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COLUMllIA RIVER TREATY 
HYDROELECTRIC OPERATING PLAN 

Assured Operating Plan for 
Operating Year 1977-78 

INTRODUCTION 

The Treaty between Canada and the United States of America relating 

to the cooperative development of the water resources of the Columbia 

River Basin requires that each year an Assured Operating Plan be agreed 

by the Entities for the operation of tbe Columbia River Treaty Storage 

in Canada during the sixth succeeding year . This plan will provide to 

the Entities information for the sixth succeeding year for planning 

the power systems in their respective countries Which are dependent an 

or coordinated with the operation of the Canadian storage projects. The 

data assumed for this Assured Operating Plan will undergo review by the 

Entities immediately prior to the 1977-78 operating year and such data 

may be revised to reflect data and criteria current at that time . Should 

the Entities fail to agree on such revisions, then this Assured Operating 

Plan will form the basis for the Detailed Operating Plan for 1977-78 . 

This Assured Operating Plan was prepared in accordance with the 

Principles .end Procedures for the Preparation and Use of HYdroelectriC 

Operating Plens for Canadian Treaty storage!!. It is based on criteria 

contained in Annex A and Annex B of the Columbia River Trea~, 

Article VII ot the Protoc012l, and Section B.l. ot the Terms of Sal~. 

Other necessary operating criteria renected in this plan are the Program 

tor the Initial Filling ot Mica2/ and the Columbia River Treaty Plood 

Control Operating Plan2l. 



The Assured Operating Plan consists of: 

(a) The Operating Rule Curve for the whol e of the Canadian Treaty 

Storage, including the Critical Rule Curve, As sured Retill Curve, Variable 

Refill Curves, and the individual proj ect Plood Control Storage Reserva tion 

Curves . 

(b) Operating Rule s which specifically designate criteria for opera­

tion of the Canadian Treaty Projects in accordanc e with the principles 

contained in the above references. 

A 30-year System Regulation Studyll was utilized to develop and test 

the operating rules and :rule curves . It ca'ltains the agreed-upon operating 

oonstraints such as maximum and minimum projeot elevations and disoharges . 

SYSTFl4 IiIDULATI ON SroDIES 

In acoordance with Annex At Paragraph 7 ~ the Treaty, the Columbia 

River Operating Committee conducted system regulation studies refleoting 

Canadian storage operation for optimum generation in both Canada and the 

United States. Downstream power benefits were computed with the Canadian 

storage operation based on the operating rules specified herein. There 

was a reduotion in the Canadian Entitlement of 1.5 megawatts of dependable 

hydroelectric capaoityand 5. 5 average megawatts of average annual usable 

energy, which is within the limits speoified by the Treaty. 

System Regulation Studies for the Assured Operating Plan were based on 

1977- 78 estimated loads and resources in British Columbia and in the United 

States Pacific Northwest System. Historical flows for the period July 1928 

through June 1958, modified to estimated 1977-78 cond1tion~, were used . 

The Critical Rule Curve for these studies was determined from Bonneville 

Power Administration Study 78-41 . Too study indioated a 43-1/2 month 
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critical period for the United States system resulting from the low flows 

during the period from 16 August 1928 through March 1932. It wa!'l aSmlmF.!d 

that all reservoirs, both in the United States and Canada, wer e full at 

the beginning of the critical period . 

In the studies, individual project flood control criteria were 

followed . Although only 7. 0 million acr e- feet of storage contents at 

Mica is committed for power operation purposes under the Treaty, the 

study is based on a full storage content of 20 million acre-teet to tes t 

compatibility with flood control parameters . Plood Control and Variable 

Refill Criteria are based on simulated forecast~; i . e . , forecasts that 

would have been made at each date with the information then available . 

OPERATING RULE CURVES 

The operation of Canadian stor88e during the 1977- 78 Operating Year 

shall be guided by an Operating Rule Curve for the whole of Canadian 

storage, and by Plood Control Storage Reservation Curves for the individual 

dual projects . The Operating Rule Curve is derived from the various 

curves described below. These curves are first determined for the indi-

vidual. Canadian storages and then summed to obtain the values for the 

whole of usable Canadian storage given by the compOSite tables included 

in this Plan. This is in accordance with the provision of Article vrr( 2) 

of the Protocol . 

(a) Critical Rule Curve. The Critical Rule Curve indicates the end-

of -month storage content of Canadian storage during the critical period. 

It is designed to protect the ability of the United States system to 

serve firm load and to protect the finn level of Mica generation with 

the occurrence of flows no worse than those during the most adverse 
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historical streamflow period . A tabulation of the Composite Critical 

Rule Curve f or the whol e of Canadian s t orage is included a 9 Table l ~ 

(b) Refill Curve . The Refill Curve is a guide to operation of 

Canadian storage which defines the nonnal limit of storage draft for 

s econdary energy in order to provide a high probability of refilling 

the storage . In general, the Operating Plan does not permit serving 

secondary loads at the risk of failing to refill storage s and thereby 

jeopardizing the fim. load carrying capability of the system or the 

Mica generating plant during subsequent yearso The end of the refill 

period is considered to be 31 July for the Duncan and Arrow projects 

and 15 August for the Mica project. The later refill in Mica is planne d 

on the basis of optimum generation in both countries. 

The Refill Curve is, in turn, defined by two curves as discussed 

below. In each case, adjustment should be made for water required 

for refill of upstream reservoirs when applicable. 

(1) Assured Refill Curve. The Assured Refill Curve indicates the 

end-of~anth storage content required to assure refill of Canadian 

storage based on the second-lowest historical volume of inflow for the 

whole or remaining portion of the refill period. A tabulation of the 

composite Assured Refill Curve for the whole of Canadian storage is 

included as Table 2. 

Higher flows than the minimum discharge requirements were used to 

compute this curve for the period January through July. This was 

necessary because of the use of the Power Discharge Requiremen ta in 

computing the Variable Refill Curve, discussed in (2) bel. ow. 

(2) Variable Refill Curve. The Variable Refill Curve gives end­

of~onth storage contents for the period January through July required to 
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refill Canadian stOrB8e based on forecast inflow volume and specified 

Power Discharge Requirements during the refill period . In the system 

regulation studies the Power Discharge Requirement was made a function 

of the natural January-July runoff volume at The Dalles, Oregon . In 

those years when thi s volume was lower than 90 million acre-feet, t he 

discharge used was that required to meet firm loads v.hUe refilling, in 

accordance with the requirements of Principles and Procedures . In years 

when the runoff volume at The Dalles equaled or exceeded 90 million acre-

teet the Power Discharge Requirement was the project minimum outflow. 

The following are the Power Discharge Requirements used in computing the 

Variable RefUl Curves: 

Power Discharge Requirements in c.f. s. 
J8l'l\l8.Ij" through July Volume at The nllles 

Equal to or Greater Than 
Project Lese Than 90 m.a.f . 90 m. a . f . 

Arrow 
Duncan 
Mica 

30,200 
1,000 

21,000 

5,000 
100 

3,000 

Composite Variable Refill Curves for the whole of Canadian storage 

for the 30 years of historical reoord are recorded as Table 3. These 

illustrate the probable ran.ge of these curves baaed on historical 

conditione . In the actual operation in 1977- 78, the Variable Refill 

Curve for each project will be based OIl the at-site inflow forecast 

reduced by upstream storage refill requirements and volume release 

determined from the Power Disoharge Requirements given above. 

(c) Plood Control Storage Reservation Curve. The Flood Control 

Storage Reservation Curvea!QI give end-of-montb storage content to which 

each individual Canadian storage project shall be evacuated for neod 

control and other requirements during the Storage Evacuation Period . 
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During the Flood Control Refill Period the flood control curves used 

in the studies were developed from daily system regulation studies. 

They reflect the use of simulated runoff for ecasts. Flood control 

curves for the thirty-year study period are shown on Tables 4, 5, and 6 . 

Tables 5 and 6 reflect an assumed transfer of 2 million acre-feet of 

storage space from Arrow to Mica. In actual operation, the Flood Control 

Storage Reservation Curves will be based on the Flood Control Operating 

Plan, using the latest forecast of runoff available ~t that time. 

(d) Definition of Operating Rule Curve . Prior to 1 January, the 

Operating Rule Curve is defined by the Critical. Rule Curve or the Assured 

Refill Curve, whichever is hi8her. The Critical. Rule Curve for the first 

year of the critical period is used in the foregoing determination. 

Beginning: 1 January, the Operating Rule Curve is defined by first deter-

mining the higher of the Critical Rule Curve and the Assured Refill Curve; 

the Operating Rule Curve is the lower of the above-determined value or the 
I 

Variable Refill Curve. Also, in all periods the Opera ting Rule Curve 

meets all requirements for flood control operatim (ex~ept as noted in 

paragraph (d) of the Operating Rules) . Composite Operating Rule Curves 

for the Whole of Canadian storage for all 30 years of historical rec ord 

are included as Table 7 to 111ustrate the probable future range of these 

curves based on historical conditions. 

OPERATIlIG RULES 

The following ru.les t used in the System Regulation Study, will apply 

to the operation of Canadian storage in the 1977-78 Operating Year o 

(a) The whole of the Canadian storage may be drafted to i te Oper-

atins: Rule Curve ae required to produce optimum generation in Canada 
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and the United States in accordance with Annex At Paragraph 7 of the 

Treaty, subject to project physical characteristics , operating con­

straints, and the cri teria for the Mica project listed in (e) below. 

(b) The whole of the Canadian storage will not be drafted below 

its Operating Rule Curve unless : 

(1) Reservoir storage in the United States system has been 

drafted to its refill curve . 

(2) Deliveries of secondary energy in the United States are 

discontinued. 

(3) Committed firm thermal and miscellaneous resources not diH­

placed by surplus firm hydro resources are in operation or other 

replacement energy has been secured from sources other than those 

oommitted. 

(0) When t he condit ions of (b) above are met, and it is necessary 

to draft additional storage to produce optimum generation as determined 

by the Critical Period System Regulation study, the whole of the 

Canadian storage and reservoir storage in the United States system will 

be drafted proportionately between its Operating Rule Curve or Energy 

Content Curve, respectively, and its Critical Rule Curve. The propor­

tionate draft will be made, if necessary, first to the first year 

Cri tical Rule Curve, then between the first and second year Crt tical. 

Year Rule Curve, the second and third year Critical Rule Curve, etc . 

When it is necessary to operate the whole of the Canadian storage and 

the United States reservoir storage below their lowest Critical Rule 

Curves, each shall be operated proportionately between ita lowest 

Crt tical Rule Curve and ita normal minimum content . However, Mica 

Reservoir will continue to be operated in coordinatim with Arrow, BO 
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as to optimize generation at site as well as downstream in the United 

States . 

(d) Each project will be operated on or below the storage content 

defined by its Flood Control Storage Reservation Curve, unles s such 

content is below that indicated by the Variable Refill Curve . 

(e) Mica project will be operated to the following monthly criteria 

as qualified in (1) to (5) below , 

Month 

July 
August 1-15 
August 16-}1 
September 
October 
November 
December 
January 
Pebruary 
March 
April 1-15 
April 16-}C 
May 
June 

Mica Project Operating Criteri a 

Target End-of-Period 
Storage Content (KSFD) 

9700 . 0 
9990. 2 
9990 . 2 
9990. 2 

Target Average 
Outflow 

(CPS) 

15,000 
15, 000 
21 , 000 
26,000 
26 , 000 

15,000 
15,000 
10,000 
10,000 

Minimum 
Outflow 

(CPS) 

10, 000 
10, 000 
10,000 
10,000 
10,000 
10,000 
15, 000 
15,000 
15,000 
15,000 
15 , 000 
10,000 
10 , 000 
10,000 

Maximum 
Outflow 

(CPS) 

34 ,000 
}4,OOO 
34,000 
34,000 

34,000 

34,000 
}4,OOO 

(1) March outflows will be adjusted between the minimum and maximum 

values indicated above to allow the Canadian storage to reach appropriate 

Flood. Control Storage Reservation or Variable Refill Curve contents. If 

the whole o:t the Canadian storage is below its Operating Rule Curve, Mica 

outflows during March will be set to minimum values in order that Mica 

storage may be refilled, lmles8 difficulty is antiCipated in maintaining 

the Arrow storage contents indicated in (5) above. 
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(2) Mica monthly average outnows will be increased in the menths 

from October to June if required t o avoid volation of the Flood Control 

Storage Rese rvation Curve . 

(3) Mica monthly average outfi ows will be increased in any of the 

months from October to February if the Arrow reservoir storage content 

is below the following: 

Arrow Reservoir End-of~onth 
Storage Content in Current Month 

(September-JanuarY) 

750 KSFD - 1000 KSFD 
150 KSFD - 750 KSPD 

o - 150 KSFD 

Increase Mica Target Average 
Outflow Next Month ~: 

2000 cfs 
4000 cfs 
8000 cfa 

(4) Storage releases from Mica in excess of 7 million acre-feet 

will be made at the discretion of the Canadian Section of the Operating 

Committee, and these additional storage releases will be retained in 

the Arrow reservoir, subject to flood control criteria at Arrow. 

(5) Mica monthly average outflows will be increased, subject to 

the specified maximum outnow limits, during the months of July, August, 

September and J\me in amormally low streamflow years in order to 

maintain the Arrow reservoir above the following storage contents: 

}1 July 
}1 August 
31 September 
30 June 

1,057 KSFD 
1,057 KSFD 

665 KSPD 
1 ,159 KSPD 

The operating rules set forth above are designated to produce 

optimum. generation in Canada and in the United States, as required by 

Annex A of the Treaty, when gross Mica storage con t ent on 31 July 1977 
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is 15 million acre-feet or more . If the storage content filled by 31 July 

1977 is less than 15 mlll:i.OT1 Bcre_feet , some modification of the :rules may 

be necessary to ensure adequate and complete drafting of Canadian storage 

in Mica Reservoir to meet United States power requirements. In that event, 

such modified operating rules will be included in the 1977-78 Detailed 

Operating Plan. 

ThlPLElolENTATION 

The Entities have agreed that each year a Detailed Operating Plan 

will be prepared for the immediately succeeding operating year. Such 

Detailed Operating Plans are made under the authority of Article XIV 2.(k) 

of the Columbia River Treaty which states, " ••• the powers and the 

duties of the Entities include: 

(k) preparation and implementation of detailed operating plans 

that may produce reaul ts more advantageous to both countries than those 

that would arise from operation under the plans referred to in Annexes 

A and B. " 

The Detailed Operating Plan for 1977-78 will reflect the latest 

available load, resource and other pertinent data to the extent the 

EDti ties agreed these data should be included in the plan. Beginning 

on 1 Januar,y 1977 the Assured Operating Plan contained herein will be 

reviewed and the data and cri ter1a updated, as agreed by the Ent1 ties, 

to form the basis tor a Detailed Operating Plan for the 1977-78 Oper­

atin8 Year. Falling agreement on updating the Assured Operating Plan, 

the Detailed Operating Plan will include all data and criteria given 

in this Assured Operating Plan. Actual operation during the 1977-78 

Operating Year shall be guided by the Detailed Operating Plan. 
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The operating rules to be used in implementation of the Detailed 

Operating Plan are generally the same as the operating rules described 

in this document. 

The values used in the study to define the various rule curves were 

month- end values only. In actual day-to-day ope ration it is necessary 

to operate in such a manner during the course of each month that theBe 

month-end values can be observed in accordance with the operating rules . 

Because of the normal variation of power load and streamflow during any 

month, straight line interpolation between the month-end points should 

not be assumed. 

During the storage drawdown season, Canadian storage should not be 

drafted below its month-end point at any time during the mooth unless 

it can be conservatively demonstrated that suf'f'icient inflow is avail-

able , in excesS of the m:1n1mum outflow required to serve power demand, 

to refill the reservoir to its end-of-mcnth value as required . During 

the storage evacuat1<Xl and ret'ill season, operation will be consistent 

wi th the Pload Control Operating Plan. When refill ot Canadian storage 

is being guided by Pload Control Refill CurveJi', such curves will be 

computed on a day-by-day basis USing the residual volume-at-inflow 

forecasts depleted by the volume required for minimum outflow from each 

day through' the end ~ the refill season. 
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!AIIL2 1 

COLU"!IA RIVER tREATl 
COMPOSITE CRITICAL RUlE CURVES 

FOR THE MHOlE OF CINIQIAN STORAGE 
END OF HONTH CONTENTS IN KSFD 

1911-1. OPERATING YEIR 

JUt. .UG SEP OCT .OY DEC J'. FEB 0" 'P' OlY JU. 

1ST YR 7~ II .. E 772'.1 75511.2 72 lit." 6917.5 5600.9 3960. I 2508.2 1919.7 9 16. I 2377. I 58D9.5 

2ND YR 7(1 ..... 5 6786.2 e 3!5. 9 5535.6 "596.0 3327.3 1633." 1093. CJ 5/t8. I 1022.3 23015.8 It'U.2 

3RD YII snit. 2 5767.' !S6 ...... D 5032 . 1 1t'9 1.7 25116.9 1602.7 700.6 23.1 O. D 1113.0 2375.3 
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TAIlLE 2 

COLU"!IA RIVER TREATY 
COMPOSITE ASSURED REFILL CURVE 

FOR THE WHOLE CF CANADIAN STORAGE 
END OF HONTH CONTENTS IN KSFO 

1977-78 CPERilING YEAR 
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TA11L2 3 

COLUMBIA RIVER TREATY 
CO~POSITE WARIABLE REFIll CURVES 

FOR THE WHOLE OF caNaDIA" STORAGE 
END OF HONTH CONTENTS IN KSFQ 

1917-18 OPERATING TEAR 
HON 
leAR 
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FL OOD CONTROL STCRAGE RESERVA TION CURVES 
I1ICA 
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COLUMBIA R I V E R TREATY 

AGREEMENT 

on 

DETERMINATION OF DOWNSTREAM POWER BENEFITS 

The Columbia River Treaty between Canada and the United States 

requires that the downstream power benefits resulting from operating 

plans agreed to by the Entities will be determined in advance by the 

Entities. 

The determination of downstream power benefits for the operating 

year 1977-78 is covered in the attached report "Determination of Downstream 

Power Benefits Resulting from Canadian Storage for Operating Year 1977-78," 

dated October 16, 1972. 

The methods used in determining the downstream power benefits 

and the disposition of reduction in the canadian Entitlement is covered 

in the attached report 1tDownstream Power Benefit Computations for 1977-78 

Operating Year," dated 6 November 1972. 

These two reports are agreed upon by the United States Entity 

and the Canadian Entity. 

Chairman 
Canadian Entity 

Chairman 
United States Entity 

November 20, 1972 
Date of Agreement 
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DETERMINATICI! OF DOWNSTREAII roWER B>m:FITS RESULTING FRCIo! CANADIAN STORAGE 
BOR OPERATING YEAR 1977-78 

October 16, 1972 

I. Introduction. 

The Trea~ between Canada and the United States of America and related 
documents relating to the cooperative development of the water resources 
of the Columbia River Basin requires that downstream power benefits from 
Canadian storage be dete:nnined in advance by the two entities. The 
purpose of this report 18 to set out the results of downstream power 
benet1 t computations tor the sixth succeeding year, 1977-78, and for the 
storages for which the Assured Operating Plan was developed. 

The procedures followed in the benefit studies are those provided in 
Annex At Paragraph 7; in Annex B of the Treaty, in Articles VIII, IX, 
and X of the Protocoli end in the document, "Procedures for the 
Determinat1.on of Downstream Power Bene:!1 ts Reaul ting fran Canadien 
Storage," dated September 9, 1966. 

The Canadian Entitlement Benetits were comp.1ted as follows: 

Step I 

Step 11 

Step III 

based on the total U.S. planned hydro and thermal system 
wi th 15-1/2 mat' of Calad1an storage opera ted for optimum 
generation in both c01.mtr1ee· (78-41 study). 

based on the U.S. base hydro -and thermal system with 15-1/2 
mat of Canadian storage operated tor optimum generation in 
both countries (76-42 stud¥). 

baaed on the U.S. base hydro and thermal. system operated 
for optimum generation in U.S. (78-13 study). 

II. Results of Study. 

The Canadian Entitlement, which is ene-halt the total computed down­
stream power benefits, was computed to be: 

Dependable Capacity ~ 1,412.0 mw 

Average Annual Energy" ~ 672.5 mw 



III. Computation of Entitlement . 

The following Tables and Charts are attached and summarize the study. 

Table 1. 

Table 2. 

Table 3. 

computation of Canadian Entitlement 

The essential elements used in the computation of the 
Canadian Entitlement as provided in Paragraph 2 and 3 
of Annex B are shown in this table. 

Summary of Power Regulations for the Computation of 
Canadian Entitlement to Downstream Benefits 

This table summarizes the Step It II, and III regula­
tions by projects. 

Determination of Load Shape for Steps II and III, 
Canadian Entitlement Computation 

The load shape for Steps II and III carry the same 
ratio between each month and the annual average as 
does the Pacific Northwest area load. The Northwest 
area firm loads on this table were based on the current 
forecast data. The Grand Coulee pumping load 1s also 
included in this estimate. 

The firm load for Steps II and III is computed as 
follows: 

(1) Estimate the hydro nominal prime power for the 
critical period; 

Add the thermal from Step I less reserve; 

Multiply (2) by the ratio of the area annual 
average film load to the area critical period 
firm load to obtain the annual average finn load 
for Steps II and III (the ratios used in this 
study were 0.98645 and 0.95637, respectively); 

Pro rate the average annual Step II or III load 
determined in (3) by months in the ratio that 
each monthly area load bears to the . annual 
average area load; and 

Subtract the thermal in each month to obtain 
the monthly firm. hydro load. The average annual 
hydro la.d for Steps II and III also becomes the 
firm energy considered usable according to Annex 
B, Paragraph 3(a). 

2 



Chart 1 &: 2. Secondag Energy Duration Curve t Steps II and III 

TheBe charts are duration curves of the secondary 
energy for Steps II and III. The secondary energy is 
the capability each manth which exceeds the firm hydro 
loads shovm in Table 3. The usable secoodary energy 
shown in average megawatts for each step is computed 
in accordance with Annex B, Paragraphs} (b) and } (c). 
The "other usable secondary" was computed on the basis 
of 40% of the remainder atter thermal replacement. 
The thermal replacement was l1m1 ted to the existing 
and scheduled thermal energy capability after allowance 
for reserve, except when an energy surplus candi tion 
occurs; then the thermal replacement must not exceed 
the total of the thermal energy capability and the 
estimated interruptible load . 

Thermal Energy Capability - mw 

Less 5% Reserve - mw 

Less Minimum Thermal Generation 

Thermal Replacement - mw 

5,056 

25} 

1,1}2 

},671 

The following tabulation shows the ordinate values 
for usable secondary energy: 

Thermal Replacement 

Other 

Total - mw 

} 

Step II 

} , 671 

1,588 

5,259 

Step III 

},671 

2, }66 

6,O}? 



TAJlLE 1 

COMPUTATION OF CANADIAN ENTITLEMENT 

Generation Figures are in Average Megawatts; Load Factors, in Percent 

Determination of ~pendable Capacity Credited to Canadian Storage 

Cr1 tical Period Average Rate of 
Critical Period Average Rate of 

Gain · Due to Canad1.en Storage 

Generation with Canadian Storage, Step II •• 
Generation without Canadian StorB8e, Step III 
• • • • • • • • • • • • • • • • • • • • • • • 

Estimated Average Critical Period Load Factor -- Percent • • • • • • • • • • 

Dependable Capacity Gain 11 ................ 0 •••••••• 

Canadian Share of Dependable Capacity •••••••••••••••••••• 

Determination of Increase in Average Annual Usable Energy 

Step II (with Canadian Storage) 

Annual Firm Hydro Energy. • • • • • • • • • • • • • • • • • • • • • • • • • 
Thermal Replacauen t Energy •••••••••• • • • • • • • • • • • • • • 
Other Usable Secondary Energy • • • • • • • • • • • • • • • • • • • • • • • 

System Annual Average Usable Energy • • • • • • • • • • • • • • • • • • • 

Step III (without Canadian Storagel 

Annual Pi.rm Hydro Energy.. .. • .. .. .. .. .. .. • .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. 
Thermal. Replacement Energy ............................................. .. 
Other Usable Secondary Energy .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. 

System Annual Average Usable Energy .. .. .. • .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. 

Average Annual Usable Energy Gain • .. .. • • • .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. 
Canadian Shere of Average Annual Energy Gain ............................. .. 

11 Dependable capacity gain credited to Canadian storage equals gain in critical 
period average rate of generation divided by the estimated average critical 
period load factor. 

8, 963 
6. 974 
1,989 

70.436 

2,824 

1,412.0 

8,792 
1,660 

336 
10,788 

6,510 
2,199 

734 
9,443 

1, 345 

672 . 5 
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JuJ.y 
Aug. 1-15 
Aug. 16-31 
Sept. 1-15 
Sept. 16- 30 

October 
November 
December 
January 
Febn.tary 

March 
Apr. 1-15 
Apr. 16-30 
May 
June 

Cri tical Period Avg . 
Annual Average 

January Peak 

Step I Critical Period 

DE'l'ERM1NATION OP LOAD SHAPE FOR STEP II AND III 
1977-78 CANADIAN ENTITLEltENT COMRlTATIONS 

Paoific Northwest Area Load Step II 
Load tI'otal Thennal Hydro 

Factor P'inD Pil1ll P'inD 
Peak Avg. % ~lf Load Load lf 

21,672 * 15, 801 72. 91 11,393 3, 671 7,122 
22,051 * 15 ,856 71.91 1l,433 3, 671 7,762 
21,960 * 15,759 71.76 11,363 3, 671 7 , 692 
22 ,381 * 15,813 70.65 1l,402 3,671 7 ,731 
22 , 335 * 15, m 70.64 11,376 3,671 7,705 

23 ,849 * 16, 570 69. 48 11, 948 3, 671 8 , 277 
25 , 747 * 17,809 69.17 1 2,841 3, 671 9,170 
27,B52 * 19,141 68.72 13,802 3, 671 10,131 
27,976 * 19,797 70.76 14,275 3, 671 10, 604 
26,338 * 18,831 71.50 13,578 3, 671 9, 907 

25 , 301 * 17,945 70.93 12,940 3,671 9 , 269 
24,195 * 17,074 70 . 57 12,312 3 , 671 8 , 641 
24 ,196 * 17,133 70.81 12,354 3, 671 8 , 683 
24, 089 * 16,503 68. 51 11, 900 3,671 8 , 229 
23 , 222 * 16, 389 70.58 11,817 3, 671 8 , 146 

17,379 70.436 12, 634 3, 671 8,963 
17, 284 1 2, 463 3,671 8,792 

27 , 976 * 

Aug. 16 , 1928 - ·Critical Period Sept . 1943 -

Step III 
Total Thermal Hydro 
P'inD Pil1ll P'inD 

~lf Load Load 

9, 307 3,67.1 5, 636 
9, 340 3, 671 5, 669 
9 , 282 3,671 S, 611 
9, 314 3, 671 5, 643 
9,293 3, 671 5 , 622 

9,760 3, 671 6 , 089 
10 , 490 3,671 6,819 
11, 274 3, 671 1,603 
11,661 3,671 7,990 
ll ,092 3,671 7,421 

10, 510 3, 671 6,899 
10,057 3,671 6 , 386 
10,092 3, 671 6 ,421 

9,721 3,671 6 , 050 
9, 653 3,671 5 , 982 

10, 645 3, 671 6,974 
10,181 3 , 671 6,510 

Criti cal Period Sept. 16, 
Mar. 31, 1932 Apr . 1945 1936 - Apr. 15, 1937 

43- 1/2 Months 20 Months 7 Months 
--

11 Total firm load of Step II and Step III systems , computed for each system to have an average energy load 
equivalent to the average energy capabUi ty wi thin the critical period and to bear a constant ratiO, month I ~ 
by month , to the Pacifi c Northwest Area Load. ~ 

* Figures so marked are peak megawatts. All other f igures are monthly or eemi-monthly energy in average 
megawatts . 
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6 November 1972 

Downstream Power Benefit Computations 
for 1977-78 Operating Year 

The Columbia River Treaty, Annex B, paragraph 5, requires that 
estimates of the downstream power benefits should be made for each 
operating year . For the operating year 1977-78, the results of 
the studies are provided in the document "Determination of 
Downstream Power Benefits Resulting from Canadian Storage for 
Operating Year 1977-78," dated October 16, 1972 . 

TIle determination of the benefits was based on the 1977-78 Assured 
Operating Plan (A.O. P.), dated 16 October 1972, which was designed 
to achieve optimum power generation at-site in Canada and dmvn­
stream in the United States of America, as required by Annex A. 
paragraph 7. 

The downstream power benefit s for the operating year 1977-78 have 
been established as : 

Dependable Capacity 
Average Annual Usable Energy 

The Canadian Entitlement, \vhich is one-half 
power benefits, was computed to be: 

Dependable Capacity 
Average Annual Usable Energy 

Procedure 

2824.0 mw. 
1345.0 ruw. 

the computed downstream 

l'~l2 . 0 DW. 

672 . 5 mw . 

In addition to the determination of downstream power benefits for 
the operating year 1977-78. separate determinations were carried out 
in accordance with the document, "Operating Plans with Hica Genera­
tion, II dated 15 November 1971. which was agreed by the Entities to 
imp l ement the provisions of Annex A. paragraph 7, relating to the 
l imit of year-to-year change in the operation of Canadian storage 
in operating plans designeo to achieve optimum generation at- site in 
Canada and downstream in Canada and the United States of America . 

Results 

The minimum permitted downstream power benefits compu ted in a~cord­
ance with paragraph 4 of the document dated 15 November 1971 were 
those determined for 15 tn. a . f . of Canadian storage operated for 
optimunt generation in the United States : 

Dependable Capacity 
Averago Annolal U!;able Enl.lrgy 

2780 . 0 nav. 
1340 . 0 nnY' . 



The . change in operation of the Can.adiao storsge 10 the 1977-78 · AOP 
as compared with that in the 1976-77 AOP is therefore within the 
permitted range. 

Reduction in Canadian Entitlement 

The Canadian Entitlement to downstream pcwer benefits was sold in 
the United States of America under the Canadian Entit1p.ment Purchase 
Agreement dated 13 August 1964. By definition , the Canadian Entitle­
ment for 1977-78 which was sold was that which would have bee n coril­
puted if the 1977-78 A~surrid Operating Plan had been designed to 
achieve optimum generation downstream in the United States alone. 
The Canadian Entitlement detenuined for the conditions above would 
have been : 

Dependable Capacity 
Average Annual Usable Energy 

\ of 2827 .0 row. or 
\ of 1356 .0 row. or 

1413.5 mw . 
678.0 mw . 

Since the 1977-78 AOP was in fact designed to achieve optimum genera­
tion at-site in Canada and downstream in the United States of America, 
the re will be a reduction in the Canadian Entitlement as defined in 
the Canadian Entitlement Purchase Agreement . Section 7 of the 
Agreement l."equires that lIany reduc tion in the Canadian Entitl€:I:lcnt 
l:"esulting from action taken pursuant to paragra.ph 7 of Annex A of t:)e 
Treaty shall be determined in acco=dance with subsection (3) of 
$ection 6 o .t: this Agreement . 11 The Cunad ian Entitlement t o clO'l.'Tlstrerun 
power benefits under the 1977-78 Assured Operating Plan was determined 
as : 

Dependable Capacity 
Average Annual Usable Energy 

%: of 2824.0 rrn-,' , or 1I~12 , O mw. 
~ of 1345.0 mw . or 672.5 ruM. 

The reduction in the Canadian Entitlement therefore amounts to 1.5 
megavratts of dependable hydroel ectric capacity and 5 . 5 average mega­
watts of average annual usable eUl'.rgy. This reduction would be in 
respect of the period 1 April 1977 through 31 March 1978 in accord-
ance with the do(;ument, "Procp.dt.!res for thc.~ Detenain8 1: ion of D'>wn~trcam 
Pot ... er Benefits Resulting from Canadian Storage ,lI dated 9 SeptCJr,bcr 1968 . 

The Entities are ag r eed that the Unitcd States Entity i s E"'.ntitled to 
l."eceiv.= during the period 1 April 1977 through 31 March 197B. fro~ 

B. C, Hydro & Power Authority , 1.5 megawatts of capacity and 5.5 
average megewatts of energy in accordance with Sections 7 and 10 of 
the Canadian Entitlement Purchase Agreement dated J 3 August 19M. 


