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COLUMBIA RIVER TREATY
HYDROELECTRIC OPERATING PLAN

Assured Operating Plan for Operating Year 1983-1984

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 1983-1984 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 1983-1984.

This Assured Operating Plan was prepared in accordance with
the Principles and Procedures for the Preparation and Use of Hydro-
electric Operating Plans for Canadian Treaty Storagel. It is based on
criteria contained in Annex A and Annex B of the Columbia River Treatyz,
Articles VII of the Protnco13, Terms of SaTes4, and the Columbia River
Treaty Flood Control Operating P]ans.

The Assured Operating Plan consists of:



1. The operating rule curve for the whole of the Canadian Treaty
storage, including the critical rule curve, assured refill curve,
variable refill curves and the individual project upper rule
curves.

2. Operating rules which specifically designate criteria for operation
of the Canadian Treaty projects in accordance with the principles
contained in the above references.

A 40-year System Regulation Study5 was utilized to develop
and test the operating rules and rule curves. It contains the agreed-
upon operating constraints such as maximum and minimum project eleva-
tions and discharges.

SYSTEM REGULATION STUDIES

In accordance with Annex A, paragraph 7 of the treaty, the
Columbia River 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 5.0 av MW of average annual
usable energy in the Canadian entitlement of downstream power benefits.
This is within the 1imits specified by the treaty.

System regulation studies for the Assured Operating Plan were
based on 1983-1984 estimated loads and resources in British Columbia
and in the United States Pacific Northwest System. The Entities have
agreed that the 1983-1984 Assured Operating Plan would be based on a
40-year streamflow period and an operating year of 1 August to 31 July.
Historical flows for the period August 1928 through July 1968, modified
to estimated 1983-1984 conditions7, were used.



The critical rule curve for Canadian Treaty storage was
determined from Bonneville Power Administration Study 84-41. 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 assured 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. Although only 7.0 million acre-feet of usable storage
at Mica is committed for power operation purposes under the treaty, the
studies incorporate upper rule curves designed to evacuate Mica storage
up to the full storage of 12 million acre-feet as specified by the
Columbia River Treaty Flood Control Operating Plan. Flood control and
variable refill criteria are based on historical inflow volumes.

DETERMINATION OF OPTIMUM GENERATION
IN CANADA AND THE UNITED STATES

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:

1. Firm energy capability.
2. January peaking capacity.
3. Average annual usable secondary energy.

In the studies for the 1983-1984 Assured Operating Plan the
Canadian storage 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 1983-1984 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 1983-1984 Assured Operating Plan the three quantities would be
assigned the following relative values:

Quantity Relative Value
Firm energy capability 3
Average annual usable secondary
energy
January peaking capacity 1

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 1983-1984
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
storages and then summed to obtain the values for the whole of usable
Canadian storage given by the composite tables included in this plan.
This is in accordance with the provision of Article VII(2) of the
Protocol.



COMPARISON OF ASSURED OPERATING PLAN STUDY RESULTS

Optimum
Generation in
Canada and the
United States

Optimum

Generation in

the United
States

Net
Gain

31

37

16

system

Study No. 84-41 Study No. 84-11 Loss Gain
1. Firm Energy
Capability (av Mw)
U.S. System* 12 408 12 408 - -
Canada** 1 513 1 482 = 3]
Total (av MW) 13921 13 890 » 31
2. January Peaking
Capacity (Mw)
U.S. System*** 31 226 31 218 % 8
Canada**** 3 012 2 983 = 29
Total (MW) 34 238 34 201 - 37
3. Average Annual
Usable Secondary
Energy (av MW)
U.S. System 3 323 3 298 - 25
Canada 142 151 9 o
Total (av MW) 3 465 3 449 9 25
R U.S. system firm energy capability was determined over the U.S.
critical period beginning 1 September 1928 and ending 29 February 1932.
X% Canadian (Mica + Revelstoke) system firm energy capability was determined
over the Canadian system critical period beginning 1 October 1940 and ending
30 April 1946.
kX% U.S. system January peaking capability was determined from January 1937.
Xk ok k

Canadian (Mica + Revelstoke) system January peaking capability was determined
from second lowest January peak in 40 years of record for the Canadian

system.



(a) Critical Rule Curve

(b)

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 streamflow period. A
tabulation of the composite critical rule curve for the whole of
Canadian storage is included in Table 1.

Refill Curve

The refill curve is a guide to operation of Canadian
storage which defines the normal 1limit 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 system or the Mica generating plant during subsequent
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.

(i) Assured Refill Curve

The assured refill curve indicates the end-of-
month storage content required to assure refill of
Canadian storage based on the 1930-1931 water year, the
system's second lowest historical volume of inflow for
the period January through July as measured at The
Dalles, Oregon. The tabulation of the composite assured
refill curve for the whole of Canadian storage is
included as Table 2.



(ii)

The schedule of outflows is the same as the
power discharge requirements used in computing the
variable refill curve discussed in (ii) below when The
Dalles volume runoff is at 80 million acre-feet.

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 for Canadian
Treaty Storage.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 inter-
mediate volumes the power discharge requirement used in
computing the variable refill curves was interpolated
linearly between the values shown below:



(c)

POWER DISCHARGE REQUIREMENTS IN CFS
FOR JANUARY THROUGH JULY VOLUME AT THE DALLES

80 MAF 90 MAF 95 MAF
Project Jan Apr Jan Apr
Feb May Feb May All
Mar Jun Jul Mar Jun Jul Periods
Mica 3,000 11,600 14,600 3,000 6,300 8,300 3,000

Arrow 5,000 17,500 34,500 5,000 9,600 14,000 5,000
Duncan 100 1,700 1,700 100 900 900 100

Composite variable refill curves for the whole
of Canadian storage for the 40 years of historical
record are recorded in Table 3. These illustrate the
probable range of these curves based on historical
conditions. In the actual operation in 1983-1984, the
power discharge requirements will be interpolated from
the above table using the forecast of unregulated runoff
at The Dalles.

Upper Rule Curve

The upper rule cur'ves8 give 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. Flood control curves for each of the Canadian
Treaty projects for the 40-year study period are shown on
Tables 4, 5 and 6. Tables 5 and 6 reflect an assumed transfer of
2 million acre-feet of 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.

(d) 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 first 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 a rule curve developed using
1936-1937 hydro conditions. The operating rule curve meets all
requirements for flood control operation (except as noted in
Item 4 of the Operating Rules). Composite operating rule curves
for the whole of Canadian storage for all 40 years of historical
record are shown in Table 7 to illustrate the probable future
range of these curves based on historical conditions.

OPERATING RULES

The following rules, used in the system regulation study,
will apply to the operation of Canadian storage in the 1983-1984
operating year.

1. 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 Item 5
below.



The whole of the Canadian storage will not be drafted below its
operating rule curve unless:

a. Reservoir storage in the United States system has been drafted
to its energy content curve.

b. Deliveries of secondary energy in the United States are
discontinued.

c. 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 other
than those committed.

When the conditions of Item 2 above are met, and it is necessary
to draft additional storage to produce optimum generation as
determined by the critical period system regulation study, the
whole of the Canadian storage and reservoir storage in the United
States system will be drafted proportionately between its operating
rule curve or energy content curve, respectively, and its critical
rule curve. The proportionate draft will be made, if necessary,
first to the first year critical rule curve, then between the
first and second year critical rule curve, the second and third
year critical rule curve, etc. When it is necessary to operate
the whole of the Canadian storage and the United States reservoir
storage below their lowest critical rule curves, each shall be
operated proportionately between its lowest critical rule curve
and its normal minimum content, except that Mica reservoir will
continue to be operated in accordance with Item 5 below, so as to
optimize generation at site as well as downstream in the United
States. In the event the Mica operation results in more or less
than that project's proportional share of draft from the whole of
Canadian storage, compensation will be made at Arrow to the extent
possible.

..10_



4. Each project will be operated on or below the storage content
defined by its upper rule curve, unless such content is below that
indicated by the variable refill curve or the rule curve developed
for 1936 to 1937 water conditions.

5. Mica project will be operated to the target outflow or end of
period storage content criteria (which depends on the end of
previous period Arrow storage content) shown in the table on
page 12 as qualified in Items a to c below:

a. Mica monthly outflows will be increased in the months from
October to June if required to avoid violation of the upper
rule curve.

b.  Mica monthly outflows will be decreased to minimum if required
to avoid withdrawing more than 7 million acre-feet of
storage.

c. Under this Assured Operating Plan, Mica storage releases in
excess of the 7 million acre-feet that are required to
maintain the minimum 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 for minimum flow purposes to be retained
at Arrow. Should storage releases in excess of 14.1 million
acre-feet be made the 31 July target Mica end of period live
treaty storage content will remain as specified in the table
on page 12.

The British Columbia Hydro and Power Authority has commenced
construction of the Revelstoke project downstream of Mica reservoir.

_11_



MICA PROJECT OPERATING CRITERIA

Target
End of previous End of Period
Period Arrow Live Treaty Target Average Minimum
Storage Content Storage Content Outflow Outflow

Month (KSFD) (KSFD) (cfs) (cfs)

August 1-15 0 - full 3529.2 - 10 000

August 16-31 0 - full 3529.2 - 10 000

September 3000 = full 3529.2 = 10 000
0 - 3000 - 30 000

October 2100 - full = 12 000 10 000
0 - 2100 = 30 000

November 1800 - full - 18 000 10 000
0 - 1800 " 30 000

December 1500 - full - 23 000 15 000
0 - 1500 - 34 000

January 2500 - full > 23 000 15 000
0 - 2500 - 30 000

February 1500 - full - 21 000 15 000
0 - 1500 = 28 000

March 200 - full - 20 000 15 000
0 - 200 - 25 000

April 1-15 0 - full " 18 000 15 000

April 16-30 0 - full S 15 000 10 000

May 300 - full - 10 000 10 000
0 - 300 = 24 000

June 1300 - full - 10 000 10 000
0 - 1300 - 20 000

July 0 - full 3529.2 = 10 000

_12_



The present construction schedule which has been revised from the
1982-1983 schedule, calls for the following in-service dates:

Units 1 and 2 September 1983
Unit 3 December 1983
Unit 4 June 1984

Revelstoke has been included in the 1983-1984 Assured Opera-
ting Plan and has been operated as a run-of-river project. The Revel-
stoke reservoir encroaches upon the Mica project tailrace area causing
a reduction in Mica project firm energy capability of approximately
20 average megawatts.

...13_



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 wunder authority of
Article XIV 2.(k) of the Columbia River Treaty which states:

s s the power 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 1983-1984 will reflect the
latest available load, resource and other pertinent data to the extent
the Entities agree these data should be included in the plan.
Beginning on 1 January 1983, 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
1983-1984 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 1983-1984 operating year shall be guided by the Detailed Operating
Plan.

The operating rules to be used in implementation of the
Detailed Operating Plan will generally be 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

_14_



accordance with the operating rules. Because of the normal variation
of power load and streamflow during any month, straight line inter-
polation 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 conservatively 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 curvess, 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.

_15_
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DETERMINATION OF DOWNSTREAM POWER BENEFITS RESULTING FROM CANADIAN
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STORAGE FOR OPERATING YEAR 1983-84
September 1978

Introduction.

The 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 set out the
results of downstream power benefit computations for the sixth
succeeding year, 1983-84, and for the storage for which the Assured
Operating Plan was developed.

The procedures followed in the benefit studies are those provided
in Annex A, Paragraph 7; in Annex B of the Treaty; in Articles VIII,
IX, and X of the Protocol; and in the document, "Procedures for the
Determination of Downstream Power Benefits Resulting from Canadian
Storage," dated 9 September 1968.

The Canadian Entitlement Benefits were computed as follows:

Step I - based on the total U.S. planned hydro and thermal system
with 15% maf of Canadian storage operated for optimum
generation in both countries (84-41 study).

Step II - based on the U.S. base hydro and thermal system with 15%
maf of Canadian storage operated for optimum generation
in both countries (84-42 study).

Step III - based on the U.S. base hydro and thermal system operated
for optimum generation in the U.S. (84-13 study).

In addition to the determination of downstream power benefits for

the operating year 1983-84, separate determinations were carried

out in accordance with the document, "Operation Plans with Mica
Generation," dated 15 November 1971, which was agreed by the Entities
to implement the provisions of Annex A, Paragraph 7, relating to

the limit of year-to-year change in 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.

Results of Study.

(a) The Canadian Entitlement, which is one-half the total computed
downstream power benefits, was computed to be:

Dependable Capacity = 1,446.5 MW
Average Annual Energy = 536.0 MW



(b) 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:

1,419.5 MW
535.0 MW

Dependable Capacity
Average Annual Energy

i

In accordance with Paragraph 5 of the document dated 15 November
1971, the minimum permitted downstream power benefits for the
1983-84 operating year are as follows:

1,419.5 MW
529.5 MW

1,466.5 - (1,466.5 - 1,419.5)

Dependable Capacity
562.0 - ( 567.5 - 535.0)

Average Annual Energy

inn

The above computations are based on the formula X - (Y - Z),
where the quantities X, Y, and Z are defined in the 15 November
1971 document. The quantities X and Y are derived from the
downstream power benefit computations set out in the 1982-83
agreement. The computed downstream power benefits exceed

these amounts.

I1I. Effect on Canadian Entitlement.

The Canadian Entitlement to downstream power benefits was sold to
the United States of America under the Canadian Entitlement Purchase
Agreement dated 13 August 1964. By definition, the Canadian Enti-
tlement for 1983-84 Assured Operating Plan had been designed to
achieve optimum generation downstream in the United States alone.
The Canadian Entitlement determined for the conditions above would
have been:

% of 2,893 MW or 1,446.5 MW

Dependable Capacity

Average Annual Energy % of 1,082 MW or 541.0 MW
Since the 1983-84 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." The Canadian Entitlement of downstream power benefits
under the 1983-84 Assured Operating Plan was determined as:

Dependable Capacity % of 2,893 MW or 1,446.5 MW

Average Annual Energy % of 1,072 MW or 536.0 MW

The comparison indicates a reduction in Canadian Entitlement of 5.0
average megawatts of average annual usable energy, but not reduction
in dependable capacity. This reduction would be in respect of the
period 1 April 1983 through 31 March 1984 in accordance with the
document, "Procedures for the Determination of Downstream Power
Benefits Resulting from Canadian Storage," dated 9 September 1968.



1v.

The Entities are agreed that the United States Entity is entitled
to receive during the period 1 April 1983 through 31 March 1984,
from B.C. Hydro & Power Authority, 5.0 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 Charts are attached and summarize the

study:

Table 1.

Table 2.

Table 3.

Computation of Canadian Entitlement

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

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

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

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

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 and
minimum thermal generation;

(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 0.98788 and 0.95805, 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

3



Charts 1 & 2.

(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).

Secondary Energy Duration Curve, Steps II and III

These charts are duration curves of the secondary energy

for Steps II and III. The secondary energy is the capability
each month which exceeds the firm hydro loads shown in

Table 3. The usable secondary energy shown 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 replacement. The thermal replacement
was limited to the existing and scheduled thermal energy
capability after allowance for reserve and minimum thermal
generation, except when an energy surplus condition

occurs; then the thermal replacement must not exceed the
total of the thermal energy required to supply firm plus

the estimated secondary load.

Thermal Energy Capability - MW 7,745 1/
Less Minimum Thermal Generation 1,625
Thermal Replacement - MW 6,120

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

Step II Step III

Thermal Replacement 6,120 6,120
Other 1,650 2,434
Total - MW 7,770 8,554

1/ Thermal energy capabilities are based on an annual plant factor of
60 percent the first full year of operation and 75 percent thereafter.
These annual plant factors include deductions for energy reserves
and scheduled maintenance.



TABLE 1

COMPUTATION OF CANADIAN ENTITLEMENT
Generation Figures are in Average Megawatts; Load Factors, in Percent

Determination of Dependable Capacity Credited to Canadian Storage

Critical Period Average Rate of Generation with Canadian Storage, Step II . . 9,085
Critical Period Average Rate of Generation without Canadian Storage, Step III 7,055

Gain Due to Canadian Storage . . . . « « « « o = o o o « s o = o o s o« o = 2,030
Estimated Average Critical Period Load Factor -- Percent . . . . . . . . . . 70.175
Dependable Capacity Gain 1/ R IR R R N EE 2,893
Canadian Share of Dependable Capacity . . . . . « « « v v & « v « « « & « » . 1,446,

Determination of Increase in Average Annual Usable Energy

Step I1 (with Canadian Storage)

Annual Firm Hydro Boergy . « o v o = ¢ s o s ¢ 0 o 00 5 ¢ s o o 6 & o o o 8,901
Thermal Replacement Energy . . « o« « « o 5 o o o 3 w0 6 o % % w0 & o 5 w & 20?
Other Usable Secondary Energy . . S R S R O T 237

System Annual Average Usable Energy S m o s e B oW s & oa om arwm e 'w s s Pl 305

Step ITI (without Canadian Storage)

Annual Firm Hydro Energy . . . . . . . . . « « « & 4« v 4« « « « v v « « . . 6,502
Thermal Replacement Energy . . . . . . . . . ¢« « « ¢« « o« o « « v « « « « « 3,173
Other Usable Secondary Energy . . oy e e s SR A e o o 598
System Annual Average Usable Energy T ¢ (4
Average Annual Usable Energy Gain . . . . . . . . « +« « « « « « « « « « « . . 1,072
Canadian Share of Average Annual Energy Gain . . . . . . . . . . . . . . . . 536.0

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



SUMMARY OF POVER RECULATIONS FOR 1983-84
FOR THE

COMPUTATION OF CANADIAN ENTITLEMENT TABLE 2
T0 DOWNETREAM BENEFITS
BASIC PATA STEF 1 STEF 11 STEF 111
Heminal Critical Critical Critical
installed Janusry Period January Period Average January Period Average
Numbe r Peaking Usable Peal Average Usable | Peaking Average Annual Usable Peaking Average Annual
of Capacity Storage | Capability | Gesaration Storage | Capability | Geseration Generation | Storage Capability Gennration | Ceneration
FROJECTS Units Ll 1000 L LU 1000 AF L L L 1000 AF L] MW L
cAuDIAX
Mics 1,000 7,000
Arrow 7,100 7,100
Duncen 1,400 400
Subtotal 15,300 L]
BASE FEDERAL SYSTEW
Hungry Herse 4 128 3,181 2535 100 3,008 231 116 103 3,008 180 13 101
Albeni Falls 4 1,155 5 5 1,155 n 22 2 1,155 24 H e
Grand Coulee 24+ 2 6,405 5,185 6,403 1,990 5,072 6,364 1,770 2,382 s,0m2 6,012 1.230 1,282
Chied Joseph ] 2,402 2,412 1,087 2,412 1,000 1,328 7,412 "t 1,250
lce Harbor L] 693 693 16 693 212 302 3 170 302
Helary 1a 1,127 1,127 640 1,124 590 756 1,124 430 i
John 16 2,484 535 2,684 23 2,484 923 1,260 1, 683 1,225
ml{:l 2: 2,018 2,018 Bl& 2,018 194 1,036 2,018 633 1,015
ille I 1,114 1,004 609 1,11k 531 I 1,114 b3 104
Sebtotal 1.5 0% 1659 .40 i ] ; ; 715 16,161 o6 761
BASE SYSTEN NON-TEDERAL
Kootensy Lake (Cansdian) (28] 427 7
Kere 3 160 1,219 150 110 1,219 152 101 114 1,219 151 13% 116
Thompson Falls & &0 &0 a5 &0 kL] 3z &0 an 2
Noxon Rapids ) 542 i 53 148 542 138 21 542 158 210
Cabinet Corge L] 3 30 105 0 9 123 230 106 124
Box Casyon & T4 n & 7l 5 a4 7 51 A8
Coeur d'Alene & Long Lake ar m m
Velis B4 BA2 436 Bal 409 512 BA2 289 &7
Chelan 1 54 &1 51 38 676 51 37 L 676 51 Ll &5
Rocky Reach 11 1,267 1,267 589 1,267 553 Tz 1,267 394 68
Reck lsland i1 Shd Sh4 279 5hd 262 I 544 182 303
Wanapis 10 986 986 557 986 524 656 986 67 598
Priest Rapids 10 912 912 530 912 498 619 912 18 565
Brownles L 450 80 50 07 LR 450 249 :&I 54 %0 250 ﬂ:
3 87 109 1 20 114 11
Sebtotal o3t e et s | s e y.i57 i 5o 5 - ;
TOTAL BASE SYSTEM WYDRO 22,961 9,61% 12,832 9,575 18,254 @,1m 5,085 11,701 13,756 12,467 7,085 11,168
ADDITIOMAL STEP | PROJECTS
bhy 48 946 4,534 615 188
bby Rereg. o-3 11 8 14
Boundary & 650 650 159
Spokane River Flamts 153 152 S0
lells Canyon 1 50 w37 imn
Duwor ] 460 2,015 W5 165
Lower Granite & 930 930 217
Little Goose [} 930 30 27
Lower Monumental & 930 930 218
Pelron and Round Butte 274 1%
Sebtort 5.8 B oo it
Indrpeadent Resources &.a18 8,353 &,097 1,740
TOTAL WYDRO MESOURCES 33,720 45,195 32,53 13,075
MISCELLANEOUS CONTRACTS k3 ] 9
THERMAL RESOURCES 1/
Small Existing Thermal Plasts 1,488 165
LR 1,313 $i1
1, 92, 0, 88 1,000 1,382
Colsteip #1 & 902 130 254
Trojan 1,130 BLY
Boa 530 hos
WP 92 1,100 110
Colutrip #3 & M 980 683
wr #1 1,220 611
WP #3 0 lo3
Added Thermal Requiresent 2,714 1,628
TOTAL THERMAL RESOURCES 12,805 7,745
TOTAL [HPORTS 84 “B2
ESTIMATED HYDRO MAINTENANCE ~340 -3l
TOTAL RESOURCES (WYDRO AND THERMAL) 4%, 306 21,260
RESKRVES 2/ 2, —_—
RESOURCES AVAILABLE VOR LOAD 42,595 1,260
ESTIMATED LOAD
Pacific Northwest Ares 33,888 21,260
SURPLUS OR (DEFICIT) 8,707 o
ERITICAL 1
Starta: Septesber 1928 1943 Septesber 16, 1936
Ends: February 1932 April 1945 Apeil 15, 1937
Length (Montha): 42 Months 20 Momths ' T Months
Study ldentification Ba-bl Ba-42 Ba-13

i/  Thersal emergy capabilities are based on am snnusl plent facter of 60 percest the first full year of operation and 73 percent thersafler.

These anausl plast f

ors include deductions for energy reserves and scheduled maintenance.

3/ Pesk rewerves are B percent of pesk load; energy reserve deductions have been included in thermal plant emergy capability.




DETERMINATION OF LOAD SHAPE FOR STEPS II AND III
1983-84 CANADIAN ENTITLEMENT COMPUTATIONS

Pacific Northwest Area Load Step II Step III
Load Total Thermal Hydro Total Thermal Hydro
Factor Firm Firm Firm Firm Firm Firm
Peak Avg. % Load 1/ Load Load Load 1/ Load Load
Aug. 1-15 27,433*% 19,294 70.33 13,705 6,120 7,585 11,517 6,120 5,397
Aug. 16-31 27,356% 19,198 70.18 13,637 6,120 7,517 11,460 6,120 5,340
Sept. 1-15 28,103* 18,847 67.06 13,388 6,120 7,268 11,250 6,120 5,130
Sept. 16-30 27,916% 18,809 67.38 13,361 6,120 7,241 11,227 6,120 5,107
October 29,390% 19,825 67.45 14,082 6,120 7,962 11,834 6,120 5,714
November 30,809% 21,821  70.83 15,500 6,120 9,380 13,025 6,120 6,905
December 33,301% 23,680 Y 5 95 i | 16,821 6,120 10,701 14,135 6,120 8,015
January 33,888% 24,365 71.90 17,307 6,120 11,187 14,544 6,120 8,424
February 32,106% 23,162 72.14 16,453 6,120 10,333 13,826 6,120 7,706
March 30,706% 21,918 71.38 15,569 6,120 9,449 13,083 6,120 6,963
Apr. 1-15 29, 044% 20,702  71.28 14,705 6,120 8,585 12,357 6,120 6,237
Apr. 16-30 29,054% 20,756 71.44 14,744 6,120 8,624 12,389 6,120 6,269
May 29,200% 19,988 68.45 14,198 6,120 8,078 11,931 6,120 5,811
June 28,959% 20,151 69.58 14,314 6,120 8,194 12,028 6,120 5,908
July 28,461% 20,128 70.72 14,298 6,120 8,178 12,015 6,120 5,895
Critical Period Avg. 21,260  70.175 | 15,205 6,120 9,085 13,175 6,120 7,055
Annual Average 21,146 15,021 6,120 8,901 12,622 6,120 6,502
January Peak 33,888%
Step I Critical Period Sep. 1, 1928 - Critical Period Sept 1943- Critical Period Sept. 16,
Feb. 29, 1932 Apr. 1945 1936 - Apr. 15, 1937
42 Months 20 Months 7 Months

1/ Total firm load of Step II and Step III systems, computed for each system to have an average energy load

equivalent to the average energy capability within the critical period and to bear a constant ratio, month
by month, to the Pacific Northwest Area Load.

L

megawatts.

Figures so marked are peak megawatts.

All other figures are monthly or semi-monthly energy in average

¢ TTIAVL
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