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PAFtT I - INTRODUCTION 

1 .  AUTHORITY AND PURPOSE 

This document has been authorized by the United Sta tes  and Canadian 

E n t i t i e s  as a guide for the preparation and use of  hydroelectric operating 

plans for Canadian storage. It replaces the document, ''Principles and 

Procedures fo r  the Preparation and Use of Hydroelectric Operating Plans for 

Canadian Treaty Storagei', dated May 1979, which was agreed to  by the 

Entities on 31 May 1 9 7 9 .  This revision includes only the following 

changes : 

a. the use of  30 years o f  streamflows i n  the hydroelectric operation 

plans ; 

b. update charts and tables; 

c .  the name change of McHaughton Lake t o  Kinbasket Lake; and 

d.  correction of typographical errors. 

2. SCOPE 

The Columbia River Treaty provides that the operating arrangements 

necessary to implement the Treaty w i l l  be formulated and carried o u t  by the 

Entities designated by the United States and Canada. Article XIVZ of the 

Treaty specifies that the powers and duties of the Entities include, among 

other things: 

"(h) preparation o f  the hydroelectric operating plans and t h e  flood 

control operat ing plans for the  Canadian storage together with determina- 

tion of the downstream power benefits to which Canada i s  e n t i t l e d ; "  
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"(k) preparation and implementation of detailed operating plans that 

may produce results more advantageous ta both countries than those that 

would arise from operation under the plans referred to in Annexes A and B." 

Guidance for flood control planning and operations is provided in the 

Columbia River Treaty Flood Control Operating Plan submitted by the United 

S t a t e s  Entity in accordance with Annex A ,  paragraph 5 of the Treaty. 

Guidance for the preparation of  hydroelectric operating plans and for 

the calculation of downstream benefits is provided in this document. In 

addition, the Princ ip les  and Procedures, together with the Flood Control 

Operating Plan, h a i l  the steps necessary to prepare and implement the 

d e t a i l e d  operating p l a n s .  This document will be reviewed periodically and 

revised as necessary to take advantage of actual operating experience and 

ta d e a l  with any problems result ing from t h e  need t o  operate towards the 

optimization of generation in  Canada, in the United States, or in both 

countries. 

Each year two operating plans shall be prepared. An Assured Operating 

Plan will be prepared f o r  the sixth succeeding year which, with previous 

plans, will assure both Entities of the manner of operat ion of  Canadian 

storage in advance for the next succeeding 5 years and will also be the 

basis for computing downstream power benefits f o r  the corresponding year. 

Once adopted, the Assured Operating Plan shall not be changed even though 

the data on which it was developed may change. Immediately prior t o  each 

operating year, a Detailed Operating Plan will b e  developed from the 

Assured Operating Plan for that operating year. The Deta i l ed  Operating 
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Plan  will reflect the latest load, resource, f lood control, and other 

pertinent data if mutually agreed by the  Entities.  The Detai led Operating 

Plan will serve a s  a guide and provide criteria f o r  actual operation of the 

Canadian storage during the immediately ensuing operating year. A n  

operating year shall mean the. period 1 August through 31 July.  

3 .  REFERENCES 

a. Columbia River Treaty dated 17 January, 1961, and i t s  a l l i e d  

documents, pertaining t o  the preparation and use of operating plans.  

(1) Article IV - Operation by Canada; paragraphs 1 and 2 .  

(2)  Article V - Entitlement t o  Downstream Power Benefits; 

paragraph 1. 

(3) Article VI - Payment for Flood Control; paragraphs 3 ,  4 and 5. 

( 4 )  Article VII - Determination of Downstream Power Benefits; 

paragraphs 1 and 2 .  

(5) Article XI1 - Kootenai River Development; paragraphs 5 and 6 .  

6 Article X I V  - Arrangements for Implementation; paragraph 2 .  

( 7 )  Annex A - Principles of Operation. 

( 8 )  Annex B - Determination of Damstream Power Benefits.  

(93 Terns of Sale - Attachment to Exchange of Notes dated 22 January, 

1964; Section B.1. 

(10) Protocol - Annex to Exchange of  Notes dated 22 January, 1964; 

paragraphs V, VII, VIIL, IX and X. 
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(11) Canadian Entitlement Purchase Agreement - Sections 6 and 7. 

b. Columbia River Treaty Flood Control Operating Plan dated October 

1972, as amended. 

4 .  DEFINITIONS 

Terms defined in Article I of the Columbia River Treaty dated 

17 January, 1961, have the same meanings in this document except "storage" 

which refers LO water content  rather than space; other terms have t h e  

meanings given in t h e  Glossary of Electric Power Terms, Appendix XV, 

Columbia-North P a c i f i c  Region ~oh~rehensive Framework Study, P a c i f i c  

Northwest River Basins Commission dated October 1970. 

" H o a t h ' h s h a l  mean a calendar month except in Apri l  and August when it 

will mean each of the following periods: 

1 April  to 15 April 

16 Apri l  to 30 Apri l  

1 August to 15 August 

16 August to 31 August 

5 .  TREATY ORGANIZATION 

Implementation of the Columbia River Treaty is carried out by the 

United S t a t e s  and Canadian Entities, which were appointed by the two 

Governments for t h i s  purpose. The Canadian Entity is the British Columbia 

Hydro and Power Authority. The United States Entity is composed of the 

Administrator of t h e  Bonneville Power Administration and the Division 
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Engineer 05 the  North Pacific Division, Corps of Engineers. The Adminis- 

trator i s  designated as Chairman of the United States Entity. 

The United Sta tes  Entity has appointed a Secretary and two Caardina- 

tors, one from the Corps of Engineers and one from the Bonneville Power 

Administration, to coordinate the activities of the E n t i t y .  The Canadian 

Section has established the posi t ion  of Manager, Canadian Entity Services 

to manage the ac t iv i t i e s  of its Entity. 

The Entities have, in turn, established two committees: the Columbia 

River Treaty Operating Comittee and the Columbia River Treaty Hydromete- 

orological Comit tee .  Each committee has a United Sta tes  Section and a 

Canadian Section. The United States Sections of these committees have 

equal representation by the Corps of Engineers and the BonneviLle Power 

Administration. The chairmanship of the United Sta tes  Section of the 

Operating Comittee rotates between the Corps of Engineers and the 

BonnevilPe Power Administration. From 1 March through 31 August a 

representative of the Corps of Engineers is chairman. From 1 September 

through the end of February, a representative of the Bonneville Power 

Administration i s  chairman. 

The Operating Committee membership is limited to four members from 

each country. The Committee is responsible for making the system regula- 

t i o n  studies, preparing the operating plans, insuring that  the plans are 

carried out, and performing other duties as required by the E n t i t i e s .  
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Each Entity s h a l l  evidence appointment of representatives by wri t t en  

notice to the other Entity, and by similar notice either Entity may a t  any 

time change its representatives. 

6 .  THE POWER AND RESERVOIR SYSTEM 

The operat ion of the Canadian storage at Duncan, Arrow, and Mica 

reservoirs is designed to increase power generation downstream in the 

United States and downstream in Canada, as soon a s  the latter  can be 

effected.  In the  plans, storage at the three Canadian projects is 

considered an element in the  Columbia Basin power system, with in  which 

ind iv idua l  storage operation may be varied by the Canadian E n t i t y .  

In the United Sta tes  t h e  system consists  of a l l  the hydroelectric 

projects on t h e  main stem of the Columbia River, inc lud ing  large-capacity 

multipurpose storage reservoirs and run-of-the-river projects with storage 

capacity sufficient far  weekly load factoring only. In addition, t h e  

system includes  nmerous reservoirs of both types on tr ibutary streams of 

the Columbia River and coastal  streams in the States of Washington, Oregon, 

Montana and Idaho. The combined power output is supplied to the regional 

e l e c t r i c a l  transmission network. 

In Canada, the system included in the hydroelectric operating plans 

consists of Duncan, Keenlegside, Mica, and any future  projects that  may be 

constructed below Mica projects .  If agreed to, o the r  projects in Canada 

may be included. 

Libby p r o j e c t ,  which is lacated in t h e  United S t a t e s ,  and whose 

reservoir extends into Canada i s  assumed to be a normal United States 
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tributary reservoir although the Treaty provides t h a t  its regulation may be 

planned to  improve the inflows t o  those projects i m e d i a t e l y  downstream of 

Kootenay Lake, provided that there is no disadvantage to the United States. 

The seasonal pattern of operation of storage projects depends on their 

location ie t he  basin. Reservoirs on the main stem of t h e  Columbia River, 

and those tributary streams whose headwaters are in the i n t e r io r  ranges, 

attain their maximum pool elevations in July or August from streamflow 

runoff caused primarily by snowmelt. Streamflows gradually f a l l  a f ter  t h e  

summer snowmelt is complete. These reservoirs are lowered by withdrawals 

required t o  augment winter streamflows t o  sustain the region's winter 

electric power demand, which is at a maximum during this period. 

Additional storage withdrawals may be made for the purpose of controlling 

f l o o d s ,  should the potential runoff be great enough. Regulation o f  these 

reservoirs during the spring season is for power or f lood control, or both 

purposes coincidentally. 

Coastal reservoirs i n  the United Sta tes  are subject to high winter 

season inflows, hence they are normally drafted a significant amonnt in 

advance to provide enough reservoir space to minimize the possibility of 

s p i l l i n g  winter freshets and to prevent f lood damage. 

Most coastal reservoirs, operate to predetermined e levat ions  for power 

and flood con t ro l  except during the time that such f loods are being 

control led.  Normally, coastal reservoirs fill by late May or Jme, and 

water thus s tored  i s  retained until power demands require drafts  in l a t e  

summer or early fall. 
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The entire hydroelectric system is integrated with the  thermal 

generating facilities of the region. 

The seasonal operation of  storage reservoirs is guided by project rule 

curves, variable  and assured refill curves, upper rule curves, f lood 

c o n t r o l  r e f i l l  curves, and o the r  operating c r i t e r i a  which are developed 

from systemwide power and flood control studies as well as operating 

experience. These operating guidelines are incorporated into t h e  Assured 

Operating Plans  and Detailed Operating Plans ,  and their development is 

described in d e t a i l  in Parts 11, I11 and IV of this document, These 

operating guidelines are also used for guiding storage use during the 

course sf actual operations.  
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PART I1 - GENERAL OPERATING GUIDELINES & RULES USED 

IN SYSTEM REGULATION STUDIES 

7 .  PURPOSE OF GUIDELINES ANIl OPERATING RULES 

Seasonal ope ra t i on  of storage reservoirs in both the United S t a t e s  and 

Canada is governed by operating criteria generally known as '"rule curves." 

Such curves delineate a schedule of  reservoir drafts  which, together with 

other cri teria ,  assure the system of meeting electric power loads 

efficiently and of utilizing storage and natural flow in such a manner as 

to produce t h e  optimum amount of  usable energy under any p a t t e r n  o f  

streamflow. They also provide guidance to assure adequate flood con t ro l  on 

the Columbia River and i t s  tributaries and insure refill of the system 

reservoirs with a high degree of probability. 

Spec ia l  operating cr i ter ia  and operating rules supplement rule curves 

and also guide t h e  use of system storage. Some examples are: Mica project 

target outflows, system draft  below rule curves to meet load, and physical 

project operating constraints. 

These parameters are derived from systemwide power regulation studies 

and previous operating experience, as well as hydrologic analyses of flood 

con t ro l  problems in the basin. Both are usually developed in part  by 

simulation techniques using mathematical models. Unless otherwise agreed, 

the regulation studies w i l l  be based on a 30-year sequence of historical 

streamflows, August 1928 to July 1958, adjusted for  irrigation depletions, 
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the effects of natural lake storage regulation, and losses due t o  

evaporation. 

The rule curves, special  operating cr i ter ia ,  and operating rules so 

developed by the mathematical simulations are intended for use in guiding 

the a c t u a l  system operation. They prescribe a coordinated use of storage 

so t h a t  optimum power generation in the combined systems will be achieved 

in accordance w i t h  the provis ions of  Annex A ,  paragraphs 7 o r  8 of the 

Treaty, whichever apply.  

8 .  OPERATING GUIDELINES 

a .  C r i t i c a l  Rule Curves. A Critical Rule Curve provides a guide to 

reservoir storage drafts  and f i l l s  w i t h  respect to  time so as to provide 

optimum energy t o  meet system firm loads during the critical period (see 

Chart 1 ) .  The end-of-month storage contents a t t a i n e d  by the storage reser- 

voirs i n  the C r i t i c a l  Period Regulation Study will form t h e  Critical Rule 

Curve f o r  each project .  Refer t o  paragraph 1 3 ~ 1 1 ) .  In multiple year 

c r i t i c a l  periods there w i l l  be a Critical  Rule Curve f o r  each corresponding 

year of  the critical period. Time sequence w i l l  determine which curve w i l l  

be first, second, e t c .  Usually the first curve will be highest in indicated 

storage energy, the second being next h i g h e s t ,  e t c .  

b. Refill Comes. A R e f i l l  Curve i s  a guide to operation of a 

reservoir which a l l o w s  the  production of  the greatest amount of  usable  

energy consistent w i t h  an agreed probability of refill. A reservoir w i l l  

not normally be d r a f t e d  below its Refill Curve to serve any secondary 

energy loads. 
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Unless otherwise agreed, Refill Curves, as described in subsection (1) 

and { 2 ) ,  below, w i l l  be prepared for use as simulated operating guides in the  

30-Year System Regulation Studies made for  the Assured Operating Plan and 

Detailed Operating Plan. In actual system operation, Refill Curves are usually 

based on actual  forecasts and are supplemented by the Flood Control Ref i l l  

Curve, from I April through 31 July of each year, as defined in the 

Implementation of the Detailed Operat ing Plan, paragraph 23 .  

The end of the refill p e r i o d  f o r  each Canadian reservoir will be  t h a t  

which provides generation in accordance with h e x  A ,  paragraphs 7 or 8 of 

the Treaty, whichever a p p l i e s .  

(1) Assured Re f i l l  Curves. The Assured Ref i l l  Curve indicates  t h e  

end-of-manth storage content required to assure refill of the reservoir 

based on 1931 historical volume of inflow during t h e  r e f i l l  period, The 

year 1931 represents the second lowest his tor ica l  January through July 

volume inflow for the Columbia River f o r  the period 1928 to 1958 measured 

near The DaPles, Oregon. In computing water avai lable  f o r  r e f i l l  of the 

reservoir, t h e  following shal l  be deducted t o  obtain the ne t  inflow volume: 

the  power discharge requirement, as described in paragraph (2)(iv) below; 

consumptive requirements f o r  water at-site and upstream; and water required 

f o r  refill of upstream reservoirs. 

If necessary, the Assured Refi l l  Curve shall be adjusted t o  prevent 

the Variable Ref i l l  Curves from f a i l i ng  the r e f i l l  test described in 

paragraph (2) (iii) , below. 
(2) Variable Refill Curves. The Variable Ref i l l  Curve indicates the 

end-of-month storage content requ i red  dur ing  the r e f i l l  period t o  r e f i l l  
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each cycl ic  reservoir consistent with at-site volume inflow forecasts and 

consistent with upstream reservoir refill requirements. 

In the simulated system regulations, the Variable Refill Curve shall 

be developed as shown in Table 1 and detailed below: 

(i) Forecast volumes of inflow used in the 30-Year System Regulation 

Studies will be the historical inflow volume experienced during each of the 

30 years included in the studies. Each forecast volume will be reduced by 

a forecast error such that there is a 95 percent probabi l i ty  that  the  

reduced forecast  volume will be equaled or exceeded. The inflow volume 

will b e  determined f o r  each o f  t h e  periods from the first day of January, 

February ,  March, etc., to the end of the refill period using appropriate 

adjustments f o r  forecast error. In computing water available for refill of 

the reservair, the following shall be deducted to obtain the  n e t  inf low 

volume: power discharge requirement, as described in paragraph (2)(iv); 

requirements for water a t - s i t e  and upstream; and water required for refill 

of upstream reservoirs. 

(ii) Using the net volumes of inflow determined in (i) above, Variable 

Refill Curves will be determined far  each of the periods of (i) above, giving 

the month-end storage content required to assure refilling the reservoir 

(see Table 1). 

liii) The Variable Refill Curves determined in (ii) above will be 

tes ted  by making 30 separate 1-year System Regulation Studies wherein the 

cyclic reservoirs are drafted each year on a rule curve as defined below, 

o r  below t h i s  rule curve if required, as defined by the applicable C r i t i c a l  

Per iod System Regulation. The rule curve used in the test s h a l l  be the 
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C r i t i c a l  Rule Curve or the Assured Refil l  Curve, whichever is higher; 

except that in the period 1 January through 31  July, if the Variable Refill 

Curve is lower than the rule curve defined above, the Variable Refill Curve 

shall be used as the rule curve. The Critical Rule Curve for t h e  first 

year of t h e  cr i t i ca l  period will b e  used in the foregoing determination of 

the rule curve. 

The storage content of each reservoir at the s tar t  of each of the 

30 years of his tor ica l  record w i l l  be i ts  normal f u l l  pool conten t .  If ,  in 

more than 5 percent of the years in the hi s tor i ca l  period the storage 

energy in the reservoirs fails t o  fill to 98 percent of the total system 

storage energy in the years in which secondary energy was produced in the 

January through July period, the net volumes available for ref i l l  

determined i n  (i) above shall be reduced until the Variable Refil l  Curves 

o f  these reservoirs will meet this t e s t .  These become the Variable Refill 

Curves that will be used in t h e  studies and shall serve to guide the 

computation o f  Variable Ref i l l  Curves based on forecast volume inflow in 

actual  system operation as described i n  paragraph 23b(2). Failure of any 

reservoir to refill when secondary energy is produced by the system, 

January through July, due to uncontrollable natural flow i n  the main stem 

of the Columbia River, shall not constitute a violation. 

(iv) In executing the test of (iii), the net volumes available for 

refill will be reduced, if required, by increasing the power discharge 

requirement. The increase will be to an extent necessary t h a t  each project 

will have its pro rata share of storage draft decreased to allow a greater 

portion of i t s  natural inflow to be  u t i l i z e d  for generation purposes during 
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the refill period. The power discharge requirement for each project w i l l  

be a function of project outflow allocation during the refill period,  the 

January through July natural volume runoff a t  The Dal les ,  Oregon (inversely 

proportional), and magnitude and shape of firm hydro load.  The power 

discharge requirement will b e  n o t  less than the  projec t  minimum discharge 

requirement nor greater than that required to support the firm energy load 

demand of the system f o r  a low natural runoff a t  The Dalles, Oregon, during 

the period January  through July. 

(v) In practice, the refill test in (iii) is perfarmed by 1 September, 

for next  year's Detailed Operating Plan using rule curves and operating 

c r i t e r i a  developed from the F i n a l  Critical Period Regulation. If any 

reservoir does not  r e f i l l  a t  the end o f  the current operating year, the 

r e f i l l  test will be initialized with storage contents actually a t ta ined  by 

31 July. The levels of power discharge requirements so defined are carried 

forward 5 years and applied to the next subsequent Assured Operating Plan. 

In those test cases where the system regulation i s  i n i t i a l i z e d  under 

extreme draf t  conditions, special r e f i l l  studies far the Assured Operating 

Plan  may be necessary. 

c.  Limiting Rule Curves. The Limiting Rule Curves shall consist of 

month-end storage contents which must be maintained to guarantee the system 

meeting its f i rm load during the period 1 January through 31 March in the 

event t h a t  t h e  Variable Refill Curves permit storage to be emptied and 

sufficient natural flow is not available to carry the load prior to start 

o f  the freshet. Such rule curves shall limit the Variable Refill Curve to 
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be no lower than the Limiting Rule Curve. The Limiting Rule Curve shall be 

developed for 1936/37 water conditions. 

d .  Upper Rule Curves. The Upper Rule Curves s h a l l  consist of the 

following: 

( 1 )  During the Flood Control Evacuation Period the Upper Rule Curve 

s h a l l  be derived from Flood Control  Storage Reservation Diagrams which 

provide t h e  required storage space.  Required drawdown for  headwater 

projects are based on at-site inflow forecasts. Drawdown for major Lakes 

controlled by dams is designed to achieve the maximum natural storage 

effect of the  lakes during t he  r e f i l l  period. Grand Coulee and Keenleyside 

pro jec t  Storage Reservation Diagrams reflect the unregulated runoff 

forecasts for the Columbia River a t  The DaLLes, Oregon, for  the period 

Apri l  through August. 

(2) During the refill period the Upper Rule Curve shall be the 

storage content necessary t o  control the flood runoff t o  nondamaging levels 

i f  possible, and to regulate larger floods that cannot be controlled to 

nondamaging levels to the Lowest poss ib le  level with the available storage 

space. This regulation is accomplished by establishing a flood control 

objective at The DaZLes and adjusting outflows from Keenlegside, Grand 

Coulee, and J o h  Day projects to meet the controlled flow. The i n i t i a l  

objective, t h e  "Initial Controlled Flow for the Columbia River at The 

D a l l e s " ,  is determined as described in the "Columbia River Treaty Flood 

Control Operating Plan'', dated October 1972. Adjustments to the controlled 

flow objective can be made, if necessary, as the refill period proceeds. 

During this  period the headwater project  outflows are normally reduced to 
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the i r  minimums unless greater flows are  required to meet power demands. 

Higher outflows may also be maintained if they are determined not to be 

detrimental to f lood  con t ro l ,  o r  are required to control storage space 

during exceedingly large floods. 

(3) During both the evacuation and r e f i l l  per iods ,  the Upper Rule  

Curve may be e s t a b l i s h e d  by p r o j e c t  cons t ruc t ion  or other contingency 

requirements. It s h a l l  no t  be lower than the Variable Refill Curve, except 

in those years in which the Apri l  through August unregulated volume of 

Runoff for the Columbia River at The Dalles exceeds 1213 million acre-feet, 

and Canadian storage is subject to on-call request, the Upper Rule Curve 

may be Iswer. 

( 4 )  In the studies, Upper Rule Curves define the maximum allowable 

storage content of each reservoir. Such data is determined from 

independent simulated flood control regulations for the historical period 

1928 to 1958, in accordance with the concepts of the  Flood Control 

Operating Plan. 

e. Operating Rule Curves. The Operating Rule Curve for each 

reservoir for use in the 30-Year System Regulation Studies is a synthesis 

of all of the preceding operating guidelines. It will be developed from 

the Critical Rule Curve, Assured Refill Curve, Variable Refill Curve, and 

the Upper Rule Come as follows: During the period 1 August through 

3 1  December, the Operating Rule Curve shal l  be defined by t h e  f i r s t  

Critical Rule Curve or the Assured Refill Curve, whichever is higher. 

During the period 1 January through 31 July the Operating Rule Curve shall 

be defined by the higher of the  f i r s t  C r i t i c a l  Rule Curve or the Assured 
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Refill Curve, unless the Variable Refill Curve is below the higher of the  

two above curves, then it s h a l l  be defined by the Variable Refill Curve. 

In no case s h a l l  the Operating Rule Curve be higher than the Upper Rule 

Curve; it shall not be Lower than the Limiting Rule Curve developed for 

such year (see Charts 2 and 3)  during the period 1 January through 

31 March. The Operating Rule Curve for the whole of Canadian storage i s  

the summation, by months, of the usable storage corresponding ta the 

Operating Rule Curve indicated for each individual project. 

f .  Special Mica Operating Criteria. 

(1) In accordance with paragraph VII (3)  of the Protocol, Canadian 

storage is operated to provide optimum generation in Canada and t he  United 

S t a t e s .  To accomplish this, the Mica project  is operated to criteria 

developed annually in the Hydroelectric Operating Plans and Detailed 

Operating 'Plans. The operating criteria for Mica project  typically consist  

of target end-of-month storage content,  target outflows and modificat ions 

as a function of Arrow reservoir storage content,  maximum outflows and 

minimum outflows. 

The Mica operating criteria are designed to accomplish the following: 

(i) Increase the f i r m  energy, secondary energy, and/or dependable 

capacity of the Mica and Canadian downstream projects. 

(ii) Improve the monthly distribution of energy production on the 

Canadian system. 

(iii) Maintain sufficient out£ low to allow peaking a t  all t i m e s ;  and 

(iv) Provide f o r  reservoir drawdown, including drawdown into 

non-Treaty storage,  at times required by the Canadian system. 
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A sample set of Mica operating criteria is shown in Table 2. 

(2) Mica operating criteria may require non-Treaty storage releases 

f rom Kinbasbet Lake. When possible these releases will be held in Arrow 

reservoir and transferred back to Kinbasket Lake. This operation nay cause 

additional losses to the United S t a t e s  i f  the Mica minimum release 

requirements prevent water from being transferred back to Mica prior  to the 

time Arrow f i l l s  or reaches the Upper Rule Curve. Allowance for t h i s  

poss ib le  loss  is included as a reduction in Canadian Entitlement. 

9 .  OPERATING RULES 

Operating Rules, as outlined below, s h a l l  be developed and applied 

j o i n t l y  by t h e  Canadian and United States Entities to describe t h e  

operation of the system, including t he  Canadian storages, f o r  optimum 

generation in accordance with Annex A ,  paragraph 7 or 8 af  the Treaty, 

whichever applies. (Optimum generation is defined by a series of system 

regulation studies and downstream benefit  determinations, see paragraph 13b 

These Operating Rules shall be observed in conducting the System Regulation 

Studies in Par t  I11 and Part IV and in actual operation. 

The Operating Rules w i l l  include the following: 

a. The whole of the Canadian storage shall be drafted to its 

Operating Rule Curve as required to produce optimum generation in 

accordance with Annex A ,  paragraph 7 or 8 of the Trea ty ,  whichever applies, 

subject to t he  following: 

b .  The whole of the Canadian storage will no t  b e  draf ted  below its 

Operating Rule Curve until: (1) all reservoirs in the United S t a t e s  system 
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have been d r a f t e d  to their Energy Content Curves; (2) a l l  deliveries of 

secondary energy i n  the United States are curtailed; and (3) all committed 

firm thermal and miscellaneous resources not displaced by surplus firm 

hydro resources are in operation, or other replacement energy has been 

secured from sources o t h e r  than those committed. In actual operation, 

secondary energy refers to markets exceeding the developed firm energy load 

carrying capability of the United States system. Energy Content Curves for 

United S t a t e s  reservoirs  are equivalent t o  Operating Rule Curves. 

c. When the condit ions  o f  paragraph 9b above are met, and it is 

necessary to draft  additio'nal  storage t o  produce optimum generation, a s  

determined by the applicable Critical Period System Regulation Study, the 

whole of the Canadian storage and a l l  reservoirs in the United States system 

will be drafted proportionately between t h e i r  respective Operating Rule Curves 

or Energy Content Curves and their first Critical Rule Curves. If it is 

necessary to draft additional storage after system reservoirs reach t h e i r  

f i r s t  Cri t ical  Rule Curves the proportionate draft  will be made between 

their first and second Critical Rule Curves, their second and third 

Critical Rule Curves, e t c .  When it is necessary t o  operate the whole of  

the Canadian storage and the United States reservoirs below their lowest 

Critical Rule Curves, they shall be operated proportionately between their 

lowest C r i t i c a l  Rule Curves and their normal minimum contents. If t h e  

storage content for any reservoir i s  equal t o  or lower than the Cri t i ca l  

Rule Curve t o  which the system is being proportionately drafted,  such 

reservoir shall. not  part ic ipate  i n  proportionate draft  u n t i l  the system 

proportionate draft  exceeds such Operating Rule Curve or Energy Content 
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Curve for such reservoir. It shall then participate in the additional 

- system d r a f t .  

d. Constraints to be considered include: 

( 1 )  Maximum rate of storage draft and refill. 

I (2) Maximum and minimum outflows. 

( 3 )  Upper and lower reservoir elevations. 

I ( 4 )  Flood cont ro l  criteria. 

I (53 Nonpower requirements. 

e. I n  the studies, proportionality between rule curves s h a l l  be 

computed in terms of storage, 

E. In operation, propor t iona te  draft  between Cri t ica l  Rule Curves 

f o r  t he  whole of Canadian storage and major United States Federal 

reservoirs will be determined as set out in P a r t  IV, paragraph 23c and in 

general accordance w i t h  the following description: 

(1) Establ ish the amount of energy to be produced by proportionate 

d r a f t  for the remaining balance of the current month. (Refer to Table 7 . )  

( 2 )  Calculate the system energy content between the appropriate rule 

curves by assuming release o f  the total storage content therein through the 

estimated t o t a l  water to power conversion factors applicable at the t ime  

for a l l  a t - s i t e  and downstream power projects  in the United States. 

Constraints and other ope ra t i ng  limitations shall be recognized in this 

calculation. 

(3) The amount of system energy t o  be produced by proportionate draft  

in ( 1 )  above divided by the total amount of system energy calculated in 

(2) above is t h e  ratio which is multiplied by each reservoir's storage 
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content between rule curves determined in (2) above, to indicate its 

proportionate share of  the required dra f t .  The whale Canadian storage is . 

considered one reservoir. 

( 4 )  The indicated proportionate draft will be adjusted to minimize 

project  discharge in excess of turbine capacity for energy conservation. 

The adjusted starage d r a f t  s h a l l  be the proportionate dra f t .  

(5) Proportionate draft will be recalculated if the energy 

requirement or system conditions change but no t  more often than once each 

week. 

Notwithstanding the operating guidelines as stated above, exchanges of 

capacity and energy may be substituted for releases from Canadian storage, 

if mutually agreed by t h e  E n t i t i e s  as to quantities, timing and method, and 

energy acquired by United S t a t e s  Systems from sources outside the Pacific 

Northwest Coordinated System may be used in l i eu  of  energy otherwise 

produced by proportionate dra f t  of such system reservoirs. 
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PART 111 - ASSURED OPERATING PLAN AND 

DOWMSTREAM BENEFIT COMPUTATION 

10. OBJECTIVES AND USE OF ASSURED OPERATING PLANS 

An Assured Operating P lan  will be prepared each year far  t he  sixth 

succeeding year of operation. This requirement will provide that an 

Assured Operating Plan will always b e  available for five complete operating 

years. An operating year, as used herein, shall mean the period 1 August 

through 32 July. The plan will es tab l i sh  the generation patential of both 

systems, prescribe operating cr i t er ia  and procedures t o  insure t h a t  the 

potential will be realized, and will serve as a basis for the Detai led 

Operating Plan. It is intended that the Assured Operating Plan  will also 

provide the Entities with essential information for effective operational 

planning of their respective power systems which are dependent on or 

coord ina ted  with the operation of  Canadian storage. 

The Assured Operating Plan s h a l l  reflect the requirements included in 

the Tseaty, its annexes, and related documents. The s tudies  necessary to 

develop the plan will be undertaken by the Entities jointly. 

11. OBJECTEVES AND USE OF TIE DOWNSTREAM BENEFIT COMPUTATIONS 

Downstream Benefit  Computations will be prepared annually in 

accordance w i t h  Annex A ,  paragraph 7 and Annex 3 of  the Trea ty ,  

paragraphs VIII, IX and X of the Protocol; and as detailed in paragraph 1 7  

below. They s h a l l  be prepared in  conjunction with the Assured Operating 

Plan ,  as out l ined  in paragraph 13 below, and s h a l l  define the downstream 
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power benefits in the United States from Canadian storage 5 years in 

advance for each year in which the Treaty is in force. As indicated in 

paragraph 13 below, they s h a l l  also serve to define the limit to which 

Canadian storage may be reregulated to Canadian advantage so as to develop 

optimum power generation in Canada and the United States. 

12. DATA REQUIREMENTS 

Prior to March of each year the  Entities s h a l l  exchange information 

and data for the systems in the two countries not previously exchanged and 

which are necessary for development of the Assured Operating Plan. The 

information and data to be exchanged shall include: schedules for initial 

operation of power generating and storage facilities, peak and energy load 

data,  project modified flaws for the period in use beginning with I August 

1928, reservoir capacity, conversion factors and peaking capacities 

throughout the operating range, constraints, minimum flow limitations, 

limitations including flood control cr i ter ia ,  maintenance or construction 

schedules, and any other data necessary to establish the required operating 

p lans .  

13. GEERAL PROCEDURE FOR DEVELOPING THE ASSURED OPERATING 

PLAN AND DOWNSTREAM BEMEFTT STUDIES 

a. Because the Assured Operating Plan and the Downstream Benefit 

Computation arc mutuaLLp dependent, their development is accomplished 

concurrently. Each s tep  of the procedure, a s  outl ined below, evolved from 

experience for ease and eff ic iency of deriving the operating plan.  It 
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assumes that generating facilities ex is t  a t  Mica Dam or downstream thereof, 

and that the plans must be designed "to achieve optimum power generation at - 

s i t e  in Canada and downstream i n  Canada and the United S t a t e s  of America, 

including consideration of any agreed electrical coordination between the 

two countries". (Reference: Annex A, paragraph 7 of t h e  Treaty.) 

b. In accordance w i t h  Annex A ,  paragraph 7 of the  Treaty and 

paragraph VII (3)  of the P r o t o c o l  to the Treaty, optimum power generation 

in both Canada and the United States is achieved in the Assured Operating 

Plan through analysis of the following modes o f  Canadian storage operation: 

( 1 )  Canadian storage in  the Annex 3 ,  Step I system is i n i t i a l l y  

operated f o r  optimum generation i n  the United States which maximizes the 

firm energy capability in the United S t a t e s  system. Three quantities are  

then computed for both the Canadian and United States systems: 

i firm energy capability; 

(ii] dependable peak capability; and 

(iii) average annual usable secondary energy capability. 

(2) The Canadian storage operation in (1) is then modified to achieve 

a weighted sun for Canada and the United States of the three quantities 

listed in (1 )  t h a t  is greater than the weighted sum achieved under operation 

for optimum generation in the United States alone. 

(3) When an operat ion in (2) is achieved such that the weighted firm 

energy, dependable peak, and average annual usable secondary energy 

capabilities are maximized, the mode of Canadian storage operation is 

entered into a Downstream Benefit Computation (Annex B of the Treaty, 

Step I1 and Step 111 systems) to determine: 
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(i) t h e  resulting downstream benefits; and 

( i i )  whether the  loss  of  downstream benefits  t o  the United States are 

within t h e  allowable limits. 

If  the loss in downstream benefits exceeds the allowable l i m i t s  

described in paragraph 15c,  the modified operat ion o f  Canadian storage in 

(2) above must be revised so t h a t  the downstream bene f i t s  are within t h e  

limits. In order  to select the optimum system operation from the studies 

in (1) and (2) above, t h e  sum of the gains or losses in firm energy, 

dependable peak and average annual secondary energy capability that is 

usable in each system m u s t  be def ined  by the  respective E n t i t i e s .  A 

relative value of each of the three quantities will be assigned for the 

purpose of establ i sh ing  a common measure of  the gains or losses. 

c. In order t o  assess the quantit ies  defined in paragraph L3b11) 

above, a amber of simulated system regulation studies are required. These 

s tudies  are described in the following sections. 

(1 1 Critical f e r i o d  System Regulation Studies. The Critical Period 

Regulation Study shall be adopted to form a basis for the Cri t i ca l  Rule 

Curves, which are developed from a hindsight evaluation of the critical 

period.  The Cr i t i ca l  Period Study i s  normally incorporated into a 30-year 

study which operates the system ident ical ly  during the water years 

applicable t o  the  Critical Period; the Rule Curves developed also guide 

storage use in other periods when they govern the Operating 'Rule Curve. 

The c r i t i c a l  period itself is the  most adverse flow sequence of the 

historical  period of streamflows and the  one which produces the least 

amount of firm energy load-carrying capability for the system. The 
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critical period can be of varying Length depending on the  number of storage 

reservoirs in the system, the schedule of incoming resources, and t h e  shape. 

of  the system load. 

The study is a simulated system regulation and shall be prepared in 

accordance with established utility practice. The regulation s h a l l  assme: 

(i). Except reservoirs operating for non-power purposes, each 

reservoir wiLl be a t  its normal top elevation at the beginning of the 

critical period,  and will be drafted to its normal bottom elevation by the 

end of the cr i t i ca l  period. 

(ii). The system shall be regulated with the intent to maximize 

c r i t i c a l  period energy, consistent with the de-maximization l i m i t s  provided 

f o r  i n  the downstream benefit computations. 

(iii). When other authorized reservoir uses limit release of storage 

water in the critical period, such regulation s h a l l  be based on the maximum 

storage use consistent with the Limitations. 

(iv). The output at any project s h a l l  not exceed an 85 percent plant  

f a c t o r  in any period, unless a higher plant factor is necessary to make a l l  

storage water usable during t h e  critical period. 

(v). In multiple-year critical periods, no reservoir s h a l l  be drafted 

by any 1 Apri l  below the elevations determined by its Assured Refill Curve, 

unless  a l l  reservoirs have been drafted to such elevations and additional 

d r a f t  is required to meet the firm load  of the system. 

(vi). The estimated loads and scheduled hydro and thermal resources for 

the operating year of the study shall be used. As appropriate,  scheduled 

maintenance autages, reserves, and firm import/export loads shall also be 
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considered. The load shall include power requited for pumping watex i n t o  

Banks Lake from Grand Coulee reservoir, but sha l l  be reduced by 

miscellaneous regional resources which are no t  included in t h e  study. 

(vii). If the residual calculated load is not balanced with the included 

system resources, the energy surplus will be shaped uniformly by month. If 

the load resource balance indicates a system deficit, unscheduled resources 

will be added uniformly for each period so that the deficit is eliminated. 

(2) 30-Year System Regulation Studies. 50-Year System Regulation 

Studies  s h a l l  be made for each operating year using the appropriate 

Operating Rule Curve and Operating Rules described in Part 11. It is 

intended, in particular,.that the  Operating Rule Curve and associated 

operating criteria, including the Critical Rule Curves, be designed to 

regulate the  system for the entire 30 years without the benef i t  of 

historical  hindsight. Failure of the system to operate in accordance with 

the refill principle s e t  forth in paragraph & b ( 2 ) ( i i i )  of  this document 

will require t h a t  the Operating Rules or the Operating Rule Curve, includ- 

ing its component parts ,  be modified t o  eliminate such failures. 

The studies shall be made sequentially for the prescribed 30 years, 

using the estimated load shape and resources for the  operating year for 

which the Assured Operating Plan is being developed. 

14. DEVELOPMENT OF THE ASSURED OPERATfNG PMN 

a. A t o t a l  of nine studies are required t o  complete the  Assured 

Operating Plan and downstream benefit studies. The basic assumptions for 

these studies and their basic purpose is shown in t h e  accompanying table .  
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ASSURED OPERATING PLAN SYSTEM REGULATION STUDIES 

Study Study*' lnnex B Generation 
No. Designation Step No. Optimized i n  Period" 

U.S. 

U. 5. 6 Can. 

U.S. 6 cm. 

U.S. 6 Can. 

C r i t i c a l  

30-year 

30-year 

30-year 

30-year 

30-year 

C r i t i c a l  

30-year 

30-year 

I 5  1/2 aaf 
A l l  Columbia 
Hydro Projects 

15 maf 

12 1/2 naf 

15 112 maf 
A l l  Columbia 
Hydro Projects 

I 5  112 maf 
A l l  Columbia 
Hydro Pm jec t r  

15 1/2 naf 

I S  112 maf 
rill C O I U D D ~ ~  
Hydro Projects 

Total  Hyd~o 
Thermal 

U.S. Bare"' 
+ Thermal 

U. 5. Bare 
+ Thermal 

U.S. Bare 
+ Thermal 

U.S. Bare 
+ Thermal 

I o ta1  Hydro 
+ Thermal 

Total  Hydro 
lhernal  

U.S. Base 
+ Thermal 

Total  Hydra 
+ Thermal 

Used t o  es tab l ish  operation of 
peal system operated f o r  
optimum generation i n  U.S. and 
t o  deternine whether t o t a l  gen- 
erat ion capab i l i t i e s  increase 
due t o  op t imiza t ion  i n  bo th  
countrier. 

Computation o f  OSB; system 
operated f o r  optimum generation 
i n  the U.S. Used t o  estab l ish  
allovaDlr annual DSB reduction. 

Bare run f o r  a l l  DSB 
computations. 

Conputat i~n o f  05.0; system 
operated f o r  optimum generation 
i n  the U.S. w i t h  1/2 aaf with-  
dlawn. Used t o  es tab l ish  
allavable annual OSB reduction. 

Computation of maximm t o t a l  
permitted reduct ion i n  DSB. 
operated f o r  optimum generation 
i n  the U.S. 

Same a$ Study 1. 

Final  adopted regu la t i on  of 
real system. Opt imizat ion of 
real system i n  bo th  countries. 

C ~ w u t d t i o n  of  OSB. optimized 
101 both Countrier. 

YR denote5 study year, e.9. 82-11. i s  study f o r  year lugurt  81 t o  Ju)y 82. 

Studies 2. 3. 4 .  5, and 8 (DSB conputations) use f l o r r  as inr' icated i n  paragraph V l I l  of the Protocol Studies 1. 6.  7, and 9 use modified f lour 
fmm Colulabia Rlver Water Hanagement Group Report t i t l e d  "Pruuir ional  Report on Modified FI**r a t  Selected Sites 1418 to  1968 t o r  the  1470 Level 
of Development," dated Ap r i l  1974 and. "Provisional Report on Modif ied Flows a t  Selected Sites 1928 t o  1968 for the 2020 Level of Oev~lopment." 
dated Ray 1974. 

3 U.S. Base System i s  defined i n  Annex 8, Bare System Table 



This table assumes that the Assured Operating Plan is being developed in 

accordance with Annex A ,  paragraph 7 of the Treaty. In the event that t h e  

p l a n  is to be developed for optimum generation in either country, a similar 

schedule of studies t o  be performed w i l l  be developed t o  insure compliance 

with the provisions of Annex A ,  paragraph 8 of the Treaty. 

b. Studies 1 and 6 

These are d e t a i l e d  simulated system regulations of the total United 

States power system less minor resources with the Canadian storage operated 

to provide optimum power generation in the United States. Optimum 

generation is achieved if the f i rm energy capability of the United Sta tes  

system is maximized. 

Study 1 optimizes United States system critical period energy 

capability and the rules, operating criteria, etc., are then applied to 

Study 6 .  Study 6 simulates system operation for the 30-yeas period. In 

practice the two studies are developed concurrently. 

Both the United States and Canadian systems' firm energy, secondary 

energy and dependable capacity are then summed per paragraph 13b, 

c .  Studies 7 and 9 

I n  Studies 7 and 9 the objective is t o  modify the operation of 

Canadian storage in Studies 1 and 6 in such a manner as to achieve optimum 

generation in both countries as indicated in paragraph 13b. The Mica 

project  is operated to f ixed rules similar to those outlined in 

paragraph 8f. Duncan and Arrow storage operation are modified when 

poss ib le  to compensate f o r  the changes in flows a t  the international 

boundary caused by the change i n  Mica operation. Because Duncan and Arrow 
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starage cannot f u l l y  mit igate  these changes there may be a net loss in the 

United States system relative t o  t h e  United States optimum Study 6 .  

Generally,  losses to the United States system result from the 

following conditions: 

(1) Walter is trapped in Mica, Arrow is empty or at maximum discharge 

capability, resul t ing  in a decrease of water being released from Canadian 

storage in a given period compared to t h a t  indicated in the United Sta tes  

optimum study. The def ic i t  m u s t  then be compensated by United States 

reservoirs .  

(2) Additional water is released from Mica in a given per iod ,  Arrow 

storage is full o r  governed by f l o o d  control requirements and, therefore, 

unable t o  ho ld  the add i t iona l  water. Water is thus released at a time not 

required in the United Sta tes .  

(3) Minimum release requirements a t  Mica p r o j e c t  prevent Kinbasket 

Lake from r e f i l l i n g  when a l l  other projects  in the bas in  r e f i l l .  T h i s  may 

r e s u l t  in increased s p i l l  at downstream projects in the United S t a t e s ,  

reduction in usable surplus or reduction in firm energy capability for the 

next operating year. These expected r e a l  losses to the United S t a t e s  

system must be at l e a s t  equaled by increases in the Canadian system i n  

order f o r  the modified Canadian system operation to be allowable. If this 

condition i s  s a t i s f i e d ,  Studies 7 (critical period) and 9 (30-year average) 

will form the b a s i s  of the Assured Operating Plan.  
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15. DEVELOPMENT OF THE DOWNSTREAM BENEFIT STUDIES 

a .  Five downstream power benefit studies are required coincidentally 

with the Step I studies prepared for the Assured Operating Plan. The 

downstream benefit  studies contain the United Sta tes  base system a s  defined 

in Annex B ,  Base System Table ,  and where applicable, Canadian storage. All 

Step I1 and 111 studies are performed with 30-year flows identified in 

paragraph VIII of the Protocol to the Treaty. Use of these flows assures 

that the downstream benefit computations performed currently will be based 

on the same fundamental water supply assumptions as those computed for 

earlier Assured Operating P l a n s .  Thermal energy capability used in Step II 

and 1x1 studies is equal t o  the Step I thermal energy capability. 

b .  Study 3 (Step 111) includes the United States base system only, 

generation optimized for the United Sta tes .  Step I1 Studies 2 ,  4 ,  5, and 8 

(reference Table paragraph 14a) include Canadian storage i n  the f irst -added 

position t o  the base system. Generation is optimized for the United States 

in Studies 2, 4 ,  and 5 ,  and in both countries in Study 8. The differences 

in capacity and energy derived from the Step II and Step I11 studies 

provide the computed downstream benefits for the year and serve the purpose 

of defining the l i m i t s  t o  which Canadian storage may be reregulated to 

achieve optimum generation in both countries. These s tudies  are based on 

the same regulation criteria used in the  applicable  Step I study, Special 

operating rules for Mica project  which are  developed for the Assured 

Operating Plan are recognized in Study 8 and are identical to those used in 

Study 9 .  The differences in capacity and energy derived from Study 8 and 

Study 3 provide the computed downstream power benefits  for t h e  year. 
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c .  From the studies Listed above, the minimum permitted downstream 

power benefits shal l  be the higher of the two following conditions: 

(1) The downstream power benefits associated w i t h  12.5 million 

acre-feet (maf) a f  Canadian storage in any year, which is derived from 

Study 5 and Study 3 for  the year under study; or 

(2) The downstream power bene f i t s  associated with the preceding 

year's bene f i t s  reduced by the ef fect  of  withdrawing 0.5 maf of Canadian 

storage i n  a d d i t i o n  t o  natural  reductions caused by irrigation depletions 

and system growth. 

Condition 1 defines the benefits o f  12 .5  maf of Canadian storage 

operated for optimum generat ion in the United States  compared t o  the Uni ted  

States base system operating alone. Condition 1 has no t  controlled the 

minimum permi t ted  bene f i t s  through 1978, hence Study 5 has not been 

performed each year. Condition 2 i s  d e f i n e d  by the following: 

Dsb = X + (Yp - Y) - (Yp - 2) 
min 

= X - Y + Z  
= x - (Y - 2) 

where 

X is the previous year's downstream power benefits derived from 

Study 8 and Study 3, operated for optimum g e n e r a t i o n  i n  both countries 

Y i s  derived from the previous year's Study 2 and previous year's 

Study 3, operated f o r  optimum generation in the  United States 

Yp i s  derived from the current year's Study 2 and Study 3, operated 

for optimum generation in the  United States 
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Z is derived from the present year's Study 4 (15 ma£) and Study 3 

operated for optimum generation in the United States. 

The computation above is based on the fact that in addition to the 

allowable decrease due t o  withholding of  0.5 ma£ of Canadian storage, there 

is a normal decrease (or increase) from year-to-year due to i r r i g a t i o n  

deplet ions  and resource changes in the United States base system. Such 

increase/decrease is the difference between t h e  benefits derived from the  

previous year's Studies 2 and 3 ,  and the present year's Studies 2 and 3 

(Yp - P I .  

The differences in capacity and energy derived from Study 8 and 

Study 3 will provide the computed downstream power bene f i t s  f o r  t h e  year .  

The result ing benefits shall n o t  be less than the greater of the two 

minimum permitted benefits calculated above. If this requirement i s  met, 

then Study 9 w i l l  be the b a s i s  f o r  the Assured Operating Plan for the year 

under study. 

d .  The compensation due to Columbia Storage Power Exchange with 

respect to reduction of  the Canadian Entitlement, in accordance with 

Sect ion 7 of the Canadian Entitlement Purchase Agreement, is ha l f  the 

differences between the computed downstream power benef i ts  derived from 

Study 2 and Study 3, i.e. Yp, and the computed downstream power benefits 

derived from Study 8 and Study 3. 

16. CONTENT OF TIE ASSURED OPERATING PLAN 

The following items used in or developed from the 30-Year System 

Regulation Study adopted in paragraphs 13 and 14 ,  for each of t h e  operating 
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years, s h a l l  form the Assured Operating Plan for the Canadian storages for 

the particular operating year concerned. It shall be compiled by the 

Entities by 1 September of each year and s h a l l  conta in  the following: 

a. The Critical Rule Curves and the Assured Refill Curves in terms 

of end-of-month storage content f o r  the whole of the Canadian storage. The 

Critical Rule Curves shall be composed of t h e  t a b u l a t e d  storage contents  

for the water years which are included in t h e  c r i t i c a l  period for the 

particular operating year concerned. In multi-year critical periods, t h e  

Critical R u l e  Curve (tabulated f o r  a l l  water years within which t h e  

critical period falls) shall be designated a s  f i rs t ,  second, third, etc., 

on the basis of t h e i r  time sequence, i n  Canadian storage as a whole a t  t h e  

beginning of the operating year. The end-of-month storage contents 

tabulated to form such a Critical Rule Curve will be determined from the 

Critical Period System Regulation Study. 

b. -Variable Ref i l l  Curves i n  terms of  end-of-month storage conten t  

for the whole of Canadian storage for the p e r i o d  1928 t o  1958. 

c .  Upper Rule Curves for Duncan, Keenleyside and Mica projects, in 

terms of end-of-month storage content for the period 1928 to 1958. 

d .  The Operating Rule Curve, in terms of end-of-month storage 

content for the whole of Canadian storage for the period 1928 to 1958. 

e. The procedures for development of Variable Refill Curves. 

f. Operating Rules, including special  Mica Project Operating 

Criteria, such as target end-of-month storage contents, outflows, 

maximum/minimum outflows by months as a function of Arrow reservoir storage 

contents. 
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g. Text, a s  required t o  supplement the tables  in  a through d above, 

including amplifying comments regarding operating rules, constraints, 

loads, resources, construction requirements, or other pertinent data unique 

t o  the operating year. 

An implementation section consistent with Art ic le  XIV2(k) of t h e  

Treaty s h a l l  also be included. 

17. METHOD OF DETERMINING DOWNSTREAM BENEFITS 

The following procedure for determining the downstream b e n e f i t s  and 

Canadian Entitlement supersedes the "Agreement on Procedures far  the 

Determination of Downstream Power Benefits Resulting From Canadian 

Storage", dated 19 September 1968. In determining, for each year, the 

increase in  dependable hydroelectric capacity and the  increase in average 

annual hydroelectric energy, system regulation studies will be made as 

follows : 

Step I 

This study will establish the plant installation of the United S t a t e s  

base systems and the energy capability during the critical period of the 

thermal installation, in accordance with paragraph 17b. 

Step I1 

A system regulation study will be made t a  determine the critical 

period energy c a p a b i l i t y  and the average annual energy capability of the 

system using the thermal energy capability defined in paragraph 1Jc; the 

United S t a t e s  base system, with the same hydro plant installation as  in 

Step I; and Canadian storage. 
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Step  I11 

A system regulation study w i l l  be made t o  determine the critical 

period energy capability and the average annual energy capability of t h e  

system using the thermal energy capability defined in paragraph 17c. and 

t he  United S t a t e s  base system, with the same hydro p lant  installation as i n  

Step  I .  

a. For the  Step I system regulation studies, the monthly fo recas t  

firm load of the Pacific Northwest Area, defined in Annex B, paragraph 7 of 

the Treaty, will be reduced by the monthly capacity and energy c a p a b i l i t i e s  

of a l l  Pacific Northwest resources no t  included in the study to obtain the 

residual area load to be met i n  the Step I study. In accordance w i t h  

paragraph X of the Protocol, the area load used will include the power 

required for pumping water into Banks Lake from Grand Coulee reservoir. 

The estimated Canadian Entitlement to be returned to Canada will also be 

included in the area l o a d .  The annual load used in making the determina- 

tions required by Step TI and Step I11 systems shall have the  same 

month-by-month shape as the  load of t h e  Pacif ic  Northwest area. The loads 

for Step I1 and Step I11 will be taken as equal to the energy capabi l i t i e s  

of the systems and will be determined in accordance with the following 

procedures : 

(1) Estimate the average hydro energy capabilities f o r  the critical 

periods of t h e  Step I I  and Step 111 systems; 

( 2 )  Add the thermal energy capability as determined in paragraph 17c 

below to each of t h e  c a p a b i l i t i e s  of El) above to obtain a total average 

critical period energy capability for  the Step I1 and Step III s y s t e m s ;  
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(3) Multiply the totals obtained in (2) above by the ratio of the 

area average annual firm load t o  the area average critical period firm load 

to  ob ta in  the average annual firm loads for Step II and Step 113 systems; 

( 4 )  Prorate the  average a m a l  firm loads determined in (3). in the 

ratio that each Step I monthly area firm load bears to the Step I area 

average annual firm Load to obtain an Area monthly f i r m  load f o r  Step I1 

and Step 111 systems; and 

(5) Subtract the thermal energy capabi l i ty  t o  determine the monthly 

f i rm hydro loads of Step If and Step 111 systems. 

The average annual hydro loads for Step I1 and Step 111 systems also 

become the firm energy considered usable according to Annex B, 

paragraph 31aE of the Treaty. 

b. The thermal energy capability of the thermal instal lat ion to be 

used in the S t e p  I system w i l l  be the sum of: 

(1) the  average thermal energy forecast to be required during the 

critical period to carry firm load of the Pacific Northwest area; and 

(2) the average over the c r i t i c a l  period of  any surplus energy 

capabil i ty of the thermal installation that is agreed by the Entit ies to  be 

usable in meeting secondary loads. 

c. The thermal energy capability shall be based on project owner's 

recornended annual capacity factors that reflect scheduled maintenance and 

energy reserves. Capacity reserves shall be 8 percent of  the t o t a l  system 

peak load. The thermal energy capability to be used in the Step fI and III 

studies shall be the same a s  determined for Step I in paragraph 17b. The 

potential thermal energy displacement to be used in the determination of 
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the usable energy described in paragraph 17f(Z)(ii] shall be the  thermal 

energy capab i l i t y  less the minimum thermal operation. 

d .  The flows used in the  system regulation for the benefit 

determination w i l l  be the same as those indicated in paragraph 15a. 

e. A s  long as the International Joint Comission Order of Approval 

o f  11 November 1938, is in effect, the operation of Kootenay Lake in the 

Step I I  and Step 111 system regulat ion studies will be limited to the 

usable  storage content below EL. 1743.32 feet. I f ,  in  the future,  t h i s  

order is amended, t h e  Entities may agree to modifying this criterion far 

Kootenay Lake usable storage operation. The Kootenay Lake usable storage 

content ,  n o t  exceeding 673,000 acre-feet, will be operated in the Step I1 

and Step I11 studies for system prime power, within the limits of the 

International J o i n t  Camission Order then in force. 

f .  The Canadian Entitlement to downstream power benefits for any 

operating year, in accordance with paragraph 1 of Article V of the Treaty, 

sha l l  be one-half of the dependable hydroelectric capacity benefit and 

one-half the average annual usable hydroelectric energy determined, in 

accordance w i t h  (1)  and (2) below: 

(1) Dependable Hydroelectric Capacity Benefit - The capacity 

benefit from Canadian storage will be the difference between the  average 

rates of generation during the critical periods of  the Step I1 and Step 111 

hydro systems divided by the average of the monthly load factors during t h e  

c r i t i c a l  period of the Paci f ic  Northwest area, as determined from the 

Step I study. 
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(2) Average Amual Usable Hydroelectric Energy Benefits - The 

energy b e n e f i t  from Canadian storage will be the difference in the  average 

annual usable energy of the Step I1 and Step III systems computed f o r  the  

system of  each s tep  as the sum of: 

(i) The firm energy, which is  the firm hydro energy capab i l i t y  shaped 

to the area load shape, plus. 

( i i )  The energy which can be used for thermal energy displacement in 

the Pacific Northwest area, plus 

(iii) Forty (40)  percent of the energy remaining. 

g. The operating year, 1 August through 31 J u l y ,  is the period for 

which downstream power benefits will be determined. The Canadian 

Entitlement to downstream power bene f i t s  sha l l  begin on 1 April p r i o r  to 

t h e  1 August commencement of the operating year for which the  determination 

has been made and shall end on t h e  following 31 March. 

18. CONTENT OF THE DOWNSTREAM POWER BENEFIT DOCllBENT 

The Downstream Power Benefit Document s h a l l  note the following: 

a,  The Canadian Entitlement, which i s  one-half the, total computed 

downstream power benefits f o r  the Assured Operat ing Plan studies adopted. 

b. One-half the minimum permitted downstream power benefits, as 

indicated by paragraph 15c above. 

c .  Effect on the Canadian Entitlement Purchase Agreement which is 

the difference between paragraph a above, and one-half the downstream power 

benefits which would have been computed if the Assured Operating Plan had 
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been designed to achieve optimum generation downstream in t h e  Uni ted  States 

alone. 

The document shall a l s o  contain tables  and charts as follows: 

(1) Computation of Canadian Entitlement; 

(2) S m a r y  of Power Regulations; 

(3)  Determination o f  Steps  XI and III loads; and 

( 4 )  Secondary Energy Duration Curves f o r  S t e p s  I1 and 111 (refer to 

Tables 3,  4 ,  and 5, and Charts 4 and 5) .  
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PART IV - DETAILED OPERATING PLAN 

19. GENERAL 

For each year" actual operatian, a Detailed Operating Plan s h a l l  be 

developed for Libby reservoir, each of  the Canadian storage reservoirs and 

f o r  the whole of the Canadian storage. The Detai led Operating Plan s h a l l  

be developed, as  described below, from the Assured Operating Plan 

previously agreed to for that operating year. Planning of the Detailed 

Operating P l a n  will begin i n  January for  the August through July operating 

year immediately fol lowing,  and the plan will be completed by September as 

indicated below. Tn general, a l l  system regulation studies necessary for 

the formulation of the Detailed Operating Plan will be done either jo in t ly  

by t h e  E n t i t i e s ,  or by one of the two Entities in consultation with the 

other .  

20. REVIEW OF ASSURED OPERATING PIAN 

a. The Canadian and United States Entities will review the Assured 

Operating Plan applicable to the immediately ensuing operating year. 

Changes in system load estimates, resources, duration of the c r i t i c a l  

period, f lood control criteria, and any other pertinent data will be 

considered in this review using the l a t e s t  available data in comparison 

with that used in the original  computation. If the E n t i t i e s  agree that 

these changes warrant further investigation, a revised Critical Period 

System Regulation Study will be made using these latest data. The 

regulation studies will be made in accordance with Annex A ,  paragraphs 7 or 
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8 of t h e  Treaty, whichever may be in force. In addition, 30-Pear System 

Regulation Studies  will be made as desired by the Entities to evaluate a11 

effects of the changes in the operating plan.  

b. The Entities will agree prior to 1 February on the need for 

e i ther  a revised Cr i t i ca l  Period System Regulation or to use the Critical  

Period System Regulation from the  Assured Operating P l a n  as t h e  basis f o r  

the Detailed Operating Plan. If the necessity for a revised Critical  

Period System Regulation cannot be agreed upon, or  if a revision cannot be 

agreed upon, the C r i t i c a l  Period System Regulation from the Assured 

Operating Plan shall be retained i n  the D e t a i l e d  Operating Plan and shall 

be s e t  f o r t h  i n  the same d e t a i l  as provided in paragraph 22 below. 

21. SYSTEM REGULATION ST'UDIES 

a .  Modifications t o  C r i t i c a l  Period System Regulation. I f  the 

Assured Operating Plan regulation of  Canadian storage is to be revised, 

each Entity may make an optimum Critical Period System Regulation Study and 

may make such o the r  System Regulation Studies of i t s  own coordinated system 

as it deems necessary. Copies of  the optimum regulation s tudies  will be 

exchanged by the  Entities. Following completion of these studies, and in 

any case not later than 1 A p r i l ,  the Entities will meet and review t h e  

foregoing studies to agree on any modif icat ions  t o  the regulation of 

Canadian storage which nay be mutually des irable ,  or which may be des irable  

to one Entity and is acceptable t o  the other Entity. 

If new Operating Rule Curves or operating rules are t o  be developed 

f o r  the Detailed Operating Plan, they shall be developed from a load growth 
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type regulation study. In this case, the estimated loads and scheduled 

resources w i l l  be accounted for during the entire length of the Critical 

Period.  If the load is not balanced with the resources during the c r i t i c a l  

period, the system energy surplus will be shaped in a manner such that no 

month is d e f i c i t .  If the system is deficit during the critical period no 

surplus may be shaped into any month. The extent o f  such shaping will be 

governed by a simulated system regulation which is acceptable to both 

E n t i t i e s .  

Further changes to the Critical Period System Regulation may be made 

by either Entity prior to 15 May, provided that (1) such changes are made' 

pursuant to existing contracts in the United States, and (2) both Entities 

are in agreement. 

b. Final C r i t i c a l  Period System Regulation. Using the regulation of 

Canadian storage, as agreed to or as modified within limits agreed in 

paragraph a above, a f i n a l  Critical Period System Regulation Study will be 

made jointly by the Entities, or by the United States E n t i t y  in 

consultation w i t h  the Canadian Entity by 1 July. The C r i t i c a l  Rule Curves 

and related operating criteria developed from the f i n a l  study will then 

provide the operating guides f a r  Canadian storage until the completion of 

the term of the Detailed Operating Plan. 

c .  Historical I-Pear System Regulation. Using the Critical Rule 

Curves developed in t h e  final Critical Period Study, 30 separate I-Year 

System Regulation Studies, beginning with August 1928 flows, will be made 

by t h e  Entities to insure the adequacy of the operating guidelines and 

criteria, in accordance with the principles set forth in Part 11. Starting 
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reservoir contents in each of the 30 years will be that actually reached by 

31 July preceding the new operating year. The regulation w i l l  be made to 

meet the estimated firm and secondary loads,  in accordance with Annex A ,  

paragraphs 7 ox 8 of the Treaty, whichever app l i e s .  The Operating Rule 

Curve and its components will be changed, i f  necessary, to comply w i t h  t h e  

principles s e t  f o r t h  in P a r t  11. These studies shall be completed by 

1 September. 

22. CONTENT OF DETAILED OPERATING PLAN 

The Detailed Operating Plan s h a l l  consist of the d a t a  and c r i t e r i a  

listed below. Tc shall be compiled by the Entities by 1 October. 

a .  Distribution of usable Canadian storage space available f o r  power 

and flood c o n t r o l  purposes. 

b .  Definition of t h e  Operating Rule Curve. 

c. Guidelines for  the anticipated means of implementing the D e t a i l e d  

Operating Plan. 

d .  D e f i n i t i o n  of operating rules and project  operating limits. 

e. Crit ical  Rule Curves for each of the Canadian reservoirs and for 

the whole of the Canadian storage tabulated in terms of end-of-month 

storage conten ts .  The first C r i t i c a l  Rule Curve data s h a l l  be taken from 

the final C r i t i c a l  Period System Regulation Study described i n  

paragraph 21b above. In a d d i t i o n ,  C r i t i c a l  Rule Curves tabulated in 

previaus Detailed Qerating Plans appl icable  t o  the immediately ensuing 

operating year s h a l l  be tabulated herein and identified as second, t h i r d ,  

e t c . ,  on t h e  bas i s  of t h e i r  time sequence (see Chart 6 ) .  
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f .  Assured-Refill Curves for each of the Canadian reservoirs and for 

the whole of the Canadian storage tabulated in terms of month-end storage 

contents.  These data a r e  to be those finally agreed upon, as described in 

paragraph 21c above. 

g. Procedure for determining the Variable Refill Curves for each of 

the Canadian reservoirs. 

h. Procedure for  determining t h e  Flood Control Refill Curves for 

each of the Canadian reservoirs, if required. 

i. Storage-elevation t a b l e s  for Keenleyside, Mica, Duncan and Libby 

p r a j  e c t s  . 

j. C r i t i c a l  Rule Curves f o r  succeeding operating years. 

k. Any additional supplementary t e x t  or tab le s  required to limit or 

c lar i fy  the intended operation of the system which would be unique to the 

operating year for which the plan is devised. 

1. Special Mica project rules and operating criteria .  

m. Critical Rule Curves, Energy Content Curves and pertinent 

operating criteria for Libby p r o j e c t .  

23. IMPLEIENTATION 

Actual operation of  the Canadian storage s h a l l  be guided by the  

Detai led Operating Plan  and by any more d e t a i l e d  operating arrangements 

that  may be worked out by the operating or scheduling personnel. These 

detailed operating arrangements will be made in accordance w i t h  established 

u t i l i t y  and water management pract ices .  The Entities w i l l  exchange a l l  
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current operating data necessary for continuing review of  system 

operations. 

a .  Scheduling Operation of  Canadian Storage. Requests by the United 

States Entity for storage operation shall be d irected  t o  the whole of the 

Canadian storage consistent with t h e  Operating Rule Curve and other 

operating criteria designed to prov ide  optimum generat ion I n  accordance 

with Annex A ,  paragraphs 7 or 8 of the Trea ty ,  whichever applies. Requests 

will be  made on a regular weekly b a s i s ,  or  as otherwise mutually agreed and 

sha l l  be in terms of storage water del ivered a t  the Canadian-United States 

border. I n  honoring such requests, the Canadian Entity s h a l l  operate 

Canadian storage consistent with optimum storage use. The Operating Rule 

Curves and or special operating criteria prepared for the individual 

Canadian reservoirs shall be used as a measure of any deviation from the  

optimum operation. 

b. Operating Rule Curves. 

(1) During the period 1 August through 31 December t h e  Operating Rule 

Curve for each Canadian reservoir  w i l l  be that  indicated in paragraph 8e. 

(2) During the period 1 January through 31  March, the Operating Rule 

Curve will be t h a t  indicated f o r  the period beginning 1 January in 

paragraph 8c, except that Variable Refill Curves shall be based on t h e  

actual 95 percent confidence volume inflow forecasts at-site and the most 

probable inflow forecast a t  The Dalles ,  Oregon, utilizing t h e  same 

principles indicated in paragraph 8b. The Upper Rule Curve shall be based 

on the most probable forecasts .  
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(3) During the period 1 Apri l  through 3 1  July, the Operating Rule 

Curve shall be defined as the higher of the f i r s t  Critical Rule Curve or 

the Assured Refill Curve unless t h e  Flood Control Refill curve is below the 

higher of the above two curves. Then it is defined as the Flood Control 

Refill Curve. In a d d i t i o n ,  t h e  Operating Rule Curve for th i s  period s h a l l  

not  be higher than the Upper Rule Curve, which is developed from day-by-day 

computer simulations of the system during the refill period consistent w i t h  

f lood con t ro l  objectives and the m o s t  current forecasts  of  volume and 

distribution of flow. The Upper Rule Curve shal l  not be lower than the  

Flood Control R e f i l l  Curve. 

( 4 )  I n  the period 1 January through the end of the drawdown period,  

the Operating Rule Curve s h a l l  not be lower than the  Limiting Rule Curve 

developed for such year. 

( 5 )  Flood Control R e f i l l  Curves are computed on a s imilar basis t o  

the Variable Refill Curves, except that daily inflows into the reservoir 

are accounted for and deducted from the first of the month 95 percent 

confidence inflow forecast to determine the residual volume inflow. They 

represent the lower limit to which the project should normally be operated 

during the refill period to serve a secondary energy market. The power 

discharge requirements will be the same as those computed for Variable 

Refill Curves. A sample form for making this computation is shown on 

Table 6 .  

( 6 )  During the course of an operating year, the Operating Rule Curve 

for t h e  whole of the Canadian storage w i l l  be  continuously available as a 

guide to actual  operations.  Operation of the individual Canadian 
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reservoirs to f u l f i l l  the United States Entity's requests will be the 

responsibility of the Canadian Entity. Actual operation shal l  be guided by 

the Operating Rule Curve, as fol lows:  

h e r a t i o n  When the Whole of Canadian Storage is Above 

Operating Rule Curve. 

The whole af the Canadian storage shall be draf ted  to i ts  Operating 

RuLe Curve as required to produce optimum gene ra t i on  in  accordance with 

Annex A ,  paragraphs 7 or  8 of the Treaty, whichever a p p l i e s ,  subject  to the 

s t a t e d  operating rules and constraints i n  the Detailed Operating P lan .  

Operation When the Whole of Canadian Storage is On or Below 

Operating Rule Curve. 

Draft of the whole of Canadian storage below its Operating RuLe Curve 

will be in accordance with paragraph 9c and 23c. 

Operation of the  Whole of Canadian Storage Provisionally 

Below Operating Rule Curve. 

While an arrangement has no t  been completed for  provisional dra f t  of 

Canadian Storage, procedures are being prepared by the Operating Committee 

in accordance w i t h  the 13 January 1977 agreement among the coordinators to 

satisfy the following basic accepted pr inc ip l e s :  

( i )  The arrangement would produce advantages to each country compared 

to operating to the  Assured Operating Plan Operating Rule Curve or to the 

modified Assured Operating P l a n  Operating Rule Curve agreed by t h e  Entities 

in the Detailed Operating Plan. 

(ii) The arrangement would provide both Entities with t h e  same 

assurance as provided by the Assured Operating Plan. 
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(iii) The arrangement would specify L i m i t s  on the provisional draft ing 

of Canadian Treaty Storage. 

(iv) Either Entity could request a provisional draft of Canadian 

Treaty storage, however, the other Entity would have the option of 

accepting up to 50 percent of the  additional energy generated downstream in 

the United S t a t e s .  The l i a b i l i t i e s  incurred by provisional drafting 

including the provision of replacement energy or its equivalent,  would be 

shared by the Entities in proportion to the energy actually received by 

each. 

c .  System Proportionate Draft Between Critical Rule Cums .  The 

system proportionate draft point shall be calculated each month, as 

required, by regulating the whole of Canadian storage and major United 

States Federal reservoirs with a simulation model to meet the system load 

i n  accordance with the following conditions: 

(1)  The whole of  Canadian storage shal l  be regulated a s  one reservoir 

with special cognizance of paragraph 8e, Special Mica Operating Criteria. 

( 2 )  The simulation model shall recognize all agreed planned operating 

constraints from the Detailed Operating Plan and shall be similar in design 

or contain operating l og i c  similar t o  the seasonal model that was used to 

develop the Detailed Operating Plan. 

(3)  Flows used in the simulated regulation shall be based on most 

probable volume inflow forecasts for each project for the months to be 

simulated. The operation of the reservoirs shall be constrained by actual 

current operating l i m i t a t i o n s  to reduce s p i l l  or other lasses. 
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( 4 )  The simulation model will simulate operation of the system 

successively between critical period rule curves unt i l  suff ic ient  water i s  

drafted to meet the estimated load. That point  between critical rule  

curves where a l l  reservoirs have reached their proportionate share of draft 

and where the l o a d  is s a t i s f i e d  shall be  the proportionate d r a f t  p a i n t .  

Calculation of the proportionate d r a f t  point is d e s c r i b e d  in Paragraph 

9 f  and illustrated in Table 7. 

Notwithstanding the operating rules  a s  stated above, exchanges of 

capacity and energy may be substituted for releases from Canadian storage,  

i f  mutually agreed by the Entities as to quantities, timing and method, and 

energy acquired by United States systems from sources outside the Pacif ic  

Northwest Coordinated System may be used in l i e u  of energy otherwise 

produced by proportionate draf t  of  such systems reservoirs. 

d. Operation f o r  Flood Control. The regulation of Canadian storage 

for system flood control requires that outflows be s p e c i f i e d  from 

individual projects on a d a i l y  basis during the spring runoff period. Such 

regulation s h a l l  be in effect during the Flood Control Refill Period. The 

Columbia River Treaty Flood Control Operating Plan defines the Flood 

Control Refill Period and provides charts which are to be used for guidance 

of  operation during this period.  Project release shall be based on these 

charts, on volumetric runoff forecasts, and on d a i l y  computer simulations 

of streamflow and reservoir regulation to provide effective f lood stage 

reduction a t  t h e  CaLumbia River at The Dalles, Oregon, and at t r i b u t a r y  

control points. Occasionally, flood control regulation of Arrow project 

will be required during the winter period,  as defined in the Flood Control 
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Operating Plan. The regulation for system flood control shall be t he  

responsibility of the North Pacific Division, Corps of Engineers. 

e .  Computation of Operating Parameters and Exchange of 

Pertinent Operating Data. From 1 January to the end of the r e f i l l  period,  

computations related t o  the operating parameters of  each Canadian reservoir 

sha l l  be performed a s  fol lows:  

(1) By t h e  second working day of each month the Corps of Engineers 

w i l l  issue a January through July natural volume runoff forecast  for the 

Columbia River at The Dalles, Oregon. Such forecasts  w i l l  be  issued only 

f o r  the  purpose of defining the power discharge requirement in computing 

Variable Refill Curves and Flood Control Refi l l  Curves. 

(2) By the tenth day of  each month, through 10 June, the  Canadian 

Sect ion of t h e  Operating Committee will issue the volume forecasts for each 

Canadian reservoir, its computed end-of-month Variable Refill Curve, and 

corresponding Operating Rule Curve storage content. Variable Refill Curves 

shall be computed according t o  paragraph 8b(2). 

(3)  By the tenth day of  each month, through 10 June, the Corps of 

Engineers will issue the  volume forecasts, Variable R e f i l l  Curve, and 

Operating Rule Curve end-of-month storage contents for  Libby reservoir. 

( 4 )  Computation of Flood Control Refill Curves, Upper Rule Curves, 

and exchange of pertinent data for f lood  control purposes shal l  b e  

accomplished in accordance with Section X of the Flood Control Operating 

Plan. 
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PA!RT V - PROCEDURE FOR CALCULATING HYDROELECTRIC 'POWER 

LOSSES BY CANADA AS A RESULT OF OPERATING ON-CALL 

STORAGE 

24.  CONSIDERATION FOR ON-CALL STORAGE 

Consideration f o r  the need f o r  On-Call storage will be i n i t i a t e d  by 

the United States S e c t i o n  i n  consultation with t he  Canadian Section as  soon 

a f t e r  1 January a s  condi t ions  indicate  t h a t  a call may be necessary. 

Results of these cons iderat ions  w i l l  be reported t o  the respective 

E n t i t i e s ,  together w i t h  the assessment of the effects of the drawdown on 

t he  production of power. A formal call for On-Call storage space may be 

made by the United States Entity following the above consultation, 

25. STUDIES REQUIRED UPON INITIATION OF ON-CALL REQUEST 

Upon acceptance of a request for  On-Call storage use by t h e  Canadian 

Entity, the Operating Committee will make a s e t  o f  7-month system studies 

f o r  the period 1 January to 31 July of the current operating year in the 

following manner: 

a. The studies will be based on a selected s e t  of streamflow 

conditions from the available hydrologic record in which the January 

through July volume at The Dalles, Oregon, was greater than o r  equal to the 

most probable January through July runoff volume forecast at The D a L l e s ,  

Oregon, for t h e  current operating gear. I f  the forecast indicates a 

probable f lood  of  unprecedented s i z e ,  reasonable estimates of the natural 

flows that  could be expected w i l l  be used. 
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b .  The system studies will incorporate the rule curves, operating 

rules, etc . ,  f o r  Canadian storage contained in the current Detailed 

Operating Plan adjusted f o r  current conditions. The purpose of  the studies 

is to estimate Mica and downstream Canadian projects' monthly outflows 

revised from those i n d i c a t e d  in the Detailed Operating Plan for the 

remainder of the cu r r en t  operating year if On-Call storage were n o t  

requested. 

c. The outflows used in  the studies i n  b above, shall not  be 

less than those indicated in the Detailed Operating Plan. 

d .  If the On-Call storage request is accepted after 1 January, 

system studies will be performed u t i l i z i n g  the most current conditions 

relating t o  initial reservoir elevations and outflows; the study period may 

then be shortened to less than 7 months. 

e .  The studies above w i l l  be completed i n  a timely manner so t h a t  

United States l i a b i l i t i e s  for capacity and energy may be computed as 

indicated in paragraph 26. 

26. PROCEDURE FOR ESTIMATING LOSSES 

The Canadian Sect ion of  the  Operating Committee will perform the  

fallowing daily caLculations from the time that On-Call storage evacuation 

of Canadian storage i s  initiated to the end of the current operating year: 

a. The energy and capacity at Mica and downstream projects in Canada 

will be calcll lated based on actual recorded inflows and the monthly 

outflows computed in paragraph 25 above. 
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b. The actual daily energy and capacity at Mica and downstream 

projects  in Canada will be t abula ted .  

Energy and capacity computations will take into account the  actual 

availability of generating units throughout the January through July 

period.  

The capac i ty  l o s s  (or ga in)  in Canada at Mica and a t  downstream 

projects will be computed on a daily basis by subtracting the capacity in 

b above from that in a above. 

The energy loss  (or gain) will be accumulated on a daily basis by 

adding the  d a i l y  energy difference obtained by subtracting the energy 

capability in b above from that in a above. 

If the volume runoff forecast a t  The Dalles changes significantly 

after i n i t i a t i o n  of t h e  d a i l y  xalculat ions  in a and b above, target  

and actual  monthly outflows may be adjusted accordingly a t  the  request of 

e i ther  Entity. Such adjustment s h a l l  cons ider  Mica p r o j e c t  a t - s i t e  volume 

forecasts  as well as Canadian system energylcapacity requirements. 

27. DELIVERY OF CAPACITY RWlE ENERGY TO CANADA 

a. Capacity Deliveries 

I f  a capacity loss occurs based on the computations of Paragraph 26 

above, then da i ly  capacity deliveries up to the  daily loss will be 

scheduled by the United States E n t i t y  based on t he  need as stated by the 

Canadian Entity. If agreed to by both E n t i t i e s ,  loss in capacity can be 

o f f s e t  by g a i n s  i n  energy if energy is usable  in the Canadian system. 
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b .  Energy Deliveries 

It will normally not be possible to determine whether a n e t  Loss of 

energy has occurred until the end of the operating year. Nevertheless, 

energy deliveries will be scheduled by the Ent i t i e s ,  based on the  need as 

s t a t e d  by t h e  Canadian Entity, to compensate for  any reduction in energy in 

Canada in the interim period. 

c. Resources 

The Uni ted  S t a t e d  E n t i t y  will provide s u f f i c i e n t  resources to cover 

actual  Canadian energy and capacity losses. 

28. LIABTLITY OF UNITED STATES ENTITY 

The procedure es tabl i shed  in paragraphs 24,  2 5 ,  26, and 27 above is 

designed as a practical means of estimating, measuring, and offsetting 

power losses in Canada which could reasonably be considered as a result of 

On-Call operation. 

However, there remains the remote possibility that some combination of 

unforeseen circumstances, coupled with an operation of On-Call storage, 

could prevent the Canadian storage from r e f i l l i n g  during the current 

operating year. In that unlikely event,  spec ia l  procedures based on the 

particular circumstances may have to be instituted by the  Entities to cover 

any losses n o t  covered by the procedures above. 

The period of potential liability of the United States Entity to 

offset capacity or energy losses in Canada will begin when On-Call storage 

evacuation begins,  and will end when each of the Canadian storages reaches 

its normal Operating Rule Curve computed f o r  the current or succeeding 

yeas, unless  the Entities otherwise agree. 
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ILLUSTRATION OF 

CRITICAL RULE CURVES FOR A RFISERVOTS 

IN A LIITLTI,-YEAR CRITICAL PEXOD 

H O W  
r n L  POOL 

1 

Critical Rule Cunres f o r  the Assured Operating plan 
multi-year c r i t i c a l  periods w i l l  be developed from a 
Critical Period RegularLon Study in which the estima 
loads and scheduled resources fo r  each mouth of the 
cr i t i ca l  period are used in the appropriate month of 

AUG SEP OCT NOV'DEC JAN FEB MAR APR MAY JUN JUC 



ILLUSTRATION OF Chart 2 

OPERATING RULE CURVE FOR A RESERVOIR 

.. ..... - ...... ..., Operating Rule Curve (ORC) 
Critical Rule Curve (CRC) first ----- Assured R e f i l l  Curve (ARC) 
Variable Refill Curve IVRC) - Upper Rule Curve (URC) - Limiting Rule Cume (LW) 

Aug Sep Oct Nov Dac Jan Feb Mar Apr b y  

Note: 1. In the studies the Operating Rule Curve (ORC) is def ined  by 
the higher  of the first Critical Rule Curve (CRC) and Assured 
R e f i l l  Curve (ARC) through December 31. After January 1, it 
is defined by t he  higher of the CRC or AXC unless the  Variable 
RefUI Curve is below the htgher of the CRC or ARC, Then I t  

ia d e f h e d  by the W. In no case shall  it be higher than the 
upper Rule Cume (URC) nor lower than the L h i t i n ~  Rule Curve. 

2, In the studies the bRC defines t h e  maximum allowable eleva- 
t i o n s  and is determined f r o m  independent s h l a t e d  f lood con- 
trol r e a l a t i o n s .  



ILLUSTRATION OF 
STEPS I N  DEVELOPMENT OF OPERATING RULE CURVE 

FOR 30-YEAR SYSTEM REGULATION STUDIES 

1. C r i t i c a l  Rule Curve C C C C C C C C C C C C This curve i s  developed f o r  each reservoir  by t h e  C r i t i c a l  
Period Regulation Study and w i l l  be used as an operat ing guide 
i n  the  30-Year System Regulation Studies. 

2. Assured R e f i l l  Curve A A A A A A A A A A A A This curve i s  the same f o r  each water cond i t ion  i n  the 30-Year 
System Regulation Studies. The values may be the  same as t h e  
CRC i n  the f i r s t  4 o r  5 months. 

3. Variable R e f i l l  Curve V V V V V V V This curve i s  def ined i n  paragraph 8(b) and w i l l  vary w i t h  
the water condit ion. There w i l l  be 30 d i f f e r e n t  curves used 
i n  the  30-Year System Regulation Studies. 

4. Upper Rule Curves U U U U U U U U U U U U This curve i s  a funct ion  o f  requirements such as f l o o d  cont ro l ,  
bank pro tec t ion ,  etc., and w i l l  general ly  vary  w i t h  each of 
the  30 water conditions. 

5. L im i t i ng  Rule Curve L L L  This curve serves as a l i m i t  on the po ten t ia l  t o t a l  system and 
p r o j e c t  d r a f t  t o  p r o t e c t  the  system's capabi 1 i t y  t o  meet loads 
u n t i l  t h e  s t a r t  o f  the  spr ing  freshet. 

6. Operating Rule Curve 0 0 0 0 0 0 0 0 0 0 0 0 The monthly values f o r  t h i s  curve are der ived from the  f i r s t  
f i v e  curves based on the fo l l ow ing  c r i t e r i a :  C o r  A which- 

The Operating Rule Curve f o r  each o f  the ever i s  higher, except t h a t  a f t e r  1 January. V wi 11 be used i f  
30 water condit ions w i l l  l i m i t  reservo i r  i t  i s  below the higher o f  C o r  A. I n  a l l  cases, i f  U i s  lower 
operation i n  respect t o  secondary genera- than the  value thus determined, U w i l l  be used. I n  no case 
t ion .  Reservoirs w i l l  be dra f ted below s h a l l  it be lower than the L i m i t i n g  Rule Curve (L). 
Operating Rule Curves i f  necessary f o r  
f i r m  load requirements i n  accordance w i t h  
paragraph 9c. 

NOTE: The same steps as above f o r  30-Year System Regulat ion Studies are used i n  actual  operat ion except t h a t  z 
the Variable R e f i l l  Curve beginning January i s  developed each month from actual  i n f l o w  v o l m e  forecasts. w 







COLUHBU RIVER TREATY HYDROELECTRIC OPERATING PLANS 

ILLUSTRATION OF SELECTION OF CRITICAL RULE CURVES FOR THE DETAILBD OPERATING PLAN 

FOR A RESERVOIR 

I N  A MULTI-YEAR CRITICAL PERIOD 

" 

--- 1981-82 1 OPERATING YEAR 

--- 1983-84 
Curves a r e  from f i n a l  C r i t i c a l  Period System Regulation Studies made 
fo r  the indicated operating years using loads and resources f o r  those years.  

- 1984-85 ? 01 

* The'Detsiled Operating Plan, C r i t i c a l  Rule Curves f o r  1984-85 Operating Year a r e  from s tudies  made 
i n  the current and past  years. 



VARIABLE REF1 % I. CURVES UTAT1ON (VRC) 
DUNCAN 

Water Year 1929 PDR Level 3*3 Forecast Date 
Deplet ion Year 1978 1 Jan 1 Feb 1 Mar 1 Apr 16 Apr 1 May 1 Jun 

Prob. Forecast I n f l o w  (Date t o  31 July)*' KAF 1267. 1243. 1226. 1202. 1189. 1162. 924. 

Forecast Error  a t  95% P r ~ b . * ~  KAF 306. 240. 221. 209. 200. 191. 188. 

95% Prob. Forecast Date t o  31 Ju ly  KAF 961. 1003. 1005. 993. 989. 971. 736. 

I n f l ow  Period 1 Feb- 1 Mar- 1 Apr- 16 Apr- 1 May- 1 Jun- 1 J u l -  
31 Ju l  31 J u l  31 Ju l  31 Ju l  31 Ju l  31 J u l  31 Jul 

Normal In f l ow  Percentage o f  95% Prob. Forecast 98.1 98.6 98.0 98.9 97.8 79.5 40.5 

Forecast In f l ow  KAF 943. 989. 985. 982. 967. 772. 298. 

power Discharge Requirement KAF 423. 418. 411. 361. 310. 206. 105. 

Upstream Storage Refi  11 KAF 0. 0. 0. 0. 0. 0. 0. 

Net In f l ow  KAF 520. 571. 574. 622. 657. 566. 193. 

Variable Ref ill Curve KAF 905. 854. 851. 803. 768. 859. 1232. 

Maximum Storage Content: 1425 KAF 
Minimum Storage Content: 25 KAF 

Upstream storage was computed from operat ing r u l e  curve f o r  upstream pro jec ts .  

*I Prob. forecast i n f l o w  i s  the actual h i s t o r i c a l  na tura l  volume. 

*2 95% forecast e r ro r  = 1.65 x Std. Error. 

*3 PDR Level 3 corresponds t o  a January through Ju ly  r u n o f f  volume o f  80 MAF o r  less  a t  The Dalles. 



TABLE 2 

SAMPLE M I C A  OPERATING CRITERIA*~ 

Arrow End o f  
Target Qperat i on*2 Previous Period Revised M i  nirnum 

Per i od Storage Outf 1 ow Storage Content Target Outf 1 ow Re1 ease 
(ksfd) h f s )  (ksf d)  ( c f d  Ccfs) 

15 Aug 
31 Aug 
Sept 
Oct 
Nov 

Dec 
Jan 
Feb 
Mar 
15 Apr 
30 Apr 
May 
Jun 
Jul 

- 
0- 2000 
0- 20013 
0- 2000 
3400- FULL 

0- 2000 
0- 1500 
0- 2500 
0- 1400 
1-100 - 

*l Values indicated i n  t h i s  tab le  w i 7  1 serve as an example 

The typical Mica operation for November o f  t h i s  operating year sets an average 
project outflow o f  19000 c fs .  I f  the Arrow storage at the end o f  October was above 
3400 ksfd ,  the target Mica outflow wi 1 l be 12000 c f s ;  and i f  the Arrow storage at 
the end o f  October was below 2Q00 ksfd, the Mica target outflow will be 34000 cfs. 
If Mica storage content fa1  1 s be1 ow the usable Treaty storage, Mica outflows w i  1 1  
be reduced t o  mSnimum. 

* 2  Mica releases w i  1 l be determined by i t s  target operation unless: 

1. End o f  previous period Arrow storage content i s  w i t h i n  the above specified 
1 i m i t s  , then  i t  shall be t he  revised target outflow. 

2. Mica indicated release i s  less than the specified minimum release, then i t  
shall be minimum release. 

3. Kinbasket Lake storage withdrawal exceeds 7 mil 7 ion acre-feet o f  Treaty 
storage, then the release wil l  be the specified m i n i m u m  release. 



TABLE 3 

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

Determinatfon of Dependable Capacity Credited to Canadfan Storage 

Critical. Period Average Rate of Generation with Canadian Storage, Step I1 . . 9,075 
Critical Period Average Rate of Generation without Canadian Storage, Step ZII 7,054 . . . . . . . . . . . . . . . . . . . . . . .  Gain Due to Canadfan Storage 2,021 

Estimated Average Crftical. Period Load Factor -- Percent . . . . . . . . . .  70.253 

. . . . . . . . . . . . . . . . . . . . . . . .  Dependable Capacity Gain&/ 2,877 

. . . . . . . . . . . . . . . . . . . .  Canadian Share of Dependable Capacity 1,438.5  

Determination of Increase in Average Annual. Usable Energy 

Step If (with Canadian Storage) 

. . . . . . . . . . . . . . . . . . . . . . . . .  Annual Firm Hydro Energy 8,841 . . . . . . . . . . . . . . . . . . . . . . . .  Thermal&placementEnergy 2 ,275 
Other Usable Secondary Energy . . . . . . . . . . . . . . . . . . . . . . .  209 . . . . . . . . . . . . . . . . . . .  System Annual Average Usable Energy 11,325 

Step I11 (wtthout: Canadian Storage) 

. . . . . . . . . . . . . . . . . . . . . . . . .  Annual Firm Hydro Energy 6,341 
Thermal Replacement Energy . . . . . . . . . . . . . . . . . . . . . . . .  3,330 
Qther Usable Secondary Energy . . . . . . . . . . . . . . . . . . . . . . .  565 - 

System Annml Average Usable Energy . . . . . . . . . . . . . . . . . . .  10,236 
. . . . . . . . . . . . . . . . . . . . . . .  Average Annual  Usable Energy Gain 1,089 

Canadian Share of Average Annual Energy Gain . . . . . . . . . . . . . . . .  544.5 

11 Dependable capacity gain credited t o  Canadian storage equals gain i n  critkcal - 
period average rate of generation dfvlded by the egtimated average crit ical  
period load factor. 





DETERMINATION OF LOAD SHAPE FOR STEPS I1 AND 111 
19XX-YY CANADIAN ENTITLEMENT COMPUTATIONS 

Pacific Northwest Area Load 
Load 

Factor 
Peak - * % 

Aug. 1-15 
Aug. 16-31 
Sept. 1-15 
Sept. 16-30 

October 
November 
December 
January 
February 

Karch 
Apr. 1-15 
Apr. 16-30 
May 
June 
July 

Critical Period Avg. 
Annual Average 

Step I1 
Total Thermal Hydro 
Firm Firm Firm 
Load 11 -- Load Load 

Step 111 
Total Thermal Hydro 
Firm Firm Firm 
Load 11 -- Load Load 

January Peak 35,077* 
I 

Step I Critical Period Aug. 16, 1928 - Critical Period Sept 1943- Critical Period Sept. 16, 
Feb. 29. 1932 Apr. 1945 1936 - Apr. 15.. 1937 

42% Months 20 Months 7 Months 

11 Total firm load of Step I1 and Step 111 systems, computed for each system to have an average energy load - 
equivalent to the average energy capability within the critical period and to bear a constant ratio, month 

E 
by month, to the Pacific Northwest Area Load. 

E 
UI 

* Figures so marked are peak megawatts. All other figures are monthly or semi-monthly energy in average 
megawatts. 



LIBBY IlESERVOLR 

FLOOD CONTROL REFILL CURVE 

TABLE 6 

Sample Computation Through Map 6 

BATE CHECrIEO PART PAGE OF - - 

Date 95% ( Mean 1 ~ccum.1 ~ e s i d . 1  Min. I ~ v a i l .  F C X  1 FCRC ) ~crual 
I f nf low ( ~ a i l y  1 In£ lad Volume( Outf l o t  for 1 F u l l s  1 Full= I Elev. 



EXAMPLE OF PROPORTIONATE DRAFT COMPUTATION BASED ON STORAGE CONTENT 

Required 500 MW-Mo 

Storage Water t o  Estimated *Proport ional D r a f t  
Between Power Generation (4.W;) x Storage (ksfd) 

1 s t  & 2nd CRC Conversion 1 s t  & 2nd CRC 
Reservoir (ksfd) (kW/cfs) (MW-Mo) (ksfd) (MW-Mo) 

Canadian Storage 2,000 
Grand Coulee 100 
Libby 500 
Hungry Horse 600 
Dworshak 310 

Total 3,510 

Estimated System Storage t o  Energy Conversion 

12*200 MW-Mo = 3.475 -MW-~o/ksfd 3,510 ksfd 

Estimated Storage Dra f t  

ks fd  500 MW-Mo x 3.475 ,&t-Mo - 143.9 ks fd  

Estimated Proport ional D r a f t  based on Storage Content 

143.9 (ksfd Estimated) - - 4.1% 3,510 (ksfd Avai lable) 

*Objective was achieved i n  one i t e r a t i o n  o f  the  c a l c u l a t i o n  because 
estimates were pe r fec t  and no const ra in ts  were encountered. 


