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Introduction

The Columbia River Treaty between Canada and the United States of America and
related documents relating to the cooperative development of the water
resources of the Columbia River Basin require that downstream power benefits
from Canadian storage be determined in advance by the two Entities. The
purpose of this report is to describe the results of those downstream power
benefit computations developed from the 1990-91 Assured Operating Plan.

The procedures followed in the benefit studies are those provided in Annex A,
Paragraph 7, and Annex B of the Treaty; in Articles VIII, IX, and X of the
Protocol; and in the document, “"Columbia River Treaty Principles and
Procedures for Preparation and Use of Hydroelectric Operating Plans” (POP),
dated May 1983.

The Canadian Entitlement Benefits were computed from the following studies:

Step 1 - based on the total U.S. planned hydro and thermal system
with 15-1/2 maf of Canadian storage operated for optimum
generation in both countries.

Step II - based on the U.S. base hydro and thermal system with
15-1/2 maf of Canadian storage operated for optimum
generation in both countries.

Step III - based on the U.S. base hydro and thermal system operated
for optimum generation in the U.S.

As part of the determination of downstream power benefits for the operating
year 1990-91, separate determinations were carried out relating to the limit
of year-to-year change in benefits attributable to the operation of Canadian
storage in operating plans designed to achieve optimum generation at-site in
Canada and downstream in Canada and the United States of America.

Study Results

The Canadian Entitlement to the downstream power benefits in the United States
of America attributable to operation in accordance with Treaty Annex A,
Paragraph 7, for optimum generation in the Canada and the United States of

America, which is one-half the total computed downstream power benefits, was
computed to be:

Dependable Capacity = 1,447.5 MW
Average Annual Energy = 580.6 MW



In accordance with Part III, Paragraph 15c¢(2) of POP, the computation for the
Canadian share of the minimum permitted downstream power benefits for the
1990-91 operating year are based on the formula X - (Y - Z), where the
quantities X, Y, and Z are defined in POP. The quantities X and Y are derived
from the downstream power benefit computations set out in the 1989-90
agreement l/. The quantity Z, which is computed from one-half of the
downstream power benefits determined for 15 maf of Canadian storage operated
for optimum generation in the United States, was computed to be:

Dependable Capacity = 1,424.2 MW
Average Annual Energy = 573.7 MW

The computation of the formula X - (Y - Z) is as follows:

Dependable Capacity = 1,341.8 - (1,341.8 - 1,424.2) = 1,424.2 MW
Average Annual Energy = 566.4 - ( 569.8 - 573.7) = 570.2 MW

The computed downstream power benefits exceed these amounts.

Effect on Sale of Canadian Entitlement

The Canadian Entitlement to downstream power benefits for operating year
1990-91 was sold to the United States of America under the Canadian
Entitlement Purchase Agreement dated 13 August 1964. The studies developed
for this sale included the assumption of optimum generation downstream in the
United States alone. The Canadian Entitlement determined from the 1990-91
Assured Operating Plan for this condition would have been:

Dependable Capacity = 1,447.5 MW
Average Annual Energy = 583.3 MW

Since the 1990-91 Assured Operating Plan was in fact designed to achieve
optimum generation at-site in Canada and downstream in the United States of
America, Section 7 of the Agreement requires that "any reduction in the
Canadian Entitlement resulting from action taken pursuant to Paragraph 7 of
Annex A of the Treaty shall be determined in accordance with Subsection (3) of
Section 6 of this Agreement.” A comparison with the Canadian Entitlement to
downstream power benefits computed in Section II(a) indicates a reduction in
Canadian Entitlement of 2.7 average megawatts of average annual usable energy,
but no reduction in dependable capacity.

The Entities are agreed that the United States Entity is entitled to receive

during the period 1 April 1990 through 31 March 1991, from B.C. Hydro & Power
Authority, 2.7 average megawatts of energy in accordance with Sections 7 and

10 of the Canadian Entitlement Purchase Agreement dated 13 August 1964.



Computation of Entitlement

The following Tables and Chart summarize the study results:

Table 1.

Table 2.

Table 3.

Computation of Canadian Entitlement From 1990-91 Assured
Operating Plan For:

Optimum Generation in Canada and the U.S.

Optimum Generation in the U.S. Only

Optimum Generation in the U.S. and a 1/2 Million Acre-Feet
Reduction in Total Canadian Treaty Storage

21>

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

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

This table summarizes the Step I, II, and III regulations by
projects.

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

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

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

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

(2) Add the thermal from Step I less reserve;

(3) Multiply (2) by the ratio of the area annual average firm
load to the area critical period firm load to obtain the
annual average firm load for Steps II and III (the ratios
used in this study were 0.98831 and 0.96021, respectively);

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

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



Chart 1. Secondary Energy Duration Curve, Steps II and III

This chart shows duration curves of the secondary energy for
Steps II and III studies. The secondary energy is the
capability each month which exceeds the firm hydro loads shown
in Table 3. The usable secondary energy in average megawatts
for each step is computed in accordance with Annex B,
Paragraphs 3(b) and 3(c). The "other usable secondary” was
computed on the basis of 40 percent of the remainder after
thermal displacement. The thermal displacement was limited to
the existing and scheduled thermal energy capability after
allowance for reserve and minimum thermal generation.

Thermal Energy Capability - MW 5831 2/
Less Minimum Thermal Generation — MW 1894
Potential Thermal Displacement - MW 3937

1/ X = Difference between last year's AOP studies 90-42 and 90-13.

2/

Y = Difference between last year's AOP studies 90-12 and 90-13.

This value decreased by 1398 MW from last year mainly due to a decrease in
the load forecast and the delay of the WNP #3 nuclear plant in-service
date to beyond 1991. Also, last year's study required 632 MW of added
thermal requirement to balance loads and resources compared to this years
492 MW firm surplus. Thermal energy capabilities are based on an annual
plant factor of 60 percent the first full year of operation and 75 percent
thereafter, unless specified differently by project owner. The annual
plant factors include deductions for energy reserves and scheduled
maintrenance.



TABLE 1
COMPUTATION OF CANADIAN ENTITLEMENT FROM 1990-91 ASSURED OPERATING PLAN FOR:
A. Optimum Generation in Canada and the U.S.
B. Optimum Generation in the U.S. Only
C. Optimum Generation in the U.S. and a 1/2 Million Acre-Feet Reduction
in Total Canadian Treaty Storage

Determination of Dependable Capacity Credited to Canadian Storage

A B C

Step II =~ Critical Period Ave. Generation 1/ 8,944.9 8,944.9 8,913.0
Step III - Critical Period Ave. Generation 2/ 6,960.7 6,960.7 6,960.7
Gain Due to Canadian Storage 1,984.2 1,984.2 1,952.3

Average Crirical Period Load Factor in % 3/ 68.54 68.54 68.54
Dependable Capacity Gain 4/ 2,895.0 2,895.0 2,848.4
Canadian Share of Dependable Capaciry 5/ 1,447.5 1,447.5 1,424.2

Determination of Increase in Average Annual Usable Energy

Step II (with Canadian Storage) 1/ A B ¢
Annual Firm Hydro Energy 3/ 8,773.1 8,773.1 8,741.4
Thermal Replacement Energy 6/ 1,701.0 1,709.6 1,713.5
Other Usable Secondary Energy 7/ 403.1 400.0 406.5
System Annual Average Usable Energy 10,877.2 10,882.7 10,863.5

Step III (without Canadian Storage) 2/

Annual Firm Hydro Energy 3/ 6,452.2 6,452.2 6,452.2
Thermal Replacement Energy 6/ 2,402.3 2,402.3 2,402.3
Other Usable Secondary Emergy 7/ 861.6 861.6 861.6
System Annual Average Usable Energy 9,716.1 9,716.1 9,716.1
Average Annual Usable Energy Gain 8/ 1,161.1 1,166.6 1,147.4
Canadian Share of Average Annual Energy Gain 5/ 580.6 583.3 573.7

1/ Step II values were obtained from the AOP 91-42, 91-12, and 91-22 studies,
respectively.

2/ Step III values were obtained from the AOP 91-13 study.

3/ From Table 3.

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

5/ One-half of Total Gain.

6/ Average secondary generation limited to Potential Thermal Displacement
market.

7/ Forty percent (40%Z) of the remaining secondary energy.

8/ Difference between Step II and Step III System Annual Average Usable.



TABLE 2

SUMMARY OF POWER REGULATIONS
FROM 1990-91 ASSURED OFERATING FLAN

FOR THE COMPUTATION OF CANADIAN ENTITLEMENT

TO DOMNSTREAM BENEFITS

T BASIC DATA STEP T STEF 1L STEP Ii1
I | Neminal 1 | Critical | | Critical | I ICritical |
I | Installea | January | Period | January | Perioa | Average | January | FPeriod | Average
|Number | Peaking | Usable| Peaking | Average Usable| Peaking | Average | Annual Usable| Peaking | Average | Annual
| of |Capacity |StoragelCapabilityl|Generation|Storage|CapabilityiGenerationiGeneration|Storage|CapadilityiGeneration|Generation
Projects | Units | Mw 1000 AF| M ! Me 1000 AF| fu] | |, 1000 AFI M | M | Mu
CANADIAN
Mica 7,000 7,000
Arrow 7,100 7. 100
Duncan 1, 400 1, 400
Subtotal 15,500 15,500
BASE FEDERAL SYSTEM
Hunary Horse 4 328 3,161 298 97 3,008 193 114 104 3,008 255 199 103
Albeni Falls 3 49 1,155 24 26 1,155 24 24 25 1,155 23 2b 24
Grand Coulee 24 6, 684 5,185 &, 382 2,025 5,072 6,356 1,765 2,361 5,072 5,991 1,226 2,272
Chief Joseph 27 2,687 2,687 1,119 2,687 1,030 1,369 2,687 T30 1,11
Ice Hartor 6 693 693 209 693 217 298 693 169 297
McNary 14 1,127 1,127 628 1,128 581 ThE 1,124 423 T02
John Day 16 2,488 535 2,484 923 2,484 927 1,257 2,484 694 1,225
The Dalles 22 + 2F 2,076 2,076 Tu6 2,076 724 977 2,076 505 961
Bonneville 18 + 2F 1,147 1,147 626 1,147 609 754 i H80 72
Subtotal 17,275 10.033 16,91 £, 399 9,235 16, TN 5,991 7,890 9,235 16,480 §,512 T.01
BASE SYSTEM NON- RAL
Kootenay Lake (Canadian) 649 W27 uz7
Kerr 3 160 1,249 151 113 1,219 146 99 115 1,29 151 138 115
Thompson Falls 6 &0 uo 38 4o 38 38 4o 19 37
Noxon Rapids s 558 231 536 147 553 139 208 553 156 208
Cabinet Gorme 4 227 227 103 227 91 119 227 10 s
Box Canyon 4 e T T Tl b LL] T 50 Wt
Coeur d'Alene 223 223 223
Wells 10 820 820 393 820 i70 451 820 265 4“2l
Chelan 2 sS4 677 51 39 676 sl 38 us 676 51 “g a5
Rocky Aeach il 1,267 1,267 565 1,267 534 e79 1,207 ELE aho
Rock Island 18 544 544 274 sS4k 260 322 H 182 297
Wanapum 10 986 586 520 986 493 605 986 348 553
Priest Raplds 10 912 912 513 912 LB6 578 912 356 526
Brownlee -] 675 975 675 20]. 974 675 256 272 ITh 675 272 270
Oxbow 4 220 220 220 106 112 220 i‘ll 112
Subtotal 5,533 3,974 6,500 3,035 035 3,519 5,512 2,95 3,592 3,519 5,517 2, 449 3,3%
TOTAL BASE SYSTEM HYDRO 23, 29,510 23,n8 9,434 28,254 23,296 8,945 11,482 12,754 22,997 6,961 11,008
ADDITIONAL STEP I PROJECTS
Libby 5 504 4, 580 485 186
Boundary 8 1055 655 368
Spokane River Plants 28 157 104 155 91
Hella Canyon 3 450 393 161
Dworahak 3 460 2,5 460 179
Lower Granite 5 930 930 211
Little Goose ] 930 930 208
Lower Monumental 6 930 930 208
Pelton, Rereg.,
and Round Butte 7 - 274 408 __1?
Subtotal 5,929 7,373 5, 346 1,74
num' Coordinated Hydro 3,186 5, 625 2,709 1,035
Hydro R ces 1,710 4,400 1,359 763
r.-uuuo Hydro Maintenance -1,769 =50
TOTAL HYDRO RESOURCES 34,633 |u6,908 31,063 12,923
TOTAL IMPORTS 375 52
MISCELLANEOUS CONTRACTS 26 a7
iy ey AR v
Centralia #1 & #2 1,280 1,027
Jim Bridger #1, 42, #3, & M 1,986 1.‘12
Colstrip #1 & #2 i3 250
Trojan 1,080 787
BSoardsan 530 40
Valay 242 193
WNP #2 1,100 792
Colstrip #3 & #4
TOTAL THERMAL 9 S, 9,249 5,831 9,249 5,831
TOTAL RESOURCES 40,903 19,023 32,545 14,776 sz.gu u.?!'g
RESERVES =2, 451 '] -h% 1] - I
mounua'!:vmu FOR LOAD 38,452 19,023 30,603 14,776 30,613 12,792
ESTIMATED LOAD PACIFIC NORTHVEST AREA 30,638 18,50 24,269 14,778 20,03 a0
SURPLUS 7,814 hg2 6,334 a 10,200 0
CRITICAL PERIOD
a: Septesber 1, 1928 September 1, 1943 Septeaber 16, 1936
Enda: February 29, 1932 April 30, 1945 April 15, 1937
Length (Months) : 42 Months 20 Months T Months
Study Identification 9l=41 91-42 91-13

1/ Thermal enarxy capabilities are
specified differently by project

These annual plant factors inolude deductions for energy reserves and

mmumlﬂntmurc!ﬁ mtutlntmn!urnrum“mmﬂpmu:mmm

2/ Peak reserves are 5 parcent of peak load; energy reserve deductions have been imcluded in thermal plant energy capablility.

(WP-PRC-2030G)



ATyiuom-3Tey 10 ATyiuom aie s2an8F3] I9yao IV

*PBOT BAIY 1S9MYIION D1JTOB4 3Yyi 01 ‘yiuom £q yjuowm ‘ORI JUBISUOD B Idq O} puUB
potaad TedTa7ad ayi utyatm Layriqeded £Bi1aus s8eaaae ayi o3 juaTeafnba peoy ABisus a8eiase

ue 2Ary 03 wWa3sds yoea 103 paindwod ‘swaishs JI] dais pue T dai§ JOo peol waljy TeIOL /T
*sjjeme8ouw a98eaaar uy A81aue

*s3ieme8auw yead aie uwnyod syl uy san8ry /T

€1-T16 Apnag

LE/ST/% = 9€/9T/6

SUJUOW /[ = POTIad TEITITID

Z%-16 Apnisg
S8/0€/% - €%/1/6

SYJUOW (07 = POTId4d TEOTITID

T%-16 Apnig

ze/ec/T - 82/1/6
SY3lUol 7% = POTIa4d TEOTITID

[ |

| |

| |

| |
1969 TE8°C T6L°ZT | Sv6°8 1€8°S 9LL%T | %6°g89 16581 *3AV POTI34 TEOTITID|
6%°9 TE8°‘S £€82°2T | €418 1€8°S 709°9T | €9°89 9y 8T a8ei1aAy TENUUY|
| | |
| | |
8S8°¢C 1€8°S 689°TT | 990°s 1€8°S L6B°ET | 6%°69 SHS LT L%2'se Anr|
YEL'S 1€8°6 GOC‘TIT | 6T6‘L 1€8°¢ 0SL'ET | 9T°0L 6SE° LT 9L 92 aunp|
7L8°s 1€8°G €0L‘TT | Z80°8 T€8°S ET6°CET | 90°89 696 LT 018°62 Kep|
%129 1€8°6 SH0‘ZT | 06%‘8 1€8°¢S 1ZE°9T | S6°L9 6L0°8T £09°92 0€-9T ady|
90£°9 T€8°S LET'TZT | 6658 T€8°S 0EY‘%T | Lv°89 LTIZ 8T L09°92 ¢T-1 ady|
£88°9 1€8°¢ 81L 2T “ 06Z°6 1€8°¢ TZT°ST | €8°89 680°6T YEL LT yoaey|
| |
LES“L 1€8°C B9E‘ET | Z90°0T 1€8°¢C £68°GT | 01°89 %9002 %9%‘ 62 Kaenaqaj |
%91°g 1€8°6C S66°ET | 808°0T 1€8°S 6€9°9T | 95°89 900°1Z 8€9°0€ Axenuer|
L09°L 1€8°6 BEYET | SHTOT 1€8°¢S 9/6°ST | 8L°89 691°02 £2€°62 I3quada( |
8889 1€8°6C 61L°7ZT | 162°6 1€8°G TZI'ST | 00°89 160°6T £L0°82 1aquaAoy |
198°¢ 1€8°S Z69°TT | 0L0‘8 1€8°¢ 106°€T | 86°69 695 LT 66592 13q0390|
| | |
162°S 1€8°¢S ZTITT | zee“L T€8°S €ZTET | 9%°89 £69°9T €8€ ‘%2 0€-91 dag|
LIS 1€8°6 8PT‘TT | €2%°L 1€8°¢ 96T €T | 05°89 €EL9T 8ZY vz ¢T-1 dag|
S0s‘¢S 1€8°¢ 9EE‘TT | 229°¢L 1€8°S ESYET | 68°0L 86 9T 6S6°€Z 1€-9T 8ny|
[1[9s 1€8°S 9€E‘TT | 049°L T€8°S T0S‘ET | [8°0L SH0“ LT S0° w2 G1-1 3ny|
| | — |
peo] peo /T PROT | PROT peoT /z peoT | % “BAV /1 W®eq |
LER Y | LEST| wigy | wayy Wty Wity | 103984 |
0aphky Tewaayy, T®ea0] | 0a1pAH Tewaay], Te30] | peo1 _
111 muum 11 mwam peoOTT ERaY uu@!:..—uoz QFITOoRd _

SNOILVINdWOD LNAWATLILNA NVIAVNYD 16-066T

ITT GNV IT Sd3LS ¥0d FdVHS avOT1 J0 NOILVNIWYALAQ

£ d19VL



Chart 1

1880-91 AQOP SECONDARY ENERGY

AVERAGE SURPLUS (MW)
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COLUMBIA RIVER TREATY
HYDROELECTRIC OPERATING PLAN

Assured Operating Plan for
Operating Year 1990-91

INTRODUCTION

The treaty between Canada and the United States of America relating to the
cooperative development of the water resources of the Columbia River Basin requires
that each year an Assured Operating Plan be agreed by the Entities for the operation
of the Columbia River Treaty storage in Canada during the sixth succeeding year.
This plan will provide to the Entities information for the sixth succeeding year
for planning the power systems in their respective countries which are dependent
on or coordinated with the operation of the Canadian storage projects. The data
assumed for this Assured Operating Plan will undergo review by the Entities
immediately prior to the 1990-91 operating year and such data may be revised to
reflect data and criteria current at that time. Should the Entities fail to agree
on such revisions, then this Assured Operating Plan will form the basis for the
Detailed Operating Plan for 1990-91.

This Assured Operating Plan was prepared in accordance with the principles

1

and Procedures for the Preparation and Use of Hydroelectric Operating Plans. It

is based on criteria contained in Annex A and Annex B of the Columbia River
Treaty,z Protocol,3 Terms of Sale,4 and the Columbia River Treaty Flood Control

Operating Plan.s



The Assured Operating Plan consists of:

(a) The Operating Rule Curve for the whole of the Canadian storage, computed
from the individual project Critical Rule Curves, Assured Refill Curves and
Variable Refill Curves, and the individual project Upper Rule Curves.

(b) Operating Rules which specifically designate criteria for operation of
the Canadian storage in accordance with the principles contained in the above
references.

A 30-year System Regulation Study6 was utilized to develop and test the
operating rules and rule curves. It contains the agreed-upon operating con-

straints such as maximum and minimum project elevations and discharges.

SYSTEM REGULATION STUDIES

In accordance with Annex A, Paragraph 7, of the Treaty, the Columbia River
Treaty Operating Committee conducted system regulation studies reflecting Canadian
storage operation for optimum generation in both Canada and the United States.
Downstream power benefits were computed with the Canadian storage operation based
on the operating rules specified herein. There is a reduction of 2.7 average
downstream megawatts of average annual usable energy in the Canadian Entitlement
of power benefits. This is within the limits specified by the Treaty.

System Regulation Studies for the Assured Operating Plan were based on
1990-91 estimated loads and resources in British Columbia and in the United States
Pacific Northwest System. The Entities have agreed that the 1990-91 Assured
Operating Plan would be based on a 30-year streamflow periocd and an operating year
of 1 August to 31 July. Historical flows for the period August 1928 through July

1958, modified to estimated 1990-91 conditions;’ were used.



The Critical Rule Curve for these studies was determined from Bonneville
Power Administration Study 91-41. The study indicated a 42-month critical period
for the United States system resulting from the low flows during the period from
1 September 1928 through February 1932. It was assumed that all reservoirs, both
in the United States and Canada, were full at the beginning of the critical period
except where minimum release requirements made this impossible.

In the studies, individual project flood control criteria were followed.
Flood Control and Variable Refill Criteria are based on historical inflow volumes.
Although only 7.0 million acre-feet of usable storage at Mica is committed for
power operation purposes under the Treaty, the Columbia River Treaty Flood Control
Operating Plan provides for the full draft of the total 12 million acre-feet of

storage at Mica in an on-call flood control situation.

DETERMINATION OF OPTIMUM GENERATION
IN CANADA AND THE UNITED STATES

In order to determine whether optimum generation in both Canada and the
United States was achieved in the system regulation studies, the following three
quantities were computed for both the Canadian and United States systems:

(a) firm energy capability,

(b) dependable peaking capability,

(c) average annual usable secondary energy.

In the studies for the 1990-91 Assured Operating Plan, the Canadian storage
operation was operated to achieve a weighted sum of the three quantities that was
greater than the weighted sum achieved under an operation of Canadian storage for

optimum generation in the United States alone.



The table on page 5 shows the results from the studies adopted for the
1990-91 Assured Operating Plan and from studies designed to achieve optimum
generation in the United States.

The Columbia River Treaty Operating Committee agreed that for the 1990-91
Assured Operating Plan the three quantities would be assigned the following

relative values:

Quantity Relative Value
firm energy capability (Av. MW) 3
dependable peaking capability (MW) 1
average annual usable secondary energy (Av. MW) 2

The three quantities were added after weighting on this basis and there was a
net gain to the combined Canadian and United States systems with the study

designed for optimum generation in Canada and the United States.

OPERATING RULE CURVES

The operation of Canadian storage during the 1990-91 Operating Year shall be
guided by an Operating Rule Curve for the whole of Canadian storage, Flood Control
Storage Reservation Curves for the individual projects, and operating rules for
specific projects. The Operating Rule Curve is derived from the various curves
described below. These curves are first determined for the individual Canadian
projects, which in turn are used to determine Operating Rules Curves for the
individual projects which are then summed to yield the Composite Operating Rule
Curve for the whole of Canadian storage. This is in accordance with the provision

of Article VII(2) of the Protocol.



COMPARISON OF ASSURED OPERATING PLAN

STUDY RESULTS
Optimum Optimum
Generation in Generation in
Canada and the the United
United States States

Study No. Study No. Net

91-41 91-11 Gain Weight Value

1. Firm Energy

Capability

(Av. MW)

U.S. Systeml/ 12,209 12,209 0

Canada (Mica + Rev.)2/ 1,595 1,569 +26

Total (Av. MW) 13,804 13,778 +26 3 +78
2. Dependable Peaking

Capacity

(MW)

U.S. System3/ 31,471 31,469 +2

Canada (Mica + Rev.)4/ 3,536 3,537 =1

Total (MW) 35,007 35,006 +1 1 +1
3. Average Annual

Usable Secondary

Energy (Av. MW)

U.S. System5/ 3,006 3,026 =20

Canada (Mica + Rev.)6/ 135 147 -12

Total (Av. MW) 3,141 3,173 -32 2 -64

Total Value = +15

1/ U.S. System firm energy capability was determined over the U.S. system
critical period beginning 1 September 1928 and ending 29 February 1932.

2/ Canadian (Mica + Revelstoke) system firm energy capability was determined
over the Canadian system critical period beginning 1 October 1940 and ending
30 April 1946.

3/ U.S. system dependable peaking capability was determined from January 1937.

4/ Canadian (Mica + Revelstoke) system dependable peaking capability was
determined from December 1944.

5/ U.S. system 30-year average secondary energy limited to secondary market.

6/ Canadian (Mica and Revelstoke) 30-year average generation minus firm
generation.



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

storage content of Canadian storage during the critical period. It is designed to
protect the ability of the United States system to serve firm load with the
occurrence of flows no worse than those during the most adverse historical stream-
flow period. A tabulation of the Critical Rule Curves for Mica, Arrow and Duncan
and the Composite Critical Rule Curve for the whole of Canadian storage is
included in Table 1.

(b) Refill Curve. The Refill Curve is a guide to operation of Canadian
storage which defines the normal limit of storage draft for secondary energy in
order to provide a high probability of refilling the storage. In general, the
Operating Plan does not permit serving secondary loads at the risk of failing to
refill storages and thereby jeopardizing the firm load carrying capability of the
United States system or the Mica and Revelstoke generating plants during subse-
‘quent years. The end of the refill period is considered to be 31 July.

The Refill Curve is, in turn, defined by two curves as discussed below.
In each case, adjustment should be made for water required for refill of upstream
reservoirs when applicable.

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

end-of-month storage content required to assure refill of Canadian storage based
on the 1930-31 water year, the system's second lowest historical volume of inflow
during the 30-year record for the period January through July as measured at The
Dalles, Oregon. A tabulation of the Assured Refill Curves for Mica, Arrow and
Duncan is included as Table 2.

The schedule of outflows is the same as the Power Discharge Requirements
used in computing the Variable Refill Curve discussed in (2) below when The Dalles

volume runoff is at 80 million acre-feet.



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

month storage contents for the period January through July required to refill
Canadian storage during the refill period. It was based on historical inflow
volume and Power Discharge Requirements determined in accordance with the
Principles and Procedures for the Preparation and Use of Hydroelectric Operating
Plans.1 In the system regulation studies the Power Discharge Requirement was made
a function of the natural January - July runoff volume at The Dalles, Oregon. In
those years when this volume was lower than 80 million acre-feet, the discharge
used was that required to meet firm loads while refilling at 80 million acre-feet.
In years when the runoff volume at The Dalles exceeded 95 million acre-feet, the
Power Discharge Requirement was the project minimum outflow. For intermediate
volumes, the Power Discharge Requirement used in computing the Variable Refill
Curves was interpolated linearly between the values shown in Tables 3 - 5.

Variable Refill Curves for Mica, Arrow and Duncan for the 30 years of
historical record are recorded in Tables 3 - 5. These illustrate the probable
range of these curves based on historical conditions. In actual operation in
1990-91, the Power Discharge Requirements will be based on the forecast of
unregulated runoff at The Dalles.

(¢) Limiting Rule Curve. The Limiting Rule Curves indicate month-end

storage contents which must be maintained to guarantee the system meeting its firm
load during the period January 1 - March 31 in the event that the Variable Refill
Curves permit storage to be emptied and sufficient natural flow is not available
to carry the load prior to the start of the freshet. Such rule curves shall limit
the Variable Refill Curve to be no lower than the Limiting Rule Curve. The
Limiting Rule Curve is developed for 1936-37 water conditions. Limiting Rule

Curves for Mica, Arrow and Duncan are shown in Tables 3 - 5.



(d) Upper Rule Curve. The Upper Rule Curves8 indicate the end-of-month

storage content to which each individual Canadian storage project shall be
evacuated for flood control and other requirements. The Upper Rule Curves used in
the studies were based upon Flood Control Storage Reservation Diagrams contained
in the Columbia River Treaty Flood Control Operating Plan and analysis of system
flood control simulations. Each Upper Rule Curve is constrained to be not lower
than the Variable Refill Curve, except in those years in which the April-August
unregulated volume of runoff for the Columbia River at The Dalles exceeds

120 million acre-feet, and Canadian storage is subject to on-call request. Flood
control curves for Mica, Arrow and Duncan for the 30 year study period are shown
on Tables 6 - 8; however, the tables do not reflect the constraint that the Upper
Rule Curve not be lower than the Variable Refill Curve. Tables 7 and 8 reflect an
assumed transfer of 2 million acre-feet of flood control storage space from Arrow
to Mica. In actual operation, the Flood Control Storage Reservation Curves will
be computed as outlined in the Flood Control Operating Plan, using the latest
forecast of runoff available at that time.

(e) Definition of Operating Rule Curve. During the period 1 August through

31 December, the Operating Rule Curve is defined by the Critical Rule Curve or the
Assured Refill Curve, whichever is higher. The Critical Rule Curve for the firsﬁ
year of the critical period is used in the foregoing determination. During the
period 1 January through 31 July, the Operating Rule Curve is defined by the
higher of the Critical Rule Curve and the Assured Refill Curve; unless the
Variable Refill Curve is lower than this value, then it is defined by the Variable
Refill Curve. During the period 1 January through 31 March, it will not be lower
than the Limiting Rule Curve. The Operating Rule Curve meets all requirements for

flood control operation. Composite Operating Rule Curves for the whole of Canadian



storage for all 30 years of historical record are included as Table 9 to illustrate

the probable future range of these curves based on historical conditions.

OPERATING RULES

The following rules, used in the 91-41 System Regulation Study, will apply to
the operation of Canadian storage in the 1990-91 Operating Year.

(a) The whole of the Canadian storage may be drafted to its Operating Rule
Curve as required to produce optimum generation in Canada and the United States in
accordance with Annex A, Paragraph 7, of the Treaty, subject to project physical
characteristics, operating constraints, and the criteria for the Mica project
listed in (d) below.

(b) The whole of Canadian storage will not be drafted below its Operating
Rule Curve unless:

(1) Reservoir storage in the United States system has been drafted to
its Energy Content Curve.

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

(3) Committed firm thermal and miscellaneous resources nog displaced by
surplus firm hydro resources are in operation or other replacement energy has been
secured from sources other than those committed.

(c) When the conditions of (b) above are met, and it is necessary to draft
additional storage to produce optimum generation as determined by the Critical
Period System Regulation study, the whole of the Canadian storage and reservoir
storage in the United States system will be drafted proportionately between its
Operating Rule Curve or Energy Content Curve, respectively, and its Composite

Critical Rule Curve. The proportionate draft will be made, if necessary, first to



the first year Composite Critical Rule Curve, then between the first and second
year Composite Critical Rule Curve, the second and third year Composite Critical
Rule Curve, etc. When it is necessary to operate the whole of the Canadian
storage and the United States reservoir storage below their lowest Composite
Critical Rule Curves, each shall be operated proportionately between its lowest
Composite Critical Rule Curve and its normal minimum content. However, Mica
Reservoir will continue to be operated in accordance with (d) below, so as to
optimize generation at site and at Revelstoke as well as downstream in the United
States. In the event the Mica operation results in less than the project's
proportional share of draft from the whole of Canadian storage, compensating
drafts will be made from Arrow to the extent possible.

(d) Mica project operation will be determined by the end of previous period
Arrow storage content as shown in the table on page 11. Mica monthly outflows
will be increased above the values shown in the table in the months from October
to June if required to avoid violation of the Upper Rule Curve.

Under this Assured Operating Plan, Mica storage releases in excess of 7 million
acre-feet that are required to maintain the Mica outflows specified under this
plan will be retained in the Arrow reservoir, subject to flood control criteria at
Arrow. The total combined storage draft from Mica and Arrow will not exceed
14.1 million acre-feet unless flood control criteria will not permit the additional
Mica storage releases to be retained at Arrow. Should storage releases in excess
of 14.1 million acre-feet be made, the target Mica operation will remain as
specified in the table on page 11.

Revelstoke has been included in the 1990-91 Assured Operating Plan and has

been operated as a run-of-river project.
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MICA PROJECT OPERATING CRITERIA

End of Previous Target Operation (1)
Period Arrow Period Average End-of-Period Minimum
Storage Content Outflow Storage Content Outflow
Month (KSFD) (CFS) (KSFD) (CFS)
August 1-15 2 700 - FULL - 3 456.2 10 000
0 -2 700 27 000
August 16-31 2 500 - FULL - 3 529.2 10 000
0 -2 500 27 000
September 2 500 - FULL - 3 529.2 10 000
0 - 2 500 27 000
October 3 300 - FULL 10 000 - 10 000
0 - 3 300 27 000
November 3 200 - FULL = 3 122.2 10 000
0 -3 200 27 000
December 3 400 - FULL 23 000 “ 15 000
3 200 - 3 400 27 000
0 - 3 200 34 000
January 2 200 - FULL 27 000 - 15 000
0 -2 200 34 000
February 1 300 - FULL 24 000 = 15 000
0 -1 300 27 000
March 100 - FULL 20 000 # 15 000
0 - 100 25 000
April 1-15 800 - FULL 15 000 - 15 000
0 - 800 20 000
April 16-30 0 - FULL 10 000 - 10 000
May 200 - FULL 10 000 - 10 000
0 - 200 20 000
June 0 - FULL 10 000 = 10 000
July 1 700 - FULL = 3 356.2 10 000
0 -1 700 25 000

NOTE: (1) A maximum outflow of 34000 cfs will apply if the target end of period
storage content is less than 3529.2 KSFD.
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IMPLEMENTATION

The Entities have agreed that each year a Detailed Operating Plan will be
prepared for the immediately succeeding operating year. Such Detailed Operating
Plans are made under authority of Article XIV 2.(k) of the Columbia River Treaty
which states:

"...the powers and the duties of the entities include:

(k) preparation and implementation of detailed operating plans that may
produce results more advantageous to both countries than those that would

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

The Detailed Operating Plan for 1990-91 will reflect the latest available
load, resource, and other pertinent data to the extent the Entities agreed these
data should be included in the plan. Beginning on 1 January 1990, the Assured
Operating Plan contained herein will be reviewed and the data and criteria updated,
as agreed by the Entities, to form the basis for a Detailed Operating Plan for the
1990-91 Operating Year. Failing agreement on updating the Assured Operating Plan,
the Detailed Operating Plan will include all data and criteria given in this
Assured Operating Plan. Actual operation during the 1990-91 Operating Year shall
be guided by the Detailed Operating Plan.

The operating rules to be used in implementation of the Detailed Operating
Plan are generally the same as the operating rules described in this document.

The values used in the Assured Operating Plan studies to define the various
rule curves were month-end values only. In actual day-to-day operation, it is
necessary to operate in such a manner during the course of each month that these

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

12



of the normal variation of power load and streamflow during any month, straight
line interpolation between the month-end points should not be assumed.

During the storage drawdown season, Canadian storage should not be drafted
below its month-end point at any time during the month unless it can be conserva-
tively demonstrated that sufficient inflow is available, in excess of the minimum
outflow required to serve power demand, to refill the reservoir to its end-of-month
value as required. During the storage evacuation and refill season, operation
will be consistent with the Flood Control Operating Plan. When refill of Canadian
storage is being guided by Flood Control Refill Curves,5 such curves will be
computed on a day-by-day basis using the residual volume-of-inflow forecasts
depleted by the volume required for minimum outflow from each day through the end

of the refill season.
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