .. ..... ... 

!li '=:;!"~ 
~ 

............. 
f ... 0 ..... .. ~::: .. : 

~ 

... .. ., .. .. 
I ...... . ......... •• • -............ ,. :::;~~ ::; ....... 
....... .. .. . .. ....... ......... ., ......... -
3 • , 
• , -

0_0 ......... 

0";';";';';'; 
00000..,,., -.. -......... 

~ ~ 

....................... .... ... ....... 

• 
• • • -

.00 .......... .. . . . . . 
:;;:::g~ .. ::. 

... ... ~!:: 

.. .. 00 .. ., ... . . . . . . . ... ............ .. ............... 
.. ...... N .... 

~~ 

,,'---' .... .... ... ....... , . 

" i " t i. ,t a : : ~e~: ~ ~e~ ~~ 

i ii " !sl'i "!il'I' 
, " 11'1' i 11'1' .. '" .. .. .. ........ ... ... , .' - - ~" , ~ ~'" ... .." "" 

• 
• -• • 

1',- " -- ," " ",,-,., ,,-, .. 
, '" "II ""II' ',!' ee!",', Ill, .. ', 
I;!! iiI!!!:! ii l !!~:~ i ~ :: 2~e~ ~ E~3 22i i ;2!3 

.. ....... -.... . . . . . . . .. .......... .. 
...0 .. .... 00 ..... .. .. 

•• 

.. .......... .. 
:~g~o : : ..... .. .. .. 
... .......... ... . " .. " 

::g~:::::!:; .. ............. .. 

.... ............... .... .. .. .. .... .. 
• 

• • • 

.. .... ..... . ... . . . . .. . .. ......... ... 

..... 0 ....... ... ........... .. 

... .......... .. . . . . . . . 

... .. ., ..... 00 ................. ..... --.. 

.. .. co ....... ... .. .... . 
::~ ... ;::~~ .. 
.. .... .. .. .. ... ....... 
.... 00 .... .. .. .... .. .... ... ... .......... .. .. 

.... ........ _ .... ... .. .. .. .... .. 
--• • 

.. ...... "' .... . . . . . . . 
~:!g~~~~ .. ~ ...... .. 
.. ........... .. . . . . . . . 
~~g~:~~ " H .... .. 
.. .. 0 ..... .... ....... 
:~g~~:::::: .... ..:: 
..~., .. ., .... ...... . 
;:::g":~~ 
..~ ..... 

•• .. .. ., ........ 
,.:..;.;,.:,.:..;..; "' .. ., .... . .. 
. ~ .... .. .. 

.................. .. .. ....... 

"" "ft :;e~ lit! :;eV.:lt! 

" iiil' " !il'& Ihi II·; i .J,,, ~J~" 

" • -• • 

"' ," ,- '!! i,I·". ,il· , 
i ij~~!" ~~I~ .. ~, 
0j",,11 ,o,i"', 
~ iilU~ .... d " o;: U ;;: .. 
.~~ ,. •• ;! ;;~ •• • ~~ 
:"l:"l !!iil !ii!51~ '>iiliil U a 

... .. o~ . ... o · ..... . ... g .. . .. .. 
" :0: .. :;:: 

.. .......... .. .... ... 
:!:;:g~gU 

.. ... ":0:: 

..~., .......... · . . . . . . 
~:::.g=::;l; 

N .. ...... .. 
.. 00 ..... .,0 · . . . . . . ............... .. ... ., ......... ..... .. .... 
... ... ., ....... ... · ..... . 
;;:::g"::::::: 
..~ ..... .. 

... ... "' ... " .... ....... 

.... 0 ....... ... ... .. ., .. ..... ... .. ....... .. .. 

... ............. .... .. ... .. .... .. 
• , , 'I 
U~ :I 

"jiii !hn 
·Ji " 

o -• • 

o 

II : 
• 

• I 
;;il i 

, ij'l i 
: ~§~~ ~ 
": "'Il;:;" ~ 
, "'I- , 

, , 

.. !! .... 

: ih! ! 
; I:il : 
, -II' i .. I! ... 
: . .. ,. . D • 

· ;"" '1 u :: . 
"j. ;~ ~ , 
II'· . , . i •• 

"Ii ' '" , 
• • • . '! ~~ .. :I 

, !~, • 
:P ; .. 

ii-.!! , ,C:3 . "j' !', . " '00',' .......... ;;tU ;; 

. '11'1 ! t so!: .. 

lIi!iii ii"U.~ • ;,mm, : :::;:;;;; ...... 

• 



...... , 
1'98 V~iabl. ~~il1 CUrve 
Libby 1Ie •• rwoir 

..... <nWI rul -JtJL31 1IfrLOoo.' C>r ...... 
uaOHaC rDl-.roLn ,"n.ow,QftI 
ru lU.l_ rt.OII UQOIQtIP'T,Crs 
III. Fal-.nn.ll ~,QftI 
Ill' ~ll OQoyon ctM,DI.Uftl 
Ill • .ruli H$UVOn UlIIID1.1'UT 
.».IIll &e:<::, n. 
u.sE ICC. " 
LOWU LlKlf , PT 

.t.u..-q:o ' .... '-.IVLH ........ , or VOL. 
"".I11III:0 anl-.nn.ll ......... u"' 
..,. ,n.lMM n.oor l\ZOIIl-.T,Crs 
MI. AJ1I.l-.IOLll OOTnOIO, un> 
IIU I\AA)I P<UUYOI~ ~D'T.qn> 
lin IWIII U!lDvon ..... ,DtI"."" 
' ..... :n &Ce."", 
u.sl ICC."" 
I.OQI\ I.'"if, IT 

."",II1II:0 ;ruII1-.nn.n UFWII.I Dr VOL. 
U'''''''D ,lIlII1-JIll,H D'rt.<III.uru 
""" 11111 ... rt.OII _IUIG:IIT,en 
I<I~ Jt1tIl-.J01.ll CIOTI't.'*,UI'O 
Ki ll ~YJl UIU:VO," COIITDT,UP'D 
lin "un USuVOIa ' ....... I,rur 
.... VJl IIIX."" 
u.sl Itt, rr 

.rot. 31 ~, rr 
~ ... Il_.nn.U nIUUoft._ ...... nlltD ....... 

" 
" " " " " " 

" " " " " " 

" " " " " " 

" " " " " " 
u 

" " " " " 
" " " " " " 
" 

2111.1 
2217.0 

2010.3 
2217.0 

2110.1 

5UI.0 
U .. . O 
"Ii,8 ••• '''7.2 
".0 

1111.7 
4000.0 
IOU.: 
"SI.O 
2Ut.l 
2116.5 

".2 
IIU.] 
.000.0 
Ill. : 

lfO(! • • 
ZOU.: 
201 ] .' 

'0.1 
U77 •• 
U " .l 
109,2 

HU. ' 
2111.1 
2 'U .0 

n.T 
1111.' 
5,n.3 
In.t 

U1S.' 
lIU.' 
2010.1 

55. ] 
101Z.0 
Hll.1 
'''.1 

1It1.' 
2UI.2 
2UO.] 

n.' 
31l. 5 

'Ill. 3 
237.1 

21".' 
21 52.7 
2HZ.7 

no> 

5"1.0 
nt • .• 
iOi.' 
IDS.' 

2112.1 

97.1 
un.7 
001).1 
"1.1 

Inl.' 
n9$.$ 
23~5.$ 

n.' 
JOU.' 
Ull.l 

721.7 
1I!JO . • 
2392 •• 
n'2.' 

n.l 
Un.l 
$000.0 
n!.' 

Ill7.' 
23'S. O 
2ns. 0 

".0 nu.l 
nOi.l 
'n.s Ii".' 2021. ' 2,n.' 
20.2 

U 1.2 
liOi.1 
220.1 

22U.' 
2 .. ,., 
2101.' 

-, 
~201.0 
2I2~.7 

~' 2 .' 
202.7 

1170.$ 

'f. I 
1I01.~ 
" 20.0 
111.' 

UU.' 
2407.1 
Z'07.' 

".1 
au.] 
$110.0 

'''.7 
1061.' 
t.OI. , 
HOI.' 

n .7 
10tl.0 
7UO.0 H'.' 1149.1 
202 1 .' 
2 U I.' 

20 . 1 
In.l 

1160.0 
222.0 

23<1 . 2 
2U1.7 
2U1.7 

"'&1 

51<6.0 
2i1'.1 
$ll • • 
119.1 

un.7 

91.1 

"".2 5210.0 
607.1 

l U O.1 
2007.$ 
2407.5 

60. , 
1121.1 
7210.0 
.... 1 

IUt.7 
2021.0 
: 121.0 

21.' 1".' 
7210.0 

225.7 
2338.5 
H51.S 
2451.S 

5221.0 
2111 .1 

"'.5 $U.1 
Ull.' 

Ii. , 
IOlS.1 
7210.0 
.. 4 .1 

UU.l 
tOlD.' 
2610.1 

U.l 
n7.7 

7210.0 
us., 

21SI.' 
H$2.' 
2H2.' 

'255.0 
1153.' 
367. $ 

lU2.2 
1123.1 

35.$ 
Itt .• 

1061.7 
250.1 

H62.t 
2U2 . 6 
tU2 . 6 

:"'.0 2"'.0 2Ut.O 20$'.0 2"9.0 2,".0 
.... 15.2 U.' !JO.' to.1 97.0 

II ......... 1.1: '"ru:-" MIllO! 
u. 

"" PJtOI. , J1.II1-DAn Inl'O'1! HIIlUS casU.WIl III""",. 2/PQCU.DII'G ~I '" TIIIU 

l! _ OISCllMG& UQOI..-n. 

"~<:CIIIHII"T '2510.$ "'",1 PIoOS 
, .... u:.AlU 

" CtIIII7UITIVI HIn _ omFlOl PIt.OH l/,DATI :"0 JUt.Y. 
" HI...,. 12. " II.I:V ...... ~I. I"""" no;II $~ COIITPT 

71 LOIID or U£V. I"f:CItI 61 C* M.SI ICC: OI"tUMIIRD Plt.10J. 70 n.u 
II OlEO TO aLC;VIJoTI '"'" PQWD. OI!OlUlOl UQIIIIUIUl<t. roo. 11. 

U IITIAL I, lOT 1101" I.&U T1WI l.0II"I,, LIMn. 

" 



Table 6 

Computation of Initial Controlled Flow 
Columbia River at The Dalles 
1 May 1998 

I M.y Fom:ISt ofM.y-August Unregulated 
RuooffVolwne, Maf 

MICA 

ARROW 

DUNCAN 

USBY 

WBY + DUNCAN UNDER DRAFT 

HUNGRY HORSE 

fLA TI!EAD LAKE 

NOXON RAPIDS 

PEND ORFn I F I.AK.F 

GRANDCOULEF 

BROWNLEE 

DWORSHAK 

JOHNDAV 

TOTAL 

S .... 

S.OOO 

IJ JS 

2 .• 12 

0.000 

0.188 

O.soo 

0.000 

0.500 

1.00 

0.540 

0.649 

o.w 
18.105 

Fonast of AcljuSl£ld ResiclUil RunoffVolwne. Mar 

Computed In;I;,,1 Controlled Flow from CIwt I of Flood 
Control Openling Plan. 1,000 "f5 

75.4 

IS 

11.105 

11.105 

42. 195 

". 



Chart 1 
Seasonal Precipitation 
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CHART 11 
COLUMBIA RIVER AT BIRCHBANK 
I JULY 1997 - 31 JULY 1998 
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CHART 12 
REGULATION or GRAND COULEE 
1 JULY 1997 - 31 JULY 1998 
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CHART 14 
COLUMBIA RIVER AT THE DALLES 
I APRIL 1998 - 31 JULY 1998 

Regulated by Mico, Arrow, Libby ond Duncan 
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NOTES' 

1. PERIOD OF RECORD FOR SUMMARY 1818 _ 1965. 
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Chart 13 
Columbia River at The Dalles 

1 July 1997 -- 31 July 1998 
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3 PLOTTED POINTS ARE THE MAXltvTUM DAIL Y 
DISCHARGE FOR THE WATER YEAR, 

4 THE ro, 25, 50, 1SAND 90% LINES REPRESENT 
PERCENTAGE OF TIME THE FLOW IS EQUALLED 
on EXCEEDED ON THAT PARTICULAR DA Y. 
THESE LINES ARE BASED ON TEN OA Y MEAN 
VALUES. 

--

.- - t--t---t---t-t--t---rf- ---.. 
- r-- 1- - f---

184 C 
1 --
i ' ',.,"/ \-
!'M2 I IJ'I f--j ' -\--4 __ 

Observed 
Unregulated 'fI~oi 

- - • !JO} lI~g 
18 19~ 192~ .. I I 

!--j- --f-+-+--+--f- --l--+--i==r==r==;==r=r~-=;==i--l--~---+~';'221!''-i· -- - -. W;~;I"_--,i--,.4\-_ 
-j - -1--. - t-- !­

~~\-+--+--+--+--+--+-~~4--!-

700 1-4-~-+-~~-+--+-4-+-~--~-4 -+-+-4~---t--r-~-+--r-+-+--r--
II U';" 1916 \ 

,9$; . I.~~+_-;-_+---+ 

'
11 1912 !SI2Z • ~f909 

'~0It66'" 'i,,:j''' 
600 

500 

400 

300 

100 

o 

10 '" 

10 20 

July 

10 20 

August 

55 

10 20 10 20 10 20 10 20 10 20 

September October November December January 

-- -- - t----t--t--'-69+0-,.j/~I.5 .jO;:OE'f,;,,9" 1898 "1\-+-+---1 
/"¥4J " 1/.9.5/ J4 1.1$3 IBSI..'I y~ 10 % 

10 20 10 20 10 20 10 20 10 20 10 20 

February March April May June July 



1280 

~ 1210 

• 
~ .. If 1260 , 
.§ -£ 1250 

> 

~ 
-2 124 0 

• 
3 

_ Grand CQule", full Pool --f---+-­
(wI1"IoSJ'oboords) E"~. 1290 - ..1~rl-

1 

r :::]- 01 APR 

31 MAY -;:r--,JII J~ 1,/ 
f " -i'-' 

\'5MAY .·" 

,'----l--~, .,...;, 

I-- f-"----l--\-, -\-~ 
• , 
• 

EI,"ot'ons During filling 
Grand Coulee (octuol) 
A,ro ... (adjusted) 

! -+----:,+-------.:- - ,.-
• 
• 
• 
• • • • 

I 
, , 

, , 
• 
• , 
• • - : 
• 
• , 
• 
• , 

• 

~ o 12)0 - ,:--c; 
, Eleva tion 10444 .0 c:-: 

_+ ___ I--__ +~,C' __ I--_Ar'o: No(m~ :u~ Po~ ~ : 

I I ",.j----'-----"-,--i-- - ---+~ 
I , 

o •• +---+---+---+---!---r---!--~I!-"-~ 
1310 1)110 1390 ••• .,. .,. 

Arrow Lake Elev. - Ft. Above MSL 

" 




