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~XECUTIVE SUKKARY 

ENTITY 

The cha ! r m~n~hlp of t he U.S. EntIty changed on 18 July 1986 as Mr . Jallle~ 

J. Jur~ succeeded Mr. Peter 1. JohnsQn d S Adllllnllltralor "f the 1I0rln~v!lle Power 
Adllli nut rat Ion. 

Aqreelllen ts appr oved by t he EntI t Ies during the perIod ot th!~ report 
Include, 

" Aqreem~nl rel atinq to the pr ~par ation of t he 1990~91 AD? and s t udle! 
necessary \0 dddress the outstandlnq luue~ s iqned on 5 Dece!lll,cl 19~5. 

o Columbia River Treaty Assu red OperatLng Plan and DeterM,natlon of 
"Downstrealll Power Benef its tor Oper~ tin'J Yea r 1990~91, d.lted N.w .. mt,,·r 
1985. 

o Det a iled Operat Ing Plan for Col uftbla Riye r Tr eat y Storage. \ Augus t 
1985 t hrouqh 31 July 1986, da ted Oct.obe r 1985. 

A9 reqUired by t he 5 December 19B5 [nli ty Aqrenent, t he OpfTatr ng 
commi t tee cOlllpleted a number of s t udIes durlnq the yea r to determine the IlIIpact 
of several pr oposed chanqe! to the Assured Operat lnq Pl i n [AOP) and 
DetHm i natlon of Down!t r ul'l POWU Bene(tt~ [DDPB). Howeyer , ~ h e f. n t l t !e~ ha~t 
not yet reached agreement on chanqed criteria for t he AOP and DDPB 
compu tations. As a result, • trad it Ional AOP fo r 1991 ~9Z Operatrnq Year In 
beIng pr epared . 

SYSTEK OPERATION 

The coor dinated sy!t~~ re Be r YOlr s f illed to onl y 921 01 capacI ty durln9 
the !Ullllfler of 1985. Thl~ cond it ion and low !'Iowa durrn9 th .. ~UlMlel and t all 
monl hs c.used the rese r voir sy ~ tem t o propor tiona lly dr af t below oper~ t lng Ru l e 
Cur ves (ORC). Aboye norllla l r a infall occur r ed Ln October dnd the actua l level 
of the r eser voir syste. fIll ed t o t he ORC. Oece~ber was co ld dnd dr y causLng 
the reservoi r syste. to retur n to proportiona l dr af t to . eel ,y~t em load,. 
About .Id- rebruary wet and WarM weather caused streams to r ise rapidly and the 
s yHe. to be oper ated for flood contl ol. The Co r ps specifIed dall y outflow 
r equl r e. ents f roll Treaty project s between 23 rehruary ~nd 5 Karch to lIeet 
downst r eam flood control objec t lv,",s. Pollowlnq t his event projecta !esumed 
t he ir drawdown to provi de spri ng f lood control space. Slreamf lows r elll4ined 
below norMa l unt Il l ate Ma y when l'Iuch~ above~norlla l t e.per at ure s caused a r~pld 
r ise in streallf low. Kost pr ojects rece i ved da lly flood con t rol requests f rOIl 
2S Kay to 20 June. Ma naqellen ! of r e3~rvOl r 3torag~ resul ted In the f low and 
st age of the Coluab i a Riye r be ing reduced to near ze ro damage l eyel. 

The generat ion at downstrea ... proJect~ In t he unlUd SUte~, dellvHed 
under t he Canad i an [ ntl tl e",ent ! xchanqe Agreelllent, w~s 444 . ye rage aeg.watta at 
r ate~ up to 1, ll 4 .ega~a tt5 f rom I August 1985 th rouqh 31 Kar ch 1986, and 418 
ayeraqe megawat ts at r at es up to 1,093 m~qawatt s troll I April 1986 th rouqh 
II Jul y 1986 . Al l CSP~ pow ... r lia s u~ed t o meet Pac l fLc Northwe~t lQad9 durtrLq 
t he per iod or thl 9 repor t . 
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PROJECT OPERATION 

~ica Tr~a ty storag~ account ~aa Cull at th~ b~glnn lng of the period 
(I October). The reservoir vaa drawndovn to a l o~ storage con t ent of 1.22 
• • f. Vater vas spilled past the project beginning on 2~ July to slov the 
r eO II rate and the r eservoir lias full, elevation 2475. by early August. 

Ar r ov Reservo ir started the period at elevation 14 45. one foot .bove 
nor.al [u \1 level. It lias drafted t o .eet f lood cont rol and pOller requlre~ents 

reaching its lowest leve l, elevat Ion 1399.6, on 7 Hay. Trea ty storage space 
was refilled by 18 Ju ly 1986. Th reservoir was .bout 5 feet bel ov elevation 
1444 during Aug us t and September t o balance the water that was above nor.al 
treaty s t orage In Hi e •. 

Dunc.n Reser voir vas about 20 Ceet below fu ll pool . t the beginning of 
t he period dnd reached It s l o~es t level . elevation 1807.5, on 21 Apri l. The 
reservoir filled t o full pool on 23 July 1986 and reMained full thr ough t he 
r eSl of the period. 

Libby Reservoi r started t he per iod near elevation 2444 al te r only fi ll ing 
to about 10 feet Cr oM f ul l. eleva t ion 2459, on I August 1985 . During the 
per iod the reserVOir vas dra llndovn to elevation 2356. The .eservoir filled to 
full pool. elevation 2459, on 20 July 1986 and r e. alned near thi S l evel through 
August. On I Ck l obe r 1986 the reservoir wa s about 14 tee t beloll full. 

'" 
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J986 RtPOBT Of Ttlt COLIhI8IA R1vtR TRtATr tIfTIT!!S 

1. IItTRODUCTIOIf 

Thla .nnu.1 Coluabl. River Treaty ~ntitr Report Is for the 1986 ~.tec Year , 

I October 1985 through )0 5epteaber 1986. It IncludeB Intor.atlon on the 

operation of "ica. Arro~. Dunc.n, and Libby reservoirs during that period with 

additional Inforaat lon cover ln9 the reservoir eyete. operating year. 1 Auguet 

1985 through II Julr 1986 . The power and flood conteol effects dOWRstrea. In 

Canada and the United State, are described. t his report I, the twentieth of a 

series of annual reports covering t he period since the ratification of the 

Coluabla River Treaty in 5epteaber 1964. 

Dune.n, Arro~, .nd "Ica reaervolra in Canada and Libby reaervole in the 

United State, of Aaerlca ~ere eonBtructed under the provisions of the Col~bla 

River Treatr of Januarr 1961 . Treaty , t orage In Canada Is required to be 

operated for the purpoee of increa,lng hydroelectric power generation, and for 

flood control in the United States of Aaerlc. and in Can.da . In 1964, the 

Canad ian and the United States governaents each designated an ~ntlty to 

for.ulate and car ry out the operating arrangeaentl neceaa.ry to iapleaent the 

Treaty . The Canadl.n ~nt lty Is British Coluabla Hydro and Po~er Authority 

(B .C. Hydro) . The United St.tes entity is the Adalnlatrator of the Bonneville 

Power Adalniatratlon (BPA) and the Olvlelon lnglneer of the North Pacific 

Division. Aray Corps of tngineera (ACE). 

the following la a ,uaaary of key features of the Treaty and related 

docuents: 

1. Canada Is to provide 15 . ~ alilion acre-feet (aaf) of usable storage . 
(Thl, bas been accoapll!hed with 1.0 aaf In "lea, 1. 1 maf In Arrow and 
1.4 uf In Duncan . ) 

2. Por the purpose at cOMputing do~n!treaM benefits the U. s . hrdrolectrlc 
facilitle! ~ll1 be operated In a aanner that aatea the aQst effective 
use of the laproved !treamflo~ re!ultlng frca cperation of the Canadian 
storage. 

3. The U.s. and Canada are to share equally the additional power qenerated 
In the U.s . resulting fro. operation of the Canadian s toraqe. 



4. The U.S. paid Canada a lu.p su. of the $64.( alilion (U.S.) for 
expected flood control benefits In the U.S. resultlnq lroa oper.tion of 
the Canadian storaqe. 

~ . The U.S. has the opti on of requestlnq the evacuation of additional 
flood control space above that specified In the Treaty, for a payaent 
of $1 . 815 alllion (U .S. ) for each ot the first four requests for thi s 
"on-call" storaqe. 

6. The u. s. constructed Libby Daa with a reservoir that ex tends 42 allea 
into Canada and for which C.nada aade the land available. 

7. 80th Canada and the United States h.ve the rlqht to aake diversions of 
water for consuaptive uses and, In addition, after Septeaber 1984 
Can.da hla the option of aaklnq for powe r purposes specific diversions 
ot the looten'y River Into the headwaters of the Coluabl. River. 

8. Differences Irlslnq under the Treaty which cannot be resolved by the 
two countries aay be referred to either the tntern.tlonal Joint 
Co .. laslon ( JJC) Or to arbitration by an appropriate tribunal . 

9. The Trelty shall reaain in force for It least 60 years froa It I date of 
ratification, 16 Septeaber 1964. 

10 . In the Canadl.n Entjtle~ent Purchas e Aqreeaent of 13 August 1964, 
Canada sold its entltleaent to downstreaa power benefits to the United 
St.tes for lO-years beginning at Duncan on 1 April 1968, It Arrow on 
I April 1969. and at "Ica on 1 Apr il 1913. 

11 . Canadl .nd the U.S . • re e,ch to Ippoint !ntltlea to I.pleaent Trelty 
provlslona and Ire to jointly appoint i Peraanent Enqlneerln9 Board 
(PEB) to review and report on operations under the Treaty. 
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11 . TIIun OllGAIIIZAfIOII 

lltT'IfnS 

There val one ~etl nq of the Colwabla River Treaty Ent i tlel j lncludlnq the 

C.n.dl.n tntlty Reprelent.tlve .nd u.s. Coordl natorl} durtnq the year on the 

.ornlnq of S Dece.ber 1915 In Portl.nd, Or eqon. The ~aber. of the tvo 

tntltlel durlnq the period of t hl. repor t vere : 

UIlI flD SfAftS tNTlfY 

Hr . J .. el J. Jura, Chalr .. n 
A&. l nlltrator, Bonneville Power 

AdJIllllatration 
De~rt.ent of tnerqy 
Portland, Oreqon 

Major Ceneral Ceorqe R. Robertlon 
DiviSion tnqlneer, 
North Pacific Dlvillon, 
A •• y Cor p. of t nq i neer l, 
Portl.nd . Ore90n 

Hr . Chelte r A. John~on, Chalr .. n 
Chal r.an , Brltlah Coluabia Hydro 

.nd power Authority 
Vancouver. I .C. 

Hr . J .... J . Ju ra lucceeded Hr . Peter T. JOhlOn al AdJIinlltr.tor of 

Bonnevi lle AG.ln lltratlon on II J uly 1986. Hr . Johnlon had been AdJIlnl~trator 

of BPA and Ch.lr .. n of the United Stat.1 [ntl ty Iince "ay 19a1. 

The [ntltill hiVe appointed Coordl n. t orl .nd I Repreaent.tlve .nd t vo 

joint Itandln9 co .. ltteel to '1lilt in Tre.ty I_pl e.-ntation activltlel. Thele 

are described In lublequent pa •• qraphl. The prl .. ry dutlll and re~pon,­

Ibi l i tiel of t he Entities al lpeclfled In t he Tr eaty and r e l ated docu.entl are : 

1 . Pljn .nd elchanqe Info r.,tlon relat lnq to f.cl i itle. u.ed to obtjln 
the benef l tl conte.plated by the Treaty . 

2. Calculate and arranqe tor delivery of hydroelectric power t o which 
Canada II In titl ld and the a.ountl payable to the U.s . f or Itandby 
tr.nl.llii on ae rv lces. 

4 . ~lll t and cooperate vlth t he Per .. nent tnqlneerlnq Board In t he 
dilcharql ot It I func tl onl . 

] 



5. Prepare hydroelectric and fl ood control operatlnq plana fo r the uae of 
Canadian storaqe. 

6. Prepare and laple.ent deta iled operatlnq plana that .. y produce 
re3ulta aore advantaqeous t o bot h countries than tbose that ~ould 
arise fra. oper .tlon under asaured opera tlnq plans. 

1. The Treaty provide! that the t wo qoverrulents aay. by an e.chanqe of 
notes. eMpower or cbarqe t he lntltle3 with any other aatter coai nq 
wl tbl n t be acope of the Treaty. 

ENTITY COORDINAroRS AND REPRESENTATIVE 

The Entltlea have appointed aeabers of their respective stafta t o serve a. 

coordinators or focal points on Treaty •• ttera within thei r orqanlzatlons . 

The3e are: 

UNITED STATES ENTITY COORDINATORS 

ldward v . 5ientle~lc,. coordinator 
~st. Adalnlst r .tor for Power Ind 

Re.ources Man.qeaent 
Bonnev il le Power Ad.lnl3tratlon 
Por t land. Oreqon 

Kerber t K. Kennon. Coordln.t or 
Chie f . lnqineerinq Division 
Mor th Paclfle Division 
Aray Corps at Enqineers 
Portland. Dr eqon 

John M. Hyde , Secreta r y 
Bonneville Power Adalnl3trat l on 
Por t land. Ot eqon 

CANADIAN ENTITY REPRESENTATIVE 

Douql as R. rorrest. Man.qer 
Canadian Entity Services 
B.C. Hydro and Power Authori ty 
vancouver. B.C. 

The Dperat i nq Co .. lttee vaa es t ablished In Sept eMber 1968 by the lnt lt l e! 

and Is respons lh le for preparl nq and lapleaentl nq operltlnq plan3 .3 required 

by th~ Col u.bla River Treaty . a.klnq 3t udles Ind otherwiae '881, t l n9 the 

lntitle3 43 needed. The Operatinq COMMittee conslat! at elqht .eaber3 a ~ 

follovs: 

• 



UIlIf'UJ Sf'AUS UCTION 

Rob~rt D. Crlfflo, 8PA. Co-Ch.lr .. n 
Nl cho l.s A. Dod9~, AC! , Co-Ch.ir •• n 
RUII~II l. Georqe, AC! 
John H. Hyde, RPA 

CANADIAII S~Cf'ION 

Tl.othy J . Newton, BCH, Chl lr .. n 
Ralph D. l~qqe. BCH 
vlIl la. N. Tlvy, BeH 
Kenneth R. Sp.ftord, BCH 

Mr . Georqe succeeded Mr . Gordon G. Green of the u.s. Section of the 

Oper.tlnq Co..lttee on I Dece.ber 1985 . Hr . Green retired tro. the Corpa of 

!nqlneerl on 6 Jlnulry 1986 .fter I l onq c.reer with Treaty related activi t ies. 

There vere all _eet ln",s of the Oper.tlnq Co..lttee durin", the YIar . The 

d.tel, pl.cea .nd nu.ber of perlona attendinq thOle _eetlnql were: 

Dlt e l out ion Attendees 

" Nove.tl~r I98S V.ncouver . I.C. I' 
Il J.nnry 1986 Portlloo. Oreqon 11 
II lUrch 1986 V.ncouver, 8.C. I' 
7 Hly 1986 Portland, Oreqon II 

10 July 1986 V.ncouve r, I. C. 17 
16 Septe.t>er 1986 Portland, Orl",on 

The Operltlng Coa.lttee coordinated the operlti on of the Treaty ato.l",e In 

accord.nce with the current hydroe lect ric .nd fl ood control oper.tln", pl.ne . 

Thle .spect at the CO .. lttee'l work II delcrlbed In follov ln", aectlona of this 

report which h.1 been prep.red by the Co .. ittee with the ••• I.t.nel of otherl . 

Durin", the period cove red by th l, report, the oper. tl n", Ca.. lttee co.pleted the 

1990-91 Alaured Ope r.ting PI.n (AOP) .nd Deter.'nltlon of DownltTe •• Paver 

8enefltl (DDP8 ) Ind begin prep.r.tlons of the 1991-92 AOP/DDPI . 

AI required by 3 Deceab,r 1985 Entity ,gree.ent, the Opera ting Co .. lttee 

co.pLeted • nu.ber of Btudlea t o deter_Lne the tlPdCt of ~everai proposed 

ch.ngee the AOP Ind DDPS. A copy of the report vii i be lub.i tt,d t o the Pt8 . 

lliurr HJ'DROfflTlCHlLOOlCAL COIftlTTU 

The Hydro.eteorologl cl i Co..tttee V.I eat.bl ilhed in SepteabeT 1968 by the 

!ntltle8 .nd 18 responllble for pl.nnln9 . nd .onltorlng the oper.tl on of dati 

t.c liltl e_ In iceord with the Tre.ty .nd otherwile '8111tln9 the tntlti'l .1 

nledld. The Ca.alttee conliitl of four lelbera .1 follow. : 
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UNITED STJoTtS S£C'f'ION 

Roger G. Ke~rn, BPA, Co-C~.lraan 
(Ret i red June 1986 ) 

Douql.~ D. Speer~, Act, Co-Ch~l r.an 

CAJIADIAJI Sr:CTION 

Ulrich Sporns, BCH, Chalr .. n 
(Retired January 1986) 

John R. Gordon, BCH. "e~er 

T~e Kydra.eteorologlcal Co .. it tee hold no .oetlngs durlnq the ye.r, but 

re.alned In co .. unlcatlon by telephone to address any data eKchanqe proble.s 

that developed and to discuss other business of tho Co .. lttee. In gener.l, 

d.ta eKchanged vent s.oothly and a few .Inor proble.s vere quickly corrected. 

The Coaal ttee lu~ltted I reviled ver~jon of tho Hydro.oteor oloqlcal 

Docu.ents Report to the Per.anent Engineering 80ard In Nove~er 1985, and this 

received the approval ot the Board at their annual .oetlng . During the year, 

aaps doplctlng the location of Treaty and Support tacility stations were 

prep.red ~nd were furnis hed to ho lders of the Kydro.eteor oloqlcal Docu.entl 

Report. 

An advance.ent in data eKch~nqe va. achieved this year with the 

Installation of the Corps of tnqineers of a GOES satellite dovnllnk In 

Portland . This viii enable both Canadl.n and United States satellite stations 

to be reported directly t o t~e CROH"S central co.puter rather than havlnq It 

rel.yed to Portland via othe r co .. unlcatlon c~annels and th r ough other 

aqencln. 

P£~£NT tNGINt£RING BOARD 

ProviSions tor the establisn.ent of the Per.anent Engineering Bo.rd {PEB } 

and Its dutlel and responsibilities are Included In the Treaty and related 

docu.enu. The .e.bers at the PtB are prnently: 

U"ITtD S'f'Jo'f'tS S£Cf""ION 

lloyd A. Du~cha, Chalr.an, 
Vash lnq t on, D.C. 

J . t.erson Harper, "eaber 
Vash l nqton, D.C. 

AleK Shvalko, Alternate 
Vashlnqton, D.C. 

Tho .. s L. Veaver, Alternate 
Gol den, Colorado 

s. A. Zanqaneh. Secretary 
Washing ton , D.C. , 

CAJIADIAJI StCf""ION 

G. K. KacNabb, Chalr.an 
Ott. v;" Ontari O 

B. E. "arr , Mt~er 
Victoria, B.C . 

K. M. Hunt, Alternate 
Victoria. B.C . 

~. M. Clark. Alternate ~ Secretary 



In general, the duties and responsibilities or the PES are to asseable 

records of flows of the Columbia River and the Kootenay River at the 

Internationa l boundary: repor t to both gove r neents If there Is deviation froe 

the hydroelectr ic or flood control operating pians, and If appropr iate, 

Include reco .. endatlons tor r emedial action; assist In reconciling differences 

that may arise between the ~ntltles: aake periodic Inspections and obtain 

reports as needed froa the Ent i ties to assure that Trea t y objectives are being 

aet: aake an annual report to both governeents and speelal reports when 

appr opr ia t e: consul t with the Entitles In the establishment and operation of a 

hydro.eteHologlcal syste.; and, Investigate and report on any other Treaty 

related eatter at the request of either govern.ent . 

The Entitles continued their cooperation With the PEB during the past 

year by provi ding copies of Entity agreements, operating plans. downstream 

benefit computa t ions, hydroaeteorologlcal dotusents, and the annual Entity 

report to the Board f or t heir review. The annual joint meeting of the 

Pe r.anent Engineering Board and the Ent i ties was held on the afternoon of 

S December 19B5 In Portland. Oregon. Differences between the t wo Entitles and 

the PEB on how to prepare AOPS and deterslne downstream power benefits for the 

futu r e we r e discussed at this seetlng. 

PES ENGIN~~RING CaNNIrtE~ 

The PEB hie established a PEB Engine~rlng COaMittee (PEBCOH) to aaeiet in 

car rying out its duties. The sellber s of PEBCOM are presently, 

UNIt ED STAtES SECTION 

S. A. Zanganeh. Acting Chalrllan 
Washln9ton. D.C. 

Gary L. Fugua, KeBber 
Por tland, Oregon 

La rr y C. Larson. Hesber 
Was hington, D.C. 

, 

CANADIAN SECt ION 

R. O. "Nell " Lyons, ChaIrman 
Vancouver, B.C. 

David B. Tanner , Kember 
Vic toria. B.C . 



IlI1taJlATIOIUo1. .101111 C08fISSIOII 

The Internati ona l Joint Co.alaalon ( IJC) vaa created under the Boundary 

~Iters Treaty of 1909 betveen Canada and the U.S. I ts prlncl~l fu nctions Ife 

underln; decliloni on the ule of bounduy vnerl , invutl",ltln9 I.portant 

proble.a Iflsln", Ilon9 the co..on frontier not necessarily connected vlth 

vl te rvlYs. Ind .lkln9 reco..endatlonl on any question referred to It by either 

90verllllent. If a dispute concernlnq tile Colu.bll River Treaty cO\ild not be 

ceaolved by the tntltlel or the P[B It vould probably be raf,r red to the IJC 

tor resolution before beln9 ,u~ltted to a tribunal tor arbitration. 

The IJC ha. appointed l ocal 80lrdl of Contro l to Inlurl co.pllance vlth 

IJC orders and to keep the IJC cur rently Infor.ed . There .fe tour such board, 

veat of the continental divide . The.a are thl Intern.tlon.l kooten.y L.te 

laird at Cont rol, the International Co lu.b ll River Board of Control, the 

lntern.tlonal Oaoyool Lake Board of Control and the Intern.tlonal Sk.9it River 

10lrd of Control. The ~nt l tles and their co .. lttees conducted their Treaty 

actlvltle, during the period of thl, rlport 10 thlt there VII no tnovn 

conflict v ltll IJC orders or rulea . 
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COLUMBIA RIVER TREATY ORGANIZATION 

CANADIAN GOVERNMENT TREATY U.S. GOVERNMENT 
(Minister of Energy, Mines (Secretary 01 State) 

& Resources) 

BRITISH COLU MBIA 
GOVERNMENT 

PERMANENT ENGINEERING BOARD 
(Established by Treaty) 

Canadian Section U.S. Section 

PES ENGINEERING COMMITTEE 
(Established by PES) 

Canadian Section U.S. Section 

CANADIAN ENTITV UNITED STATES ENTITY 
(Established by Treaty) (Established by Treaty) 

CANADI AN REPRESENTATIVE U.S. COORDINATORS & SECRETARV 
(Established by Entity) (Established by Enlity) 

OPERATING COMMITTEE 
(Established by Entities) 

Canadian Sect ion U.S. Section 

HVDROMETEOROlOGICAL COMMITTEE 
(Established by Entit ies) 

Canadian Section U.S. Section 
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III. OPalATrNG AII1WI'JtJftNtS 

PO~tR AND "000 CONTROL OPalATTNG PLANS 

The Coluabla River Treaty requ ires that the re!ervoirs constructed In 

Canada be ope rated pursuant to flood control and hydroelectri c operatlnq plans 

developed thereunder . Anne. A ot the Treaty stipulates that the United States 

~ntlty ~III 5u~it flood control operatlnq plans and that the Canadian tntl t y 

~III operate In accordance ~lth fl ood control _toraqe dtaqra.s or any 

variation which the fntltles aqree ~ill not be adverse t o the deSired al. of 

the flood con trol plan . Anne. A also provides for the devel op.ent of 

hydroelectric ope ra ting plans five years In advance to furnish the [ntltles 

with an ASsured Ope rat i ng Plan for Canadian storage. In addition. Art ic le 

XIV.2.k of the Treaty provides tha t a Detailed Operating Plan aay be developed 

to produce aore advantageous results through the use of current es t l.ates of 

loads and resources. The protocol to the Treaty provide! further detail and 

clarification of the principles and requlre.ents of the Treaty. 

The "Princi pl es and procedures f or the PreparatiOn and use of 

Hydroelectric Opera t i ng Plans" dated May 198] together ~Ith the "Coluabla 

River Treaty Plood Control Operating Plan" dated october 1972. establish and 

explain the general criter ia used to pl.n and operate Treaty storage during 

tbe period covered by this repor t. The3e docuaent~ were previousl y approved 

by tbe [ntltleB . 

The planning and operat ion of Treaty Storage as discussed on the 

followln", pages I_ done for the operating year, 1 AU9u~t througb 31 July, The 

plann ing and operatin", for u.S. ator a",e operated according to the Pa.cltle 

Northwest Coordination Agree.ent 15 done for a slightly different operating 

year, I July through ]0 June. Therefore, a03t of the hydrographs ~nd 

reservoir chart3 In this report are f or a 13 .onth peri od, July 1985 through 

July 1986. 

10 



ASSURED OP fRATI*G PLAN 

The Assured Oper.tlnq PI.n !AOP) d.te« Septe.ber 1980 e.tabll.hed 

Oper.tlnq Rule Curves for Dunc.n, Arro~ and Mi ca dur lnq the 1985- 86 oper.tln, 

YI.r , Thl Operatln, Rule Curves provided ,uldeline. t or refill level. as well 

•• dr.wdown levels. They vere derived fro. Critical Rule curve" Assured 

Refill Curves, Upper Rule Curve., .nd Variable Refill Curves, consistent v lth 

f l ood control requlre.ent., a. descri bed In t he 1981 Princ ipl es and Procedure. 

docu-ent . The 'I ood Control Stor.qe Reservation Curve. ~ere e.tabll.hed to 

confor. to the 'l ood Con trol Ope ratlnq PI.n of 1972. 

r or each oper . t ln, y,.r, the deter.inat lon of downstrea. po~er benefit. 

resultlnq f ro. Canadian Tre.ty .tora,1 I •• ade five years In .dvance In 

ccn junctlon ~Ith the Assured Opera t lnq Plan . r cr cper. tln, years 1984- 85 and 

1985-86 the e.tl.at es cf benetlts re,ultlnq frc. cperatl n, plsn. de.lqned t o 

achieve optl.u- oper.t l on In both coun trle. wer e le •• th.n th.t Wh ich ~oul d 

h.ve prevailed fro. an cptlau- operatl cn in the United St.te. on ly . 

Theref ore . In .ccor dance ~ I th Sictions 7 and 10 of the C.n,dl.n ~ntltle.ent 

Purchase A,feeaent, the tntltle. ',reed th.t the United st.te. w •• entitled to 

receive 1 . 5 Iver.qe .eqavatt. or enerqy durlnq the period 1 Auqust 1985 

throuqh JI M, r ch 1986, .nd 4. 5 aver.,e .e,awatt. of enerqy durinq the period 

fro. I April throuqh )1 July 1986. SUi table arranqe.ent3 vere .. de bet~een 

the Bonnev ille Pover Adalnl.tr.tlon and B.C. Hydro for de l ivery of this 

enerqy. Coaput,tlon. Indicated no 10~s or qaln In dependable capac ity durlnq 

the \985-86 operat i n, year. 

DtTAIL~D OP~RATIKG PLAN 

Durlnq the per iod ~overed b~ thl. report . stora,e oper.tlon. vere 

i.pleaented by the Operatlnq Coa.lttee In accordance v ith the "Det.lled 

Operatlnq Plan for Co luabl. River Tre.ty St or .,eo (OOP) , d.ted Oc t ober 1985. 

the OOP es t .bllshed cr lterl. for deter.lnlnq the Operatlnq Rule Curves fo r use 

In .ctu.l operati on. . ~Jcept for .inor chanqes at Arrov , the DOP u8ed the AOP 

cr ltlc.1 fule curves f or Canadian project •. The Canadian ~ntlty agreed to 

II 



lover the Arrow first year October through December critical rule cu rve and t o 

raise the february and April critical rule curve t o I.prove the hydro 
regulation In the 1985-116 Pacific Northwest Coordination Agree.en t operat ing 

plan. The Variable Refill curve~ and flood control r equiremen t s subsequent to 

1 Janua ry 19116 were determined on the baSIS of seasonal Volume runoff forecasts 

during ac t ual operation. The regulation of the Canadian storage vas conducted 

by the Operati ng Coutttee 011 a " eek1y basis eKcept vhen f1oo-d control 

requirements necessitated dally regulation. 

~HTITY AGRE~MENTS 

During the period covered by this report, th ree agree.ents vere officially 

approved by the Entities. The follovlng t abu lation Indicates the date each of 

theae ve re Signed Or approved and gives a description of the agreement : 

Date "'greeaent 
Signed by fntltles 

LQHG Tf"JUf HO/f- TRU,TY STORAG~ CONTRACT 

De!lcrl pt lon 

Agreement relating to the 
preparation of the 1990- 9\ AOP and 
studies necessary t o address the 
outstanding Issues. 

Columbia River Treaty Assured 
Operating Plan and Determina ti on 
of Do wns tr eam Power Benettts for 
Operating Year 1990-91. dated 
HOVUlbu 19115. 

Detailed Ope ra t i ng Plan for 
Colullbta River Treaty Storage, I 
August 1985 through II July 1986, 
dated Oc t ober 198~. 

In accordance vl th the 9 April 1984 fntlty Agreement vhl ch approved the 

contrat t between II.C. Hydro and BPA relating t o the Ini t ial tilling of 

non-Treaty ~to rage, coordinated use of non-Treaty ~torage, and Mtca and Arrov 

refill enhance_ent, the Operating COMmittee _onltored t he ~ t orage operations 

.. de under the agreemen t to Insure that t~ey did not adversely l~paet operation 

of Treaty stor age required by the Detailed Opera t ing Plan. 
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Chart 1 ia a ~eo~rlphicil Illuatrat i on of the lealonl1 precipitation In 

percent or no r . al for the I October 1985 th r ou9h 31 M~rch 1986 period In the 

Colu.bla River Bas i n. Cha rt 2 ahows an I nde~ or the accu.ulated anowpack In 

the COl u.bla Ba~ln above The O.lles In percent of nor.al for the I January 

throuQh 1 Ma y 1986 period . Indlcea of te.perature and precipitation In the 

Co luabll Blsln are shown on ch. rts 3, 4, Ind S for the I Seple.ber 1985 to 31 

Au~ust 1986 period. The followi ng paragraphs describe II~ni fl can t veather 

f,ct ors fra. I August 1985 to 30 Septeaber 1986. In thll report te.peratures 

ITe given In degrees rahrenhelt . 

The fill (Septe.ber - Nove.ber ) sellon In the Plclflc Northwelt WI. generally 

cooler and vetter than nor .. l, Septe.beT te.pe ra tures were 30 to loor belov 

nor .. 1 and precipitati on ringed f ro. 10e to 3( 1 percent of nor •• I. 'or the 

basin above The Oallee preCipi tation averaged 206 percent of nor •• I, October 

con tinued cold and vet v lth reQionl1 te.peratures averagln~ a •• uch a. 6° ' 

b.lov aonthly nor.al . Malt of the Octobe r star •• went through the northern 

plrt of the basin as Indicated by the precipi ta tion dl.trlbutlon which averaged 

16e percent of noraal In t~e ba.ln above Grand Coulee ind 1~2 percent In the 

basin above The oalle~. NOve~er be~an vl th a brl~t vara, vet epell. bUT bV 

the IGth, a lar ge hlQh pre'lure ay.te. ove r northvestern Clnld. pushed very 

co ld artlc .ir Into the bilin dr oppln9 . onthl y reglon,l te.perature. to 200 to 

340' bel ov nor.al. Thll cold epel}, vh lch per~l~ted t o aonth'. end, va s 

aupplemented by aurface veather featurea vh ich brought .olat Ilr Into the 

reg i on , The re.ult w.~ peri odic . now .tar •• over t he entire region, even In 

we. tern valleys, durln9 t he 1.lt ha l t ot the .onth. De.plte the lov 

te.per.ture. totll .onthly precipitation aver.ged 9~ percent of nor.al above 

The Oallea . 

T~e vlnte r season val I tu rn-.round In weather even though Oeceaber wa. I 

cont inuation of the fall cold spell. Like Nove.ber , the fir st veek of Oeceiber 

v,~ , reaplte iro. the cold vlth te.perature. rl. lng to near nor.al between the 

" 



lrd and 9th , When the hlqh pressure systea re-establlshed e.tended period. of 

foq occurred In .. ny areas, Because this .Ir .ass va~ dry and stable It only 

produced lO percent or nor.,1 precipitation for Oeceaber in the basin above The 

Dalles. ~t the beqlnntnq of January the off shore rldqe of hlqh pressure vas 

replaced by a lov pressure t r ouqh vh lch fed a constant lupply of aolst vara air 

to the Pacific Northvest , This produced thavlnq of Ice Ja.s and aeltlnq of lov 

level snovpacks vhl ch reached its zenith about ald-aonth. ~veraqe aonthly 

teaper,tures v,rled froa 120, .bove nora. I It Cr.nbrook, British Coluabla to 

10, belov nora, I at Tvln ,.111, Idaho. Despite thll large teaperature gradient 

precipitation averaqes lor the b.sln above Grand Coulee .nd .bove lee Harbor 

vere Ilailar, 83 and 75 percent, respectively. February beqan vlth a aoderate 

stora passing through the region. This vas fOlloved by the developaent of an 

offshore ridge which was slallar to that of Deceaber and January . After a week 

this ridge aoved north allowing very wara and aolst air froa Havall t o produce 

very heavy r.intall .nd low elevation snovaelt in the southern portions of the 

Coluabl a!Snake basin.. Teaperatures averaqed 30 to 100, above noraal vh lle 

aonthly precipitation in the Snake averaged 2(6 percent of norall and for the 

basin above The Dalles It averaged IB5 percent. 

Karch veather presented a varied pattern with rtdqe conditions 

predoalnattng over the Pacific Northwest at the start and at the end of the 

aonth. Teaperatures averaged 50 to go, above norall acrols the bastn, vlth 

aaxlau.s 21 0, above norall. Precipitation for the basin averaged 92 percent of 

norall. 

During April a lov pressure trough off the Pacific COlst vhl ch kept 

re-establlshlnq I tself controlled the aonth's weather . Although aonthly 

teaperatures averaged near nor .. } the flrlt ten days of April vere auch var.er 

than nor •• 1 vhlle the last 20 vere belov norall. The basin above The Dalle! 

averaged 105 percent of nora.1 .onthly preCipitation. 
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Three .. ,or stor. syste.a p~ssed th r ough the bas i n during May produci ng 

prec l plt~ tl on that ~ver~ged 105 percent of noraal . The coldes t of these 

produced hu ... y snovhll In t he Hun tal nou. reqlon, on the 'th . Iy the -.ont h ' , 

end t he ve~ther h.d var.ed and sever ll nev la i llul lonthly te.per~ture. records 

vere set th r ouqhou t the bl.in . The var l we.ther .t the end ot H~y continued 

for the fi r.t week in June . Telper~turel vere a9 .uch ~s 200, abo ... e nor.al 

during this per iod. Basin preclpit.tlon .... er~~ed only 11 percent ot nor.al for 

the l onth . 

Our ln9 July, sedent~ry loy preslure 'Ylte. produced cool te'per .tures , as 

luch II 250, belov d~lly nor •• !. ~nd .bo ... e nor •• 1 preclpiutlon . The lnde- of 

prec lpl t~tlon In t he ba.ln abo ... e C~stleg.r , Br it ish Co IUlb la . v •• 16 3 percent 

of norl.1 while the ba.tn ~bove The Oil iel ~verlged 14) per cent ot noraal . ~t 

the beqlhnlng of AuqU.t the veather pattern .bruptly ch~nqed .1 the area c •• e 

under the do.l n. tlon of I hlqh prel.ure rldqe. Th i ' pr oduced little rain and 

te.per.ture. nearly 10 deqree •• bove norlal . 

The f inal preCi pitat ion Index fl~ure for the Co l u.bl~ BI.ln above The 

O~ llel e,ch lonth dl tfers frol the prelilln.ry prec i pitation Indel f lqur e. The 

prel ili nar y Index is cOlputed dilly b.led on 16 u.u~lly reprelent~tLve 

.t~t l on. . The fln~1 Indel I. b~.ed on 60 I t~tlon •• nd ' a cOlputed at the end 

ot e~ch H nth . f ter ~II the dat~ ~re collected . There la u, ulLly 100e allqht 

dlfter ence betveen the prelilln.ry and the tlnal aonthly preC ipitati on 

tlqurea . The folloylnq Ubu lul on ahoy! the 20-year .... euqe 1l961- 1980 } 

lonthly preclplt.tlon In the ColUlbI ••• ,In abo ... e The Dliles a, co.pared to the 

fln.1 .nd the prell_I nary (prell.) Indite, for vlter year 1986 , II'" 86 } . 

20-Year 20- Yur 
Mon th ~ ... e ra!le ~ ~ ... eu~e 

, , n. ) ( In . ) 

'" · OS l. 76 '" >J' 'p' ." 1.61 ' 06 , .. 
p" '85 2 . 11 " .. '" ." 1. 15 '02 ,OJ 

"'" ' OS 3.29 II " ", ." I. 84 " .. ,,, ... L)) " " '" ." 0.q6 ... lSI 

". ... 2. I ~ '" '" '"' ." I. 29 " " ", ... I. 91 " .. ,"p ." 1.41 '" '" 



The observed Inflo~ .nd outflow hydroqr.phs for the period 1 July 1985 to 

31 July 1986 .re shown on chart~ 6 thr ough 9 for the four Treaty re~ervolra. 

Observed flowa with the co.puted unregulated flow hydrographs for the al.e 

Il-.onth period tor Kootenay Lake, Co lu.b la River .t 8lrchbank, Grand Coulee 

. nd The Dalles are shovn on chlrta 10, 11, 12, and 13, respectively. Ch.rt 14 

la a hydroqraph of observed .nd t wo unregulated flo~s at The Dalles during the 

April through July 1980 period Including one that would h.ve occurred If 

regulated only by the Treaty reservoirs. The following paragrapbs describe 

slgnific.nt streaatlow events fro. the au..er of 1985 through Septe.ber 1986. 

During August 1995 strel.flo~ In the P.clfic Northwest ~as generally nelr 

nor.a l to ~e l l belo~ nor.al In reflection of dry su..er ~eather. He.vy 

Septeaber precipitation Increased SOil .olsturc so that the strea.flo~ pattern 

through Nove.bee wa, well above nor •• I. A t~o-.onth cold spell began 

.Id-Nove.ber. This gradually reduced flo~s to ~ell belo~ nor •• l during 

Dtceaber. Ice , ... Ing In the upper and .iddle Snake 8a,lns resulted fro. this 

cold. Although January WIS allghtly ~.r.er than nor.al and a nor.,1 a.ount of 

precipitation fell throughout the .onth, It WIS not adequate to ~ar. and prl.e 

the snoVpack to produce nor .. 1 !treaaflo~l. 

Veil above nor •• 1 precipitation In February, coupled with the year's first 

~ar. spell, ~hlch lasted Into .Id-Aprll, produced ~ell above noraal 

streaaflo~s. We.ther patterns c~anged abruptly In .Id-Aprll, c.uBln~ 

te.peraturea to well below noreal for the nest sis weeks. This curtailed 

snoweelt in the Canadian portion of the basin so that strea.flows fell to 

nor.al or below . Despite this cooling, stre~.flows in the southern subbasins 

re .. lned above nor.al . 

A IO-day hot spell. which beg.n the l.st ~eek In "ay, produced t~e seasonal 

hl~h discharges In t~e northern basins. ~ven with this accelerated discharge 

the stre~.flows for June averaged slightly less than nor.al . Despite the cool 

~et ~eather of July the aueeer strea.flows ree.ined slightly below noraal. 
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The 1985-86 .onthly -odlfled etre •• flovs .nd the .veraqe .onthly floy! for 

the 1929-1918 period are ahoyn In the folloyln, table for the Colu.bla River .t 

Grand Coulee .nd at The D.llel . Thele .odlfled flovs have been corrected for 

'tor.,e In l.ke! and reservoirs to e&clude the effect! of requl.tl on, .nd ~re 

.dJusted to the 1980 lev~1 of develo~ent for 1,.lq.tlon. 

Auq '85 
Sep '85 
Oc:t '85 
lIov '85 
I)ee '85 
J.n '86 
reb '86 
Mar ·86 
Apr '86 
l'I.y ·86 
Jun '86 
Jul '86 

"" 

Coluabl. River at 
Gr.nd Coule~ In Cr! 

Modified rl ow Averaqe 
1985-1986 1929-1978 

71,4(0 
59, 450 
56,420 
60,HO 
3),llO 
33,620 
52,050 

100,400 
116,000 
231.900 
JOI,800 
154,900 

106.098 

10),142 
64,457 
50,650 
45,525 
41,793 
38,482 
41 ,045 
50,359 

117,432 
212 ,024 
)25,692 
l'1S,586 

112 , 618 

Colu.bl. River at 
The D.11e, In cfe 

Modified ,Iow Averaqe 
1985-1986 1929-1918 

98,820 
97,840 
98,750 

10J,100 
68,210 
11,170 

166 ,800 
262,)00 
251,JOO 
393,000 
456,500 
195,500 

te9,215 

1)9,OS4 
97,214 
81,349 
89,536 
95,166 
91.901 

102,817 
122,128 
221,814 
421.758 
479,654 
216,610 

180,649 

Obeerved 1986 April throu,h AUqU,t r unof f volu.ee, adjueted to e.elude the 

aftacta of re,ul.t lon a t up.tre •• ator.,e, .re II,ted beloy for al,ht loc.tion! 

In the Co luabl. 8.8In , 

Loc.tlon 

Libby Reservoir Inf low 
Dunc.n Relervolr Inf loy 
Mic. ReBervoir Inflow 
ArrOy Relervolr Inflow 
COlu.bt. River .t li.chb.nk 
Grind Coulee Reservoir InfloY 
Sn.ke River .t Lower Gr.nlte D •• 
Coluabi. River .t The Ojlles 
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Volu.e In 
1000 Acre-Peet 

6,099 
2,101 

11,897 
2].358 
]9,561 
54,113 
21,949 
85,2U 

Pertent of 
1961-80 Aveuge 

" 101 
102 .. 
" .. 

102 

" 



Forecasts of seasonal runoff volu.e. based on precipitation and snowpack 

data, vere prepared In 1986 as usual for a lar98 nu.ber of locations In the 

Colu.bla River B.sln and updated each .onth a. the a •• aon advanced . Table 1 

lists the ae.aon.1 volu.e Inflow forecasta tor "l ea, Arrow. Duncan , and Libby 

projects and for the unrequlated runoff for the Colu.bla River at The Da lles . 

Also ahovn In table I are the actu.l VOlu.e5 for these five l ocation!. The 

forecasts for "t ea. Arrow and Duncan Inflow were prepared by B.C. Hydro and 

those tor the lower Coluabl. River and Libby Infl ows were prepared by the 

Un i ted States Coluabla River roreca,tlnq Service. 

The 1 Apr il 1986 foreca,t of January throuqh July runoff for the colu.bla 

River above The Dalles vas 106.0 .af and t be actual obeerved runoff va. 108 . 3 

a.f, only a 2 percent differential. The followln9 tabulation ~u.aAr l!e! 

aonthly foree.ats alnce 1910 of the January throuqh July r unoff for the 

Coluabla River above The Dalles co.pared to the actual runoff .eaaured In 
.Illiona of acre-feet (.af): 

Year 

1970 
1971 
1972 
1913 
1914 
1975 
1916 
1977 
1978 
1979 
1980 
1981 
1982 
19B3 
1984 
1985 
1986 

", 
82.5 

llO.'1 
110 . 1 

93 .1 
In .o 
96.1 

113.0 
75.7 

120.0 
88.0 
88 .9 

106 .0 
110.0 
110.0 
113.0 
lJl.O 
96 . 8 

'" 
99.5 

129.5 
128 . 0 
90.5 

llS.O 
106.2 
116.0 
62.2 

114.0 
78.6 
88.9 
84 .7 

120.0 
108.0 
103.0 
109 .0 

93. J 

"" 
93.4 

126.0 
138 .1 
8(, 7 

140 .0' 
114 .7 
121.0 
55.9 

108.0 
93.0 
88.9 
84.5 

126.0 
113.0 

97 . 6 
105 .0 
103.0 

Apr 

94.3 
134.0 
146 .1 
8).0 

146.0 
116 .7 
124.0 

58.1 
101. 0 
87.3 
89 .7 
81.9 

130.0 
121. 0 
102.0 
98.6 

106 .0 
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!!ax 

95 . I 
lJ).O 
146 . 0 
80.4 

149.0 
115.2 
124 .0 
53.8 

104 . 0 
89.7 
90.6 
83.2 

131.0 
121. 0 
107.0 
98.6 

108.0 

'"' 
us.O 
146.0 

78.7 
147.0 
1l3 .0 
124 . 0 
57 . 4 

105.0 
89.7 
97.7 
95 . 9 

128.0 
119.0 
114.0 
100.0 
108.0 

Actual 

95.7 
137.5 
151. 7 
71. 2 

156. J 
112.4 
122.8 

53.8 
105.6 

B3 • I 
95.8 

103 . 4 
129.9 
llB.1 
119.1 
87.7 

108.J 



V. R~SCRVOIR OP~RArION 

T~e ope rating year began with the coordinated reservoir syste. officially 

tilled to only 92 percent or capacity. An unu~ually dry ~~er r esulted In the 

u.s. ~yste. being proportionally drafted to .eet flr~ energy lo.ds beqlnnln9 In 

early July. Sever.1 .e.sures were, ~owever, taken during the sum.er to r educe 

the a.ount of required draft. SPA began receiv ing energy fro. B.C . Hydro, as 

well as sever. I private and public utilities. under a special st orage 

agree.ent. In .ddltlon. t~e 80,rd.,n coal ~flred powerplant was br ought Into 

service [or t~e au .. er . Also, BPA delayed the aale of so.e aurplus flrl 

energy. T~e reservoir systel operated on proportional draft t~rough October 

w~en a series of ra lns torls helped the actual level of the t~e ayate. recover 

back to the nor.al base energy content curve (BtCe) . 

The reservoir ayate. continued drafting for floGO cont r ol and power through 

t~e autuln .ontha . Colder than norla1 weather In late Novelber caused a 

significant Increase in the ayste. draft rate. Un"easonably dry weather In 

Dece.ber again forced the U.S. ayate. Into proportional draft to serve fir. 

loads . Although water supply forecasts for 1 January were generally below 

average. so.e draft in January for flood control atlll was necessary .t lost 

projects. Tables 1 through 5 show the 10nt~ly J anua ry through June 1986 volule 

runoff forecasts and VECC cOlput.tlons f or the Treaty projects . 

Beginning In Ild~rebrua ry a .ajor change In weather conditions occurred 

throughout .uch of the lower Colulbla and Snake River dr.ln4ge basins. A 

$erle~ of un,ea~onably war. and ~et we.ther sy!tela triggered r.p ld rtses In 

!trea.flow wit h river! at several control pOint! exceedln9 bank full condltionB 

and. In sOle eaBts. flood stage. As a r esul t. the reservoir syste. wa~ 

regulated on a da lly baais for flood cont r ol between 21 February and 5 Harch. 

Re l eases fro. Arrow. Duncan and Libby were all reduced e!sentlally to .Inl.u. 
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for auch of this period. OUtflow. fro. thele proJecte were .11 Increased .fter 

this event to provide the necess.ry ep.ce for control of the eno~elt frelhet. 

Treaty project Inflova beq.n rlaln, In ~prll but Incre.,es vere lod6tate 

until aid-Hay vhen hi9h teaperaturel tri9gered • rapid rll' In , tr,aatl ov 

throuqhout the entire baa in. The reserVOir systea beqan beln, re,ulated on a 

daily basis tor tlood cont r ol on 28 Hay a, the flow in the l over ColU8bia River 

va' ne.r the Inltl. l controlled tlov. Operation of '08e reserVOirs f or flood 

control continued until 25 June. The extre_ely wara teaperlturl lequence of 

ald- and late Hay reaulted In an e~pecl.lly hlqh unre,ul.ted flov considerlnq 

the less- than-aver.qe observed runoff for the April to ~uquat period. The 

coordinated re~ervolr .yetea vas aore thin 98 percent full on 31 July and vae 

therefore, offlcl.lly decl.red full for Coordination Aqreeaent purpose, . 

Unle.lon.bly dry ve.ther throuqhout the .uaaer aontb. forced the u.s, systea 

Into proportlon.1 draft to aeet flra paver lo.da beqinnlnq In ald-Auquat 1986 . 

Thla proportional drift continued throu,hout Septe_ber, 

In 1986 the U. S. relervoir Iyltea VI . 'q.ln operated to prOvide fiowl for 

the downstreaa alqr.tlon of Juvenile an.dr08oul fish. The J.4~ .af Yater 

ludget for Pr lelt R.pldl w.a fully utlilled betveen 5 H.y .nd I June with 

n.tura l flov! then provldlnq qood p •• ,a,e condition, In June. The veekly 

.ver.qe outf low 'raa Priest R.plds exceeded th~ 130,000 cfl f lov dellred f or 

tlah p'!laqe between I April and 15 June. 

NICA R~5~VOIR 

AI shown In Cbart 6, the Tre.ty Itorlge Ip'ce at Klta re •• rvolr wa. 

coapletely refilled on 25 July 1985. Thl .ctu.1 level on th.t d.y va, anly 

elevation 2453 .0 feet .1 loae of the non-Tre.ty Itor'ge ap.ce wa , not quite 

full . letveen I Au,Uat and 21 Septtaber, the Treaty !toTI,e .ccount at Klca 

vas a.lntllned full, but because of operat lona Involvinq the other non-Treaty 

Itor.qe accounta, the relervolr va! actually drafted sll,htly to elevation 

2451 .9 feet by 21 Septeaber. Inflow Into Hie. reservoi r dropped belov itl 
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alnlau. dlsc~ar'1e of 10,000 cf a In late Sept ember, causln'1 a sll'1h t dr aft of 

the Treaty stora'1e account as per the Detailed Dper at ln'1 Pl an lOOP), Du r ln~ 

t~e autuan Months, Treaty storaqe conti nued to draft per the DOP release 

schedule, AS a result, the reservoir was drafted to Its Ope rati ng Rule curve 

elevation of 2425,2 feet by 31 Deceaber after adjus t inq for deficits In the 

non-Treaty s tora'1e accounts at Mica, The project out f lows dur ing t~ls pe r iod 

varied between 5,000 ef a and 40,000 cf s, 

Because the Arrow reservoir level wa a lower than noraal in Dcccabcr, the 

Treaty atora'1e release target at Mica in January waa rev ised from 25,000 cfs t o 

30,000 cfs as per DOP, thus acccicratlnq the rcservolr drawdown In J anua r y, By 

27 February, Mica reservoir was dra ft ed tc elevation 2401.7 feet, Ita lowest 

level f or the current operating year. The Treaty storaqe accoun t continued to 

draft through Ma rch and Ap r il, due to in fl owa lower than t~e DOP targets for 

those MonthS. Howeve r, because of the tIlling of the non-Treaty storagc 

accoun ts, the actua l level at Mica was Inc reased dll r lnq this period . The 

Trcaty storagc account was U IU lowest level, 616.3 ksfd (1.22 .aO, on J Ma y 

1986. 

Inflows Into Mica reservoi r were well below noraal In April and early Ma y. 

However, Inflow! Increued to above the DOP u rqet outflOW of 10,000 cfs af t er 

3 May and tht Treaty s t oraqe accoun t at Mica beq. n t o f tll , Actual powerhouse 

d lscha rqes var ted between zero on the weekends and approXlaately 5,000 cfs 

dUrlnq weekdays In thiB period , The warm weatller In t~e latter part of Ma y and 

early June caused tile Inflow to rise quIckly, peaking at 106,490 cta on I 

June. Inflow! then receded to average in June and Jllly bllt the reservoi r 

continued to fill quickly . The Treaty storage account was re f illed by 10 Ju ly 

1986 . The .ctual elevation at Mica was 2466 .9 f ee t On that day. Due t o 

Inflows e~ceed tnq the powerhouse hydrauli C capaC Ity and, occaSi onally, B.C. 

Hydro's system load requi rements, Hlca reservoir continued to l i ll towards Its 

noraa l full pool e levat i on 2475.0 teet, on 2S JIIly, the proJect beqan ~pliling 

to reduce tllc rate of til l and on 10 August, the project wae up near full pool. 

Tile Treaty s t ora'1e account Is e ~pected t o r em.ln full until 30 5epte~ber, 

However, return of t he ncn-Treaty storages from Mlc. t o BPA or B.C . Hydro 

caused the actual reservoir level to draf t sltqh tly t o elevation 2472.6 teet by 

3} Auquet 1986 and elevation 2466 .4 f eet by )0 Sept ember. 



RevelDtote reservoir b.sle.lly dl.e~.rqed Inflov! durl nq this p •• t 

operatlnq year, opefa tl nq vlthln 5 t o 10 feet of ful l pool. 6plllv.y test. 

vere conducted an II Augu.t and on 13 .nd 14 August 1986. T~e proj.ct i. 

e.peeled t o continue to d lDC~ftrge Inflov! and viii be ope rated vlt~ln t~e 5 to 

10 teet at Its nor.al full pool elev.tlon of 1880.0 feet . 

AI s~ovn In Ch.rt 7, Arrov re,er volr vi a only f illed to elev. t lon 1434 .5 

feet by 1 July 1985. due t o bel ov .ver.qe runoff In t~e 'UlMer .onths . Thla 

VI. Ipprollaetelv 10 feet belov It I no rael tu l l pool elev.tlon of 1444 .0 feet . 

Arrov relervol r reDu.ed filling an 19 July and qr.du.lly filled throuqb AUgUst 

.nd Septeaber. T~e re!er volr continued fill i ng into non-Tre.ty .torlge, 

reaching elev.tlon 144 5.8 tee t 6 October. 

Dr.f t of Treaty ator.ge began soon afterv.rds and by 31 Octobe r Ar rov ViS 

drafted to 1tl f lood control level, elevation 1442.0 feet. The co ld veather In 

Noveaber clused the Tre.ty Itof'ge .t Arr ov reservoir t o be drafted he.v lly In 

Noveaber .nd Dece.ber to elevltlon 14 24.0 feet by 31 Deceaber Ifter .djustlng 

for the non- Tre.ty s tor.ge at Arrow. This vas below the elev.tlon 1426.8 feet 

that vou ld trigger higher Treaty . tor.ge re l ease tra. the "I c. project In t he 

f ollovlng .onth . The relervolr continued drafting heaVily In early J.nuary 

With the projec t outfl ovs Incre.led up to e9,OnO cfs . Betveen 23 J.nua ry .nd 5 

Pebru.ty, the reservoir tilled to elevation 1415.0 teet, before It resuaed 

draft ln9 'galn to .eet pover and flood control requ lre_ent. . Between 23 

rebr uary and 6 ~rch. Arr ow reservoir ou t flow was reduced to a8 lov IB 10, 000 

ef l t o _Itlg.te fl ood control pr oble.s c.used by he.vy ra ins. By 31 ".r eh. 

Arrow vas drafted t o elevation 1401.0 teet, slightly above I ts plood Contr ol 

Rule CUrve, .t ter adlustinq for t he non-Treaty Itorage at the Arr ov reBervolr . 

8y 1 Key . Arrow h.d dr.fted to elev.tlon 1399.6 feet, I t I lowes t level for the 

current oper.tlnq year . 
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Arrow reeervoir reaained near elev.tlon 1400.0 feet thro~qh )1 "av before 
the project diacharqe w.a red~ced to Ita .Inl.u. dlach.rqe of 3,000 efs . 

C.pt~rlnq the hlqh runoff, which peated at approx.aately 120,9JO efa on 11 "ay, 

caused the reservoi r to f i ll r apidly throuqh June and Ju ly . 8y 18 July. Arrow 

had filled to elevati on 1443.4 feet, and the Treaty atoraqe account at Arrow 

w.e consi dered full on th.t day, even thouqh so.e of the Arrow storaqe was 

retllned at Revels t oke reservoir to reduce spill In 8.C. Hydro ' s syate •. 

8ec.uee of t hle, Arrow r eser voir Vie dr.fted In J uly and Auquat to .s l ow as 

elevat i on 1438.0 feet. 8y 31 Auqust, Arrow had filled to elevation on 1440. 4 

feet . 

DUNCAM R~S~RVOIR 

AS _hown In Chart e, Duncan reservoir h.d on ly f illed to elevation 1886 . S 

feet by 13 July 1985. due the well-below-aver.ge Infl ows durlnq the aUIMer 

.onths . The reservoI r w.s then •• Int.lned at near elevation 1885 .0 feet until 

elrly Auqust. 

Dur l nq the per iod 16 Auqult until 18 Septe.ber, the reeervoir wae dratted. 

with the project ou tf low \ ncre.sed up to 10,000 eta, to .eet Tre.ty storlq' 

requlre.ents. The reservoir vas .t elevation 1870.7 feet on 18 Septe.ber . 

During the period fra. 29 Septe~er until 6 Deceabe c , D~ncan projec t dlscharqe 

w.a generally .. ln t.,ned It ita .lnl.u. leve l , 100 Cfl , .nd the releevolr 

tilled .pproxl .. tely 10 f eet to elevation 1880.6 feet by 6 Dece.ber . The 

outflow w.s lntre.sed .bov_ th_ .,nl_w. outflew on 7 D_ccab_r Ind t he reservoi r 

cesu.ed dr.ftlnq. Vlth the prOject outflow varylnq between 5,000 teB and 

10,000 cfe, Duncan continued dr.ftlnq throuqh _ld- r ebruary 1986 . 

Beq i nnlnq 23 Febr uar y, heavy r alna produced hlqh runoff In the lower 

Colw.bia River b.eln Ind DunCln outfl ow WI' reduced t e IS low " 100 cfa f or 

(lood contro l . The project dl,chlrqe was Increased aqal n to t ,OOO era on 

7 Karch then reduced to 1,000 cf, on 10 Karch . Durinq the re .. lnder of "arch, 

Duncln w .... Inta lned near elevation 1811.0 feet, allqhtly above It' flood 

control require .. nt of clevatlon 1807 . 8 fcet . 

2' 



Beginning 10 Apr il, th@ dlscharg@ was again Increa3@d to as high as 5.000 

Cf3 and the res@rvotr drafted to elevat i on 1807.5 feet by 21 April. Its lowest 

l@vel for the current operating year. 

Inflows Into the reservoir were below normal In @arly Hay and the project 

passed Inflow. malntalnlnq Its level near elevation 1808 .0 teet throuqh 11 

Hay. The reservoir beqan fllllnq on 12 May wh@n th@ outflow was reduced t o the 

project alnlau. of 100 cts. A wara spell In late Hay and early June caused the 

Inflows to ri se rapidly, peaking at 23,770 cts on 29 Hay 1986 . Capturing this 

high runoff, Duncan reservoir tilled quickly throuqh June and July. The 

project was f illed to Its nor.al full pool elevation 1892.0 feet by 23 July 

1986. 

The proj@ct then discharged Inflow throughout the su __ er and waS at 

elevation 1891.9 feet on 31 August 1985. 

LIBSY ----

On 31 July 1985 Lake Koocanusa was at elevation 2449 . 5 f eet, 9. 5 te@t below 

normal full pool. The lake did no t fill In 1985 because much below normal 

precipitation occur red durlnq the last months of the forecast period . The lake 

could, however. have filled higher than Its hl9hest elevation, 24~9 .9 feet, but 

proportional draft required the pro jec t pass Inflow beglnnlnq In aid-July. The 

project con tinued releasing Inflow In Auqust and then dr afted slightly In 

S@pteaber to @levatlon 2443.3 feet on 30 September . 

The lake continued drafting throughout the autumn with an average discharge 

o( 18,100 cfs In October and Nove_ber. By 30 Noveaber 1985 the lake elevation 

was 2405.6 feet, approximately tJ feet belov the I Dece_ber tlood control 

requirement. On 6 December 1985 tbere was a ra ilroad brldqe (a llure and t r ain 

derall.ent at the town of Bonners rerry. Union Pacific Railroad 

representatives r@qutsted reduced Libby outflows t o aDsist thea in removing the 

derailed cars and bridge structure l r om the Kootenai River. Therefore, the 

project outflow vas r@duced to 4,000 cfs between 8 and 21 Dece.b@r. The 

averagt December outflow was approximately 13,500 cfs. The lake elevation was 
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2367.2 on 31 Oece~ber 1964, approximately 21 t eet below the 1 January base 

ene r gy cont ent curve (BECC} and approximately 24 reet below the I January fl ood 

control elevation. The lake wa~ drawn below the BECC because the u.s. syst em 

wa, bei ng proportionally drafted t o meet coo rdinated sys t em firm loads. The 

proportional draft point for Libby wa~ 2391.6 feet and with BPA servi ng 

advanced energy the reservoir could have been drafted to elevati on 2376.5 feet. 

The project cont inued discharging high flows through January ave raging 

appr oximately 11,000 cIs. The 31 January elevation was 2356.2 feet . ThiS 

elevation was approximately 20 fee t below the 31 January flood cont rol and 

approxl.ately one foo t below the end of mon th V!CC. The projec t ou tflow was 

then reduced t o 4 ,000 cfs In february and held at t hat l eve l until mld-Har ch 

where i t was Increased to Inflow to keep the lake elevation near It' mld -Harch 

flood contro l requireMent. In l~te April t he ou tfl ow was reduced to 3,000 eta 

when calculati ons showed there was only a 90 t chance ot refilling at 4,000 cts. 

Inflow began increa~lng t o Lake Koocanusa In late May reaching 83, 400 cf~ 

on 31 May Whi ch was the peak tor the year. Tb l, was the hl9be~t peak Inflow 

~ince 1974 ~nd about equal to 1912. Inflows con t inued to be high into June, 

wi th t he lake filling at the rate Of apprOKl mately 3 feet per day. Therefore, 

the outflow was Increased to 10,000 cfe on 4 June. The ou tf low averaged 11,000 

cfe in June and the la ke filled approKlmately 35 feet reaching elevation 2457.0 

f eet on 30 June. The spr ing flood control and r ef ill operati on reduced the 

peak stage of the Koo t enai River at the town of Libby by nearly 14 feet. At 

Bonne r·s ferry, Idaho, the peak stage was reduced by 22 f eet . The hke r eached 

normal full pool 2459 feet on 20 July and basically passed Inflow t brough the 

BU .. er. In Septe~ber the discharge was increased to draft the reservoir IS the 

re,ervolr syste~ began opera ting In accordance With proportional draft 

requlre~ents. 



As shovn In Chart 10, lootenay Like filled to Its peak level of 1747.3 feet 

on 1 June 1985. The lake va~ then drafted to elevation 1741.3 feet on [he 

"el.on gage by 6 July. Inflov vas then pissed Ind the like level .,Int,lned 

about elevltlon 1743.0 feet through August . 

KootenlY Like began tilling towlrds Ita noraal .,xl.u. operltlng level at 

elevation 1745.12 feet In septeabee vlth the discharge controlled to betveen 

15.000 cfs Ind 21,000 ef! . On 28 OCtober, l oo ten.y Like hid ttlled to it, 

... I.ua level due to blgb runoff produced by heavy rainfall . As a result, tbe 

di.ch,rge wa. Increa!ed to a. high a. 44 ,000 ct. on that day . During the 

period fro. "ove~er until Dece.ber 1985, Kootenay Lake ~'Ic. ll y dlacharged 

Inflow., .. Int. lnl ng the l.k, level nelr elev.tl on 1745.0 feet . 

rollovlng the International JOint Co"l a,l on (IJC) Rule Curve, lootenay 

Lake begin drifting In early Jlnuary 1986 . Thl ! continued through rebrulry Ind 

"arch and by 28 "arch the lake wa. drifted to elevatiOn 1719.5 feet. It I lovest 

level for the current operating ye.r. 

lootenay Like began d lsch.rglng free flov on 4 Karch . KootenlY Lake 

continued to dlschlrge tree (low except for. ahort period at tl.e when the 

dllch.rge waa reduced t o f.cliitate Inspecti on of the looteaay Canal on 21 

April . Capturing the elrly runoff , Kootenay Like gr.dually fill.d to elev.tlon 

1741.0 fe.t by Kay 15. He,vy runoff In the latter p.rt of Kay and .arly June 

c.used the lake to rise rapidly to a pelk elevation of 1748.7 feet on 6 JUne. 

The runotf then receded In June Ind July enlbllng Kootenay Lake to be 

dr.fted to below elevation 1741.32 feet. Its nor.,l s~er level by 4 Augu~t. 

On 11 AU9U.t. the I.ke was It .Ievltlon 1743 .4 . In Septe.ber, the I.ke was 

filled towards It. nor .. l vlnter Oper.tlng level of elevation 174 5.3 teet. 
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VI. paVER AND nOOD CONrROL ACCOIfPLISHHENTS 

GENERAL 

Du r l~g t~e period covered by t~is report, Duncan, Arro~, Hica. a~d Libby 

re~ervo l r8 vere ope rated In accord ~ It~ t~e Co l umbia River Treaty. Hore 

specifIcally the operation ot t~e r eservoirs ~as in accordance ~it~: 

1. "ColUIhla River Treaty Hydr oelectric Opera t ing plan - A~!ured 
Operatin9 Plan tor Operatlnq Year 1985-86," dated Sept ember 19BO . 

2. "Detailed Operatln9 Plan for Columbia River Treaty storage - 1 Augu~t 
1985 through 31 July 1986," dated October 1985 . 

J. "Columbia River Treaty Flood Control Operating Pl.n ." dated october 
1912 . 

Consistent vi th all Detailed Operating Plana prepared since the 

Inst.ll.tlon of generation at Hlca , the 1985-86 Det.lled Ope r.tlng Pl an vas 

designed to achieve optl.UI pover generation .t-~ite in C.n.da and dovnstream 

In C.nada and the united st.tes, In accordance v lt~ Pdr'9Uph 7 oC Annel A oC 

the Treaty. The 1985-86 Assured Operatln9 pI.n prepared in 1960. va s used as 

the basis for the preparation of the 1985-86 Detailed Operatln9 Plan. 

pallER 

The C.nadi an [ntltle.ent to dovostrea. pover benefits fro. Dunc. n. Arrov 

and Hlca for the 1985-66 operating year ~ad been purchased In 1964 by the 

CoIUllbI. Storage Pover hchange (CSn). In accordance wlt~ the Canadi an 

Entltle.ent !Icban'le Agreement dated 11 AU9ust 196 4, the U.S. Entity delivered 

capacity and ener'lY to the CSPE p.rticlpants. 

The gener.tlon It downstream projects In the uni ted St.tes, delivered 

under the Canadian Entitlement !~change A9reement v.s ((4 average .e9avatt l at 

ratel up to 1,134 .egawatts from 1 August 1985 throu'lh II Ha rch 1986, and 418 

aver.ge .ega~a tts at rates up to 1,093 .eg.w.tts fro. I April 1986 throu'lh 

31 July 1986. All CSP! pover vas used to meet Pacific Northvest loads durlnq 

the period of this report. 



The coordInated re3ervoir 3Y3te~ was 92 percent full on 1 AUqU3t 1985 and 

after being drawn down during the 1985-86 operating ye~r, recovered to near 

full on 31 July 1986. The {ollowlnq table ~how~ the ~tatu3 ot the enerqy 

stored In the coordinated ayate. in billions of kilowatt-hours at the end ot 

each .onth co~pared to rule curve~ durlnq the 1985-86 operatlnq year: 

Month 

Aug '85 
5ep '85 
Oet '85 
Nov '85 
Dec '85 
Jan '86 
feb . 86 
!'IU '86 
Apr '86 
!'lay '86 
Jun '86 
Jul '86 

46.3 
42.9 
39.0 
36.2 
ll.9 
18.2 
15.1 
U 

15.0 
23.8 
38.5 
46.4 

Attu41 

42.2 
40,8 
39 , 0 
35.2 
28.3 
H.9 
22.8 
21.5 
21.0 
30.6 
43.6 
46.0 

Difference 

-4.1 
-2.1 
0 .0 

-1.0 
-3.6 
'.7 
7 . 7 

12.0 
'.0 

••• U 
-0.4 

NOT!: During the January-June period of 1986, volu.e runoff forecasts to 

cycl i c reservoirs wert su{ficlent to lower the operating rule curves below the 

a3sured refill curve3. 

", following table shows BPA non firm and 3urplu3 flr~ 3ales In .eg.watt-

hours to Northwest and Southwest utilities during the 1985-86 operating year . 

Period 

'" 'OS 0 17,600 0 1,112,280 

'"' ·OS 0 29.840 0 1.364,281 

'" ·OS 0 19,570 0 749,449 

'" ·os '" 158,042 126.497 1,022,255 
0.0 'OS 0 75 , 217 0 1.016,837 
", ." 0 15,HO 0 204,201 
'feb ." 189,203 16,000 112,009 353,428 

", ." 1.306.348 15,S10 797.556 68,704 

'" ." 1.913 , 111 12,500 918, 450 49,6(5 

"'" ." 2.23),150 '" 919,181 0 

", ." l.S18,J3S 1,020 919,(6t 279,180 

'"' ." 828,719 0 1,Jtl,216 676,246 

TOTAL 8.0U,201 336.839 S,1~6.319 6,896.506 

28 



Durlnq th~ 12 .onths endtn9 )1 M.rch 1986, B.C . Hydro sold. tot.l of 

42 .26 Million KWb ~Iectrlc'ty Includlnq exports of 9.40 .Illton KVh of surplus 

~Iectrlclty. 

r LoaD CONTROL 

The ColUMbia reservoir systeM Including Tr eaty pr ojec t s In C.n.da vas 

oper.ted on • d~lly ba!IS fo r flood con tr ol in both late february to control 

runoff froa he.vy v lnter r"nf,ll .nd ,gain during th~ sprlnq to control the 

Innual spring freshet. 

In I.te february and e,rly Karch I series of unselson.bly vlra .nd vet 

veather systeas caused rapid 'lre.aflov rise, In the lover ColUMbia tributary 

basins .nd the Sn.ke River b •• in . Dally flood cont rol ins tructions ver~ Issued 

by teletype betveen 23 february and S "arch. Cbart 14 shov, the observed and 

unregulated tlows at The O.lles dUTlnq thll period •• well 'I the flow which 

vould have occurred If regul.ted only by Treaty proJect' . 

frOM this chart It c.n be seen th.t the Treaty proj~c ts were .11 dr.fting 

.t the onset of thl' change In weather condi ti ons . Althougb the discharge, at 

all t our pioject, were essentl.lly reduced to .lnlMuM, oper.ti on of these 

projects did little to reduce ~tlge, In the lover COIUMbl. River tor several 

rellons. N.tural flovs in the upper river v~r~ relatively lov ,nd un,ff~~ted 

by the ve.ther condition. th.t produced the rapid ,t r e'Mfl ow rises In tbe lover 

bisln. In addition, Arr ow waa dr.ftlnq rapidly with an outf lov 10.000 c t •• t 

the onaet of thl, .tor. per iod, and the dl,ch.rqe could only be reduced by 

20,000 cf, pe r day. Consequently, by the tiMe Arrow had redu~ed to Ita alnlmUM 

rele.se, the lover river va, ne.r Ita peak. Heavy loca l runoff I nto Bonneville 

pr oduced. peak dally r~gullted Inflov at 392.000 cr, on 2~ rebruary but rapid 

dr.vdavn of the Bonneville poo l on 24 rebruary pr OV ided ,tor'ge to contr ol the 

pe.k ov tfl ow to 3S~,OOO ct.. The obaerved peat stage .t V.ncouver, w.shlngt on 

v,. 18 .S feet .nd the unregulated st'ge would h.ve ~en 22.9 feet, t lood ,taqe 

11 16 .0 feet . After stiqt. In the lover ColUMbi a River r~turn~d to nor •• I. the 

Treaty projects re'UMed drafting tovard. their 'pring flood cont r ol tarqet,. 

" 



'lood control durin9 the 'prinq runoff v., provided by the nor .. 1 refIll 
oper.tlon of the Trelty reservolrl and other Itorlge relervolrs In the Colu.bl1 

River Rilin. o.lly flood control condltlonl vere Ilsued betveen 28 ~y and 

20 June. The observed .nd unrequlated hydroqr.phl for the Coluabl. River .t 

The DaIle, betveen I July lq85 .nd 31 July 1986 are Ihovn on Chart 13 .Ionq 

with a I~ry hydroqflph of bletorlcal floYI. AI Ihovn on Chart 14, the 

unrequlated peat flow at The Dallel wou ld have been 719,000 etlan 4 and 5 June 

.nd It val controlled to a ... I,u. of 388,000 etlan 3 June. Chart it .110 

ehovl the effect of Mi ca, Arrow, Qune.n, and Libby requl.tl one on the fl oy at 

The Dall.e. 

The obeerved peat It.qe at V.ncouver, ~alhlnqton vie 12.5 fee t Ind the 

unre9ulated stage vould have been Z4.4 feet, Cha rt 15 docu.entl the relltlve 

ftlllnq ot Arrow Ind Grand coulee durlnq the prIncipal fllllnq period, and 

ea-p.te, the reyul.tlon of thele tva relervolrs to quldellne, In the Treaty 

Plood Control Operltlnq Plan. 

Co-putltlons of the Initial Controlled Ploy IIC'~ for IYlte. flood control 

operation vere .. de perlodlcilly II usu.1 before .nd durlnq the 1'86 eprlnq 

runoff Ie. eon In leeord vlth the Treaty Plood Control Oper.tlog Pl.n . The 

relult, of thele eo.put.tlons Il.rted out on I Janu.ry 1'86 .t 300,000 cfl then 

deerelled to 215,000 efl on 1 'ebrulry, Inerl leed to llO,OOO ctl on I Mar ch. 

and deere'led again to 315 ,000 cfe on 1 April Ind l05,OOO cfl on I M.y. Dlt. 

for the 1 ~y IC' eo.putatton Ire qlven In T.ble 6. 

,. 



Table 1 
Unregulated Runolt Volume Forecasts 

Millions of Ac re-Feet 
1986 

UNRlGULAttO RUNOPP 
COLU HBIA RI Y!R AT 

OUNCMI ARROII I'I ICA LIBBY '"' DALL!S, OR!GON 
H03t I'IO~t Ho~t Ho~t l'Io~t 

Porec.u Probable Probable Probable Probablt! Probable 
DUe - I .\pril - I J.nu. r y- I "Pr il - l Apr\! - I January-

In of 1I AUQ U3t 31 AUqust II Auguu 31 August 31 July 

J.nuary LO n , ~ 12 . 1 ••• 96 . 8 

Pebru.ry 2.0 23. 4 I Z,I '.0 91 . ) 

I'IIrch 2. \ 24 • I 12. S ' .\ 101 . 0 

April 2. \ 24.J 12. S ••• 106.0 

"'Y 2.2 H .1 12.2 ... 108.0 

June 2.2 23.8 12.1 .. \ 108.0 

Ac tu.l 2 . \ 2) . 4 11 . 9 .. \ 108.J 

lion , The3e d. t . " ere 113ed In actu.1 opu.tlon3. SIIb3equent revUlons h.ve 
been .. de In 30.e c.,e • . 

,\ 
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95 Percent Confidence Forecast and 
Variable Energy Content Curve 
Mica 1986 
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Table 4 

9S Percent Confidence 
Variable Energy Content Curve 
Duncan 1986 
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Table S 

9S Percent Contldence Forecast and 
Variable Energy Content Curve 
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Table 6 

Computation of Initial Controlled Flow 
Columbia River at The Dalles 
1 May 1986 

1 May roreca,t of May-Au9u,t Unre9ulated Runoff Yolu.e, ~r 

Le~B ~'ti.ated Deple t lonB, ~r 

Len UpBtream Storage correctlon~, AA' 

MI CA ••• 
-'RROII 5.0 

LIBBY U 

DUMCAti 1.Z 

HUNCRY HORS! · , 
rLATKE"O "" .5 

NOXON .0 

P!IID OR!ILL! LAU .5 

CRAND COUL~! 2.5 
BROIINL!! · , 
DIIORSAAIl •• 
JOHN DAY · 2 

TOTAL 21.1 

rorecaBt of Adjusted Re!ldual Runoff Yoluae, MAr 

Co.puted Inltl.l Cont r olled f lo~ fro. Ch.rt 1 of Flood 

Con trol Opeutin9 Plan. 1.000 ch 

J6 

71.8 ... 

21. 1 

49.2 

310.0 
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Columbia River Basin 
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Chart 4 
Snowmelt Season 

Temperature and Precipitation Indexes 1985 - 1986 
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Snowmelt Season 

Temperature and Precipitation Indexes 1985 - 1986 
Columbia River Basin in Canada 
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Regulation of Duncan 
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Regulation of Libby 
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Chart 10 
Regulation of Kootenay lake 

1 July 1985 · 31 July 1986 
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Chart 11 
Columbia River at Blrchbank 

1 July 1985 · 31 July 1986 
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Chart 12 
Regulation of Grand Coulee 

1 July 1985 - 31 July 1986 
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Chart 13 
Columbia River at The Dalles 

1 July 1985 - 31 July 1986 
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NOTES: 

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

2. 08SERVED AND UNREGULA TEO DISCHA RGE 
SHOWN FOR COMPARISON. 

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

4. THE 10.25, SO, 75 AND 9O\li LINES REPRESENT 
PERCENTAGE OF TIME THE FLOW IS EOUALLED 

- --

- --r--+---I--+-- -OR EXCEEDED ON THA T PARTICULAR DA Y. 
THESE LINES ARE BASED ON TEN DAY MEAN 
VALUES. 
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Chart 14 

Columbia River at The Dalles 
1 ' 1986 - 31 I 1986 
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Chart 15 
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