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Executive Summary 

Ap'eemena approved by the Enthiel dun", Ibe: period of IIIIs report inc:lU<k: 

• ne' aUed Opentlq Plan for ColllDlbla RIver Treal)' StolllF. 1 Aupt 1987 tbrough 
11 JuJy 1988, dated October !987. 

• Columbia RIver Treaty Entitiel Ap'eement to SlIMly Sevaal Qullltandin, Issues Concerning 
the AssUJed Opentl", Plan and Del(:nninalioD of Downslream Power Benefit&. 

• Columbia RIver Treal)' EDtll)' Aucemc:nl on PriQciplcs for tbe Preparation of Ihe 
Assured OpentlD. Plan IDd Detcrmination of Downstream Power Benefit Studies. 

• Columbia River TulI)' Enlll)' Ap'eement on Chlnp 10 tile Procedures for the Preparation 
of the Assured Operatlq Plan Ind DetermlnalioD of Dooomstrea.m Power Benefit Studies. 

SUb5equenl to tile petiod of IIIIs repon tile foIlowi", Ap'eemenl was signed: 

• Coh.mbll R\Ycr Tully MUred Operatinl Plan aDd Determillllion of Downstream Power 
Benctlt studies 10. Opentin, Yea. 1992.93, dated September 1988. 

System Operation 

The coordinatcd S)'5tem fillc:d 10 a1:>out 98.S'll> of capacity on 31 July 1987. The S)'5tem remained 

dose to fun throuJlt tile iummer altlloughlDO$t of lile reservoirs we.e S·IO feel beLow full by 

1 September. Fall .... very dry wilh mucll below DOnllll precipitation oocurrIDglD tbe September· 

November period. De:oember precipitation for tbe Columbia Balin was ncar DOrmal, as measured a1 The Dalles. 

resulting in I Janlllty ..... tcr supply forecast 10. tbe JanllIry . July period of 79.2 maf, 'n,9%. 

The .aual OOierwd runoll' was 'n, 7 mat, 66.9%, aDd the peak dally aycTIJC flow ob5crwd at Thc 

Dalles was 236,lXXJ cis. Oally flood oootro! 'cqlJCSllI ~re not used tllia year. Refill o f tbe c:oordinated 

s)'!Otem was seriously impaired by the low ruDOlf. On 31 July was IICI.r 84% of capacity, 

l'COjuiring that the Ihird.yea. firm ene,lY \oad carrying capabilll)' be adopted for the 1988-a9 operating )Ur. 

The lCoCllltlon at downstream projoru in the United Stata:, delivered under the Canadian 

EDtitlemc:nt EzcbanlC' Ag:rcemC.D1, .... 39l IYCIlIIC mepWitU II rale:tl up 10 1,os2 _PWltts from 

August 1987 Ihrough1! Mardi 1988, and 368 IvcralC RlCpw:iltu 1\ rates up to 1,012 mega ...... tts from 

u 



I April 1988 IlIrou&ll II July 1988. All aPE powct' _ I$Id 10 meet PadfiI: Nort~ loIIdI curia, the 

~riod 0( 11115 rt:pon. 

ProjK1 Operatioa 

Mica Ttelty 110nJe ... relilled 011 14 July 1\l87. ne reM:n'OIr _ crafted 10 III 1II1n.lm~1II IeYd, 2365.2 

feel, by I' April 1988. TlUlly IlanF"" .enLlcd by 10 Au"., 1988; 1KI'to'eva', IIIe lOc.I fUCfYO{r IlOTIce 

did IICI fully rt:flll .. IICn·Tleal)' aa:ounll 'Were oaly pIInlally IDled. TIle adv.al raervoIr level on 10 AUI",I 

was elevillon 2443.2 leel. 

Arrow ReKfYOIr Iwleclthe period lboIIl raur feet be..". 1'1111, ~, _ o(!lIe nuty IIOfIoF was in 

RlM:btoke. 'hie project .... dnflcd 10 dMolloo1 1l8:i.5 feel: IIr 21 Febfv.ary Ill8&, tbe Iowal le¥el of the 

~ratln, year. The ~r mlcd tlIroup IIIe 'Prill, lUIdIilIJ dMotioll IO!U feel: by It JuJy. TIle 

Idjl>l.led I_r.oir elevalioll .... lbov.l IIIIft ree, be..". ll1i1lcYc1 I' dMotioll 1436.5 reel as _ Be li)'dn) 

non ·TlUlty stance had been transferred (n)m Mica 10 Arrow. D~riDlllle nmmer addllioltll .... te, was 

trlosferred from Mic:I to Arrow to IIoId Arrow up lor r«:realioa U low fIowI were QUI{1tJ IIIe IXIOfdln.lted 

s)'Item 10 dllrt to meel power Io.do. 

Dv.1ICI1I RacrvoIr .... at 1'1111 pool dewtlon 1892.0 lett I I tk bo:PIIP iq, 0( tile period IlId IUIdIed III 

ioMal Ie¥el, ele¥ltlon 119(.2, reel 011 26 FcbnAry 1988. The reM:n'OIr rdWed to dMooo. Im.o 011 26 

July. Draft bepn oa 10 Au ... , reacblltJ I ~I 01188111 teet on I I AU ... L 

Ubby R_rvoi, IlIolled the ~riod neal ele¥ltlon Us.. (eel Ind remained In the lOp /lYe (eel IlIJou, h 

Labor Diy. TIle fUCfYOlr reacbed lIS lowell level 2317.4 feel on 26 Marcb 1968. Inllows 10 Ubby 10. tbe 

Septembc.r • Mardi period were 11M: sblll Ioweil In tbe 192fi.8lI pc:rior.I 0( rcwrd.. The obterved IUlIOff lor 

bnv.ary • July period .... the "-'t since 1m. ne n:ICnOJOr tiIlcd 10 cle¥ltloa UU.5 Llcel, 17.5 feet below 

full, 011 24 AuPJ'. From 24 Au ... , 10 JO Seplember the rtKnOir dr1rtcd aboul 20 feet. 
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I Introduction 

This aana.ol Columbia Rr.w Treaty EDtity Report II b" the 1988 Water Yar, 1 OCIobcr 1987 

Ihroup )0 Seplembcr 1988. 11 lDdlldelillfonnatioD 00 UIc: operation of Mka, Nrow, Duncan, and 

Ubby raervoIn dll"1lI thai period with Iddlllolll.l In(olll\lltion CO\'e"llItlle reservoir 5)'11cm operatin, 

year, 1 AIl""t 1987 IItI'OllP 31 July 1988. 1bc power and flood OODtrol effectS downstream in atnaoil 

aIId. IIIe United SU01C5 ~ dclaibed. This report is tile twenty..eoond of _ series o f aanual rcporlS 

CO\'eri"l the period ,tncc 11M: ratific::lilon of 11M: Columbia RiYer Truty to September 1964. 

DuIlCllD, Arrow, _lid Mka relCMlin In Cllllada IIId Ubby reservoir in (lie Unlled Siltes of 

AIncric:a _re oonstruaeel IIndcr !be provisions or tile Columbia River Treaty of Jan..ary l!ltil. Truty 

.torI", in C.nada is required 10 be operated for tile purpose or iacrusin, bydroclco:tric power 

",neration, Ind for flood oontroiln !be United States of America Ind in C:llI3oi1. In 1964, tile atnadian 

Ind the UnIted SlIteI p1:mIMnu cacb dcs1lnated an Entity to formulatc and <:Irry out tile operalins 

arn.n",mcnlll nco.:a.NIl)' 10 implement tile Treaty. 1bc C:lnadian Enlity is tile British Colllmbia Hydro 

and Power Autbotity (B.c.) H)'dm). 1bc United SUtCl Entity is tile AdmInistrator of Ihe Bonnevillc 

Power Administration (BPA) IDd the DMsinn Enpneer of the North Pacific Division, Army CorP'!' of 

Engineers (ACE). 

'The fo11ow1111 Is a l ummary of key features of the Treaty IDd rclateo;! documcnlS: 

1. CAJIada Is to prcMcle IS.S million aQ"e-fcel (mal) of usable SlOI1l"," (This has been 
acoomplisllcd wilh 7.0 maf in Mka, 7.1 maf III Arrow and 1.4 mat in Duncan.) 

2. For !be pUIJlOlC of oomputlnl dmmsU"ClJlt benefits the U.s. hydroclearic: facilities will be 
opel1ltcd in • manllCr IIuII mates the _ cftCdhoc lISe of the improwod strcaml\ow resultin, from 
operation of the c.n.adian I tora1"-

3. 1bc U.s. IDd Canada Ire to slulre equally the additional power ",ncrale<:! in the U.s. resultinl 
!"rom operatitMt of thc c.n.adian 110111"," 

.. 1bc u.s. paid c.M<.II. a lump lum of the S6U mntioa (U.s.) for C:lpected flood oontrol 
bcncfiu in the U.s. rc:llllltln, from opc:l1Ition of the c.n.adian Slora"," 

S. The U.s. Iw tile option of requestlDltlle C\IaCUIIlion of addltklllal flood oontrollpaoe above 
tlult specified In the Treaty, for • payment of SI.875 millio.n (U.s.) for ea<::b of tile firsl four requesu fo r 
tb.b 'on-aU" SlOI1l"," 
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6. The u.s. OOIIStfllded Ubby DIm wilh a reservoir lUI cnend$ 42 mila InlO C.1IIda and for 
whkh C.1IIda made !he land available. 

7. Bot.b CAnada and tile U.llted Statel IIIYe !he ripl 10 IIII~ diwnloat of .... ter for OOIISlImptM; 
uses and, In Itdditlon, after September 1984 CAnada has Ille optioa of mat!a& for power plirpoHl 
5pcciflc dlYenlolll of tbe Kootcn.y River JaIO tbc JlQdwaten of the CDhmbia RlYcc. 

& DitfcRnces arllina IInder lbe Treaty wbkb CllIlIIOt be reIOMd by tile IWO oollntrieol 1lIIY be 
referred to dtbcr tile International Joi.nt COonmillsioll (UC) or to arbUntlott by III appropriate tribun .. L 

9. The Treaty shall remain in force lor 1\ least 60 yean from ill date of ntlflcltlon., 
16 Seplember 1964. 

In In tile C.nadll.a Entitlcment Pllrdwe Alfeement of 13 AII""t 1964, C.1IIda IOId 111 
entillcment 10 downsuum J><I"I'CI" benefits 10 tile UlIlted SUtel for J6.,an bepnnia, at Duncan on 
1 April 1968, 1\ ArraoI on 1 April 1969, and II Mica on 1 April 1973. 

II. CI.Dada.nd Ihe U.s. arc each to appoint Entiticlto irnplcmcllt Treaty provlslolll aad are 10 
jointly appoInt. Permlnent EnJineetin, Bw.nI (PEB) 10 review aad report on opentlollS under the 
Treaty. 

, 



II Treaty Organization 

There were two meetiDp of tile Columbia River Trealy Enlltla (iDchadin& tile Canadian Entity 

RcpresenUIM abCI U.s. Coordlllluon) durin, tile ,ear on the IIIOnllnp of 2 December 1987 and 

2 May 1988 ia PonlaDd, Orep>n. The membeR of the two Elltitiel durinllbc period. of this .cpon 

UNTIED STATES ENIlTY 

Mr. J ...... 1. Jura, CIaltmIn 
Adm;n!&tntor, BoaDCYiUc Power 

Mmtllktntlon 

Deputmeal of EIlerit' 
Ponland, Orqon 

Major GcacI1lI Mlrk 1. SisiDyit 
DMsioll ED&lneer. 
Nonb Pact&: Division, 
Army Corps of Eacineen, 
Ponland, OreSOIl 

CANADIAN ENTITY 

Mr. Larry l Bell, OIailllUII 
CII.Ilrman, Britlsb Columbia 
Hydro aJId Power Authority 
VallCl)UVl:r, S.c. 

'The Entltleillave appointed Coordinatol"$ and .. Reprcscll taliYe Ind tWO joint sundin, commil!ees 

to assist In Treaty Implementation IoCtMUes. 'These Ire descrlbed In 5UbseqllCllt pan.gno.phl. The 

primary dulles and responsibilities of the Entities as speciroed In lhe Treaty Ind related docullKlllS . rc: 

1. Plan and adlallF iaformalion rd.tin, 10 fJdlilies used 10 obuin the benellts contemplated by 
tile Treaty. 

2. Caklllate aDd arran., for delivery of hydroeLectric: power 10 whldl Canada is enlilled and lhe 
lmoullil JIII)'IIbk \0 tile U.s. for alAlldby tnnlmil&ioD seMoes. 

3. Operate .. bydl'OfMlwroloJial system. 

4. Assist aJId roopcnl\e willi tbe PCI1III.IIcnl Ealineuinl Board In tbe dischar&e of ilS functioJlS. 

S. Pre~ hydrodeark: aDd Oood coDtrol operatiDI plalll for tile usc of C.nadilon 5tonge. 

6. Prc.-re and Implement detailed opentl", piaN IlIat IUjI produce raul .. more advantageous to 
both oountrlc5 llIan thote that would arise from OpentloD under UlUred openlinl plans. 

7. The T"rcaly prov;deI thallbe (Ml JCMmmen .. 1UjI. by In exdIanre ot 1IOtca, em~T OT 
dlarF the Etllilics witb any Olllcr mailer comlnl wilhin IIIe tcope of the T"rcaly. 

, 



'The Enlitiel ........ appobl1ed _ben of tllelr IUpea"'" luffl 10 lel'YlC U ooordlulOn or rocaJ 
poInli 011 Treal)' manen within lbelr orplllzltlonI. 

ne IllUlben ~ 

UNI'TED STATES ENTITY COORDINATORS CANADIAN ENTITY REPRESEJorl'A'JlVE 

Edward W. SienkkwlQ, COOfdlutor 
Senior ......... Admln"lnllOr lOr Power 

MaI\llJCIIICIII 
BoanevllJe Power Admln"lrallon 
I'onLllld. Dn:1OII 

Robert P. AI ... pn, COOnIlallot 
Qief, EaP-ln, DMIoIolo 
Nonb hQtk DiYWoa 
Army Carpi of EDJlneen 
Ponl ... d .. OrcIOfl 

John M. Hyde, Secreury 
alief. Seuonal P1annln, Seclion 

Dtvisloll 01 Power SIiPPIy 
Bonneville Power Admlalmallon 
PortIaDd. Orqoa 

Doupu R. FomIIt. MuaFl" 
CHadian Elllil)' 5eMcDt 
B.C. Hydro and. Power AII1borIty 
Va_. ac. 

'The Open.tiJll COmmlnee .... Clublilbed In September 1968 by tbe Entltfa llId .. rupollSibk: for 

P~pllrill' aDd Imp\eme.ntln, oper1ltlD, pIIM . reqWted by tile CoIllmbll R1Yer Treaty. matlDJ I1l1diel 

"' ..... 
UNI'TED STATES SECnON 

Robert D. Orimll, BPA. CO-OIlI1I1111I1 
Nicbolu A.. Dodae. ACE, CO-ChlJrmI,n 
R_U L. Qeorae. ACE 
Jolla M. Hyde, BPA 

CANADIAN SECTION 

Mr. I..aftace E. NdIoIiI' • d Mr. WiIlLanI N. no., 011 I OeM bcr 1981. MI. n..., ... ta\'Od 
on tile Opentin, Commluee alII« 20 All"", t9IJt . 

• 



There were lilt _In" oflbe Opcntl"l Committee dutIIIJ lbe year. The dates, places IDd 
lIumber of peno'" IUeDdillt lboIe _lIIp were: 

4 No¥ember 1987 
12 JIIIUIlY 1988 
15 MlrdI. 1988 
10 MIy 1988 
12 July 1988 
13 September 1988 

VIllCXlU'o'er, S.c 
Portlud, 0re101I 
VaDCO\IYeI', S. C 
_au"", 
HudIoD's ~ S.c 
Vlna)uver. WlSII.lnJ\OD 

AttelldeG 

" " " " ., 
" 

TIle Operatl", COmmIttee coordlMted tile: operation of tile: Treaty stora~ In accol11lDCC with the 

current II)'droclcruil; aDd t\oOd cnntrol opentlnl plallt. Thif.pea of tile: Commlttee" work is 

deKrlbed In followi", scc:tloas oflllil report wllk:llllas been prepared by tile: Committee witll \be 

_I$tance of othus. Durtallbe period CltI\'W:Id by tltis report. the Openllnl Commlttoe wmpk:lcd the 

1987.88 Detailed Openti", PIIIn (DOp). The Open1iol CommUtee lIIbmittcd 10 tM PEB I number of 

issue papc:n Ind the results of lbelr Itudies to determlne tile: impac:t of _!:II propoeed wnp to tile 

Assured Opcntiol PIIII (AOP) aDd DctennlMtion o f Downstrt:llm Power Beneflts (DOPS). On 2 May 

1988. the Committee briefed lbe PEB o n lbe AOPIDOPB. issllQ and the results of lbe studies. 

Subsequently. lhe Enlltla 19oed 10 prillCipies and dLIII,esto tile proocdura for Ihe preparation 

of tbe Assured Operatlnl PIIII Ind Dctermilll.tion of Downstream Power Benefits. Willi this alreemenl 

ill p\ac;c tile: Entitles were Ible 10 ooJldude tlleir II""'iCI for lbe 1m-91 AOP and DDPS. Due 10 the 

delay in Olmplctlllilbe 1m-91 AOP Ind OOPS the 1993-94 It""'la Ire behind JChcduJe. 

EntUy Hydrome~1 Committee 

The HydrometeoroJopcal Commlttee _ established In September 19158 by the Entities IDd Is 

n::Ipoasibk: for plannlnl aDd monltorinltlle: opc:rlltion of data facilities in accord with Trelry aDd 

otherwise IISlstlnl the Entltiea IS needed. 'The Commlnee a)1ISis1S of four memben IS follows: 

, 



UNrIEO STATES SEcnON CANADIAN SECTION 

Mitt W. MaMr, BPA, Co-Cbalrman 

DousJ- D. Spocn, ACE, Co·Cb,,jrman .Jolla R. Oordoll, BOI, Member 

TIle Hydrometeorolop:::ll Commillcc did 1>01 meet dll..u., the ~pon pcrioG, bIIt dllcl.red o n 
~ral mallen by telephone. In I"nesal. <bta wu excbupd laIOOtIIly ""'Ill DO major problema. 

Penn.DeDt EII,hteerinl .. nI 

ProvtsioBl for the aouobilshlllellt of the Pel1lWlellt EnIiJleUlll& BOiard (PEB) aa.d Iu dlltles aJId 
respoll$ibilitia. Ire iDClIldoed In tile TreIoty and rela~.so.:u-IS. The memben of tile PES are 
presently: 

UNnED STATES SECTION 

Lloyd A Duscha, Chairman, 
WashinClO", D.C 

Ronald H. Wilkersoa, Member 
Tulia, Oklahoma 

Herbert H. Kennon, AltcllIJIte 
Washlnaton. D.C 

T1Io_ L. WQYC1, Alternate 
Oolde.n, Cokn"No 

s.A. Zlnpncll, SecretaI)' 
Wasblaaton, D.C 

CANADIAN SECTION 

O.M. MKNabb, 0I&irmaD 
Ottawa, Oawio 

T.R. JOIIIIIOn, Member 
VIctoria, B.C 

H.M. HIIIII, AlteTILIIC 
Vktorla, B.C 

E.M. Clark, AlterDllC & 

""'0 
Vano;oll\'Cl, B.C 

Mr. Wilkerson _ appointed to r\KUled Mr. J. Emerson Harper o n 18 April 1988. 

In I"nera~ tile dillies aDd rspooaibilitia. of lhe PES are 10 assemble reoords of flows of !he 

COlllmbla RIver aDd tile Kootea.y River at !be intelllltlonal boouldaiy, repon 10 both JIl""ClIUDCIIIS If 

there Is deviation from tile hydroeJec:tric or f\ood Q)ntrol operalln, plalll, &ad If appropriate, illdude 

reoommendations for remoclialloClioD; assist in reoolKililll ditl"erencea 11111 may &rise belweea !he 

Enlitles; make periodic Inspections &lid obtain reporlS • Keeled from !be Entitic:t to &a1lfC Wt TraIl)' 

objeClhoes are be;n, met; mate I.D lD.IIu.aJ report 10 bolll JOYefllJllCDts aDd spa:lal reports wilen 

.pproprilte; a}!l$ult wilh lhe Entities In the establishment aDd operation or a bydl"Omc:teorolopo;al 

system; and, invenipte and report 011 I.D)" OIlier 1'rea1)' . eiltod matter 11 !he .tqUCIt of dtM. 

JOYCrnment. 

The Entities Q)ntinllOd IlIcir oooperation with the PES durlllJ lhc past year by provHlin8 aJpies 
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of Elttll)' .~u, operatlD, plana, downstrwn power beDeDt ~pIIl.uiona, wrrcaiollS 10 

hydrometeOTOlop;:aI dof;wacnlll,' report 011 the ImpKl of proposed c:ll&qel1O tile AOPJDDPB, .00 the 

IDDIIai Elttll)' repon. 10 tile Board tor Ihcir miew. 'TbI: luual Jo/Dt meedn, of the Pcrmtrw:nt 

Eapa.ccrina: Board.tId the EatlliCII _ heW 011 the afternoon of 2 December 1987 in PonlaDd, Ore.,:>n. 

'TbI: Eatltlel also met 'llith tile PEB on 2 ~ 1988 10 4iscuA difJemK:es betwoen tbe twO Entities and 

the PEB 011 the auwnptions lOr I!Id p"'p-nllion of AOPs, tbe metIIodoloC for dclennioill, <knrmitream 

power benen.1I, ItId SlCpt nMI'VIry 10 wnch.dc. mutually aa:epllbJe 'ucemen!. 

TlIc PEB I\Q cstllbtislted a PEB EP.JiDeerin, Committee (PEBoot.!) 10 assisl in g,rryinl o ut jill 

dulles. The mcmben of PEBooM an: presently: 

UNITED STATES SECTION 

SA Zanpncb, Aalnl O>aimLI.D 
Washington, D.C. 

Gil)' L Fuqua, Member 
Portland, Orep 

Lee F. Joh..n$Oo, Alternatc Member 
Washington, D.C. 

lnternatloILIl Jomt CommLuion 

CANADIAN SECTION 

R.O. "Neil' LJOIIS, OIainnan 
VancouYer, B.C. 

DavKl 8. Tanner, Mcmber 
Victnril, B.C 

'TbI: InterJLltional Joint Commission (UC) ..... Cfeoted under the Boundory W.len TrCollt)' o f 1909 

between ~ I!Id the U.s. 'ill prindpaJ functions Ire rellderi", decisions o n tbe use o f boundary 

WIllen. lllYCStiptln, impor1.lnt problems .risln, .loJI,the ~mon frontier II.Ot J>eccl4,lrily wnnected 

'llith Wltern)'!, IDd llllkin, rocomlllClldations o n III)' question rcfetred to It by eilher aow:rnment. If . 

dispute colICUIIllI, lhe Columbia River Tra.1)' wukl not be resol\'Od by the Entities Of the PEB it wou ld 

probably be referred to tbe DC for resolution before belnl submitted 10 • tribuDaI fOf amjlntion. 

, 



The UC .appolnled Ioc:ll bids of 0ln1rol1O lIIIun comptlllla: willi UC orden aDd 10 keep 

lhe UC QlrJeatly 1lI1ormed. 'There are row ,QdI 00mh _I of !he oolulDeDlll dMde. TIIeK Ire IIIe 

lIuemaliDJuol KooImay Lak8 80anI of CODtroI, 1118 IDlet'llatlou.l OlhuDbilo Rhoet BoIn:I of Olntn)!, the 

Intematloftll a.o,oo. La« Board of Olnuol aDd !be IDtemltloftII SIIqII Rhoet brei of CODlroI. The 

Enliliet IDd lbeir conunillca wndKled 0teIr Treaty actMlIeI dllrln, tile period of Ihls report 10 lhIt 

lhere _ no known canDia willi UC orden or rulc:a. 

• 



Columbia River Treaty Organization 
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III Operating Arrangements 

Power .. ltd flood Control Open-tiDI PM ... t 

TIle Columbia RMr Trea'l' requires tIIIl the meMlin COIIII~ III ClUiA be opcnlcd 

pununt to flood control and b)'droeledric opcn.l!1II plalll clc\leloped IberelillOer. Anna: A of 11M: 

Treaty ilfpu\a\el IlIai the United SUtel EnUty 1'I'i11111bmh flood control open lin. plans llid thaI the 

Clnadlan Entity "fill operate In .a:ordaDCe w:ltlll'lood OOIIIlroIllonae dlap1ll111 or III)' YIIrlallon ..,bid! 

the Enlilicl llJOI= win !lOt be achoene 10 11M: doeti~ aim of tile Iklod OOIIuoI plaD. AIlDex A allo 

plO'l'icb lor IlIc IkvcIopmcal oIl1)o1rocla;lrio; opcn.tln, pIUs 1M ~ ill .ovanae 10 I'Imllsb !lie 

E/lillics willi In AMllred Opcra'II, "lall lor C.udlaa Ilon,e. III oddil"". Ankle XIV.2.k oIlbe 

Treaty proo.iclQ ''''I • Det.ilod OperaUn, ' lan InIlJl be developed 10 produce more adYanutrous resulll 

IhrouJII the ...., of eumnl estimates ollol4s and U,IO"rca. T1Ie P,mocol to the Tully provIck:I turtbe. 

ckl.ll1 &rid darificllioa of tile prillCiplellnd reqlll,eIKIIQ of tile Treaty. 

The 'Priadp15 1114 Procedural lor the PnpanlkNI aDd Use of H)'drodaark Opcn.tillJ Plant· 

dlled May 1983 lo,elber wilh the 'COlumbia Ri¥I:r 'l'raty Rood COntrol Open-till, Plan" elated October 

1972, esubllsh Ind explain tile acne ... ! criteria IISed 10 plan and Opcn lC Treat)' ItorIIJC durinllbe period 

covued by 11111 reporL 1'1IeIe doeIImenll *COre prevIovaIy.~ tor IIIe Entllb. 

11M: planRil' &Dd opentioa or Trelty ~ac'" d!tnmeA 0. 11M: foIloorill, polIS ill for the 

opera1inl year, t Au,.1 IlIroup JI July. 11M: plannln, Ind operalin, for U.s. 'IOnte operated 

acconHnl1O lbe Pacific Notl hwell Coordination "Jree1M1l1 II doIIe ror. Iliptly dltJerenl operallnl 

year. I July Ibrou", JO JII!Ie. T1Iererore, 1lI0II1 of 1he ¥rocrapbl and ~ cIulT1l III IIUI upon Ire 

for • IJ monlb period. Jllly 1987 Urt)IIp Jllly 1988. 



The Allured OpentIDJ Plan (AOP) dated September 1982 establislled Opel'lulnl Rule CIIrva for 

o.mc:.n, Arrow alld Mica dllnnllbe 1987.88 opentin, year. TIle Openllnl Rule CIIrva provided 

JIIideIlDeI (or rellD k:Yeb .. wdl .. draft ieYels. They were derIYed l'rom Critital Rille eurw:s, A.uured 

RdllL CIIr.a, Upper Rlik Cur.a, and Variable Refill Cur.a, amsls\ellt wilb t\ood wntrol 

reljlliremeats, .. daltribcd In \be 1983 PrincipJ.e& 1M Procedures document. The Aood Control Sionge 

R.elervalloa CIIMS were esllbU.bcd 10 wnform 10 tlte Flood CoIInol Opcnuinl Plan of 1972. 

For eadI Open.ti!l1 )'C'Ir, tile determill.l.lion of downllream power llenefits relultinl from canadian 

Treaty IlOnp: Is made tI¥e)'C'lfS In ..sv.nce in conJuDClion wilh Ihe A.uured Operul ... Plan. For 

openllnl)'C'ln 1986-87 and 1987.88 the cnlmales of benefits fC$ullinl from opentlnl plam desi,ned 10 

adlleYe optimum openlloa In both wuntrles were less than IlIat wIIich would have prevalled from an 

optimum opcntlDD III tile Untied SlIta onl)'. Therefore, In aa:ordance with SectiollS 7 1ft([ 10 of Ihe 

CiDadlan EntItlement Plirdlue AJreement, the Enti tles 1JR'ed tllal lhe United SUles _ enlitled 10 

receive 3..S IYmlp: mepwalll of enere durin, the period I Augusl 1987 througb 31 Mm:lt 1988, and 

2.8 avenp: _ ....... 111 of cnere dUlin, !lie period from 1 AprilthrouJl> 31 hI)' 1988. Sliitable 

arnngcrnenll were made between the Bonneville Power Administntion and S.C Hydro for delivery of 

this cnerlY. ComplllltJons lnditated no as Of ... In In dependable capacity du rin,lhc 1987-88 operlling 

,..,. 
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Dttrolltd Oper'1ltin, P"n 

Durin, tile period covered by tUI repon. 1tonte opentiocll were IIIIplemellted by tile OpmitiIIJ 

Colllmluee III __ nee with the "De&Io11ed OpmitillJ Plo for CoiulllbII RlIoa Treat)' Stonte" (DOP). 

dated October 1987. The DOP ~ubllslled ""ten. for oktcrmlllilli tile Opmitla, Rule CUM!! for Ide In 

duri n, tile la" IIIlf of April to Impl"OYC the IIydroupLlltlon In the 1987-811 Padtk Nonhwelll 

Coordlnalion ...... ee_.l opcntin, pIaa. 1lIe Variable RdUI ewvc. and IIood _troI ""IIu1mlle1lu 

sub5eq~nt to I JI..nUlry 1988 wen: delennhled 011 tile ..... of _ I voI.me nmotr ror-u durinl 

actual o pcnllon. In addition. lhis DIlle lint year in "'bid! r.uh. of lhe Aelual EncllY RCluLIIlion 

DIIriq 1M perbi covered by tUI repM. four qI_u were olnclally aPJlf"O"ed by the Eatltka. 

Subseq~nl to the period of lhltt n:pon IIIe AOP and OOPB for 1992-93 _ liped. The roIlowtnl 

UbuLlltion 1nd1c;1I~ !be dale eac:II of thac were liancd or IpptO¥ed and Jha I dc:Iaiptlon of tbe 

o.lc~nt 

SI' 0ed by En!l!let 

2 Deoclllber 1987 

2 Doccmber 1981 

!)aq!pllon 

Deu.11ed OpmitiIIJ P\&lt rot 
CoIuBlbIa Rfter ne.", Ston,e. 
1 AIlJUSI 1987 throap 31 l illy 
ISl88, daled Ottobcr 1987. 

CoJumbll RlYer Tracy Eatltiel 
..t.ar-1U 10 St.ty 5e¥cral 
OuIS~ks_~ 
tile .!UIllred Opc:ntin. Plan IIId 
Determination or Dowutteam Power 
Eknellt St tKIiocl. 
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28 July 1988 

12 AIIJllSt 1988 

1" October 1988 

Lon.1 Term Non-Truly StorI.,e Coatnct 

Coilimbill River Trealy Entily AJreemeDt on 
PriDdples tor tile Preparation of the 
AMlired OpenltlDS Plan Ind Detemllnatlon 
of Downstream Power Benefit Studies. 

Coilimbla River Treaty Entily A&reemcnl on 
Chlnp 10 Procedures for tile I'rqIaration 
of tbe A$!Iured OperallllJ Plan Ind Determination 
of Downstream ro.r.er Benefit Studic&. 

Columbia PJver 1'rcIty AMurcd Opcratin, Plan 
all4 Dctcmin:iUion of Downstream Power Benefit 
SIIKlIes for Operatin, Year 1992-93, daled 
September 1988. 

In aa:ordaDce wilb (be 9 AprIl 198<4 Enlily Aircelllent .... hich approved the OOntraCl between B.C. 

Hydro and BPA rdallllJ 10 (be iDllill fiIIIn, of IIOII-Trealy SIOraJC, ooordinaled II$C of non_Treaty 

flOraJC, and Mica and Arrr;,N refill enhancement, lhe Operallll' Commluce monitored the stor"e 

opcratlonl m.dc WIder the Avcement to insure that they did IIoOt adversely lmpace operation of Treaty 

SIOnlJC mtWrcd by tbe Dcuoiied Opcratio, Plan. 

Apftn"IeDU OR Priadplu .nd P,uu:dares 

As a ~ult o f e:rtenslve Study of the lechnica1lmpilcatioDS of YlOOUS allematlyc Interpretalions of 

the Treaty and related documellts, and eumlnatlon of the 1clilIUpport for SlICh altern. lives, lhe 

Entitiel aareed on III interpretation lhal will be used in the development of fulure Assured Operating 

Pt.ns and tbe Dctennllul\ion of Downstru.m Benefits, This is embodied in the aareed to principles 

daled 28 July 1988 and the oorrespondin, procedures dated 12 AUJllSt 1988. "The documenL\ clarify the 

definition of the k>Id::s of the Pacific: Nonbwest arca, thennal rcsoura:o which m.ay be displaceo;l and how 

1IIese fCIOIIra:o are assumed to operate in cak:ulalin, useable eoc'l)'. 

'The Agreements aJso deocriba the IlreamOows to be used in the studies. and lhe Wly in wbich the 

effecq of imlilion lhoIIld be l1!duded o.oer the oourse of time. llw:re arc: also • number of 

Interpretations 011 bow indivichaal plants lIIould be operated wben they Ire Included In lbc studies 



ICldlllJ 'p 10 .. ~t or \lie AaIRld OpenItilll PIaa qd ~tioII of DoIrtBstreolm 

8c1lC1itl. 

Indtlded III the AJreelM1tt " I way In whidl CIICfI)' 1M)' be "'It'Icd bct10 Ie" ya.n of lIIc Critical 

Period, ud the way in wllieh I"l' l'QultillJ beadllI .bou.ld be delenDiJoed. TIM: Acreemenll alto 

IC~F IUt .. U.s. fInI eKfl)' may be .lIIped .. tile Step I tllOdy. 

Thc:se ~nlt rtp'elCllt l--=r miIeItoee ill tile coopaltM erron 10 IOlve loq-.taDdilil 

probkllll associated with ~t 01 u ope .. tilll pili 10 tile mutual beldlt or botll 00II1Iuies. 

" 



IV Weather and Streamflow 

CIuIn 1 Is. JMVIphkll illlI&tnlion of tile 1CUO!la1 procipiulion in the Columbia River Basin. in 

peroe.D.t of normal, (or tile period I Oaober 1987 Ihl'Oll&ll 30 September 1988. O\.a" 2 show$ an indel 

of tile ICaImulatod. snowpad:: in tile Columbia Basin above TIle D.lla in percent of normal for tile 

period 1 JanlW)' lluoup )1 May 1988. Indices 01 tempentUI'C aDd precipitation in the Columbia Basin 

tor tbe period I Sep\cmbcr 191J7 Ihrou&h 31 Aupt 1988 Ire IIlooon on Cllaru 3, 4, and S. The 

rouowm, panpap"* de$CrIbe IipIlk:aDt weather e.oeau befWCCJI I ""UJIIIII 1987 .nd 30 September 1988. 

WCliIOO In tile basin (ell into three poupinp: tile monills of September through November were 

warm and dry. JalllWl'.nd Febnoary weI'C "" .... ble and the Oilier months of the yeu were centrally nUr 

normal. Durin, September aDd October the O'llumbil Basin was aenenlly under the innUCIIOe of high 

prcaure ridp thai rorml ~thcr ")'SteIN either inlo British Columbia or into California. This Jefl lhe 

North .... cu pnak:ally nialc:N as tbe record l!I:l't) precipitation durin, September I' ~ Ida ho, 

demonstrated. The more IIOnhaly 110l1Il Ina, bowcvcr, did pl'OYidc some preo.:ipiution 10 Ihe Canadian 

ponion of tbe t..sill lIS indicated b)' the 30 pem:nt of lIO,mal September plllCipilltlon .bOYC Orand 

CoIiIcc compared 10 ooly 5 pertent In the Snake Basin. October was cycn drier wilh only to pm;en t 

lboYc GrInd CouJoe and 7 pertent In tbe SlIake Basin. There ...... definitely a beginn!n, of a drouSht in 

tile makin, wltll tile Co!lImbla Basin aboYc 1lIe Dalles u.in, only 20 pertent of normal precipitation in 

September and 11 pertent In October. 'The ...eIther durin, the ~1 wcelt in Noycmber continlled tile 

pattern of the preW:llJ$ two Il1001/1$, Thcn, klr tbe nat two VlCCks, a series of storms entered tbe ba$in 

.J>C1 dcpoIlted 1ICar normal .lIIOUnli of precipitation. HoweYef, willi tile fiBI and lut weeks dry, 

NOYCmbcr ended willi only 56 pertent of IIOrllUll precipltallon aboYc The Dalla. 

" 



TIle slOrmy .,.nem of Deocmbcr bcpn on IIIe flnl "fI'Ilh a deep low pressure system In IIIe Olllt of 

AJasIta selldln, SlOrms OnlO the Ore.,.. aDd Washi",ton _ ... Thae storms. aDd C5pcdaU)' lhe heavy 

olOrm on 9 December prodllCed lro.-e DOIlIIII preclpitatloa iD the ooulll lad C ..... ade bulns. 

Unlortunatdy. these otorms tailed to penetrate mild! be)'oDd tile ClicadC5 IlId coaseqllelltl)' tile eutenl 

buiDs, especially tile SlII.ke Basin, did not receiYe 110l11li.1 proclpitallon. Preclpitallon durin, tile lalter 

balf of tile montb wu aenenlly below norma~ but. because of tile heavy precipitation duriq tile first 

balf. tile _rap lor December """Il' 91 pm>enl for IIIe baln aro.-e Orand Coulee, 8l peroent .ro.-e 1<:e 

Harbor. ~. mild! lro.-e normal preclpltallon In eastenl WasblllJlon .Dd eastem Orqpa callSOd 

tlte precipitation II TIle Dalles to rise to 98 percenl of avmIF-

Both January and February bql.n dry. followed 1'1 a _k to 10 da)'s of ncar IIOrmal prco;Ipltallon. 

and eDdin, wilh I'lOO _b of dry weatller. Botb _Ills elided "fI'Ilh below IIOIlIIIl pm::ipitation. 

Pl'IXipitation Indica In January IlId FdIruary for the buin aro.-e TIle o.llea were ,. and 61 perocnt of 

.vcnae. respectively. The drou&bl WMI:mII wntlnlled since lbe seasonal (September . February) 

predpitatlon for the buin aro.-e The Dalk:a _ only S8 peroeJlt of normal 

TIle _tbl:r from Mardi throll'" Au""t wu ncar normal Eadt IDOIIlh had a series of warm aDd 

dry and tben wei lad wo1 periods. iD III cues tile end of montb predpltatlon IOtal for the Colwnbia 

Buin ... ncar 1IOIlDI1. Warm tempeRtllreJ, \0 iDdIlOC snowmelt, were -U ICIttered tbmuJbOUt tbI: 

snowmelt period IlId were of $hon duraliolt. For tile period S-IO Mardlllle tempent_ in tbe bain 

were apprmimatdy S ciev«'l Fabmthelt aboYe 1I01lIII1. 5013 April tbey were 12 dep'eeI Fahrenheit 

abow: DOrmal, and durillllO- I2, 15016, and 21·22 May they were 7 clev«'l \0 10 dev«'l Fahrenhdl 

abow: normal Linle or no snow remllned in the mounillins after lbe end of May. 

The prelimilll.ry and lilll.l monthly predpllalloa lndloel for tbe CO!lIl11bil. Basi, aboYe TIle Dallea 

.re .hown below. TIle lilll.l pm::ipitatlon dltl'cn from tile ptdimiDlry indIoeI beca_ the prdimlnuy 

index is wmputcd usin, 16 &enerally representative .tations. TIle DUll hMSe:lt Is based on 

" 



60 , .. tklllS llId II OOIIIplltcd at the eDd at eacb IOOnth Itter III the dI .. Ire w llcacd. The folLowiIll 

1Ib111111on Jbows the 2S-year lIVen., (1961-19115) IOOnlllly prcdpll.ltion and the monthly IlKlm for 

Wiler Year 1\188 (WY 88). 

lS-ycar WY -88 Indices 
Month Aven., (In.) Final{'lL) Prelim(%) 

""87 1.75 n " _87 ." " " "" 87 '" OJ " Jln 88 3.tO " " I'd> " 
." " " 

M,,, " .. " III "" Ap,88 ' .6S ." '" """ .... n • " JIIO 88 ' .93 87 82 ,. " .. '" 83 "" AUl88 .." " .. 
"p" u. " " 

Strumtlow 

The oI:!$erved inflow Ind outflow hydrograplls for the period I lilly 1987 to 31 July 1\188 are sh,w," 

On Chans 6 thrnllg:b 9 for tile fOllr Treaty rC$Crvoin. Ob$erved no..... with tile wmpuled unregulated 

flow hydrogaplll for the same 13-month period fOI Kootenay Lake. COlumbia River II Birchhank, 

QJlnd COulee and The Dalles Ire sllown OD Chans to, 11, 12, and 13, respectively. Chan 14 is a 

bydrogaph of oI:!$erved Ind anre",lIled IJows It The Dalles during tile April Ihroug:b Jul)' 1988 period. 

In addition to the IInre",latcd bydrograph, I bydrOJrlph sherwing tile nows thai would ll.lve occurred If 

re",laled only by tile Treaty TCSe1YOin is also sllown. 

Streamllows In tile basin lbove 1be Dalles were below normal for tile enllre openllng year. 

Tbese 110M were I di.ect relIection of the dl)' wnditions as the pteeipil';lIion for the basin was below 

IIOfII1II for the opentl", year. The peat Tqllllted dlsclla ... was Z36,lXXI ds al The Oallea. 

The 1987-88 monthly modilled SlreamlJows Ind the lvenge monthly no..... for the 1929-1978 period 

Ire aIIowD in the followi"ll.lble 1"0. the COlumbia River.t Onnd Coulee and II The Dalb. Tbese 
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modilled 110M JIr.oe bee:D adJ1IS1ed for Itorase In lakes .1Id ~MlIn to _lode tile ellects of replatioll. 

They .re .bo adJ.-toci to tile 1980 ~ of deoelopment for lrrfptioll. A comparison of 1988 .... uea 

with lhe 1929-1978 period of rooord. sIIows tlial for OraJld Coulee tbe 1988 flow _ tile rourtb IoM:&t In 

tile period of rec:on:I, for The Dalb, the 1988 flow .... ntlillowclt comparocl to the 5O-year period of 

"""'. 
Columbia RIve •• 1 Columbia River .1 
Grand Coulee in cf:J The: OallellD cA 

TI~ ModirJed F\c:rw A_go Modlllocl F\c:rw A-., 

"""" 1987-I288 1929-1978 1987-1988 1929-1978 

Ao. '" "'''0 100,1"2 ""'" "' .... "p '" 46,710 6<4,"S7 08,630 91,21" 

"" '" 23,7SO ""'" 51"", "'"., 
N~ '" 24,I$) "s,sn """ ",,, 
Ott " ""'" 43,793 S7,100 9S,I66 ,,. 88 """" ,.,.., S3,920 91,901 

'" 88 23,"SO 41,()4S ""'" 102,817 
Mu 88 "''''' """ ",<no "'.m 
Ap' 88 "'''''' 117,432 210,900 221,814 
Mo, 88 """'" 272,024 31",600 "21,758 

'"" " 239,47Q "'." 326,1$) "'..,. 
'" " 131,880 "''''' ''''''' 216,610 

YEAR 81,S6!l 112,678 127,.3Joo1 180,649 

Susooal RuDOft' Forecuts aDd Volumes 

Ob$e!"le(\ 1988 Aprilthrouah AUIUSI runoff YOlumes, adJlIStocItO tIId\lde tile cfJcas of reJUlaooll 
of upslream ltoraae, Ire lisled below for tipl Ioc:alions In IIIe Columbia Buln: 

LocJljog 

Ubby Reservoir Inllow 
Duncan Reservoir Inllow 
Mia Reservolr Inllow 
Arr£YW Resenoolr Inllow 
Columbia RI¥e"1 Bird!~nlt 
Gr.nd Coulee RescMllr Inllow 
Snake RIver.1 !...ower Granite Dam 
Columbia River II The Dalles 

Volume la Pcn:eat at 
I!XX! Aqe-Re! 1961-«1 AWQIC 

...., " 
2,(WJ 101 

10,700 92 ,... .. 
"''''' " 46,900 7S 
13,100 Sf 
~~ 67 

Forecasts of scuon.-l runotr YOlume, based on precipiUll10a .nd t.nOWpIdI dIolI, were preparoclln 

1988 IS US ... ' for • larSC number of Iocalions In lhe Columbia River Buln .nd updatecl eadI. montil IS 
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tbe season IdvaJK:ed. Table 1 IIlQ tbe April throw", Au",,1 'o'Olwne illfJow forec&S1S for Ma, Arrow, 

DullCarl, llId Ubby pro;c.;u and for Ullre,uJlted ruIIOIJ for the Cohllllbil Rhocr II The Dalks. Abo 

slIowII ID Table 1 are !be IICtIlll 'o'OlulI'IeI for Ihese fiYc loaillom. The forec&S1S for Mica, ArnIw .nd 

illflows ww: pre~ by the United SUles Columbia River Po_tin, Senice. The 1 April 1988 

~t of JIIIU", Ihrou", July runoff for the Columbia Rlver.~ The Dalle$ _ 74.0 MAF Ind Ihe 

IICtIlaI obserYed ruootf .... 72.7 MAF, I 1.3 pcroclll ditfcrcnlial. The followinl tabulallon summarizes 

IIIOIltbly fon:aIsQ sinoc 1970 of \be JlnUl", Ibroup July runotf for the Columbia Rlver.~ The 

Dalles oompllred 10 lbe ICIwl runotf measured In mlllions of acre·~1 (MAl'): 

"'" "" ... "" Am "" &l1I!I 

"'" "'-' "., '" '03 "., "., 
"" 1l0.9 no., ".0 13-4.0 133.0 135.0 137.S 
.on 110.1 """ ''''' , .. , ' .. 0 146.0 1S1 .7 

'''' 
,,.. ... , "., no 80.' ,., 71.2 ",. 123.0 13S.o 140.0 "'" 149.0 147.0 ,,., 

"'" ." "'" 114.7 116.7 11S.2 11 3.0 112.4 

"" 113.0 116.0 121.0 12-4.0 12-4.0 124.0 "' .. ,m 7S.7 "-, SS.9 ,., S3.8 S7.4 " .. 
"'" ""-0 114.0 '''-0 101.0 104.0 IOS.0 10:5.6 
"no .. 0 ,.. 03.0 .>3 on "., 8J.' ,,.. .. , ." .. , "., ... , ." '" , .. , "'" .,., "., 81.9 8,., "., 103.4 "., 110.0 ""-0 "'" ""-0 131 .0 ,,.0 129.9 

"'" 110.0 ""0 113.0 121.0 121.0 119.0 118.7 , ... 113.0 '03.0 ." ,,,,0 "n" 114.0 119.1 

"'0 131.0 109.0 10:5.0 "" ... 100.0 "., 
'''' 06.. ,,-' '03.0 ""0 '''-0 '''-0 "'" "., .. , 81.9 ,.0 ." '"' 7S.8 76.S , ... "., 74 .. "-' 74.0 '", 7S.0 "-' 
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V Reservoir Operation 

The 1987-88 Opel1ltlllJ year _ the second roasecutiYe drouJllt year In \lie Columbia Basin, and 

the third low .... ter yur in the pasl rour YUB. AI The: Ollila, obIeM:d bnlLllY-July I'lUIOIf _ \lie 

eiJllth lowest . ipa: 1928. 

The opentin, yur bepn with the roordil\llted reKrvoir 5Y*tem oI\'idI.Ily Iillcd 10 .boul 98.5'1& of 

taplcity On 31 lul)ll987. This .llowod. tile fiTlI·year tina ellelJY ioIod canyml taplhllity 10 be adopted 

for the 1988 opentillJ year. The system remained dow: 10 full for IIlOft of the summer .lthouJII 

S_IO fect of drawclown 0Q;1I1l"Od .t II"IOSI US $Ion., reselYOirs by late Au,.t. Further dnft 

require"",nll 'IIo'C'TC avoi<k<.I by dnn ot IIOn-Tre.-ty s\Ora., .nd by ellefl)' ~nse 'goemeDl1 lDcreued 

draft !>epn .fter Labor Day 10 me.et IIrm cnerl)' loAds. The IyStcm Opel1lted Ia aa::ordapa: with 

proporUoDaI dnft requiremenll IhrouJllout .utumn, with dnftleYels reachin, IS' between lblJd .tId 

fovrlh·yur altlcal rule C\l1"\'e$ by the end of December. 

The I JInIW)' .... Ier npply forecast ror The Dalles _ 79.2 MAF, the lawai since 1m wilen II 

was 75.7 MAF. Based oa litis forecasl, the outlook for mmplcte refill or \lie raet"'o'Oir system _ poor, 

with In<livldllli racrvoiTl apccIed 10 he 10 10 XI feet from fall on 31 lul)l. EYea JO, tile I)'Ilem 

rontinllC4 10 be dnfted I\eaVIly tltroupout the winter for fttm to.ds. EaefJY purdl.ues by BPA, spedal 

ston., .rnn.,menll Ind return or 1tonIC from oullid.e the l)'ltem .U belped redace dnn requlrcmenll 

10 some dep-ee. 

Wiler supply forccuts tOIItinucd 10 drop Ihrou&h<Nt the winter.nd lpr\n&1i __ Coueqllently, 

lbe reK....olr IySICm was not Opel1ltcd on I dally basis ror flood tOIIl1OI aaytlme durln& 1988.. The oaly 

si ... irleanl rise In lower Columbia River flows 0Q;1I1l"Od durin, \lie .nnutl Water Bool'I'l opention. 

W,ter BudlCl !lows wcre releucd from Onnd Coulee betweea 9 May Ind 10 June. The 1YerI., IJow It 
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The Ollila dllrillJ Ihil period was 2OO,(XXl ds and lite yocan peak no.. oI236,(XXl ds occurred On II 

"'" 
By 31 lilly, lbe coordinaled I)'Stem reached aboul 84 percenl of ill full c:apacity, reqlliringlllal 

thln1.yocar fELCC be adopted klr the 1988-89 operallng yocar. lronlc:ally. third_yocar FELCC for lite 

coordlulcd ~ ilibool 3SO IMW pter lilan second year. 

Mica Reservoir 

Ju .1toMI In Chan 6, Treaty '1O/'JI1t' I I the Mic:I reservoir (KlnbuUI Lau) was relilled by 

14 lilly 1987. SIDce all of lite IIOII-Treaty Ilorage '1*"= .. MIc:a was nol refilLed al IIIaI lime, Ibe act ..... 1 

elevatioll was 0IlIy 2462.2 reel, or Ipproxlmately 13 feel below ill filii pool eleva lion of 247S.0 feel. 

Ouring AllJU$llnd September, B.C. H~ro Ind BPA non.TTelty 'lO/'JIge was drafted, c:allSinglhe 

rauvoir to ~ devlIlion 2454.0 feel by )0 September. Treaty SIDrait' dratl at Mk:I began o n 

S Ocmber when lite iDfIows reoecled to below 10,IIII m. lite Mk:I storage dlscIIIrae reqll!remenl fOT Ibe 

monllL By 31 October. two feel of MIca Tulty Ilo rage was drafted. 10 mcc\ lhe Mk:II flood wnrro! 

requirement. SIIIOe lbe Treaty storage ~Is II lhe Arrow reservoir were below Ihe Mka disdlarge 

lriuer poiau. lite Treaty storage dlaclutrJCI at Mica for NOYember Ind Dc:cember were illtJClSCd from 

23,l1li ds to 28,(XX) ds lCCOTding to the 1987/88 I)clliJed Operlling PLu. These increases re5l1lted in 

an i~ dn.ft rate .. Mica. By 31 Dc:cember, lite reservoir was drafted 10 clevalion 2417.6 feel. 

IpprmdllLlICIy 12 ree, below lIS Operalin, Rule auvc l!te. adjllSlin, for the non.Tulty !!orage. Daily 

outflows, indudiDJ _-Treaty S{onge rt:1easca, varied bctwccn 12,.SOO ds and 40,l1li ds dllrin,lh is 

period. Mica continued 10 draft heavily from Jlnllary unlll early April. On IS April. Mica readied 

elevation 236.5.2 feet, ill lowell ~llillOe the rauvolr was IIrsl II1Jed In 1976. 

Mia. bepn fillillg on 16 ApriL Dllrln,!be refill period the pm;ect ollr!low was reduced, I' 

time., to II low II zero disdlltrt=- InfloM iDto !be reservoir wert: 1Ie.I. average dllrillJ; May Ind Jllne, 

21 



peakin,'1 78,9010 ds on II June. Durill, this period, !he reIIeMlir qllickly tilled and reac:becI elevatioll 

2427.0 feel 011 30 JuDe, sJi,IUIy .bove jlJ Operalln, Rille CIIf"C. 

The project continued to fill durin, July.nc! elrty Au,...t and lhe TrelIJ IIOnIge spKe was 

untied 011 10 AII,...t. Slnoe lhe noa-TrelIJ storage lpace 1\ Mki _ ItOl rdUIed, the ac:t1Lll reIenOir 

\eYe1 on 10 AIl,lISt _ only UU2 feel, or 32 feel below MI pool Approdmately 9 feet or this 

shorllge to renll _ due 10 dranln, of 1M B.C Hydro live IIOnIge earlier In 1M summer. The MlaI 

discharge was lhell illCfClKd 10 equal illllow, maillt.li.nin, !he reseNOlr !eYe11lUI 2443.0 feet. During 

September, draft of B.C Hydro live storage.t Mica ClIJStld the reserwlr to reIdI elcvltlon 2440.3 feet 

On 21 Seplcmbcr. 

Re..elstoke ReltJ'Yoir 

Durin,lhilI pasl opera!ln, year, Reveilloke proJect was bukilly operated U I IIln o f tbe river 

plut, mainllinin, lhe reselVOi r within S feet of i15 normal fun pool, clcvllion 188(1.0 feet. From 

26 August to 2 September I9&&, IInil problems .1 MicI resulted In Re¥cLslOtc drat'lln, u low II 1873.0 

feet. The teselVOlt was lubsequently renJled to filII pool on 10 September. 

As slIown In Chan 7, Arrow teserwlr was.t dc>iatlon 1440.1 feet, ibollt foil\" feet below Itl 

normal full pool, elevation \44-t.0 feet, 011 JO July \1l87. SOme TrelIJ "onlC was temporully IIdd In 

the RevelslOkc TCSelVOir. The project then dllchlrged Inflow, maintllnln, itl level near cleYItiOll 

1440.0 feel Ihrough August. Beglnnin. in September, Arrow was drafted to meet proponlolll.l draft 

requirements. The pro;CCt OUlfIows ..-.::n: lnaeued to II blgh .. 78,000 ds ror $C'iCDl d8)'S early in the 

month. By 31 October, the TrelIJ ,tonlC.t Arrow was drafted bclow tbe !eYe1 tblt W(llllcl !rIger 



IlIper Tluly ItonF releaIe froIII Mica. C'oucqIIClHIy. tIM: Mb Tluly OIItn- In November was 

IDcreuoed !rom 23,000 cfllO 28,000 da. DurI .. tbe period froIII lI to 20 NcM:lllber. tile ~ OIItl'low 

at Ivrr/fi _ rcd:..cd to 1CQllll1IIOdI\e tile tmIIlcr of _.Thcaty ltonF to Mica. The ra.er\OOlr fillo;l 

.pprodllUltdy tluw feet to de ... 1kIa 1 ~26.& foct bcfoRI tile dranllll_ rallimed. By 31 December, 1M 

raervotr _ dllIned to ekYIllon 141S.1 reet, well below iu Operatln, Rille Cu~ Arrow conlinuoci 

dranlllJ dliriD, J.IlIIIIl)' I IId Febnwy witb tile project d ilcbafJinJ up 10 79,<XX) as. on 21 Februal)', Ihe 

rt:KM!Ir reatbed. cJeonolloA 133S.!I rcct, 115 I!;JoJ,aI Ie¥eJ. for tile a u real operall",),"r. 

Ivrr/fi bepa relUUIII IJI late FdInaary. 11 RIled aIowIy throup MltdI, readlllIJ elevation 

091.6 Ieee on 11 Marda. Curia,!be period froIII U April to. MIIy. tile d.bcharF II IUrow was 

redllClCd to ICl,Oll dJ, aa:elellItiDJ tIM: ftUllII proa:aL The pro;.a coatlnllCld flnin,lleadily Ibrollp June 

ud lilly. By 11 JuJy, Ivrr/fi readied hi ~I&JlClt IcMJ ror tbe t.ummer, cJeonotio" 1~)9.2 foet. about five 

rcct below IIOf1III.I full pool The adJ1IS1CId IcYd, IIoweYcr. _ cJeonolloll 1436.5 feel, wilh the diffe rence 

belD,lIOlIOe S.c. Hydro non ·1'ruty ItonlC wbk:llilld previollSly beta transferred [rom MlcI 10 Arrow. 

0\Ie to !be low IWllmer flllIOlf, ArwIillOOa be",,, dranin, Truly SIOlIIt' 10 meet dow1Lstrum 

IIOnF reqwremCll1a. To prevent I will' d.....oo..ll, wltidl COIIId "'\lie Arrow 10 drop below tile IeYeI 

required for t.ummer ra::reatioo, B.c. Hydro IIICteaICII _.Trealy ItonF n:1ea:5s from Micailld 

Rf:YCiItoU to lWIlfu ... ter to /I!rrof>I for tile period from Aupst util early Scpte .. ba. As I rr:s.ull, 

/I!rrof>I_ JUinlaiDc:d IIC&l 14l6.O lee! dwilll tilis period.. 8c&LuIn,6 September, t!le Ie¥eJ. of luITN-" 

~Ir droppotl rapidly due to tbe n:tllfll of noa·TfCIIly Itoraae 10 Mb IIId 1!Ie dranl", of Truty 

l lOralt' to _t downstfCllm requln:men\l. The ra.elVOlr rcacIIed elention 1 ~26.8 feet on 20 September. 
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A5 sIIown in Ch~" 8, DulM2n reached fUU pool on 3 July 1987, The pro;ea then pused InIIow, 

maintainin, full pool unlil early September. On 6 Seplelllber, lbe ouillow .... lnacucd 10 10.000 c:f& 

and maintained at 10,000 d's unlil 16 Seplember, draftln, aboul len feel or '1OraJe- From Oetober until 

early No.ember, dirocllafICS II IIIe prnjeet were cunalled to mlAJmlzl: 'plU II p<l'M'r pll.ntl On lbe 

Koolella)' Rl¥er. Thc reservoir filled alowly, radlln, elevation 1884.8 feel On 7 Novemller. 510raae 

draft raumcd on 8 Noycmber. By 31 DoI;:cmber, !be ..-...oir was dnfted 10 elevalion 18-4&.9 reel, 

approximately 17 feel below lIS Operal'", Rule CUrve. The pro;ea oontinued to I1raI\ lIeavlly IhrouAb 

Janulry and February witb project 0II100ws varyln, between 4,000 tis .nd 8,000 d's. On 2t5 February, 

the Duncan reaer.ooir reacIIed ilS minimum level 011794.2 feel. The pro1cet thell passed Inllm<, 

maintainio, the level near elevation 17!M.2 reeL 

Duncao pro;ea began fillin, aboul mld·April IS lhe dildlarF _ redlOCCd \0 as low IS 100 m. 

Wilh lboYe averaF iDOows Inlo tile reservoir durin, Mo.y and JUlie, the project filled quickly, rc.adIln, 

elevalion 1879.9 feel o n 30 June, dpl feel .boYe illl Openotin, Rule CUrve. TIle rulllOtr peaked with a 

daily a~nF IJow of IS,!NO cfs on 17 JUDe. Beatnnl", 4 July. !be distllarF a( Duncan was iDcreased 10 

reduce lhe nle of fillio, as the reseMlir approKlled fun pool. By 14 July. Duncan .... disdllrJio, 

6,000 d's. Thc projecl oontinued to fin Ind rea.:lled full pool on 26 July. 5toraF dJ"af'l at tile DuIlClll 

reservoir bepn 10 AUJllSI, M required 10 supply llOra., 10 doomstream pro;eas. The project outflow 

was Increased up to 10.000 m. draf'lin,lhe raervoir elevation 10 1881.8 feet by 31 AUJllSL BealoDln, 

II Seplember, the projon diroch~rJC was rcdlOCCd 10 100 cfI; 10 mlnimiz.e . pllI al power planlS on the 

Koolelllly River. 



Ubby Reserroir 

OllrlllJ IIIe IIlml!ler 01.1\187 Uke Kooc:aallSl reached ekwtioa 204S04.1 feel on 29 Ju.ne.nd. wu 

IIeId III lIS top ftYC fect throll,.. 8 September. The lake. .. showa Oft Clan 9, wu m.lntalllCd in lIS lOp 

fool from 13 July to 18 Aupst. Approximltcly five feet or dnwdo:)oom oocurred belWcen 18 AUIUSI and 

Labor o.y to meet linn I"""'"'" ~1l1remeD1S. Arter Labor o.y tile late bcpn draftIllJ morc rapidly and 

was .. c~tion 2444.5 fcoet, lIS proportioDal dntl point, on 30 September. 

The project oontlDued dntllllJ tbroupout autumn witb !hi: October_November outl'low avencin, 

16,-400 cfl. The outlJow was redllCCd ID the KW<Id hlIlf of November to IS low as 4,ooJ tfs and 

nmal ....... relathely low In Ococmber, avcracinl9,IOO ds, as BPA used otller .esourta, IncllldiDl e!ICrl)' 

plll"dlases, to meet tlrm power rcquircmcnlS. On)1 Oca:mbcr, tbe rcscrwl1 was at elcYalioo 2392 feel. 

well above the proportional draft point of LMI.5 feel. 

ProjoI;tions in early January, hued on the Jao""ry Wlter IUpply rorccasl. im1icaled IIIe lake had a 

very low rctill p.oo.bility of D()mpJete rcfill.nd would p.oo.bly fall .bout ZS-5(J feet ilion, dependinl on 

outfloow ~uiremeata. OeIpile litis outlook, 1I was MO"Si''Y In early Jan",,'Y to incrcac tile outflow 10 

full powerbot&se capacity, aboul 204,000 tfs, to meet n1m IoI4a. The rcscrwl r amtinued dnftin, rapidly 

in Fdlrua'Y. rcachID, ekwtion 2322.8 feet, aboul ftVC feet .bo¥e IIIe proportional draft poinl, on 

29 February. In early March, the outfloow was reduced 10 minimum, ),ooJ tfs, and tile reservoir reached 

Its Ioweat poiIIl of the yell', ekwOOIl 2317.4, o n 26 Marcb. NUIDCI"lNI Dews releases and italemenlS 

were II1.Ide to lhc public reprdlllJ tile droU.PI and anticipated low sllmmcnlmc water 1cYcl5.. In 

addition, _ral boiolnmpi were atended durln,lhc sprinllimc. Nllu.nl Oows .1 Ubl»' for the 

September-Mardi period were the Ilxth Iowesl In IIIe 1928-88 period of 1"C(X)r<.\. 

IAfIoM to Lake Kooc:anllSl be," .islll, in mid_April and the SCISOnal peal< of <15,900 ds 

oocurred on 9 JUIlC. By laIC Jllnc the inflow had receded to k:ss lhan 2O,ooJ cli. The project olltllow 

was 1Ie1d.I),OOO tfs until U AIIpt. The lake rcacbcd its muimum level of elcYatlon 2441.5, 17.5 feel 

frotn full, 00 tbill date. Approximately rwo fect of dnwdown occurred between U Aupst and Labor 

Day. The Jan",,'Y..]ply OOIcrvod ru.notf was o nly 73% of normal .nd ..as lbe lowest since 1m. 
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Kootenay uke 

A$ slIown in Clan 10, Kootenay Late passed la1Iow, ma1JItalnln, tile Mter level IIQ1 elevation 

1743,0 feet ~ntll 31 A~'\IIII 198'7. On 1 Seplember, the late bepn flllln, wIleD tile dlsc.llarp were 

reduced 10 prevenl splll.t tbe Brilliant planL The late reacbed elevIliOll 1745.0 teec on 19 September, 

slilhtly below the IIIIXIm~m level (elevation 1745.32 feet) permUted b7 tile !nterDIllollal Joint 

Commission Rille Curve. From O<;tober WIlli Dc<:ember, !CooleIII)' Late opeI1Ited between ekYatlons 

1144.S feel.nd 1745.0 feet witb dlsc.llarp VIIryinl between 16,(XXl dJ and 2&,000 dJ. Kootenay Late 

bepa dr.nln, In early J.nlJlry to meet the UC Rule Curve. The Late continued dranin.throu'" 

February .nd Mamt, dlscharpn. up 10 J3,(XXI c&. On 3 April, Koocenay Late rea.ched iu IcJwcst level 

for the <;\Im:nl OpeTltlo, year, elevation 1738.9 feet. 

Inflows bepn increuinS in mid_April, fillin, the late 10 clcYillon 1741.8 reel by 23 April. 

Bel_n 24 April .nd 8 May, tile late remained near elevation 1741.8, at Intlowt revded The lake 

r",umed fillln, on 9 May and reached lu bl"""t level for the <;\Inent operatln, rear, elevation 

1745.6 feet, on 30 M.y. The late then slowly draned tbrou", JuDe, reacbin. clcYitioP 1743.32 feet It 

Nelson on 1 July. Dllrin, July Ind AUlUSt, Kootel\ly Late passed lnllow, m&int.linin, the Mter level 

JIClr elevation 1743.0 feet. Dllrinl AII,\IIIt, discllarp.t DullCan -..ere lncreased 10 keep the Brilliant 

plant operatin,.t c:apad!)' while m&lnlllollll the late Ie¥eI near 1743.0 reet. lDfIows Into Kootenay 

Lake lhen lnacaled In Seplember due 10 bip.er releuel; from the IIp'tmlm pro;ccu. Witb outflovos 

curl.lilcd to minlmlze spUt I I Ihe Brillianl plant, Kootenay Late bepn filliP' .nd re.acbcd elevation 

1744.6 feel on 17 September. 
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VI Power and Flood Control Accomplishments 

CtllUal 

O\IrinJ IIIe period lXJ¥ered by Ibil report, Dunc:aa, Arrow, Mb, and Ubbr rc:oIClVQin .... re 

opentecllll u:ord wilb IlIe Collllllbil Rtvc, 1'rcIty. Mort: .ptrinally, tbe Opcnil\Qn of lbe reseMlin 

_ ill aa:ordaDce tritll: 

I. "Deuollod Opcntia& PIa. b' COIlllllbill RM=r 1'rcI1)' Stonae - 1 AUp5l 19157 lluoup 31 Jaly 

1-" daled 0c:I0ba 1987. 

1. "CoI1I .. bIa R/IIer Trcely Flood Olfttrol Opcl1llillJ 1'In,' dated October 1972. 

Consilient with all Detailed Opel'll!", PIaM prepared ,[nee tile histaJlallon of Fller.llon I' 

Mb, tile 1981.88 Detailed Opc:nillnJ Pilon .... desl""",, to uicvc optimum power 1CIICIlIlion It-she in 

Ctnadlo aIId dowNlre.llll in CtMda an4 tbe United SUte.. in a<>:ordance with pUII"'pb 1 of .... Mell A 

of tile 1'reIly. The 1987-88 Alnred Opcl1ltln, Plan prepared in 1982, _ UKd .. tbe to.ls 10, U.e 

prc~tloD 01 1M t987.a8 Detailed Open.II, Plu . 

..... , 
The Canad.i.l.a Entitlement 10 ckIwIIsu e.m power benefits from DullCln, Arn1w and Mica for the 

11l87-88 opt ... lln, J'Clf hid b«lI purdwed In 1964 by tbe Columbia SlonlC Powt:r EWlanae (CSPE). 

lll.a::orduot with the Ctuo1laa EIIIIIkIl'lellI ExlIanre A&Jeemeat elated I) AUp. 196(, the U.s. 

EIII[I)' deIMad caJlldIy aDd eaero 10 the CSPE paniciPQItl. 

TIle aeaenlioa a' dc}wauum profeo;U ill tbe UnilCld SUIes., delMrecllIDder 11M: ClJIadiall 

EatilklMlIl £Da1lF Ageemcnt _ 393_1111'= mep .... ns I. I1Ites up 10 I,Cl:5Z mepwa.lI, fro", 
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I Au"",. 11187, IlIroupll Mlrdll_ ad l68 -. ve, .. IIS •• I nlS.p 10 loOn mepw.ns, 

frorn I April 19M, IlIroup 31 July 1911& All CSPE powa- _ \lied 10 _ Pldlk: NonIIwaI IoAdL 

!able JIIows lhe lUll. or IIIe _I)' Jtored I. coonIIMICId .,...- ItIM:nOIn II biWo. or tllowIon-boom. 

I' tloc clOd or cadi VOIIIII OOIIIpoIrt:d 10 Opentill. Rale 0...- darilllihe 11187-88 openlill, year. 

Opentlll, ..... Rille au'S ..... PIfJm!!!j! 

"", ,, ... .,. -2.0 

So. " ". ". -J.O 

oa " 
,., 

"' -'-' .... " ,. . ". -SA 

Do< " 30.' 2M -» 
Jan sa 'SA , .. -9.0 
Fob .. n , 11.9 ·10.6 
"', .. n, ., . tl.!l 

A~ " 2<2 ,,-' ·9.9 

"" .. m 2M -,. 
JUII lIS ", ". _7.1 

'" .. .. , ,,. -1-' 

Durin, the JU\IIry-June period or 1988, volume t\lnoIf for«;IsU 10 qdk: re.eMltni were 

IMUt!ldcli1 10 lower 1M Openlln, Rule CU..- below lbe AMurt:d Refill C\I.rvcI.. 

TIle folloMDJ !able sIIowi SPA ~ ud III"phll firm 11151D .. e ..... n.1M:Nn 10 aonllwat.1Id 

soull1weil alilitie& duriD,lbe 11187-88 operatill' )Uf. NoIIfil1ll Ulel were made OIIly durtna lbe W.1er 

Bud~1 openllon frorn 7 May IlImup 91une. 
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II! t:!!!ahwcsl J.!lilili9 Ill: :i2l!lbl!!S!!1 J.!1i1i1i9 
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..... '" 0 lI,m 0 194,<Ui3 ..,'" 0 "." 0 "',,, 
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N~'" 0 33,924 0 117,161 

"" '" 0 36,2SO 0 14S,310 
J~ .. 0 0 0 " ... Fo ... 0 0 0 S ... 

"" .. 0 0 0 "" ""' .. 0 0 0 '''' .... ,,, 131,919 0 "'.., 24,90S 
JUII 88 104,141 .... """ """ J.' .. --'--- ...... --'--- 45,918 

roYAL ""'" 1S8,16.S ,",'" ".,"'" 
Flood Control 

The COlumbll RiYcr Buin ramooir system, indllodi"l !lIe COlumbia Ri¥!:r Truty projects, was 

/K,II openl\o:d on I dJ,ily basis for Oood wnlrol ")'lime durin, 1988. TIIis Is lhe founh year in I row in 

wllidl dJ,11y operJ.t5oP for Iloo4 wntrol durin, !be sprin,11I/K,1rf has /K,II been necessary. Flood wnlrol 

durin, tile 1988 11I/K,1IJ was prcMdcd by lite ~l refill operJ.tion or Ihe Treaty reserwin and other 

s toraac ~ln In IIIe Columbia River Basin. 1be observed .nd uQre,ula!w h~rol'1lphs for lhe 

COlumbia River al Thc Dalles between I July 1987 ... d 31 lilly 1988 Ire .hown on Chort 14. TIle 

upre,lIlalo:d peak flow al The Dalks >milk! hi¥!: been 392,(XX) d's on 29 ~y 88 and it was wntrolled 10 

a maximum of 236,(XXJ d's on II May 88. 

TIle observed peak $taIC II Vll1OJu¥!:r, WashlnllOB was 10.0 reet on 15 luw,,}, 88 .nd tile 

IInrelU1l1ed sta,e _uk! hi¥!: been 14.7 r""t on 4 June 88. Cltart IS documenlS the re!ali¥!: fillin, or 

Arrow and Grand COulee durin, the principal flllins period, and wmpllrcs the re,ulalion of lhese l>m 

reservrnn to pidelines In lhe Trealy Flood Control OpcrJ.lin, Plan. 

COmpuul1iollS or tile iIIltial Con!rolled FkJw (1CF) ror ")'Item flood wnlrol operation were made 

In aa:ordlna: wilhlbc Truty Flood Conlrol Oper.lI1in, Plan. Thc rt:SlIllS of these computations Started 

OUlon I Ju ... ry 1988 and o n I Fcbt1Iary II 2OO,lXXl cfI., lMt1 increased 10 211).OC(l c& on I May. DiLl 

for the I May ICF computation Ire sMB in Tab~ 6. 
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eompiitatkMl of I.ida! eo.troIkd now 
CoIambia RiYft' at 1he DaUe. 
1 May 1988 

I May Forecast of May_Aupst ulllqIIJated RIIJIOI'f Volume, MAP sao 
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Leu Up&tream Stonte Correalolll, MAP 
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Chart 1 
Seosonal Precipitation 
Columbia RIver Basin 
October 1987 - Wan:h 1988 
Ptn:onl of 1961-1985 Average 
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Chart 10 

I July 1987 - I ulV 
Regulation of Kootenay Lake 
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Chart 11 
Columbia River at Birchbonk 
1 July 1987 - 31 July 1988 
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Chart 12 
Regulation of Grand Coulee 
1 u" - u" J 1 1987 31 J 1 1988 
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NOTES: 

I. PERIOD OF RECORO fOR SUMMARY: /818 - 1965. 

2. OBSERVED AND UNREGULATED DISCHARGE 
SHOWN FOR COMPA RISON . 

.1 PLOTTED POINTS ARE THE MAXIMUM VAIL r ,_, DISCHARGE FOR TH E WATER YEAR. 

- ... THE 10, 25. SO, 'SAND ~ LINES REPRESENT 
PERCENTAGE OF TIME THE FLOW 1$ EOUALLED 
OR EXCEEDED ON THATPARTICULAR OA Y. 
THESE L/NESARE BASEl) ON TEN DAY MEAN 
VALUES. 
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Chart 13 
Columbia River at The DoUes 
1 July 1987 - 31 July 1988 
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Chart 1. 
Columbia River at The Dalles 
1 April 1988 - 31 July 1988 
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198e Relatlv. F'Il11ng 
Arrow and Grand CouIN 
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