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Execulive Summary 

Entity 

Agreements approved by the Entities doring the period of this report include: 

System Operation 

Detailed Operating Plan for Columbia River Treaty 
Storage, 1 August 1990 through 31 July 1991. dated 
September 1990. 

Entity Agreement on implementation of the Assured 
Operating Plan for Operating Year 1993-94, dated March 
1991. 

Entity Agreements on the Assured Operating Plan, 
Determination of Downstream Power Benefits and 
Options for Development of the Detailed Operating 
Plan for Operating Years 1994-95 and 1995-96, 
dated March 1991. 

The coordinated system filled 1099.1 percent of capacity by 31 July 1990. As a result, first year firm 

e nergy load carrying capabi li ty (FELCC) was adopted for the 199()..91 operating yea r. During September 

and October the system proportionally drafled 10 meet FELCC. In November, unusually heavy 

precipitation triggered a si rcamnuw risco and the system returned to operating to energy content curves. 

The 1 January water supply rorccast ror the Columbia River at The Dalles was 116.0 MAF. o r 

107 percent or average. A'l a result, the system began operating to volume-based energy content curves, 

permitting sizeable amounts or seoondary energy to be sold. Precipitation and snowfall ror the January-

July period was slightly below normal. causing subsequent water supply forecasts to gradually decrease. 

The actual observed runoff was 107.1 MAF or 99 percent or average. 

The peak daily average now observed at The Dalles was 348.900 cCs. The lower Columbia River was 

regu lated on a daily basis Cor nood control between 17 May and 18 June. The system storage content 

rcached 99.6 percent oC capacity on 31 July 1991. Generation at downstream projects in the United States. 

delivered under the C madian Entitlement Exchangc Agreement. W'dS approximatcly 325 average megawatts 

at rates up to 1022 megawatts. AU CSPE power was used to mcct Pacific Northwest loads. 
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Treaty Project Operation 

The Treaty projccts were operated throughout the year in accordance with the 199()..91 Detailed 

Operating Plan and the Flood Control Operating Plan. 

Mica treaty storage rcached full content on 10 August 1990. The reservoir reached its lowest level, 

2389.3 feet on 6 May 1991. Full treaty storage rootent was again rcached on 3 August 1991. The 

maximum level for the operating year, 2475.85 feet, was rcached on 10 August. This was Mica's highest 

level of record. 

During the 1990 operating year, Arrow reached its maximum level of 1446.0 feet on 11 September 

1990. The reservoir drafted throughout autumn and winter, reaching a minimum elevation of 1381.5 feet 

on 17 April. The maximum level in 1991 was elevat ion 1444.2 fcct on 30 September. 

Duncan reservoir completely rillcd during the 1990 operating yea r and remained full until 

1 September. After some drart in ea rly September, the reservoir relined back to full pool by 15 October 

and remained full until 16 November. Because of the IJC· rcquircd drart of Kootenay Lake, which has 

precedent over Libby and Duncan flood control draft. and the reduced channel capacity of the Kootenay 

Lake out let in February and March. it was on ly possible to drart about 85 percent of the rotal required 

spring flood control space at Libby and Duncan. On 31 March, total storage at these two reservoirs was 

about 560 kaf greatcr than flood control levels. Duncan reached its lowest level during the operating year, 

t827.3 fOCI, on 3 April 1990. The reservoir reached full pool, elevation 1892.0 feet, on 1 August and 

remained full through Septcmber. 

During the 1990 opemting year, Lihby reached full JX)ol of 2459.0 fect on 26 July 1990. This was the 

first lime the reservoir had reached full pool since 1987. The reservoir began being drawn down on 17 

September, and by 31 December it had reached e levation 2400.9 fecI. A minimum level of 2305.2 feet was 

reached on 2 April. The reservoir reached full pool, elevation 2459.0 fect on 27 July, and remained in its 

top foot through 31 August. 
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I Introduction 

Th .. annoul Columbll Rj~r TrealY Entity Report is for I~e 1991 Waler Year. 1 OcIobcr 19510 

l~rouSh JO Seplember 1991. II Incilides l"f"' llUIlk>" tm the operoollon of Mo. Arrow. Du ncan. alWl Ubby 

roservoirs durinS Ihal per;o" wilh WIlillonal i"""'matlon Wl/Cr,ns ,,'" n:::scrvolr ')$Iem opcralin, year. 

1 Au,usl 1990 throu,h)1 July 1991. The pcrwct I IWl flood oonlrol tlT«I$ downstrea m in ClMdlalWl the 

United StalCl arc dc5cribOO. This rcpon Is the tw.. nty· r;nh or a . ,:riC! or an nual ,cpom ~rin, tile 

period si""" the .. tltkallon of lhe Columbia River Troaly In September 1964. 

Duncan. Arrow, alWl Mia rCl(:lVOIn In Clnada.1Wl Ubby reM:M>,r ,n the Unl led SlItCl of Ameria. 

we,e oonmuaed linde' the p,avlslons o f the Columbia Ri~r Treaty of January 1961. Treaty StOlll,te In 

canada ioI required 10 be operaled fur Ihe purposes of flood oon llol alWl incrca.t'n, h)droclcc:lric: power 

acner.lll ion ,n canada .lWlthc United StllCl o f America. In 1964, the canadian Ind the Unlled Stala 

~'nmcnlS each \ie!:ltn3 led In Enli ly 10 (mm"I.le .ntl carry oul the 01"'<1I1;n8 arranaemcnts nocessary 10 

imple"",nl the Trooly. The call!ldian Emily is the Bril ish Columbia Hyd'o and Power Autho rity (B.C. 

Hydro). The United SI~'es Enlily is the Adminiscrlllor of lhe Bonneville: Powe' Mminisl"llon (BPA) 

and the Division En"noc, of the North PxiTK: Divi$lon, Arlll)' Corps o f Enllnc:crs (ACE). 

The (ollowinS Is. summary of key fealules Of the Truly and reLaled documents: 

I. Otnada is 10 plOvidc 1S.S million acre-fOCI (mal) 0( usable: SIOIlIge. (This bas been acoompl isbed 
wilh 7.0 maf In Mo, 7.1 maf In Arrow.nd 1.4 mar ,n Duncan.) 

2. For Ibe purpose o f romputin, downslream beDCfics the U S. hydrock:c:t' ic: facilil les will be 
operated In I m:lnllCr Ih31 m:lkI:s lhe Il10$1 errml~ IlSoC o f IIIe Improued strtlmRow rlC:$ultln, from 
ope"lion o f the Ciln:>d~n S!Drool"-

j. The U.s. and Ciln:l<la uc I" _"",e equally 11K: lKkIilional power acnc .. !ed In lhe U.s. resull,n, 
rn"" opeDllon 0( the C:cn:>dian ' ''''''1''-

-'. The U.S. p>1d CaIUlda a lump Sum of lhe $64.4 million (US.) ror c::.pected flood rontrol bencHu 
in Ute Us. 'Clull in, fmm oper.uion o f the CII n ..... iu ~t(>fll"-



5. The U.S. has the option of requesting the evacuation of additional flood control space above that 
specified in the Treaty, for a payment of $1.875 million (U.S.) for each of the first four requests for this 
~on-can- storage. 

6. The U.S. constructed Libby Dam with a reservoir that extends 42 miles into Canada and for which 
Canada made the land available. 

7. Both Canada and the United States have the right to make diversions of water for consumptive 
uses and, in addition, after September 1984 Canada has the option of making for power purposes specific 
diversions of the Kootenay River into the headwaters of the Columbia River. 

8. Differences arising under the Treaty which cannot be resolved by the two countries may be 
referred to either the International Joint Commission (UC) or to arbitration by an appropriate tribunal. 

9. The Treaty shall remain in force for at least 60 years from its date of ratification, 
16 September 1964. 

10. In the Canadian Entitlement Purchase Agreement of 13 August 1964, Canada sold its entitlement 
to downs tream power benefits to the United States for 3O-ycars beginning at Duncan on 
I April 1968, at Arrow on I April 1969, and at Mica on I April 1973. 

II. Canada and the U.S. arc each to appoint Entities to implement Treaty provisions and are to 
jointly appoint a Permanent Engineering Board (PEB) to review and report on operations under the 
Treaty. 
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II Treaty Organization 

Enlilia 

TIlerc v;as one mccling of llIe Columbia Rivet TrealY Enillies (Including Ihe canadian Enlhy 

RepresemalM: and U.S. Coordlnlllon;l during IIIe year on llIe mornIng of 29 November 1990 In 

Victoria. Brit ish ColumbIa. The members o f llle I...." Enlliles a1 lhe end of lhe period o f Ihls ropon were: 

UNITED STATES EI'fTITY 

Mr. Jack Robertson. Chairman 
ActIng Admlnlslralor. Bonneville Power 

Admlnis,,,,,lon 
Dcpilrllncnl "f Energy 
Porlland. Oregon 

Major Gene",1 Ernest J. Harrell 
D"'islon Enginc.:r 
Nonh Pacific Division 
Army Corps of En"IIoCC'" 
PorUal>ll. Oregon 

CANADIAN ENTITY 

Mr. Bob Wyman, ChaIrman 
Cbairmu. Br111sh Columbia 

Hydro and Power 
Vanmuver, D.C. 

Mr. Roberts.on v;as appolnle<;!to sucn:cd Mr. James J. Juri On 16 Augusl 1991 . ar>d General Hamil 

.1IQleCdcd General Pauick M. Slevens IV on 2 Mareh 1991. Mr. W)'man.ua;:cedc:o;I Mr. Larry Bell 

crrc.:u't: I March 1991. 

The Enl";"" have appulnted CoordiJlaloR and a Representali"" and IWII folnl 1"'1>1110, rommluoos 10 

assisl in Trealy imp"'mI'ntallo n IIC11villcs. These arc dcscribc:<l in ,ub!;.eqI>Cn t p",.,r.ph<. 'The primary 

dUlic::!r and tc:'IJIOnsihitilics of the Emilics al Ip""frled in lhe Trc.aty and rcL:lle<;! rkx:umenl5 are: 

t. Plan and =han,e Information relaling to facilil"" uoal 10 obtain Ihe benefil5 oonlcmplalcd by the 
Trealy. 

2. Calculate and arrange for dellvcry o f hydroelectric I"""'r 10 which Canada is enlilled and Ihe 
lmaun,", payable 10 tbe U.S. for slan.Jby transmission scrvia:s. 

), Operale a hydromcroorological sy.510m. 

4. A\iilsl and roopct:lle wilh tbe Pcrm.:",enl Engineering Board 1n the discharge of h5 fullCllons. 

5. Prepare hydroclcclrlc and I100d renltOl ol"''''t;ng plans for lhe use of Canll<1ian '1O"'gt. 
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6. Pre pare and implement dcuilcd openlin, pia ... thlt moy produce result.< II>Ore adVIInLlp'''' to 
both enuntries Ihan those lhlt would arise from opera tion under assu red o penHn, pions. 

7. TIle Trealy prll'li<le!r lbal lhe lwo """,.n IMDt.< m.oy, by an acbance of noles, empower o r ehlrce 
the EnUllcs with ~ny other malic' romi n~ within lhe scope of tile Treaty. 

Enlity Coordinlliol"5 lind Repruenlatlve 

TIle Entllies hlvoe appointed membe ... of their .espective .l.1fr. to serve a. roo.dinatonr or fOClI poinu 

on Treaty malle .. within Illd. o'pnizalions. 

TIle membc .. arc: 

UNITED STATES ENTITY COORDINATORS 

Edward W. S;"nkiewia, Coordinator 
Senior Asst. Administrator for Powc:r 

Marurl"lrn'nt 
Bonneville Power Adminlstfluion 
Ponland,O.e,..n 

Robert P. Fllnapn, Coord,nator 
Director, Directorat" of Plann in, and 

£nllneerin, 
Ch;" f. EnJl:inccri nJl: Divioion 
Nort h Pacine Di"lsion 
Army Corps 01" En~neen 
Ponland, Oregon 

Pamela A Klnpbury, .se.:rcUory 
Encr&r Raouroc Specialist, Hydro Conldlan 
Section 
Division of Power R e50lIfOCS 

BonllC'lill<: Powc:, Administration 
Ponland, Oregon 

CANADIAN ENTITY REPRESENTATIVE 

Dou~1a5 R. Forrest, Mlnace' 
Brillsh Columbia Hydro.nd Pov..:r 
Vanrouvt: . , B.C. 

Ms. Kln""ury was appointed to slJCtted Mr. Joseph Volpe, Jr., woo passed away o n 2S July 1990. 

Columbill River ~lIly OperaUnc Committee 

TI>c Operatin& Commille<: was ""lablislK:d in September 1968 by Ibe £nlities and is rcsp"noible for 

prcpa rin& and implcmcnl iUI operalln, pia", as requl .ed by tile Columbia River Treary, makin, Sludies and 

otherwise a.s;'linllbe Enli tic;r It$ needed. TIle O penlln& Commluee cons ists of e ;,hl memlle .. as 

folkrM: 

• 



UNrreo STAllOS SECTION 

R.x..,rt D. Orlffin, BPA, Cu.Quoirman 
Nicholas A. DodIC> ACE. Cu·a .. .Irman 
Rusocll L Oeor~. Act! 
J ... hn M. Hyde, SPA 

CANADIAN SECTION 

TIlI'K)tby J. Ncwtotl, BCH, Cllalrman 
Ralph D. lA:ue. BCH 
Kenneth R. Sl""ffmd. BCH 
O.ry H. Y ... "nJ, BCH 

Tbcre we.., """""n meetinp of the Openl;nl Cummluce d .. ,inIIK year. T'bc: llaKS, places and 
number of penollS .nendilll tlM):oc lnCCIinp we..,; 

"'" l..n<:IItion Allendc:cs 

20 November 1990 V.IIOI}U""r, D.C " 16 Jan .... ry 19'11 Vancouver. WasMn&lOn " IJ March 1991 V.nrow""', S.C " 14 May 1991 Van<,'""" •. Wash .. 
17 June 1991 VI"""""", B.C , 
7 AUIUSI 1991 RCYCl:st ... ke. S.C " 26 SC'ptemhe, 1991 Pt>rt.land, Ore .. n .. 

Tbc Openl;", Cummiuce ('OOI'lIi .... t<'1 lloe openllDtl ... f lloe l'rcaty OIonse In .... con1 ... oe with tloe 

C .. rrcnt hydroelea,k; Ind nonll runlNI openlln, planl. This aspc:cl of lile Com mll1ee·. wo,k is described 

I)Ihcrs. Durinllbe period c::o....::,od by this r"port. tloe Opc:min, Commhlce completed the 199C).91 

[)c,l.Ioiled Openlin, Plan (DOP). and completed lbe 19'}.4·95 Ind 1995·9I') ",""red Opentln, P11II5. 

Columbi. River Trelllly liydromeleorolillical Commlttff 

Tbc i-¥"''''''teorol/.>siCll Commillee..,.. mubli!.hed in September I\IISII by lloe EllIltla Ind Is 

m;ponsible ror plannln, lind mnniloon, Ille opc:nllon of claU fKilil>CS in ammI with l'rcal)llnd 

UNITED STATES SI;CrtON CAN ADIAN SECTION 

Rk;t..rd S. Wall. AI."Iinl Co·Chaj,mln WiIIi2m Chin, 801, CUlrmlll 

DouJ:IU D. Spa:n. ACE. Cu.CIoainnan Bfi .. H. Fast, BOt Me .. ber 

, 



Mr. W~H1 was appoinled to tem[lorarily SUl'CCCd Ms. Carolyn Bohan on ]0 June 1991. Mr. Fasl was 

appoinled 16 Scplcmbcr 1991 10 exceed John R. Gordon. Thcre was onc meeting of Ihe 

Hydromcleorological Committee on 21 March in Portland. The committee reviewed the 1990 volume 

forecasl results, hydromel station changes, developments on lelemelry and changes in forecasl procedures. 

In general, -dala was exchanged smoothly wilh no major problems. 

Permanent Engineering Board 

Provisions for the establishment of the Permanent Engineering Board (PEB) and its duties and 

responsibilities are included in the Treaty and related documents. The members of the PEB are prcscnlly: 

UNITED STATES SECfION 

Herbert H. Kennon, Chairman, 
Washinglon, D.C. 

Ronald H. Wilkerson, Member 
Tulsa, Oklahoma 

John P. Elmore, Alternate 
Washington, D.C. 

Thomas L. Weaver, Alternate 
Golden. Colorado 

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

CANADIAN SECTION 

G.M. MacNabb, Chairman 
Ollawa, Ontario 

John Allen, Member 
Victoria, B.C. 

Don A Kasianchuk, Alternale 
Victoria, B.C. 

E.M. Clark, Alternate & 
Secretary 
Vancouver, B.C. 

In general. thc duties and responsibilities of the PEB are to assemble records of flows of the Columbia 

River and the Kootenay River at the intcrnalional boundary; report to both governments if Ihere is 

dcvialion from the hydroelectric or nood connol operating plans. and if appropriate, include 

rcoommendalions for remedial aClion; assist in reconCiling differences thai may arise between the Enlilics; 

make periodic inspections and obtain reports as needed from the Entities to assure that Treaty objectives 

are being met; make an annual report to both governmems and special reports when appropriate; consult 

wilh the Entities in the establishment and opera lion or a hydrometeorological system; and, investigate and 

report on any other Treaty related mallcr at the request of either government. 
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'The Entitia a)IIlinliDd Ihdr roopcnlioll wilb llie PEB Ihu;nllbe pat year by prcMdina copicI 

~)'IlromclO()rolo&ital docymcnU. Ind Ihe Inn ... 1 Enlily reporl to the Board for tllel r review. TIle unuool 

joint moctlna of tile PEB and IIIe Entitles ..... Ile:Id on tile: ltierllOOf\ of 29 NCMmber 19111J.in Victoria. 

Bri lilll Columbia. A Ipccill joinl mettin, of lhe PEB Ind tile Enliliel_ lleld on 2S April 1991 in 

Seallie, Wuhin,1OtI, 10 diIcvA IIIe EntilicJ potI1Ion un lbe a)IIIpuUltioto of opacity credil 'imilS. 

PEB [nlineerinl Commillft 

'The PEB hal eatabllshed I PEB Ealinocrin, Commltlee (PEBCOM) to _lsi In Clrryinl OUI 11.0 

dYliCI. 1lIe memben of PEBCOM II IIIe end of tile pl'riod of III .. reporl """"" 

UNITED STATES SECnON CANADIAN SECI10N 

S ...... Zlnpcw:h. C"IIalrm.on 
Washin,ton. D.C. 

Gary L Fuq .... Member 
Ponland. Orel"" 

to.r. E. Eiker. Member 
W .. ~i.n,IOn, D.C. 

uny EiJu. Member 
Golden. CoIondo 

StCphel J. Wrip t. Altenllilc Member 
Washln,lOn. D.C. 

David Wincerd. Altern~IC Member 
Washln,lOn, D.C. 

R.O. 'Nell" l.yons. Chairman 
V'lIOOu~r. ac. 

ROl"'r Mc ..... ulhli n. Member 
Victoria, ac. 

David M. McClu\ey. Member 
Viaofia. B.c. 

Mr. Eilts _ appoinled as I member of the US Section o n 29 NOYClIIbeT 19\111 
dJllc. Mr. McCIulcy "'" .ppolnted as aliCrnale mcmbcr of the Cl.nadian Section. 
appolnled as .hernale _mber of lbe US Section on 2] Jln ... ry 1\191. 

I.unuttioaal Joiot Commluion 

Abo On this .... me 
Mr. Winaerd_ 

The: Inlernational Jolnl Commission (uq WIll tTcIled under llie Boundary Wilen Treaty of ]90'} 

betwccn Cl.nada and Ihe U.S. h. principa l fulltlions Ite renderin, dc<:ision. 01\ the lISe of boundary 

"'ICn, illVC5tiplin, impofllnl problems Irilin, I"'n, the common frontier ftOt nt:U:$SI.rliy ronllCClcd.. witb 

WlOtCntl'a)S. Ind IIIIkin, ruvtnmendalions 01 uy qUCStion referred 10 it by either .,...,rnmcnt. If. dispute 

, 



wnccrnin,lhe Columbil River Treaty oould not be resolvc<l b)' the Entities or the PEB il may be referred 

10 I/le UC for resolulion before bcin"ubm,lted 10. lribulUI l for arbitration. 

The UC bas appolnle<! local Boards of ConlrollD Insure complilnoe witll UC orders.nd 10 keep the 

UC currently Informed. There Ire four socII boards VoUt of the oonlinenUl I divide. These are the 

Internalional Kootenay Lake Board of Contrt>l. the InternatiolUll Columbil River Board of Conlrol, the 

International Osoyoos Lake brd of Control and tbe IntcrlUltional Skagll Riw:r Board of Con trol. The 

E/ltlties.nd tbel. romminoeo rondUoCled (llei. Tuaty activit;"" durin, (he period of th" repon SO thai 

tllcre was no known oonnk:t with UC orders or rule&. 
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Columbia River Treaty Organization 

CANADIAN GOVERNMENT UNITEO STATES GOVERNMENT 
Min/fl., 01 S~f&l.rl' of $t(JlfI 

EmH9Y. /rA",,,! 4 Rescwrcn H' 
- - - --- -

BRITISH COLUMBIA 
GOVERNMENT 

I 

• --- -----
CANADIAN UNITED STATES 

"" I COMMmEE 

"'* •. ----T,-----
CANADIAN UNITEO$TATE$ 

CANADIAN ENTITY UNITED STATES ENTITY 

• • 

CANADIAN REPRESENTATIVE UNITED STATES 
COORDINATORS /I. SECRET AflY .. .. 

OPERATING COMMmeE 

•• -- ----
CANADIAN I UNITED STATES 

HYOROMETEOROlOGICAL 
COMMITTEE .. 

'" nTA8USHEOBr TREATY 

CANADIAN ---=t. UNITED STATES •• lSTA8U$HEOt'lYfNT'TY *. nTA8USNEOBYPEI • 
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nt Operating Arrangements 

TIle Q)llImbla River Trelly reqllirel 11111 IIIe reKrvoI", C:OIISII'lIaOd in CJM411 be open.tcd p!I"'WlIII 10 

IIood CDIIlroI ,lid II)'droelectric openlin, pltlll deYl:loped IlIerellDller. Annex A of IIIe Trelly I tlpulatcl 

I~I the Ullltcd SUltei E..tlly will ",bml! nood c:onlrol opcntln, plant l lId 11111 !he CJnadian Elllily wiU 

.nle i. acmnIanoe witll nood COIIlroIltonF dla"... or aII)'....n.tioIt wtlidl tile EII!ltia IIJrU will 

IlOl be IIIIvene 10 !be delirod ailn 01 tile nood.:onuol pIU. AIIKI A ..... prorido:I for 11M: ~t 

oIlI)'drodot'lrk opera!in, pili .. rlYC)'CIB In .w._ 10 fumilll u.. Erltitia witll .. I "", .. rod OpI:nlillj 

Pin for CUadIu "once- III Mlditloa. A.ttiC:Ie XIV.'l.t of 11M: Trelty proridcI: IMI _ DeUllled Openti.., 

Plan may be developed 10 produce more acMonlljeO'" rellll lltlll'OllP tile UK of OIrte11t all_tel oIloldi 

llId retOlII'(U. The Protoc:ollO tile Trelty provkIa !'Imber dellil _lid cbriliauJoq of tile principia IIId 

reqllimnellll of the Trelly. 

ne .I'rtadpla &lid I"rooed .. ,a for tile Pre ptontlool IIICIUM: 01 Hydroela:lrk Openlillj P\I.nI. cIIud 

MIy 1\1113 IOfWott witll!be "CoIlimbia IU¥er TrelI)' Flood Cortttol Opentill' .... ". daud 0t'I0bcr 1972, 

allbllalt ..t c:rpIail tile ~ Q'ilen. IItCd 10 pIIrt ..... opcnolC TrelI)' lton. dllria, Ute pc:riocI 

CO\'Cfed tor IIIls repon. 1'IIcse docv.menll weft prMouJly _ppI'O"'ed. tor tile Enlltia. 

The plalllll", I IId ope1ltloll 01 Trelly Stonte at dlscuued 011 the rollowin, ptop II tor tile opentln, 

,at. 1 AII,"'I tllroup 31 July. TIle plallllillj IIId openU", for U.s. 1tonlC' .nied IICCOnlLn,IO tbe 

hcllk Nortb'tloftl CoordlD.ltloll A&reemetU II doGe fox I IlJptly difJuelll opentln, year. 1 July tIlroorp 

JO JIIIIe. 'Tloetdore, _ of tile lI)'drosraplll lIId raerwIt dwu i:I tIIis n:pon an: lor, I)_Ill period.. 

1aly 1951O tbf'Ollp JIIIy 1991. 

.. 



11><: AMu""'" Operatln, Plan (AOP) Wlted Nt"", ... ""r ]98S Clitablishctl Opelll tln, Rule Curves 10. 

Duncan, NfO'N and Mica durin, tile ]9'JO.91 operatl", )'CI'. 1be Openti", Rille Curoa prtMdcd 

,uldc]inco lOr draft and renll Tloey _re dcri¥cd rrolll Critical Rille c..-.a.. AMured Refill c..-.a.. Upper 

Rule CIo.-.a.. and Variable Refill CIorvu. rensiw::nt ";tllllooll roIItroi require_illS, as cleiaibed ia lbe 

1983 Principle! a .... Proa:durcs doculllctU. TIle Flood CoIIlroi StonIl" Rcac ...... lon CIoI"¥CI ~ 

aub]isbol to renfo .... to the Flood Control Operatin, Plan or 1972. 

DetennilUltioo or Downstream Power 8eacn ll 

For cac:b. opera, In, year, tile Determination or DowItotrcam I'owc:r 8cncfill ~lIltln, rrom canadian 

TrCllty 510",1<' is made fiYC yc,ulI in .<m.rw.>:: in oonjul\C.lon with the AMurod Ope"'ti", Plan. For 

operatln,)'CIrs 19'JO.91 .nd 1991-92 the estimates or benefits resultin, from opel1ltln, plallS dai&ncd to 

ICllicYc uptimum operation In ~>(II coun.ries ""'R: less tllan tllat wb.idI ....... !oJ /\aYe prevailod from an 

opli .. u,. <>pC11I1'" ill tIM: U.i.od SUlI,," omly. ,"",.don:, II acamlanoc ";Ib ScaioRl1.Dd ]0 of tIM: 

Canadian Enlitlement PUR:1iase ",,«""'"I, tlte Enti.ies.1fU'd I .... t lhe United SUtel ... entilled to 

recelYe 2.1 .venae me"Wltll or enellY durin, lhe period 1 Au,usl 1990 .hrou", 31 Mlrch 1991, and 

3..5 ....,1111<' ""'lIwaus of ene.1Y durin, .he "".Iod from 1 Aprillhrou,h 31 July \991. Suilable 

•• l1InacmenlS _ .e made between tbe Bonneville I'owc:. Admlnistratlon.nd B.C Hydro ror dcLlYery oIlhis 

c_flY. CompuUtiont indiCluod no kM or pin In dependable Qpacity durin, the 1\1511).9\ opel1ltin, )'CIr. 

I)ctailed Operatina Plan 

Durin, lIIe pcrioll ww.cd by this "'port, SLOnISC opc.ltkHas were implemen ted by tbe Opcratill, 

Committ« in aa:unbna: ..... h tile '[)CUlled Opcnot ll, PIa .. tOr Columbia Rr..cr TrCIIty StonoJC'" (DOP). 
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dated September 1990. The DOP established criteria for detefminln, llIe Operatln, Rule CuI'¥eS for use 

In acIual operalioll$. Eza:pl for minor changes I I Arrow durinltlle "prinl months, the DOP used tile 

AOP critical rule curves ':or Canadian Projecu. 1lIc V.riable Rcfill Curves and IkJod oontrol 

requirements subsequent to I Jan ... ry 1991 "",re determined on tbe buis of KUOIIJII volume runoff 

forecasts durin, actual operation. Results of the Aclual EIICfC' RClulation ....::.e used 10 (\Clermine: the 

I.lgerln, o f lIiy. releasca from Mica. The reluiation of the Canadian s lora8t' was oondUClcd by tile 

OpenHin, Commlnee on I weekly basis throulhout the yea •. 

Entity Agreements 

Durin, the perioo;l coycred by Ihis repon, three ',reemenlS were officially .pp'~ by the Elilltio. 

.geemcnl: 

Dale Agreement 
Sicnq! by EIIlh!cs 

19 N"""mber 1990 

I Marcb 1991 

1 March 1991 

UID' Term Non.Truty Stnrate Contract 

!)cgriptjon 

I)ctailed Operatin, Pilln on 
Columbia River 1"re.r.ly Slora8t', 
1 Au,"'1 1990 thmu,h 31 July 1991, 
da led SeplCmber 1990. 

Enlity AI.eement on ImpkmentalioD of the 
Assured Operadn, Plan for Operatln, Year 
1993-94. 

En"ly A&recmenll on the Assured Operatln, 
Plan, Determination o r Downsueam Power 
Benenll and 0pliollS for Dcw:lopment of the 
Detailed Operalin, Plan for Operating Years 
1994·9S and 1m·%. 

In acoordanoc .... ith tl>e 9 July 11190 Entity Ag.eement .... bicll IPp!"O"cd Ihe oontraa between 

D.C. Hydro and DP A relating 10 lhe Initial filling of "",,·Treaty stOl"ll8t', ooordina led use of non· Treaty 
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IlonIC. "nd Mica" ..... Arrow refill cnuncemenl, ltoe Operalina Commiu« IIIOIIIIOmI lhe .. ora,. 

operallo ... __ u-. ebis A&T«menl IlIrou""'~1 ehe lasl ,.,.. 10 i ..... rc Utll lhey did no)! adYcrxty 

1m!*, opcn.eioft of TrcIey $Ion,. requlror.l 11)' lile Dccailal Opcnuina ,,, .. 
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IV Weather and Streamflow 

Westbtr 

Chan 1 is ~ IP'&""phial iII ... t"'tioll of the seasonal prodpiutioll in t~ Columbia River ~In, In 

percent of 1IOrma1, for the period 1 October 1990 th l'QUcJI 31 Mardi 1991. a.an 2 shows.n 1,..;Ie,; o f tM 

ICC1Im ulalcd I.\IOII<pad< In the CoIUllbia ~iD above 1be Oalle:$ In perc::c=nt of nonnallor the period 

1 January tllrou", )1 May 1991. IOOica of u:mpentu re Ind pn:cipilltion for tile COlumbia ~in .bove 

the Dalles for lbe winter and snowmc:lt seasons I re s ltowD on Charu 3 I nd 4, respectively. Chart S 

iII ... u .... c:tI temperature.nd precipitation indices ro.- tile Columbia Basin in Canada dllrin, the $JIOWJnCit 

IICUOn, 1be followin, p!lra,,,,phs describe si, nirlc:ant weather cYenlS between 1 Au,U$t 1990 and 30 

September 1991. 

1be wealber durin, water yeor 1991 _ ful1 of O)ntl'l$l$. Pn:cipllation was lbove normalln lbe 

nollbern ponion of tbe repon and nc.ar IIOrmal ~r II105t of the remainder of the repon. Only 

soutll-..es!em Idaho had si,nifocantly below normal pre<.:lpllation. Temperatu res were acnerally ncar 

normal cxa:pt lOr a period ncar tbe end of Oca:mber tbal _ well below IIOrmal. 1loese acneral sUIi$tks 

were made up of some silni focant cocnts: ncar record sn_packs In tM Oltanopn basin, Ind _ rat flood· 

prodllCinl s torms in -..estern Washillton. OrclOn. northern ldaho,.owl -..estem MonuDa. 

T1Ie _ther in September, immedia tely pnxedinllhe waler ~r, ..... dry.nd warm. protected by hlSh 

pressure rldJCI or bloddnllow prcssute system&. Precipitation In the Columbia ~ln .bove The Dalles 

was only 21 pera:nt of normal.Ad Iempc:l1Itli rcs were )" .9"f above normal, resultln, In reclllQcd soil 

JJOiI,tU te l Ad streamflow". 011 S Oc1obt:r the}ct s tream IllO'I'cd iOlI(lIward ~r OrelO" as I weat front 

IIIO'o'cd III.ollth -..estern Wasll lnllOn, brincinlllctt.y showers. A transient pressu re ridse built butliOOn 

rollapsod as I s tron, -..estCrly flow" brou",t IOOfC unsuble fronts (llroup lhe northern port ion of the 
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Padllc Nonbwc:R. 1bcse lIOnI\S we.e f.equent and _ were very KaY)' locally wal of IIIe CaKacIeI. 

Spobne .eponed ille weliCSI Otlobc. on fCQII'd and !(:\'Cnt , .. b-bas'''' ,<,por1ed well (We' 2(I(l pcra:nl of 

11Id. IIOIlIUollno.Ubly pr«ipiuolion. 1lIc Otlolle, prodphllioll __ In pcra:nl of nor ... ' lOr IIIe 

Columbia basin above 1lIc !nIles. 

On two M:panle oa:aslons du,ln, Novemlle. tet flfCllIllll a.chin, from Ha ..... n to the Was hlnlton roast 

cle¥elopod, brinllnl ...... m, moisl lropiellal. Inlo tile Padtk: Nonhwal. This prodllClDllllu"Y rains, hi"," 

.i¥cr diKluorp. and iIoods alon,lbe a.ilish CoIumblI border from !he masl to tile Continental Dhide. 

N<M:lllbe. precipiUOlion ...... 146 JlC'ra:nl of aw:npl above Tac: DallcL 

OurlJlIUle lim 18 days of Dcoember lelllpc:nl"'Cllnd procipitalloa were normal ail" !lYe ilorms 

.-.In,lhrou,,," lhe nonhern ",0(( of the !WIn. Then a weot Arctic IroII," ........,.j on..t ...... e and_ 

' Ircn,thcllCld by lile bulldin, o f ~ sIron, hi'" p.essu.e .idF Immedialely off the roast. Th is provided a 

Sboll ()yC, ·Wl ler IrlljoclOry for cold ArClic ar. , I1l0\l;., $Oulh ...... d inlo lhe p"",;r.c Northwcsl. E~n wilh 

tbe protot'lion Of lbe 1I1Oft, .idee. weak weaU .. ;:. d"lurba"""" movill,lhrouJII tbe.feII prodlIOCId 5now, 

_. In 1M low II.IKk ofwatera W.hln,lon.ad Orep. This paltem lasted unlll 8 Janua". wilh 0II1y 

IWO brid bru.Q: on 28 DcoembCf.1Id 2 Jan ... ". wilen weak fronuol systcms croued tbe basin. By 9 

Jan ... ". tile rid,e Iuod collapsed and lempc:nl"'Cl modented \0 near IKInnaL 11M: ridF IIIea .ebuih, \0. 

laser Intcnsity and ailll .......... l tempen nurc:t, but 5lrOll, e!lOtl", to elimiulC ...... 1 prccipi"liot! unli. ;1lI 

coIlapM: II the end o f the month. Jan ... ". precipitation was 69 pc:ra:nt of oormal ln the Columbll basin 

IhuYc Ontnd Coulee. 

Fe ..... ""'". ...... a ....... ncc in lhe Jet stn:lm to. more .... ullH:rly COUrK. brinJin, ..... rmer wealller and 

typical winler $IorlllS inlo weslern Wall ln,ton. Except tor IIIe coastal .rClS of Washln,tOn and ...... tlle." 

Ore"",lIId Bri lislt Columbia, lbe lemalnder of IIIe I'OortllWCll u:a:i>ocd muclo IClIthan norrnal 
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predpil.ltiQn. Dllrinl M.uch tbe Storm track rIM1'o'ed north_rd, tbe mean daily temperatures fell to 

norma!. a lld lbe rale or predpllatlon l~. 

April alld May $.IW ~ cuntin ... tiQn of these ~tber plIlterns with ~li&htly lreater Iun IIOfIlI.Il 

procipil.ltiQn alld mean daily temperatures pad ... I!)· iMrcasin" althoulh not as rapidly .. normal. Durinl 

these two) months tbe PIc:dpil.ltiQn for lbe O:>lumbia basin above "The Dalles Q5 124 and IS3 pera:nt of 

avcrase, respectively. Despite these Ilea.., raIns tile lnowmell proyt:SKd I I a Steady f*'I: without any 

lartc SUIP In mcamliaw. 

June remained 0001, pro<hx:inll Yl:ry wnlrollod snowmelt with no hi", peak dJscllarp. Sew:ral low 

pressure sl"'terns from Alula II>IIYCd throu!h tbe rcciQn In July brln"nl fronlS thlt lrigcrcd wJdeJy 

SClllCrcd lhooooers alld unsea50lIIIble cool tCmpe .... tUl'd A few hot dry lpelll in AUIUSt wmpletcd IIIe 

snowmelt in Blitish O:>lumbia. AUIUSt ended with <01)1 weat"". alld II!h t rains dlllini the last week of tile 

month. 

"The finat monthly precipitation indiocs for tile COlumbia Basin lbow: The Dalles Ire shown below for 

the 1991 water yeal. 'llIcsc Indiocs lIe based on 6Oltltio'" and Ire wmpuled I t the end at eacb month 

.ncr .n the dal.llre wllccted. Also shown In tile table Ire t"" monthly indiocs ... pera:nl of the 

2S.ycar IYl:nge (1961. 1985). 

MO"ll< PRECIPITATION 
UnJ .,., 

ocr .. 3.01 172 
NOV .. 4.05 146 
OEe .. 2.78 &l 
,.N " 1.98 64 
FE, " 1.64 75 
MAR " 2.28 118 

wy 91 iNDICES 

MO"ll< 

APR " MAY " JUN " JUL " AUO " m " 
WA'TER YEAR 

" 

PRECIPITATION 

£i!W 00 
2.OS 124 
2.75 IS3 
2.19 14 .,. " 
,-" " 
0.67 45 

w. 



SIre-mOow 

Ihruu,h 31 July IYIIllrc , IM>WI! on Chor .. 6 Ihn"'gh 9. Observed now. with lbe compuled un..."ulal(>J 

now IIydrocnoplll lOr IIM; ... me 1.l .. lIIODlh period lor lWoteU)' Loke, CoIumbioo RMr I I Bircbbo.nk, Grand 

CouIee,.nd"The [)ala Ire ilion 011 Clans 10. I I , 12. llId 13. rupeaiw:ly. Oar! 1411 I IIydrocnop~ of 

obIcl"YC>d Ind IWO un""wlaloo 11<_ .1 llN: Dalb dwrln,lK Aprillhroulh July 1991 period Inch"'in,. 

plot of now. occurrin, If rc,ulalcd only by lbe Tf<:.ly ra.c:l\'OIra. 

St<e.mllows In lbe basin above llN: Dalles "",re ncar IIOrll\lll for IIIe oom~lIe operallnl year, wilh 

Now:mbcr, Febr .... ry, July,.nd Au, ... 1 c:ra:c:din, lbe _m. Tbc Oaobcr Ihroup Seplember <unorr lOr 

The Dallcl _ 101 percenl of IIIe 1961-8S a>UlJC. The pc:IIk ..."ulalOd discUrJe (or lbe ColumbLI River 

II The Dalles _)4II,{XX) ds on 26 May 1991. The 1990-91 monlhly nalural l l<e.mt\owJ • .IId IlIeir 

percenl of lbe 1961 ·8$ IV(:rIIC monlhly now. arc ' '''>WI! In Ihe (ollowing "'"le for Ihe Columbia River .1 

Orand Coulee.nd al llN: Da]les. "These t\owJ IIavc been com";led for Ii0raIC In laka .nd rescf\'Oirs 10 

ca:11IIIc Iltc e(feelS of rellllal""'. 

COLUMBIA RIVER AT COLUMBIA RIVER AT 
ORAND COULEE IN CFS ruE rw,I ES IN CFS 

TIME NATURAL PERCENT OF NATURAL PERCENT OF 
PERIOP '""" AVERAGE fJ.QW AVERAGE 

AUa ., ]08,800 '''' 14],340 " SEP ., S2,150 " ".., ." 
OCT ., '''''' " 78,4]0 ., 
NOV ., " ... '" 114,6$0 ". 
DEC ., >0..,. '" ''''''''' '''' >AN " ,.",. " """ " FEB " "',., '" J33,670 '" MAR " " .... " 115.840 " APR " '''''''' '" """" " MAY " 294, 140 ,W 43],060 '''' JUN " """ " 474,620 " JUe " """" '" 328,610 '" 
YEAR ,"'-'" '" 193.J.1O ,m 
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SaiSODaI Runotr Forecasts a nd Volumes 

ObIcrvcd 1991 April chrou'" Au,usc runoff "",Iurnes, adjuslcd co <=Xdude Cbe "ffow of rc,ula! ion 

of up$-crcam SlOratc. ue lis .. ", below lOr el,bc IocaCIo"" In (be Colu mbll Basin: 

Loaljgn 

Ubby RcscMllr Inflow 
OullQln Rcscrvoir Inflow 
Mica ReKMllr Inflow 
Arrow ReKrvoir Inflow 
Columbll River II Birdlblnk 
Grand Coulee RcscMlir Inflow 
Snake Rlvtt II L.owtr Oranil" Dam 
Columbia River II The Dalks 

Volume In 
1000 Age-FOCI 

",. 
""2 .,,.. 
", .. ..,,, 
""" 1.5733 

""'" 

Pcn:>:'U of 
1961-85 AYerue 

'" '" '" '" n' 
'" &l 

"" 
Forecasts of sea5O .... 1 rUlKlfJ volume, basQI on pl'CdpllJlllon ~nd snowpack dau. were prepared in 1991 

as usu.al rot. !aree numbcr o f Iocacions in cite Columbia Rioer Basin and updalcd caeh monch as the 

season 1dvl1!Ocd. Table I lists lhe April chrouch Au,usl volume Inflow forecaslS for Mica. Arrow. 

Duncan, and Ubby projoccs.nd for unre,uJaced runoff (or llIe: Columbll River II Thc DalLes. Abo shown 

in Table 1 Irc Ihc aau.al volu ...... for lhac n...., Iocalions. Thc forecaslS for Mica. Arrow.nd OullClln 

inflow were prepared by B.C Hydro Ind lhoilc for (lie lower ColumbJa RIver.nd Ubby Inllows were 

prepared by Cbe U nilcd Slales Columbia River Furecasc1n, Scrvk:c. TIle 1 April 1991 forecasl o f Jan u.ary 

Ihn.>Up July runoff f<l r lhe Columbia River IboYe The Dalles was 106.0 MAF.nd lbe IoCIIIaI obsenocd 

runoff was 107.1 MAF. 
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'The: ~"h""';R' .abIlL:ui .... , um"""!"",, 1lI<,,"hly ~1R:t2S" ~incc 10n0 of.he JUIDI)' .hrou,h July .. noIl" 

(Uf .he Cnlu..wo. RiYc, alw.wc'The: Dalla """pared '" .he: K1ual ,ullufl' ""","ured I. mill;"'" of aae-rtt. 

CMAF): 

"'" ill f<l> !III &!r .., ...... 
, ... "-' '" 'M '0 ,,., OS., 
"" 11(19 ,,,, "., 134.0 133.0 135.0 131.5 ,m 110.1 """ "., , ... , "., ,"". 151.7 

''''' 93.1 ." ,.., no "'. ,., 71.2 

"" 123.0 "'W , .... 149.0 147.0 147.0 ,,., 
"" .. , , ... , 114.7 11 6.1 IIS.2 1\).0 11 2.4 ",. 11l.0 116.0 121.0 124.0 124.0 124.0 ,,,. ,,,, 7S.7 "-, SS.9 "" ,3.8 S7.4 ll8 ,m """ 114.0 , .... 101.0 , .... , ... 10:5.6 

"" .... ,.. 9).0 >OJ "., "., .,., , ... .., .... .&0 .n .", "., ,,. 
,." , .... .. , ..., 111.9 "., OS., ,ro.. 
,." " .. """ "'" ''''. 131.0 ,,.. 129.9 

'''' lID.O """ 1 13.0 12 1.0 121.0 119.0 118.7 ,,.. 1 \).0 IU).O ". "',. 107.0 114.0 119.1 ,,., 1l].0 109.0 10M ." ... 100.0 ,n , .. "" 93.3 103.0 ,,,.. ,0<, ,,.,. ,,.,, ,.,., ... 81.9 '"'. "'. ,., 7S.8 ,., 
"" "., 74.8 '" 74.0 , .. 75.0 73.7 , ... 101 .0 "". ... , . " ... %. • .", ,,,. .., 101.0 llM.O %.. %.. ", "., 
'''' 116.0 110.0 107.0 , .... , .... 11M.O 107.1 
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V Reservo ir Operation 

Th" 1991 operalln, year was charac1c. ii.W by un ... ",,11y wet ~wtumn renditions. near normal wimer 

"","Ibe. and a <;OQIsprin" whkh delayed tile s""""""eit rullOlf. AI1be DIllies, Ihe ob&oerved Jaoua')'.July 

r .. no« was 99 percenl of ave .. "" Olle peta:nl hl&ller Ihan llIe April rorccasl, but e i"'l percenl Lowe. lh.Jn 

IIIe Janua')' fOfOCaSI. Th ls runolf .mil""" was tile hi,ebcsl sina: 1986. Juty n.I .... 1 SIn::llmOowl.1 TIle 

o.llcs wert: 121 pero:nl uf 'YC"'&C. rcf1«1i nS deLllyed ronoil' or I"" upper Columbia slIOWJIKk due 10 the 

.. "",wally <;OQI Jprln,. 

TIle Operali nl yea r bepn wilh Hie coordirlluod re:seMllr I)'Slcm omclally nlUn, 10 99. 1 percent of 

aopld ly o n 31 July 19\10. AJ,. fa ult. firsl year firm elle. J:y load ao. ryin, ao~bi1i1)' (FELCC) _adoplod 

fur lbe 1990.91 operatinl year. 

Th" system bepn lhe year operalln, 10 CllerJ:y con lcnt curva (EOC) In AUIIISI, and SOrDe seconda,), 

elle' g was 101<1. Durin, Seplembe • • nd Oclober. the I)'Stcm ope .. tecl la kIOO.dancc wilh propoflloo .... 1 

draft requi re ment$, ... ilh draft Icvcb bclwocn ntsl. and socond.year a ilal .ule: curws. In Novemt>cr. 

un ....... lty hel")' precipilalion lrigc' od a . ise In 'IrcamOowllhro .. ,oout mlH;h of lbe Columbia baia, and 

lbe rcscl'Vl)i. SYSlem rt:lu.ned to openol inl to ECQ. 

The 1 January Wolle. supply forecasl _ 116.0 mar for lbe January-July period. or 107 pen:enl of the 

1961..s5 avcoalCo Subsequent forecasts Ih.ou'" Ap.il ."noctod a decrc:asin, Irt:nd, with tbe April fo.ecast 

98 pc.coeRI of avera,e. 

lbe unus ... 11y cool'prinl ,a ullod in a prolraclI,d , .. nolf of tile unusually hi", snowpack, with April 

throul h June RIII"ra l 00wI al 1be DoIIcI nea r· lOobclow IveraC",.nd July.nd A .. ,"'t 00wI well above: 



a""ncc- Dcspiu~ Ihe delayed runorr, mid·CoIumbia ~m;amflows were "igb ~nougb IhroughoUI lhe ~nl;l~ 

. prinJ wa ler b!ldcel period Illal no mid·eolumbill waler budcel releases were IICOCSSary 10 enlll DCe 110M 

for dowrullum mip,nion of i"""nik anadrumollS fish. DunnJlhe IS April _ IS June wa ler bOOeet 

period, the Priesl Rapids oUlflow averaJl!d 200.000 ef. and was below 140,000 d'S on only one day. Flows 

I I "The DlIILcs dunDJlhis pcriod ."l'ra ...... 282,000 ds.oo were above 200,000 cr. ~ry day durinllbc 

1"""'. 

Over lhe weekelld of 11 May, I oombinalion of snowmelt Ind heavy rainfall iriuered a "'pi<! rise In 

SlrQmllows Ihro~J/IoUI Ihe Columilia/Snake basins, promptinJ daily flood wnlro] regulation or llIe 

eolumbilSYSlem 10 beJin. The rl"l'r was rClulaled On a daily buill fOf flood oonlrol belween 17 May and 

18 June. "The year's observed pea k flow al The Dalles ....... 348,000 cfs on 26 May. Lasl year's peak was 

372,(nl d s. The syslem rcached 99.6 pc"..,nl "f il.'i fu ll ca~ity on 31 J uly 1991 .• llowinS flnl.year 

FELOC 10 be adopled for Ihe 1991-92 opcnuins ye.a. for the $OCl)OO SIJCOtSSNe year. 

Mia! Re5er-wHr 

All s hown in Chan 6. Mica reservoir was II Clev;olion 2410.9 fOCI, apprOlJmatcly four feel below Its rutl 

pool e levalion 247S feel. on 31 July 1990. "The T realy s iorage was filled \0 ilS full SIOlllge ronlenl ten oil)' 

bner on 10 AUSIl5l. With above """race inlkow In Au, ... I. llIe rescr.ooir continued fillinS IO 247 • . 1 feet by 

2.1 Aususl. 

DurillJ September, Mica WIll! klWCrW by 'pprOJlim.'cly four feel 10 cl<-'VlIl ion 2410.2 feet by 30 

Septcmllcr. On 1 O<:IOI>C. , ,he Mica Trc:.oly Slorlge . clcasc ...... incr~ 10 above inflow, 10 beyn 

dn'lins two (ect 01 T reaty Storace I", flood Qlntrol sp.:aoc per the Detailed Open tinl Pbn. The T rcaoly 

Slonge release, IOSCtiler with releases from non_Treaty omlllge al Mica, lowered ,be reservoir 10 2464.7 



foct by 31 October. Between 12 Noycmbcr ami 3 Deceinber, above .'t:ra~ inRow resulted in MitJ, 

renuoinin , ncar elevation 2463 feet. 

On I DDccmbcr. pursuant to the new Non.Treaty Ston~ Agocment (BPA Conlract No. 

DE·MS19·90BP927S4). 2~ maf of Be H)'Il ... · •• lOra,.:: II Mica """ re·d assirled .. non.Treaty SlOr.IC. 

divided equally.rwI lransfe rred inlU BOh .nd the United State's Acti¥e sloralC aanunlS. 

As system power requlrcmenlS Increased, tbe Mica oUlRow was inereued 10 full powerhouse capacity 

dllrin, DDccmbcr. ColISCIjuenlly, the reservoir was dn,.." down to elcv:ltlon 24SQ.9 focI by 31l)eocmber, 

. I'..,tly below lIS O~raUn, Rule Curve after adjllSlio, ror non.Treaty . lonlC arwl In imbllanoc between 

Mia .rwI Arrow Treaty ",oralC content 

Du. in, J.nuary'rwI February. the project outRow It Mica """ ICnenlly nuoinlaincd Dear full 

powe.""...., ao~ly o f 40,(0} cts. By 28 February. the rc:scrwir """ dn,.." down 10 elcv:llion 2-(17.2 feel. 

The project oonlinood drafting in Ma.ch. Durinl April, the Treaty >IonIC release """ Increasod above lIS 

normal Detailed Qpcrating P"'n sclledulc of I~,(O} d!; (fur I . l~ April period) and 10.(0) d:s (for 16.30 

April period), 10 rompcnsatc for an ·ulMlc r4r11n- of Mica Treaty "once In March due 10 U error In 

compullns the Mica opcrlll.ng rule curve. Th is adjllsHnent allowed the rorrect amount of Treaty II0rllP' 

10 be dnfted from Miao by tbe end of April. 

On 6 May, Mica reached '1lI lowest IcYcI for 1991 at clcv:ltion 2389.3 fOCI. Mica began IilHoS o n 7 

May. Durinltilc renll period, the pro}ecl outRow wu reduced, 11 times 10 IS low IS zero discll.arte, 10 

alk"" rna.o:imum Ilmap: .om Trealy.nd non_Treaty aLorap: .ro>Dnlll. Inflow InlO lbe rcse~ir ...as below 

....crap: in June dlMl to ( .. 01 lemperlltu~ All lhe weather bcamc warmer In Jllly. the inno.. IIICrea!ICd to 

well above .vo::np:. pc:.aklnl at 89,900 cts On 3 July. 
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lhe .escMli. filled 'I uk. 1y in May anoJ JUI>C, ~nd 'o.:KlIcd elevation 2445.1 fa.:t by JO June. Becinninl 

1 July. tile discba.1C' at Mica was p~ivcly illCfCaSCOl, reachlnl full powerhouse CIIf'ldty o f 40.000 ds 

Oft 20 July, 10 roducc IIIe ralc o f rillin" 'The . cscrmj • ..cached e lev-lIlion 2472.8 (eel on 31 July. Treaty 

SlOlllt;e reached its full storage ronlcnt Ihree dlys lalCr, on 3 AU,USL Mica reached full pool of elevation 

2475 (eet Oft 8 AUlust. 'The projocl bepn spillinl on 9' AUlu:st as tile r<:5c"",ir Inflow ~mained ~II 

lbo¥c '¥e"'se- On 10 AUIust, lI illl tcmpc>ratura anoJ i>eIory local p.cdpit.atlon increased llIe inflow to tile 

peak ror tile yur, 98,..160 0 .. llK: .""<:r",,i. was . urc ..... J:Od to elevalion 2"7S.8S feel Ind the total pmjcct 

QIItfJQw was IlKTcased 10 as hi'" as 100.500 os ror pUt of the day. Th is elevation was Mica re5f:rvoi . 's 

hithe't level of ' CCOfd. Inflow roa:dcd .fle. I he peak, but rema il\Od aboYe the f'O\"'C. hollK aopedty 

throu", 24 AUlust, and the pro;ea stopped spillin" Anotlle, rainsto rm on I September lriUCrod . rise 

In r<:5crvolr InfJQw 10 I peak of 52,830 d., bu. sp!ll was not ncc:asaf)' as Inno.... quickly rccodod. 

Reveil ioke Re5entoir 

Durin, this past opc>ratin, yeo" Ihe Re....:lstoke project was basically operated as a run-of. tlte-river 

p"'nl. mainlllinlnl llIe """",,,I . level .... it hin 1_> fOCI of ilS norma] fullpoo] elevation o f t880 feet. 

In June, tile .esc"",i. W3.'l d.a...-.n app.Ollimate ly live feel below full pool p.ior.o tile s\lm~r 

runorr. The inflow In ea.. 1y AUIUSI was unustaally hi'" and lhe reKrvoir refilled \0 filii pool and bepn 

spillin, on 9' AUlust. In o rder 10 dischu1" lhe hilh rultOrr on 10 AUl ust, the projca discbarr;e was 

11ICf~ to I maximum of 114.500 d$ (or ~fI of the day. Spillini at Revcl$tou was 1l11dually roduccd as 

tile inllow into tbe reservoir • ....:Wed. and tile pro}«1 s topped spiiiinl on 21 Au,USL 
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Arrow Resuvoir 

As. shown in CIuort 7, Arrow .~r...olr ~ filled 10 e~lion 14.oJ feel by 31 July. llw: <*NOir 

mnlinOK:d filllng and reached fun pool o f cJe,.'Ilion 1444.0 feel on 5 Augut l. During lhe period 6-21 

Au,USt, the Ar.ow dischar~ nricd between 53JnJ crs and 7O.CQl cr., maintain ins the '~M1ir Iev<:I a t 

lhout 1444 feet. On 22 AU8USt. the pro;oct ou tflow .. -as reduced below inl\tlw to bcsin lillins into Arrow 

non.T.eaty SlOriSt wi.h "'Iler .hat was surplus to s)"Stem load ' I:ljuiremenl$ al .he time. Th i.<; cau$ed the 

rtu=tYOir to su.clLa.$'l a~ 1"-14 feel 10 cli:valion 1446 feel by I I ScptcmlH:r. Thil; non·Treaty Itora~ 

was ~Ieased f.om Arrow "r 30 NO'o'embc •. 

Dranins of Arrow Trea'y s'ora~ bepn On :N Scplcml>c •. By 31 October. about I"", fcci o f Treaty 

Storage was release<.! frum IIH: rc:.etYOir. mcehng it s Oood contrul drawdown rl:ljuiremcnl for Oc:tober. 

Arrow mntinued draA ing in Noycmber and Deoembcr '0 meet dowmt .eam power ~ui~mcnlS. 1lIe 

r<::leNOir reacbcol t~tion 14:N.2 feet. o r appmtima:ely Ihree feel hiy.er tban the Openl1inl Rule Curve 

after ad;""'tin, a ~(ora,c imba lance betwccn Mica and Arrr:1W rtSeMliB. on J I {)(:umber. Durine this 

periQ<!, lbe pmj«t OUlf\ow ""riC<! betwccn 2O.(XX) d . and 7O.tnl ro. 

Snow acxumulalil1n ~.~ normal for the IIppel Columbia Riycr basin durin8 the winle. monlM. 

This Iowe,col Arrow's Operating Rule C\lrve 10 allow maximum draWll< ..... ·n prior to tbe f,cs lH:l. The belt")" 

d,aft . which ""vn in I~IC Deoember. oon, inUC<J in JUlI3ty and Fch' lI3ty with lbe prujeo.:l oombillC<J Trealy 

.nd 1I<lfI.T,caly ~t",a~ rc~ iO\."r~sod In as high u 104.200 cr. on )0 J~nll.lty. From 2J fcbt\l.lll)' until 

6 M."h, lbe rc:>ctYOir 1i1lClJ Icmpor~rily "r applO,Iimately four fcci 10 elevation 1403.9 fut. 1lIe project 

rcsumod dnfline on 7 M."h. Bcginnine2J Ma"h aad mnlinuin! until mid_April, Ar' rNI _ on free 

f\ow, disc""'r,;n! iu nw:imum pos.Iibk: OUI I'Iow. On 17 Apr;I. Arrow ,~M)ir ,eached its lowes. Ievl.:I tor 

1991 al elevation 1381.~ fcci. 



During l toe !Xriod 26-28 April, llIe Arrow uUlnow was redltted II' lhe minimum disdlar,e uf SJXX) d:s 

for scYCral bours each day j{l accommoodale unde ...... ater ill.'pcclion uf Ihe guidewall cables and lhe 

ups .. eam blanket •• Ihe dam. A!..he .ailwa.e. level dropped, about 89 ".,. .. of .. ou. eus (rcddo) were 

dilcoYe.ed.1 ,ravel ban ncar lhe Cily of c.sUegar where Pass Creek discharges in'" the Columbia RI-o-er. 

Afler .he dam i"'peel ion. il was av-110 rnainlain. sulf"lCl<:nl Arrow discbar,e II' prolCCl the eUJ so 

k,n, as il ~id not joupardi,c . escr""i, ,efill. With well ~"""" aw:uJIl flows from the K"menay Rive • 

• esultin, in a backw:nc. effect in the ol"'''',nln, a.ca (which was near the Cllnn..enee of the CUlumbill and 

Kootenay) i. was poosihlc to gradually red""" lhe Ar,ow disdlarse In JUlie to a<:a:lerale refillin, of tile 

reservoir. 

On 28 JUlie, the proj"",t ou,flow was further reduced 10 10.001 cto to further .=I«lte unn. Wi.h 

well.boYe ."",age rUllOff in Jllly. Arrow qllickly rolled 1<> elevlllon 1441.9 feet boy 3 Aug .... . Includin, the 

surchar,e .. onge at M ig, lhe T,uly slorage account at Ar.ow wu oollSidc.cd .efilled 10 il$ filii conlenl 

on thai day. 

On 3 alMl 4 Au,ust. the projeel uutflow "'"" mainl.lined at 60.000 do illStead of bein, inc.cucd 10 pass 

inflow. 10 llelp rnalntain low tIows for the unloa<ling of a nlKleir reactor in the mkl-<A)lumbia R iver. On 

10 AII, ... I , in flow 10 Arrow reservoir incrcascoJ 5ignirlcanlly due: .0 spillin, at Mica and Revcblu ke 

Rcservoirl. The diSChar,e I I Arrow wu increased up .0 IIS,!XXI cfs on 13 August. 

O n 14 Au, ... t, additional slO,a", space ( IWO reel between elevalioll$ 1444 reel and 1446 feet) we.., 

made .""ilable 10, non· Treaty slora", al tile Arrow project TIle project uulflow" was redUOlld 10 below 

inflow 10 begin fil lin, inlO li>ese non-neaty sl(jrage acoouol$. Bolh aa:ounLS were filled boy 2S AugllSt. 

1lIe reservoir rcached ils maximum Icvcl for 1991. ek"\llltion 1444.2 feet, un 30 September. 



Dunc.n R eservoir 

AS sllown In Chart 8, Duncan TCKNOir readIod (ull pool of eLe\lation 1892 (ecl on 31 July. Durinl 

AUlIISI, the proj(>.1 diKharp lntlow to main";n tk raermir II full pool. Between I Ind 16 September, 

the d&b~rJe _ maintair>ed " 6.000 W, dlll rt lnl ltie ' eKIWi. Ipproxlmalely six fecI. Be!:inninl22 

Sepl~mber, tbe oUltlow was reduc:cd to minimum dil<: .... 'Je o f 100 W to pll'YCnl spilline" p<lWC' pl.-nlS 

on lhe KOOlcnay River. Wilh ncar avcr~ge inl)c"", inlo the Dunan, the ."""r,'uir ~Iowly refilk>;J 10 full 

pool by .S <k1obc:r. DUlIC3n lhen d...,h.tr~ inno... unli. 16 Novemhc:, . 

Duncan bepn drarti" , ilS StOlllge ""hen the pruj«t oUlfIaw wu Irn:reas.cd 10 6,000 c& On ]7 

NO'V(:I1Ibcr and tll\:n (u n ller increas.cd to 8,000 W o n 2 Deocmbcr. By 3\ Dca:mbcr. the raei"'Olrwas 

drawn down approximately 204 f«1 to elev;lIIion 18611 feel, ""hich i$ ($SCnli.ally ~~I to the 31 Dca:mbe. 

Rood rontrol «:qu;,cment. 

Duri ne Janllill'y the ou tflow averaged 8,SOO ds and by the )]51, the I'eKrmlr TCIIched elevation 1838.9 

fccl. Durine February and Ma,ch, due to Grollman Narrows limltin, the dioclulrce capabiLIty from 

Koo!cn.oy lake, the Duncan dl....,l\lIrce ... ,.., , OOllU.'d 10 an average of 2,(l(X) W 10 prevent Koolenay Lake 

(rom exceeding its lJC Cu .... c. Inf\o\v Into Dunaon ..;00 ~Urrldcnlly low that tbe reKNOir CQntlnued d .. flin, 

du, in, Ihi$ peliud. On 3 April. DUllCan .eKIWi. reached elewli .. n \ 8:27.3 fecI, its lowest level (Of tile 

currenl ope"lin, year, bUI 20 fe<t aiXwe the flooIJ rontroi «:qulrement of \1Il7.7 feel. 

Since DUllClln reKrmi, was II an unuslUIlIy hi". level prior 10 tile 5prinl 5novmte:lt period, and above 

a...e .. ~ runoff was expeeled, rclill of tile ,eK ....... ;, was dday«! pasl April unlil near llIe end of~. Prior 

10 refill, tile proJ«I o ull'low was ao.lJU$led 10 e<jual i.now. As a result, th~ raermir level remained al 

a!lOut t8JO feCI durin, April and May. On 25 May, tile ' eKrvoir hepn fillin, ""hen the proj«l dilch.trge 

....... ,C<Juccd In 7~W ck It w., further rcdoccd 1<> 1,(l(X) cr. on 3 June. The .n",",",ell runoff....as helow 



IIOf'I\&lln J~IIC b.n illCl'l:aSCd ,i",maall)' UI Jul)', willlllle inllow peatin, at 1Il,200 m. on ) Jill)', TIle 

IMItnow re_lned al I,(XX) d5 IIn lil 6 J~I)' .. 1Ic~ It ~pn bein, iDcn:aocd 10 >low lbe renll or the nnal 10 

101:1 or fClCr-oi, $pace. The 'eKlVOir rcKhed full pool or 1892 focI 011 I Au,lal and the projea outflow 

_ lilen adJlaled tl,l !NIdi the Inflow. 

On 10 Au,USt, biah tem~ral~,e and Ilea")' l~ullO.k~lo'm ~ivil)' IncreaKICI IIIe <IIII)' awn., Inflow tl,l 

",920 ciS and tile reservoir was $urellarpl 10 ekvalion 1892.7 reel, The Inflow toon .-kd aQd IIIe 

fClCr-oi, _ dl'aWll bKt dow!! 11,1 ncar Ml pool "" 1) AlllUSt. 

Ubby RHtrmir 

AS . .......... in Cha'I 9, Li""Y ..,.,mplclcly ,efilled 'nllowin, 11w: 1990 runo/T, wil~ lake Kooc:anusa 

,eac~ln, Ml pool 011 26 July 199(1 Thil,..,.. llie rir11 time llIe rcscl"'Olr bad , cached full proilinu 1987. 

TIIc ,cx"""I, remalnod MI tbrow", .... bor Day allll did 1'101 lIeain dra h 'D,lInl11 17 Seplembe,. TIIc drall. 

.... lahlaled "" BPA's de$lrc 10 Imporl boldin, inlcrdLl~ enerl)', """kh ,cq~imllllal Lib!»' be drafted 

10 III EIIe,I)' Coa~al CUrve. 

lake Kooc:an..sa was drafled fUrlber Ibrow", Oaot>cr aad inll,l early Naoanber, rcadlllIJ ekYIliotl 

242&2 101:1 011 8 NoYcmber, Ouli'lowos IYCnp 11_ lO,.OOO ds dll'in,l~iI period, and lOme l'f'O"IiIionaJ 

dnA OIXII,red. For IIIe remalnde, of November, Libby di>cllarp minimum flow Il$ tile Columbia ')SICIII 

,elulned 11,1 I,Ipcnlin,10 ECC fl,lllowin,. K'ICI' of fall "<>rim. In Decembe" the disclluJe _11ICfeISed 

10 full pi.....::, ... ,...., capacity 1l1li ..wltlonal prtMoiofgl dnh OP;\I,rcd. By lhe cllll of IIIe II'IOIItll llIe 

,a.c:""", readied 2«n9 fCCI , ni..:: reel IN:1Qw ECC lano..s d~lin' lbe Oo:tokr,Doocmber period were 

1«J perot.1 of l...crace. 



In January, water supply forecasts for the upper Columbia drainages were well above average. 

Libby's forecast was 130 percent, indicating a complete winter drart of the reservoir would likely be 

necessary for flood control. Throughout January, Libby discharged at full powerhouse capacity, averaging 

24,500 ds, and drafted to 2358.4 fcct, two tenths of a foot above the 31 January flood control point. The 

February water supply forecast continued at 130 percent and both snowpack and observed streamflows 

remained above normal. Ea rly in February, it was necessary to begin reducing the Libby outflow to kccp 

Kootenay Lake from exceeding its IJC rule curve. Throughout the rest of February and all of March, 

Libby was restricted to control the Kootenay Lake inflow per the IJC criteria. By late March, Libby's 

outflow had gradually been reduced to 6,000 ds, and by 2 April, the reservoi r reached elevation 2305.2 

feet , its lowest point of the year, but 18.2 fcct above the 31 March flood control point of 2287.0 feet 

(minimum pool). 

Libby passed inflow throughout most of April as the reservoir's refill probability exceeded the 95 

percent level at which refil l is usually initiated. Observed inflows and snowpack continued to be above 

normal and the April water supply forecast remained above normal at 126 percent. Later in the month, 

inflows began to rise and the reservoir began gradually refilling. In early May, outflow was reduced to 

4,000 ds to refill the reservoir to 2335.0 feet by mid-month to improve lake access for recreation. In mid­

May, following heavy rainfall and snowmelt which triggered runoff in the Kootenai River, outflows were 

reduced to control water levels flows at Bonners Ferry, where some lowland crop flooding occurred. 

During this event, inflows to Libby peaked for the runoff season at 65,500 cfs. During the second half of 

May and into early June, outflows were regulated to provide flows near 20 to .30 kcfs downstream near 

Leonia for an Idaho Fish and Game sturgeon spawning study. By mid·June. fOllowing the releases for 

sturgeon, o utflows were reduCC4J to near 6,1'XX) efs to increase the refill rate. By the end of the month the 

rcscrvoir refilled to within 22 feci of full . In ea rly July t.he outflows were increased to near 25,tXX> cfs to 
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slow ll1e final refin a1\lJ lvoid spin. On 27 July ll1e p1"<~OCl reacllelJ full pool and was operaled in Us lOp 

h~J( fOO1. 24S8..S In 2459.0 fcc •. 'hruu,h Au,""I. Durin, AU,"'1 and Seple ... lIe. nuinows o f 14,000 c6 

"",.e proy;dcd for d(lwnsm:,am <!au oolkxlion by lhe M<)nu tul Dcp;onmcnl of FISh, Wildlife and Pf,,1q for 

fISh habital modellin&-

llIc Janu.ary.Ju ly obsclVCd runorr was 861« IuIf, I.l."l pcroenl o f aveut"- This runorr volume _ \lie 

hig/IQl lina: 1974 and Ihe 6th hillleSl in Ihe 1928-91 petlod of . eco.d. 

Kootenay Lake 

As sllown in Chan 10. Kootenay Lake was a1 elevation 1745.6 fOCI on 31 J uly. As lhe inflow n:a:ded, 

KooICnay Lake d"'fled LO below ll1e UC summer operalin, level of 170.32 feel by JO AupsL Seginain, 

I Seplcllbc:r and oonLinuin, unlil ea.1y Oclobe., lile dbdLlorSC al KoolclI1Iy Lake was reduced 10 p. """nl 

splllln," the downsLream Brillionl projc<.t. llIc \fIkc sumcqllCnlly filled slowly 10 near Lhe UC (liM 

clcYltlion 1745.32 fOCI by II Oclober. Durin, NlM:mber alld December. Koolenay La1r.c Operlled 

primar;!) bel~n (\eValio,,, 1744.5 fOCI and 17«S.0 fecI, dt.char,io, between 18.0IXl cfs and 40,000 (1$ 

d urinlltis perKId. 

Koo'cnoy Lake !>Cpn dramn, according 10 1/.c JJC CIIM In Clrl)' Janu.ary and conlinual beio, drawn 

down in February and March. Because of lhe lJefC<lui. OI.I drall 0( lhe lake, ",hich hu precedenl over 

Ubby and Dun","n tlood conlrol dull, and lhe redu<!ell ~hannel ap,aciLy of Ihe lake oUl lcl, especially in 

Fehru.ary and MarCh. il WI< neccM.ary 10 begin rcdlKinllbe DUDClln and Ubby d!scharp o n 6 Fcbnllfy 10 

keep lhe Kootenay Lake IcYCI from uC«([in, ",hal is alowl::o.l pc. Ihe UC Order. By 30 March, KooIC",y 

Lake _ drawn d"",,, LO clevalion 1739.1 fOCI. its IowesIIcYcI for 1991. 
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Kootenay Lake began filling on 5 April. During April and May, due both Duncan and Libby being 

operated to pass inflow, the Lake inflow was well ."bove average, peaking at 97,100 ers on 19 May. As a 

result, the lake filled very quickly during this period, reaching an initial peak level of 1749.8 feel on 21 

May. 

The water level dropped slightly before the reservoir resumed filling. reaching a peak level of 1750.2 

fcct on 12 June. This W'dS the highest peak leve l since 1974 when the lake peaked at elevation 1754.2 feet. 

The maximum discharge during this period was 71.400 ers, on 13 June. which was much higher than the 

combined powerhouse capacity of a pproximate ly 42,OCXJ ers at the Kootenay Canal and the Kootenay River 

projects. 

The runo lT receded in late June and July. Kootenay Lake was drafted slowly during this period to 

elevation 1746.3 feet by 31 July. On 25 August, the Kootenay Lake level as measured at the Nelson gage 

was 1743.31 fcct, slightly below the IJC requirement fo r drafting to 1743.32 fect at Nelson following the 

spring runolT. The lake continued drafting until 25 August when the outflow was reduced to begin 

refilling back up to elevation 1745.32 fCCI per the IJC rule curve. 
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VI Power and Flood Control Accomplishments 

~nu.1 

Durine !be peri<xJ <"vcrcd IIy th is repUlI. Duncan. Arrow. Mica •• nd IJbby reservoirs WCre ope r.ted in 

accordance wilh III<,: Columbia River Trulty. Sp<Xirtally. tbe operation o f tile reservoirs _ ~rned by: 

I. ·Detailed Operalinc Ptan for Columhia Ri""r TrU!y 51.,..", . 1 Aucus! 1990 Ihrough 

31 July 1991 ," W!ed September 1990. 

Z. ·Columbia Riv<:r T'o:.Ily F1oo<J Ct>nl ' oI OperalilC Pla n," dated o..1obcr 1972. 

Consi~lcnt Wi1h all Delailed Operaling Plans p,e~rt4 sino:: lJoe Inslallalion o f ",neralion II Mk:o. tbe 

]99()..9] Delailed Operalin, Plan "'3$ <.Iesi,ned 10 MhM.."Ve oplimum P'Y""'r gene,atlon a(-sit e in Canada and 

downsuo:.Im in Canalll anllllle Uni!cd SI~!es. in acco«!ance wilh paracnph' 0( AnIlOl A 0( 1be T.ealy. 

'The ]99()..91 Assured Ope,"in, Plan. prepared in 1985. was used as Ihe basis fot lbe preparation o f lbe 

199()·9] Detailed Opefliling Plan. 

The Canadian Enl itle menl 10 dowllS!ream power beacfils from Duncan. Arrow and Micro for lbe 

1989·9(1 opera!;n, year had been purchased In 1964 by lbe Columbia Siorage Powe. e..tl\lln", (CSPE). In 

accordance wilh III<: Canadian Enlillemenl Exchan", Af;roemenl dated 13 Aug"'! 1964, lbe U.S. En!ily 

delive.ed capaclly and ellerty 10 the CSPE participants. 

'The tlCnc ta iion I I 1I<""''''lrcam pfO~t' in the Unile<l Slale.<. dcli""rod unlle. III<,: Canadian Entillemcftl 

Exchange A,,,,,,menl was J.lU avera", =",""' 11< al rat~ up 10 1.022 rncpwlns, from 
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1 August 1990 through 31 March 1991, and 318 average megawalls, at rates up to 932 megawatts, from 

I April through 31 July 1991. All CSPE power was used to meet Pacific Northwest loads. 

The Coordinated System reservoirs were near full on 1 August 1990, and after being drawn down 

during the 1990-91 operating year, refilled to 99.6 percent of rull on 31 July 1991. The rollowing table 

shows the status or the energy stored in Coordinated System reservoirs at the end or each month compared 

to operating rule curves during the 1990-91 operating year. Normal rull Coordinated System reservoir 

storage is approximately 63,700 megawatt-months. AU rigures a re HXXJ MWMo. 

Operating 
Month Rule Curve Actual Difference 

Aug 90 45.6 44.9 - 0.7 
Sep 90 43.7 42.5 - 1.2 
Oct 90 41.2 39.6 - 1.6 
Nov 90 37.5 38.8 + 1.3 
Dec 90 33.4 32.0 - 1.4 
Jan 91 16.7 24.8 + 8.1 
Feb 91 1l.5 20.7 + 9.2 
Mar 91 8.6 13.9 + 5.3 
Apr 91 8.1 13.0 + 4.9 
May 91 16.9 23.9 + 7.0 
Jun 91 35.9 37.5 + 1.6 
Jul 91 45.4 45.6 + 0.2 

During the January-J une period of 1991, volume runoff forecasts for c.yelie reservoirs were surficient 10 

lower the Operating Rule Curves to below Assured Refill Curves, and, as a result, no proportional dran 

was necessary during this period. 
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IOUI/lWcsI ulmlk:s durinc lbe 19!IO-YI openlfnc yeu. 

~Ii;BIQt!: TO NORlliWEST UTlLmES TO SOtrl1-lWEST UTILITIES 
NQNFlBM SURPLUS f .RM NONFIRM SURPWSBRM 

AUO '" .... 0 ."''''' 0 
SEP '" 0 2,91 4 0 0 
OCT '" 0 17S,m 0 0 
NOV '" "'"' ""'"' 382,176 " DEC .. " .. '" ""'"' 1.211,846 47,602 
JAN .. 441,1142 113,761 1,245,678 ")38 
FEB .. 271,871 . ..... 1.443.338 185,524 
MAR .. """ .. .... 1,6017,869 S8,437 
AeR " 28J.n4 " 1.1O' .47S 0 
MAY " 610.133 ' )11 I 1,783.351 " >UN " 1.015.3' • ... 1,568,742 " >UL " 417.292 .... .. "" ~ 

TOTAL 3.909,964 9\3.46S 11 ,7&4,265 336,901 

Flood Conlro1 

The Columbia River Basin rtSel"YOlr sYSlem, IncludinC lhe Columbia Ri~r TrealY projccu, was 

opcralCd on • \bIily WSis ()I" flood oonlrol between 17 May.1Id 18 Ju~ "The obsc:rmd .1Id unrcgulned 

bydrocraPhs lOr the Columbia River al The o.llcs belween • April 1991 .nd 31 July 1991 arc shown on 

OLIn 14. The unrclul.:lled peak 1\Qw.1 "The Dalk:s would have been .568,010 ds.Dd il was oonlroll«l. 10. 

mulmum of 348,000 ds on 26 May 1991. 

"The o/)$(:rvod peak SlaCC.1 V'n<;OUVI.'r, W ... hington _ 12.6 (eel on 2 1 May 1991 aDd tile unregulated 

Slige would /\aYe been ' 11.1 (eel. Olin IS documents Ihe relalive filling of Arrow.1Id GraDd Coulee 

during lhe principal (lliing period,.nd wm pare$ the regulal lon of Ib_ tWO rC$t;l"YOin to guidelines In tile 

Trelly Flood Conlrol Operat ing Plan. The major dcvi.3llon from lbe guideline CUI"\o"e shown in tbis plOt 

was causod by lhe operallon of Arrow to protect trout rcdds below the dam In May.1Id JUDe. 



Comp~l.atio"" o r tlK: Initial Controlled Flow (1Cf) for .ystem flood mnlml operation were made In 

KCOrdance willi the Treaty Aood Conlrol Opc:ralln, Plan. Computed InlUal Controlled flaws at The 

Dalles were 3'U.1DJ d. o n I Janual)' 199[, 370,(XXl d's on [ Fcl>rual)', 342,IDJ d's on [ Marcil, 336,1DJ d's 

on I April alld 337,(XXl cis on [ May. As menlioned earlier, the ob$er¥ed peak now al The Dallel ..... 

348,IXXl efs. Dal.l ror 11K: [ May ICF compul.llion are Vo'en In Tabie 6, 



Table I 

llnrq:ulated RUllOtr Volume Forecuts 
Millkla or Acn-Feel 

1991 

UNREGUUTE> RUNOFF 
COLUMBIA RI VER AT 

12:!.!r:!~r:! ""'" lJI!JIl: llilil 120.1 1 ~,QB.EGON 
M~' -, Moo' M~' F,_ Probable Probable Probable Probable _.k 

Dlle · I April. I April. I April . I April. I April. 

""f 31 Ayu<! ;\1 Ayau.! 31 AU«IJ.<I 3 1 AYIUSI 31 AUIUSI 

January '" " .0 IU ., "', . 
F""",. " " .• ''b ., 0).' 

MaKII " "., '" &. "., 
April " "., B.. ... '0 
Mo, " 

,., 12.8 ., '0 

J"~ " "'-' Il. I &6 n ' 

"""" u ,., ". ., "' .• 
NOTE: Thcse 01:111 weK used in act",,1 operation$. SIb$cq""nt reviSions have bocn made in IoOmc cases. 



Table 2 

95 Perttnt Confidence Forecast and 
Variable Energy Content Curve 
Mica 1991 

1 PIt01IA8LE fEB 1 • JUL 31 INfLDoI, UfD' •••••••• 
2 9SX fORECAST ERROII:, KSfO ................. :1 .. . 
1 95X CONFIOEIICE fEi 1 • JUL 11 INfLDoI, UfO •• 
4 OISUVEO fU 1 • DATE INfLDoI, nfO .•.. r .... . 
5 lESlDUAl 95X DATE· JUL 11 INfLDoI, KSfO .... . 

Usu-.EO fEB 1 • JUL 11 INfLDoI, :.: Of.VOllME •• 
ASSUMED fEB 1 • JUL 11 IN'LDoI, UfO ....... . 
M1M. fEi 1 • JUL 31 OUTfLOJ, nfO .~ ........ . 
IUM. JAIl 31 RESUVOIR CONTENT, UfO

I 
....... . 

11111 . JAIl 31 RE~UVO[R ELEVATION, fT .. ... .. . 
JAIl 11 Eee, fT . ..... . ................ . .... . 
USE Eee, fT .. . .......... . ................. . 
LOWE. LIMIT, fT ............................ . 

ASSLMEO !WI I . JUt 31 [lifLOJ, X Of. VOl!.M: .. 
ASSlREO MAR I • JUt 31 INflOJ, nFO ...... .. 
11111. MAR 1 • JUL 31 OUTflOW. KSfO 'J" ..... .. 
IIIN. fU 28 RESEllYOU CONTENT, KSFO ...... .. 
1111. fEl 28 RE~UYOlA ELEVATION, fT' ....... . 
fE'2eEce,1f ............................ . 
USE Eec, fT •..•...•.•....••..........•..... 
lDolElill lIlT , fT ............................ . 

ASSlRED APR I . JUL 31 [NFlOJ, X OF.VOlLtlE .• 
ASsu-.EO APR I • JUl]1 [lIflOJ, KSfO •..•.•.. 
M[M. APR 1 • JVL 31 OUTflOW, nfO .J ....... .. 
11111. MAlI 31 RESUY01R CONTEIIT, nfO ...... .. 
MIN. lIAR 31 RESERVOIR EUYAIlON, fT' .•...... 
lIAR 31 Eee, fT1 ........................... .. 
BASE ECC, fT ........ . ..................... .. 
LMR U IIIT, H ........................... .. 

ASSLIIEO IlAT 1 • JUt 31 lJlfLOIoI, :r; Of. VOLlJE •• 
.I.SSlJ4EO IIA~ 1 • JUL 31 lNflOlol, UfO •....•.. 
IIlII. ""1 I • JUl 31 OUtfLOW, UfO .j' ...... .. 
1I1N . APR 30 RESElYOII CONTENT, nfO ...... .. 
IIIN . APR]Q RE~ERYOU ELEVATION, fT' ....... . 
APIl ]Q ECC, fT ........................... .. 

lA SE Ece, fT .......................... ..... . 

.I.Ssu-.EO JUN 1 • JUL 31 INflOW, X or.VOlUME .. 
ASSlJIEO JUN 1 • JUL 31 INflOW, KSFD ...... .. 
MIN . JUII 1 • Jut 31 OUTfLOW, nfO .J ........ . 
1I1N . IlAl 31 IlESUVOII CONTENT, KSfO ........ . 
1I 1N. IlAY 31 IIESUVOI. ELEVATION, fT ....... . 
NAl ]1 ECC, fT1 ........................... .. 
BASl ECC, fT ............................... . 

ASSUMED JUL 1 • JUL 31 INFLOJ, :.: OF .. YOLlME •• 
ASSlJlllEO JUL 1 • JUL 31 INFLOW, nro ....... . 
11111. JUL 1 • JUL 31 OUTfLOW, nfO .J ....... .. 
11111. JI)II10 RESERVOIR CONtENT, KSfO ....... . 
1I1N . JUM 30 RESERVOII ELEVATION, fT" ....... . 
JUII ]Q ECC, H' ............................ . 
u.se ECC. fT ................ . .............. . 

JUl )1 ECC. H ............................ .. 

INITIAL 

2436. I 
2416.9 

2423.3 
2402 .4 

2411.4 
2394. I 

2402.8 

2411 .4 

2441.5 

2470 .1 

"" 
6452.6 

584.5 
..... I 

0.0 
..... I 

100.0 
5M11.1 
21SO.0 
'158.9 
2394.1 
2416.9 

97.8 
5739.0 
1760.0 
· 449.8 
2394. I 
2402.4 

" .. 
5598.2 
1295.0 
'TT4.0 
2394. 1 
2394. 1 

,,-' 
5322.4 
920.0 

·873.2 
2394.1 
2394.1 

n.' 
4295.4 
610.0 

'156.2 
2394.1 
2394.1 

36.7 
2153.6 
110.0 

1685.6 
2433.1 
24]]. 1 

2470.1 

4 PRECEDING LINE. LINE 5 

fEi 1 

6075.1 ..... , 
5594.6 

'.0 
5594.6 

97 .11 
5471.5 
1760.0 
-182.3 
2394.1 
24C12.4 

" .. 
53]7 .2 
1295.0 
·5 13.0 
2394.1 
2394. I 

"" 5074.3 
920.0 

·62S. 1 
2394.1 
2394.1 

n., 
4095 .2 

610. 0 
".0 

2395.3 
2l95.1 

36.7 
2053.2 
310.0 

1736.0 
2'35.2 
2435.2 

2470.1 

M' I 

6212.5 
444.1 

5168.4 
183.7 

5584.7 

97.6 
5450.7 
1295.0 
·626.5 
2394.1 
2394.1 

92.5 
5182.6 
920.0 

·733.4 
2394.1 
2394. I 

74.9 
4182.9 
610.0 
'41. 7 

2394.1 
2394.1 

31.5 -., 
310.0 

1744.9 
2434.3 
2434.3 

2470.1 

5878.5 
414.4 

..... 1 
' 05.2 

5158.9 

".1 
4906.1 

920.0 
' 456.9 
2394. I 
2394. I 

76.11 
3962.0 
610.0 
177.2 

2398.6 
239&.6 

..., 
1986 .2 
310.0 

185].0 
2436.6 
2436.6 

5900.5 ,., .. 
5519.6 

613.0 
4906.6 

80.' 
3964.5 
610.0 
174.7 

2398.5 
2398.5 

40.5 
1987.2 

310 .0 
1852.0 
2416.6 
2436.6 

2470.1 

1 DEVELOPED 8Y CANADIAII ENTITY 
2 tiNE I LINE 2 
3 LIII£ 3 • LINE 4 5 fULL CONTENT (3529.2 UfD) PLUS TIoO PlIECEOINe; L1NU LESS LINE PRECEDING TIIo\T 

6 fRaIl IlESEAYOIII ElEVAllOil • STou,GE CONTENT TAiLE OUEO FEuw..y 21 1973 
7 LOoEI or ELEVATION 011 PRECEDING LINE [)It ELEVATION O(tEIUUIIED P.10l:'TO TEAll 
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JUN 1 

5797.5 
378.8 

54111.1 
1675.3 
1743.4 

50.1 
1875.4 
]10 .0 

1963.8 
2438.9 
24lo!.9 

2470 . 1 
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Table 4 

9S Percent Confidence Forecast and 
Variable Energy Content Curve 
Duncan 1991 

1 'RQ8ABLE fEB 1 • JUL 31 INFLDol, UfO' •••• • •••• 
2951 fORECAST £"011, UFO •••.... • ..•.•.•.. ~ •.. 
3 95X CQlF[OEIfCE fEB 1 - JUL 31 [If FLOW, I(SFO •. 
4 OIISERVEO lEi 1 - O~TE [nLOW, UFO ""j" " " 
5 USIOUAl 95X O~TE • JUt 31 IIfFlOW, UFO • •••• 

~SSLII£O In 1 • JUI. 31 [NfLOW, X OF.VOlUME •• 
ASSUMED lEi 1 • JOl 31 INFLOW, UFO ••••• • •• 
IUN. lEI 1 • JUt. 31 CUTFlOW, UIO .! ....... .. 
If[N. J~1f 31 REstRVOIR CONTEIfT, UFO ••• • ••.• 
1f[1f. J~1f 31 RE~UVOII ELEV~TlON, IT' •••••••• 
JAIl 31 ECC, IT ••• • ••••••••••••••••••••••••• 

lASE ECC, fT • ....•.•.•.•••••••••.••••.•..••. 
lQl£R LIMIT, IT ••.•••••••••••••••• • •••••• • •• 

~SSlJllEO ICAR 1 - Jut 31 IlffLOW, X Of. VOllJolE ,. 
ASSlJllEO MAR 1 - JUL 31 IlffLOW, Ufo ...... .. 
IfIN. MAR 1 . JUt 31 WTILOW, UFO ., ....... .. 
IfIN. FEB 28 RESERVOIR CONTENT, UFO ........ . 
NIIf. FEB 28 RESERVOIR ELEVATION, FT ...... .. 
fEl 2B ECC, FT7 ............................ . 
lASE ECC, FT ............ . ....... .. ......... . 
lOIoIEI LIMIT, IT .......... .. ................ . 

ASSLII£O APR 1 • JUl 31 IlffLOW, X OF. VOlUME •. 
ASSUII£O APR I • JUl 31 [NFLOW, UFO .. .. .. .. 
MIN. '\pI 1 • JUL 31 CUTflOW, I(SfO ., ....... .. 
M[N. MAR 31 IESElVOIR CONTENT, 1(510 . ....... . 
M[N. KM 31 RESERVOIR ElEVATION, IT ....... . 
KM 31 ECC, FT1 ........................... .. 
LUE ECC, H ............................. . . . 
LOWER LIMIT, fT ............................ . 

ASSl.t!ED MAT 1 • JUL 31 INflOW, X OF. VOlUME •• 
ASSUMED MAT 1 - JUI. 31 INflOW, UFO ...... . . 
.[N. MAl 1 • JUl 31 CUTFLOW, lSlD ., ....... .. 
MIN. APt: 3D RESERVO[R CONTENT, UFO ....... . 
M[N. '\pR 10 RE~ERVO[R ElEVATION, FT' ...... .. .\p. 3D ECC, IT ............................ . 
lASE ECC, H ............................... . 
LOIIER lllflT, fT •••••• • •• ••••••••••••••••••••• 

ASSUlEO JUII 1 - JUl31 INFLOW, IOF.VOlUIIE •• 
ASstJlEO JUII 1 - JUl 31 INFLOW, lSFO ....... . 
II ]N. JIll[ 1 - JUt. 31 CUTFLOW, nfO ., ....... .. 
II]N. MAT 31 RESERVOIR CONTENT, UFO ....... .. 
IIIN. IlAI 31 RESERVOIR ELEVATION, n .. ..... . 
MAY 31 ECC, n Y ............................ . 
BASE ECC, n .............................. .. 

ASSlMED JUl 1 - JUI. 31 INFlew, 1 OF. \IOLLM£ •• 
ASSl.JIEO JUL 1 • JUl 31 INflOW, UFO ....... . 
11]11 . JUl 1 - JUl 31 CUTFl"",, I(SFD ., ........ . 
M]N. JlJIf 10 RESERVOIR CONTENT, UfO ..... .. . 
1I [1f. JUIf 3D RESERVOIR ELEVATION, n S 

...... .. 
JUII 10 [CC, 1f1 ....................... .... . . 

lASE ECC, fT ............. . ........ . ........ . 

JUl 31 ECC, IT ................ . . . ...... . .. .. 

I DEVELOPED IV CANADIAN ENT[TY 
2 ulfe I • LINE 2 
3 LINE 3 • LI NE 4 
4 PRECEDING LINE. LINE 5 

IIf ITl~L 

1&31.6 
1&37.2 

1810.3 
1807.7 

1812.7 
1802.5 

\&39.9 
17'98.1 

1&39.9 

11168 .2 

J~1f 1 

1199.4 
107. 3 

1092 . 1 
0.0 

1092.1 

100.0 
1092.1 

lB.l 
·368.2 
1794.2 
1&37~2 

97.9 
1069.2 

15.3 
-143. I 
\7'94.2 
1807.7 

"., 
1041.9 

12.2 
'323.9 
17'94.2 
1802.5 

.... 
981.8 

'.2 
·2M.8 
17'94.2 
1798.1 

69.' 
7'57.9 ,. , 
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Table 6 

Computation or Initiol Controlled Flow 
Columbia River at The Dalles 
1 May 1991 

1 May Forecast of May-August U nregulated Runoff Volume, MAF 

Less Estimated Depictions, MAF 

Less Upstream Storage Corrcctions, MAF 

MICA 7.8 

ARROW 5.0 

DUNCAN 1.3 

LIBBY 5.0 

LIBBY + DUNCAN UNDER DRAFT"' -0.7 

HUNGRY HORSE 1.9 

FLATHEAD LAKE 0.5 

NOXON 0.0 

PEND OREILLE LAKE 0.5 

GRAND COULEE 4.5 

BROWNLEE 0.0 

DWORSHAK 1.2 

JOHN DAY 0.2 

TOTAL 27.1 

Forecast of Adjusted Residual Runoff Volume, MAF 

Computed Initia l Controlled Row from Chart 1 of Flood 
Control Operating Plan , 1,000 cfs 

81.8 

1.5 

28.6 

53.2 

337.0 

• Duc to the IJC rule curve requirements al Kootenay Lake, it was not possible to evacuate 
all the required flood control space at Duncan and Libby. 
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Chart 1 
Seasonal Precipitation 
Columb(a River Basin 
October 1990 - March 1991 
Percent 011961 -1985 Average 

_ Predpitalion vet)' high and more than , 50% d average 
_ Pr«ipilation high and more than 120'401-. 
c:::::J precipitation """ and more Ihan eo% 01 average 
PZZJ Pr«ipilalion vet)' """ and more II\alI 50% of a--va 

. -. - .. 

Information prepjlred by 
NATIONAl WEATHEA SERVICE 
North .. MI Ar.o.r Forcut Cen!e< 
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Chart 2 
160 Columbia Basin 
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WINTER SEASON Chart 3 
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Chart 6 
Regulation of ~ ica 
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Chart 7 
Regulation of Arrow 
1 July 1990 - 31 July 1991 
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Chart 8 
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Chart 9 
Regu lation of Libby 
1 July 1990 - 31 July 1991 
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Chart 10 
Regulation of Koolenoy Loke 
1 July 1990 - 31 July 1991 
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Chart 11 
Columbia River at Birchbank 
I July 1990 - 31 July 1991 
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Chart 12 
Regulation of Grand Coulee 
1 Jul 1990 - 31 Jul 1991 ," • 
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NOTES. 

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

Chart 13 
Columbia River at The Dalles 
1 July 1990 - 31 July 1991 

I .. 

1.100 I--+-+-+-l--l--+-+-.J--+- 2. OBSER VED A ND UNREGULATED DISCHA RGE 
SHOWN FOR COMPARISON 

--

1000 --

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

4, THE 10.25.50. 75 AND 90. LINES REPRESENT 
PERCENTAGE OF TIME THE FLOW IS EOUALLED 
OR EXCEEDED ON THATPARTICULAR DAY 
THESE LINES ARE BASED ON TEN OA Y MEAN 
VALUES 

-f-

-
'1--

I .J-+--+. 
I 

I 

-1--1--1-

I-

-f-

f-- -

'- -
OBSeRVE- ) f--+--I--H 

l~!~ A..LATt') I- I-

f--+--+- \ 
- I- --

O L-~-,~~~~~ __ L-~~~4-~ __ ~~~±-~ __ L-~~~-L~~~~~±-~ __ L-~~~-L~~~~ __ *-~ __ L-~ __ ~-L~~~~ 
10 20 10 70 10 20 10 70 10 10 10 20 10 10 10 20 10 20 10 20 10 2() 10 20 10 20 

JUt.. Y AuGUSl SEPTf.MtlEfI OCTQBfR NOVEMS[R DECEMBER JANUARY fEBRUARY MARCH APR i l MAY JUN[ JUl Y 



Chart 14 
Calumbia River at The Dalles 
1 April 1991 - 31 July 1991 
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Chart 15 
1991 Relative Filling 
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