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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 to 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 1992-93 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 1992-93.

This Assured Operating Plan was prepared in accordance with the principles

and Procedures for the Preparation and Use of Hydroelectric Operating Plans./1
It is based on criteria contained in Annex A and Annex B of the Columbia
River Treaty,/2 Protocol,/3 Terms of Sale,/4 and the Columbia River Treaty
Flood Control Operating Plan./5

The Assured Operating Plan consists of:

i) 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.

ii) 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 Study/6 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 elevations and discharges.

System Requlation 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. For this
operation, there is an increase of 1.4 average megawatts of annual usable



energy in the Canadian Entitlement to downstream power benefits compared to
the operation for optimum generation in the United States alone. This is
within the Timits specified by the Treaty.

System Regulation Studies for the Assured Operating Plan were based on

1992-93 estimated loads and resources in British Columbia and in the United
States Pacific Northwest System. The Entities have agreed that the 1992-93
Assured Operating Plan would be based on a 30-year streamflow period and an
operating year of 1 August to 31 July. Historical flows for the period
August 1928 through July 1958, modified to estimated 1992-93 conditions, were
used. The streamflows were derived from the 1980 Level Modified Streamflows/7
with an update in irrigation depletion estimates from the 1970 Level Modified
Streamflows/8.

The Critical Rule Curve for these studies was determined from Bonneville
Power Administration Study 93-41. The study indicated a 42-month critical
period for the United States system resulting from the Tow 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 regquirements 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

To determine whether optimum generation in both Canada and the United States
was achieved in the system regulation studies, the firm energy capability,
dependable peaking capability and average annual usable secondary energy were
computed for both the Canadian and United States systems.

In the studies for the 1992-93 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 Columbia River Treaty Operating Committee agreed that for the 1992-93
Assured Operating Plan the three quantities would be assigned the following
relative values:

Quantity Relative Value
firm energy capability (Avg. MW) 3
dependable peaking capability (MW) 1
average annual usable secondary energy (Avg. 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.
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Table 10 shows the results from the studies adopted for the 1992-93 Assured
Operating Plan and from studies designed to achieve optimum generation in the
United States.

Operating Rule Curves

The operation of Canadian storage during the 1992-93 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.

(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
streamflow 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 1imit 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 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.

(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 Towest 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 used in developing these Assured Refill
Curves is the same as the Power Discharge Requirements used in
computing the Variable Refill Curve discussed in 4(b)(2) below when
The Dalles volume runoff is at 80 million acre-feet.
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(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. They were based on historical inflow
volumes 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 Tinearly 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 1992-93, the Power Discharge Requirements
will be based on the forecast of unregulated runoff at The Dalles.

(c) 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 Timit the Variable Refill Curve to be no Tower 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 Curves/9 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 Tower 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
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Flood Control Storage Reservation Curves will be computed as outlined in
the Flood Control Operating Plan, using the Tatest 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 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 Tower than this value, then it is
defined by the Variable Refill Curve. During the period 1 January
through 31 March, it will not be Tower 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 93-41 System Regulation Study, will apply to
the operation of Canadian storage in the 1992-93 Operating Year.

(a) Operation Above Operating Rule Curve

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 5(c) below.

(b) Operation Below Operating Rule Curve

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

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

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

ii1) 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 above conditions 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
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made, if necessary, first to the first-year Composite Critical Rule
Curve, then between the first and second-year Composite Critical Rule
Curve, then 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 Towest 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
5(c) 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 more or 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.

(c) Mica Project Operation

Mica project operation will be determined by the end of previous period
Arrow storage content as shown in Table 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 storhge
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 Table 11.

Revelstoke has been included in the 1992-93 Assured Operating Plan and has
been operated as a run-of-river project.

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 1992-93 will reflect the Tatest 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 1992, 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 1992-93 Operating Year. Failing agreement on updating
the Assured Operating Plan, the Detailed Operating Plan will include all data
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and criteria given in this Assured Operating Plan. Actual operation during
the 1992-93 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 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
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 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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TABLE 10

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
93-41 93-11 Gain Weight Value
1. Firm Energy
Capability
(Avg. MW)
U.S. Systeml/ 12,154.0 12,154.0 +0.0
Canada 2/ 1,664.5 1,577.4 +87.1
Total (Avg. MW) 13,818.5 13,731.4 +87.1 3 +261.3
2. Dependable Peaking
Capacity
(MW)
U.S. System3/ 31,448 31,454 -6.0
Canada L% 3,536 3,535 +1.0
Total (MW) 34,984 34,989 -5.0 1 -5.0
3. Average Annual
Usable Secondary
Energy (Avg. MW)
U.S. System5/ 3,012.6 2,995.8 +16.8
Canada 6/ 106.6 169.8 -63.2
Total (Avg. MW), 3,119.2 3,165.6 -46.4 2 -92.8

Net Change in Value = 163.5

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 system (Mica + Revelstoke) 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 system (Mica + Revelstoke) dependable peaking capability was
determined from December 1944,

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

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

20/5/K2



TABLE 11
MICA PROJECT OPERATING CRITERIA

End of Previous Target Operation (1) Minimum(z)
Period Arrow Period Average End-of-Period Minimum Treaty
Storage Content Outflow Storage Content OQutflow Content
Month (ksfd) (cfs) ?ksfd) _(cfs) (ksfd)
August 1-15 3 300 - FULL - 3 456.2 10 000 0.0
0 - 3 300 27 000
August 16-31 2 400 - FULL - 3 529.2 10 000 0.0
0 - 2 400 27 000
September 2 500 - FULL - 3 529.2 10 000 0.0
0 - 2 500 27 000
October 2 850 - FULL - 3 529.2 10 000 0.0
0 - 2 850 27 000
November 3 300 - FULL - 3 246.2 11 000 0.0
3 000 - 3 300 23 000
0 - 3 000 27 000
December 3 400 - FULL 22 000 - 21 000 0.0
2 200 - 3 400 27 000
0 -2 200 34 000
January 1 700 - FULL 27 000 - 27 000 0.0
0-1700 34 000
February 0 - FULL 25 000 - 25 000
March 500 - FULL 23 000 B 23 000
0 - 500 27 000
April 1-15 0 - FULL 27 000 B 22 000 106.2
April 16-30 0 - FULL 10 000 - 10 000 0.0
May 0 - FULL 10 000 - 10 000 0.0
June 0 - FULL 10 000 - 10 000 0.0
July 2 300 - FULL - 3 256.2 10 000 0.0
0 -2 300 27 000

-

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

(2) Mica outflows will be reduced to minimum to maintain the reservoir above

the indicated target minimum storage content. This will override any
target flow.

20/5/K2
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DETERMINATION OF DOWNSTREAM POWER BENEFITS
RESULTING FROM CANADIAN TREATY STORAGE
FOR OPERATING YEAR 1992-93
September 1988

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 downstream power benefits from the operation of Canadian
Treaty storage be determined in advance by the two Entities. The purpose
of this document is to describe the results of those downstream power
?enefit computations developed from the 1992-93 Assured Operating Plan
AOP).

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, and as clarified in the Entity Agreements, signed
July 28 and August 12, 1988, on Principles and on Changes to Procedures
for the Preparation of the Assured Operating Plan and Determination of
Downstream Power Benefit Studies (DDPB).

The Canadian Entitlement Benefits were computed from the following
studies:

Step I - based on the total United States of America planned hydro
and thermal system with 15-1/2 million acre-feet (maf) of
Canadian storage operated for optimum power generation in
both countries.

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

Step III - based on the United States base hydro and thermal system
operated for optimum power generation in the United States.

As part of the determination of downstream power benefits for the
operating year 1992-93, separate determinations were carried out relating
to:

i) the limit of year-to-year change in benefits attributable to the
operation of Canadian Treaty storage in operating plans designed to
achieve optimum power generation at-site in Canada and downstream in
Canada and the United States of America, and



ii) the decrease in downstream power benefits due to the operation of
Canadian Treaty storage for optimum power generation at-site in
Canada and downstream in Canada and the United States of America,
instead of operation of Canadian Treaty storage for optimum power
generation in the United States of America only.

Results of Canadian Entitlement Computations

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 power generation in Canada and the
United States of America, which is one-half the total computed downstream
power benefits, was computed to be (See Table 1):

1,476.9 MW
593.7 MW

Dependable Capacity
Average Annual Energy

Computation of Maximum Allowable Reduction in Downstream Power Benefits

In accordance with the Treaty Annex A, Paragraph 7 and Part III,

Paragraph 15c(2) of POP, the computation of the maximum allowable
reduction in downstream power benefits and the resulting minimum permitted
Canadian Entitlement to downstream power benefits for the 1992-93
operating year are based on the formula X - (Y - Z), where the quantities
X, Y, and Z are defined in POP. The quantity X is derived from the
difference between last year's AOP studies 92-42 and 92-13 and the
quantity Y is derived from the difference between last year's AOP studies
92-12 and 92-13. These computations are set out in the 1991-92 agreement.
The quantity Z, which is computed from one-half of the downstream power
benefits determined for 15 maf of Canadian Treaty storage operated for
optimum power generation in the United States of America, was computed to
be (see Table 1):

1,453.2 MW
589.9 MW

Dependable Capacity
Average Annual Energy

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

1,428.9 - (1,428.9 - 1,453.2)
587.3 - ( 590.8 - 589.9)

1,453.2 MW
586.4 MW

Dependable Capacity
Average Annual Energy

The computed Canadian Entitlement exceeds these amounts.

The test required in accordance with Part III, Paragraph 15¢(1) of POP was
made, but Paragraph 15¢(2) controlled the minimum permitted downstream
power benefits.



Effect on Sale of Canadian Entitlement

The Canadian Entitlement to downstream power benefits for operating year
1992-93 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 operation of Treaty
storage for optimum power generation downstream in the United States of
America only. The Canadian Entitlement determined from the 1992-93
Assured Operating Plan for this condition would have been:

1,476.9 MW
592.3 MW

Dependable Capacity
Average Annual Energy

Since the 1992-93 Assured Operating Plan was in fact designed to achieve
optimum power generation at-site in Canada and downstream in Canada and
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
shown above indicates an increase in Canadian Entitlement of 1.4 average
megawatts of average annual usable energy, and no change in dependable
capacity.

Accordingly, the Entities are agreed that the United States Entity is not
entitled to receive during the period 1 April 1992 through 31 March 1993,
from B.C. Hydro & Power Authority, any power in accordance with Sections 7
and 10 of the Canadian Entitlement Purchase Agreement dated

13 August 1964.

Summary of Canadian Entitlement Computations

The following Tables and Chart summarize the study results:

Table 1. Computation of Canadian Entitlement from 1992-93
Assured Operating Plan For:

A. Optimum Generation in Canada and the U.S.

B. Optimum Generation in the U.S. Only

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

The essential elements used in the computation of the Canadian
Entitlement to downstream power benefits, the minimum permitted
downstream power benefits, and the reduction in downstream power
benefits attributable to the operation of Canadian Treaty
storage for optimum power generation in the United States of
America only, are shown on this table.



Table 2. Summary of Power Regulations from 1992-93 Assured Operating Plan
Tor the Computation of Canadian EntitTement to Uownstream Benefits

This table summarizes the results of the Step I, II and III
power regulation studies for each project and the total system.

Table 3. Determination of Loads for 1992-93 AOP Step I, II and III
Studies

This table shows the computation of the Step I, II and III
loads. The load shape for Step II and III studies should have
the same ratio between each month and the annual average as does
the Pacific Northwest (PNW) area load. In this study, as in
previous studies, the load shape for the Step II and III studies
included export load assumptions. Future studies will use only
the load of the PNW area. The PNW 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 method for
computing the firm load for the Step II and III studies is
described in POP.

Table 4. Determination of Displaceable Thermal Market for 1992-93 AOP
Studies

This table shows the computation of the potential thermal
displacement market for the downstream power benefit
determination of usable energy. The potential thermal
displacement market was limited to the existing and scheduled
thermal energy capability after allowance for reserves and
minimum thermal generation, and reductions for the thermal
resources used outside the PNW Area.

Table 5. Comparison of 1992-93 AOP Study to Recent AOP Studies

Table 6. Comparison of 1992-93 DDPB to Recent DDPB Studies

Tables 5 and 6 tabulate various data from the five most recent
studies.

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

This chart shows duration curves of the hydro generation from
the Step II and III studies and graphically illustrates the
change in the portion of secondary energy that is usable for
thermal displacement due to operation of Treaty storage.
Secondary energy is the energy capability each month which
exceeds the firm hydro loads shown in Table 3. The usable
secondary energy in average megawatts for the Step II and III
studies is computed in accordance with Annex B, Paragraphs 3(b)
and 3(c), as the portion of secondary energy which can displace
thermal resources used to meet PNW area loads plus the other



usable secondary generation. The Entities have agreed that "the
other usable secondary" is computed on the basis of 40 percent
of the remainder after thermal displacement.

Summary of Changes from Previous Year

Pursuant to the July 28, 1988 Entity Agreement on "Principles for the
Preparation of the Assured Operating Plan and Determination of Downstream
Power Benefit Studies," there were several changes in the 1992-93 AOP/DDPB
studies when compared to previous studies.

The agreement requires the use of updated irrigation depletions in the
DDPB studies, Timits and defines the effects of flows of power between the
Pacific Northwest Area (PNWA) and adjacent areas in the DDPB studies,
defines Toads and resources, allows firm load shaping in the AOP, and
requires the consistent use of operating procedures between the AOP and
the DDPB.

The total impact of the agreement, compared to traditional methods, on the
1992-93 AOP/DDPB is a 21 average MW (aMW) increase in the Canadian
Entitlement to downstream power benefits.

There were also other changes in input data. An explanation of the more
important changes compared to last year's study is given below.

(a) Streamflows

Increased irrigation pumping resulted in a decrease in the Step I
average annual streamflow at The Dalles by 101 cubic feet per second
(cfs). For the first time, the Step II and III studies used the same
streamflow database as the Step I study, except for adjustments for
differences in upstream reservoirs. These changes resulted in a
1444 cfs increase in the Step II average critical period streamflow
at The Dalles and a 1539 cfs decrease in the Step III average
critical period streamflow. These changes are due to the timing of
the irrigation depletions and the return flows, and the different
lengths of the critical periods. The Grand Coulee pumping return
flows were not updated this year due to time constraints, but the
effect is known to be insignificant.

(b) Loads and Resources

The average annual Pacific Northwest Area load estimate decreased by
221 MW. The surplus firm energy capability was shaped into the fall
months and May as shown on Table 3. The effect of exports was again
included in the computation of the load shape for the Step II/III
studies because of lack of time to implement the change required by
the Principles and Procedures agreements.



(c)

The critical period thermal capability increased slightly due to
changes in operation and maintenance schedules. The monthly shape of
thermal resources was included in the computation of loads for the
Step II and Step III studies.

Step I hydro independent installed capacity increased 71 MW.

Operating Procedures

The Step II/III studies were changed to incorporate several operating
criteria previously contained only in the Step I study. These
include:

i)  the refill criteria which is used to compute operating rule
curves,

ii) the secondary market 1imit which is used to 1imit the production
of nonfirm energy by storing any energy that would exceed the
market Timit, and

iii) the operation of the top two feet of storage at Kootenay Lake.

An increase in forced spill for fish bypass at the mid-Columbia and
lower Snake and Columbia River dams caused a decrease in the Step I
critical period capability from last year.

The operating rule curves and critical rule curves were lowered due
to the shaping of the surplus firm energy. The composite Canadian

storage July draft for the first-year critical rule curve increased
by about 329.2 thousand second-foot days (ksfd).

Mica Target outflows increased during the winter and the July Mica
Target Content was decreased by 200.0 ksfd.

Downstream Power Benefit Computation

The potential displaceable thermal market was decreased by a uniform
amount equal to the amount of thermal power being used to meet loads
outside the PNW area.

The Canadian Entitlement to Capacity and Energy Benefits increased by
about 48 MW and 6 aMW respectively compared to the 1992 AOP because
of the changes required and permitted by the Principles and
Procedures agreements,



TABLE 1
= COMPUTATION OF CANADIAN ENTITLEMENT FROM 1992-93 ASSURED OPERATING PLAN FOR:
A. Optimum Power Generation in Canada and the U.S. (From AOP 93-42)
B. Optimum Power Generation in the U.S. Only (From AOP 93-12)
C. Optimum Power Generation in the U.S. and a 1/2 Million Acre-Feet
Reduction in Total Canadian Treaty Storage (From AOP 93-22)

Determination of Dependable Capacity Credited to Canadian Storage - MW

(A) ng EC)
Step II - Critical Period Avg. Generation 1/ 8,909.4 8,909.

Step 111 - Critical Period Avg. Gemeration 2/  6,871.9 6,871.9 6,871.9
2,004.9

Gain Due to Canadian Storage 2,037.5 2,037.5 ,
Average Critical Period Load Factor in % 3/ 68.98 68.98 68.98
Dependable Capacity qun 4/ 2,953.8 2,953.8 2,906.5
Canadian Share of Dependable Capacity 5/ 1,476.9 1,476.9 1,453.2

Determination of Increase in Average Annual Usable Energy - Average MW

Step II (with Canadian Storage) 1/ (A) (B) e)
Annual Firm Hydro Energy 6/ 8,898.2 8,898.2° 8,865.9
Thermal Replacement Energy 7/ 1,327.0 1,321.2 1,345.6
Other Usable Secondary Energy 8/ 484.0 487.0 490.2
System Annual Average Usable Energy 10,709.2 10,706.4 10,701.7

Step III (without Canadian Storage) 2/

Annual Firm Hydro Energy 6/ 6,659.0 6,659.0 6,659.0
Thermal Replacement Energy 7/ 1,922.4 1,922.4 1,922.4
Other Usable Secondary Energy 8/ 940.5 940.5 940.5
System Annual Average Usable Energy 9,521.9 9,521.9 9,521.9

Average Annual Usable Energy Gain 9/ 1,187.3 1,184.5 1,179.8

Canadian Share of Avg. Annual Energy Gain 5/ 593.7 592.3 589.9

1/ Step IT values were obtained from the AOP 93-42, 93-12, and 93-22 studies,
respectively.

2/ Step III values were obtained from the AOP 93-13 study.

3/ From Table 3.

4/ 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 Dependable Capacity or Usable Energy Gain.

6/ From 30-year average firm load.

7/ Avg. secondary generation 1imited to Potential Thermal Displacement Market.

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

g/ Difference between Step II and Step III System Annual Average Usable Energy.
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TABLE 5

COMPARISON OF 1992-93 AOP STUDY TO RECENT AOP STUDIES

1988-89 1989-90 1990-91 1991-92 1992-93
MICA TARGET OPERATION (ksfd or cfs)
- AUG 1 3456.2 3456.2 3456.2 FULL 3456.2
- AUG 2 FULL FULL FULL FULL FULL
- SEP FULL FULL FULL FULL FULL
- OCT 10000 10000 10000 FULL FULL
- NOV 3122.2 3122.2 3122.2 3122.2 3246
- DEC 28000 26000 23000 23000 22000
- JAN 28000 26000 27000 23000 27000
- FEB 23000 23000 24000 23000 25000
- MAR 17000 17000 20000 18000 23000
- APR 1 15000 15000 15000 18000 27000
- APR 2 10000 10000 10000 18000 10000
- MAY 10000 10000 10000 10000 10000
- JUN 10000 10000 10000 10000 10000
- JUL 3356.2 3356.2 3356.2 3456.2 3256.
CANADIAN TREATY CRC1 STORAGE DRAFT (ksfd)
NOV 1928 (-41 533.0 §33.1 606.5 533.0 690.
APR 1929 (-41 6886.5 6767.9 F227: 7049.3 7368.
JuL 1929 (-41 624.9 464.0 759.1 707.1 1036.
AUG 1929 (-41 13.8 8.1 135.9 183.3 560.
NOV 1928 (-11) 251.6 351.2 538.7 526.7 690.
JUL 1929 (-11) 471.2 375.6 761.7 708.0 1036,
U.S. STEP I GAINS AND LOSSES (MW)
-Firm Energy -1 0 0 -0.2 0.
-Dependable Capacity -3 -10 2 0 -6.
-Secondary Energy -1 -9 -20 10.5 +16.
BCH STEP I GAINS AND LOSSES (Mw)
-Firm Energy 52 72 26 12.1 +87.
-Dependable Capacity -23 -16 -1 -3 +1.
-Secondary Energy -46 -70 -12 -2.8 -63.
HYDROREG SECONDARY LOAD (MW)
- AUG 1 11827 11949 8927 10796 11070
- AUG 2 11844 11826 8895 10750 11070
- SEP 11677 11881 8701 10528 9981
- 0CT 11852 11977 8936 10726 8981
- NOV 12701 11903 8819 10637 9864
- DEC 12923 12698 8838 10632 9857
- JAN 12961 12731 8853 10677 10996
- FEB 13017 12783 8909 10734 10990
- MAR 12442 12448 8624 10324 10757
- APR 1 11239 10917 8268 9885 10390
- APR 2 10576 10352 7831 9804 10164
- MAY 10054 9874 8394 10135 7156
- JUN 10737 10927 8542 10266 10615
- JuL 12064 12064 8926 10761 11081
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TABLE 6

COMPARISON OF 1992-93 DDPB TO RECENT DDPB STUDIES

1988-89 1989-90 1990-91 1991-92 1992-93
PNW AREA AVG. ANNUAL LOAD (Mw) 20116 20026 18103 18443 18228

- Avg. Annual/Jan. Load (%) 84.31 84.26 87.52 86.97 87.67
- Avg. C.P. Load Factor (%) 1/ 75.66 75.08 68.54 69.43 68.98
- Avg. Annual Firm Exports 82 186 333 376 444
- Avg. Annual Firm Surp. (MW) -473 -632 492 239 388
THERMAL RESOURCES (MW)
- January Peak Capability 11326 11547 9249 9249 9218
- C.P. Energy 7265 7229 5831 5800 5912
- Minimum Generation 1781 1793 1894 1862 1916
- System Export Sales NA NA NA NA 832
- Displaceable Market 5484 5436 3937 3938 3095
INSTALLED HYDRO CAPACITY (MW) 2/ 34225 34578 34633 34584 29737
- Base System 23776 23808 23808 23808 23808
STEP I/II/III C.P. (MONTHS) 42.5/20/7 42.5/20/7 42/20/7 42/20/7 42/20/7
BASE STREAMFLOWS AT THE DALLES (cfs)
- Step I Avg. Annual Streamflow N.A. 174109 173996 175557 175456
- Step I C.P. Average 112207 112139 112054 112996 112920
- Step II C.P. Average 3/ 97424 98777 98717 98193 99637
- Step III C.P. Average 3/ 62343 62081 62502 62200 60661
CAPACITY BENEFITS (MW)
- Step II C.P. Generation 8969.5 8965.8 8944 .9 8903.8 8909.4
- Step III C.P. Generation 6969.7 6951.0 6960.7 6919.6 6871.9
- Step II Gain over Step III 1999.8 2014.8 1984.2 1984.2 2037.5
- CANADIAN ENTITLEMENT 1321.6 1341.8 1447 .5 1428.9 1476.9
- Reduction due to Mica Reop. 0.0 0.0 0.0 0.0 0.0
- Benefit in Sales Agreement 1012. 1017, 1022, 932. 844,
ENERGY BENEFITS (Avg. MW)
- Step II Firm Hydro 8733.4 8728.7 8773.1 8735.3 8898.2
- Step II Thermal Displacement 2079.9 2057.6 1701.0 1732.1 1327.0
- Step II Other Usable 272.3 284.8 403.1 396.8 484.0
E Step II Total Usable 11085.6 11071.1 10877.2 10864 .2 10709.2
- Step III Firm Hydro 6279.7 6254.2 6452.2 6417.0 6659.0
- Step III Thermal Displacement 3026.4 2986.8 2402.3 2408.9 1922.4
- Step III Other Usable 689.7 697.3 861.6 863.7 940.5
- Step III Total Usable 9995.8 9938.3 9716.1 9689.6 9521.9
- CANADIAN ENTITLEMENT 544.9 566.4 580.6 587.3 5983.7
- Reduction due to Mica Reop. -2.8 -3.4 -2.7 -3.5 +1.4
- Entitlement in Sales Agreement 368. 349, 330. 318, 305.
STEP II PEAK CAPABILITY (MW) 32531 32810 30603 30611 30518
STEP I1 PEAK LOAD (Mw) 25696 25596 24269 24215 24645
STEP III PEAK CAPABILITY (MW) 32394 32756 30613 30574 30612
STEP III PEAK LOAD (MW) 21756 21626 20413 20352 20893

Notes: 1. The 1989 through 1992 studies included firm contract exports in the computation
of the Step I average critical period load factor and the Step II/I1II study load shape.
2. Other coordinated hydro and independent hydro are now included as adjustments to
the Step I 1load.
3. The 1989 through 1992 Step II/III studies did not update irrigation depletions
other than Grand Coulee pumping.



CHART 1

MN DAY L°C6S = T + £'L8L)
M OAY €°£8L1 = B°1ZE6 — Z°60L01

ANINTULUNI NYIOYNYD
L43N3E HIMOd NYIULSNMOd

(BC=30X3 HO GITVNO3 LNSOH3d EXE30X3 HO GIYNO3 LNSOW3d
ool os @9 =1 @2 =} (==} es o9 (=1 ez =}
........ daas s e aalssa s ssaabsassanssaslassasasaa m pasaasaslonassassaslasa s ssaalssensassslasassstiai m
.
] [
MO 6S99=A9N3NI il : ;
- L < 3
e 3 oees T MWD BEBB=ADYINI Y3 5 (=== =
- r.-’(
.fl..:
ﬁ.l..ann..n. =y S
.rHH.Mth.
Yaee
i v : .
. TN - GEee L . |/| - oEGO L
5 “ \\ [
MO 2261 =WN3HL TI8V3oVIasia) \ < ] WO LCER= TR VIR, [
- - MIND $BY=AONINI ANVONDDIS X :
1 MWO O¥6=ADNINI ANVONOI3S \ ;
. Pevsnamio” \ . ] TESUMIOT N
J . L 4 b} ¥ b 3
R .} eeasi . \\ . | @@est
r i 5 4 = Ay L
JWN© Z191=A0u3N3 AMYONOD3S ONINVNIY | ] SRL I AVONDI DM R
] / !
L ._f
L \
+ A
3 4 / b
] / - @eee= 5 - goes2
\ 1 L
! [
b MWO 80£01:AONINI J1BYSN "OAY ONOAH
MNO ZZG6 'AO¥INI J1BYSN "OAY ONOAH
MAP GE¥ L LINOLLYYINIO ONOAH I0L
MN® £E601 ‘NOILYYINIO ONOAH TV10L
d L peesz d - gos2
e oo
W3LSAS [l d31S Y WALSAS Il 431S ABUEE DAY

MN — NOILVYIN3IO O¥UAH ¥V3IA—-0E
S1I43N38 ¥3MOd WYIHLSNMOd
40 NOILVNINY313d £6—2C661



