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Preface

Hydroelectric Operating Plans and
Determination of Downstream Power Benefits
for 1995-96

The Assured Operating Plan for 1995-96 and its associated Determination of Downstream Power
Benefits are based on the same system regulation studies utilized for the Assured Operating Plan for
1994-95 and its Determination of Downstream Power Benefits.

The Entities believe that the minor changes necessary to update the 1994-95 studies would not
significantly alter the results of the studies. In particular, after allowance for projected load increases,
changes in conservation, energy exchanges and new independent resource additions, there would only
be minor changes in the net hydro system load and thermal requirements. Therefore, neither the
proposed operating rules that form the basis of the Assured Operating Plan for 1995-36, nor the
associated Determination of Downstream Power Benefit studies are likely to change substantially from
the 1994-95 counterparts.

The Determination of Downstream Power Benefits for 1995-96 does not affect the sale of the
downstream benefits to the Columbia Storage Power Exchange. This determination is normally only
made to provide a benchmark value and to determine the compensation for the reductions in benefits
due to the Mica operating criteria. As the Mica operating criteria adopted for the Assured Operating
Plan for 1995-96 are identical to those adopted for the Assured Operating Plan for 1994-95, the
compensation for downstream benefit reductions is also identical to that computed in the Assured
Operating Plan for 1994-95.

The studies to determine the impact of mcluqu firm energv shnfnng in the Assured Operatmg Plan,
described in the report Options : { : : ; Yea
1995-96, were also based on the same system regulatlon studaes utlllzed to determme tha |mpact of
including firm energy shifting in the Assured Operating Plan for 1994-95. As a result the options for
development of the Detailed Operating Plan for 1995-96 are identical to the options for development
of the Detailed Operating Plan 1994-95.

Use of the 1994-95 studies will allow the Entities to complete the development of the 1995-96
Assured Operating Plan and Determination of Downstream Power Benefits in a timely fashion. It will
also allow the Entities more time to ensure that the 1996-97 studies fully reflect the latest agreements
on principles and procedures for development of hydroelectric operating plans. These studies will be
the basis for the last Determination of Downstream Power Benefits before the partial expiration of the
sale of the Canadian Entitlement.

To facilitate development of the Detailed Operating Plan for 1995-96, it was decided to provide a
complete documentation of the Assured Operating Plan for 1995-96 and its associated Determination
of Downstream Power Benefits, even though much of the information is identical to that contained in
the 1994-95 documents.
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HYDROELECTRIC OPERATING PLAN
ASSURED OPERATING PLAN
FOR OPERATING YEAR 1995-96

January 1991

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.

This Assured Operating Plan was prepared in accordance with the Principles and Procedures for
the Preparation and Use of Hydroelectric Operating Plans' and in accordance with the Entity
Agreements on Principles? and on Changes to Procedures® for the Preparation of the Assured
Operating Plan and Determination of Downstream Power Benefit Studies. It is based on criteria
contained in Annex A and Annex B of the Columbia River Treaty,* Protocol,® Terms of Sale,® and
the Columbia River Treaty Flood Control Operating Plan.’

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.

This Assured Operating Plan includes firm energy shifting as part of the United States optimum
operation. This was incorporated in the studies as follows:

(a) The load in the first year of the critical period was maximized subject to draft constraints
at each major reservoir. The maximum allowable drawdown at the end of July 1929 (the
end of the first year of the critical period) was limited to 700 ksfd at Mica, 300 ksfd at
Arrow and 143 ksfd at Duncan. In the 30-year studies, this higher load was served in
each year that the reservoir system refilled prior to the start of the year.

(b) Energy shifted into the first year of the critical period was returned at uniform rates,
excluding May, beginning in January of the second year of the critical period and
continuing through until the end of the critical period.

(c)  The shifted energy was used to eliminate energy deficits and to add to the initial Step |
system firm energy capability in excess of system firm energy loads. Shifted energy in
excess of firm load requirements was considered to increase the system sales to loads
outside the Pacific Northwest Area and was further shaped into the fall months similar to
the load it is expected to serve.
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2.

m R lation Studi

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 a 2.0 MW decrease in the Canadian Entitlement to annual average
usable energy and a 0.7 MW increase in the Entitlement to dependable capacity, compared to
the operation for optimum generation in the United States alone. This is within the limits
specified by the Treaty.

System Regulation Studies for the Assured Operating Plan were based on 1995-96 estimated
loads and resources in British Columbia and in the United States Pacific Northwest System. The
Entities have agreed that the 1995-36 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 1994-95 conditions, were used.’

The Critical Rule Curve for these studies was determined from Bonneville Power Administration
Study 96-41. 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 usable storage at Mica in an on-call flood control situation.

Development of Assur rating Plan

This Assured Operating Plan was developed in accordance with Annex A, paragraph 7 of the
Treaty and therefore was designed to produce optimum power generation at-site in Canada and
downstream in Canada and the United States. The Mica Operating criteria were evaluated using

the two tests described below.

{a} 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 1995-96 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.
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The Columbia River Treaty Operating Committee agreed that for the 1995-96 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.

Table 1 shows the results from studies adopted for the 1995-96 Assured Operating Plan
and from studies designed to achieve optimum generation in the United States.

(b)  Maximum Permitted Reduction in Downstream Power Benefits

Separate system regulation studies were developed reflecting (i) Canadian storage
operation for optimum generation in both Canada and the United States, using the Mica
Project operating criteria described in Section 5(c), and (ii) Canadian storage operation for
optimum generation in the United States alone. For these Mica Project operating criteria,
there is a 2.0 MW decrease in entitiement to average annual energy, and 0.7 MW increase
in entitlement to dependable capacity compared to an operation for optimum generation
in the United States alone.

These reductions (and increases) are within the limits specified by the Treaty. The
computations of these values are provided in the report Determination of Downstream

Power Benefits for the Assured Operating Plan for 1995-96.

Operating Rule Curves

The operation of Canadian storage during the 1995-96 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) ritical Rul %

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 Compaosite Critical Rule Curve for the whole of Canadian
storage is included in Table 3.
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(b)

Refill Curve.

The Refill Curve is a guide to operation of Canadian storage which defines the normal limit
of storage draft to produce 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 storage 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 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 4.

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.

(2)  Variabl il

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.' 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 Héquirement 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 5 - 7.

Variable Refill Curves for Mica, Arrow and Duncan for the 30 years of historical
record are recorded in Tables 5 - 7. These illustrate the probable range of these
curves based on historical conditions. In actual operation in 1995-96, the Power
Discharge Requirements will be based on the forecast of unregulated runoff at The
Dalles.
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(c)

(d)

(e)

0]

Limiting Rul rve.

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 5 - 7.

Upper Rule Curve.

The Upper Rule Curves'® 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 8 - 10; however, the tables do not reflect the constraint that the Upper Rule Curve
not be lower than the Variable Refill Curve. Tables 9 and 10 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.

initi in rve.

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

in |

A 30-year System Regulation Study® 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, discharges, draft rates, etc. These constraints are included as part of this
operating plan.

The following rules, used in the 30-year System Regulation Study®, will apply to the operation
of Canadian storage in the 1995-96 Operating Year.
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(a)

(b)

(c)

ration Abov rating Rul rv

The whole of the Canadian storage will 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.

ion Below ing Rul rv

The whole of Canadian storage will be drafted below its Operating Rule Curve as required
to produce optimum generation to the extent that a System Regulation Study determines
that proportional draft below the Operating Rule Curves/Energy Content Curves is required
to produce the hydro firm energy load carrying capability of the United States system as
determined by the applicable Critical Period Regulation study. Energy Content Curves for
United States reservoirs are equivalent to Operating Rule Curves. Proportional draft
between rule curves will be determined as described in the Principles and Procedures.'

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.

Mica Proj ion

Mica project operation will be determined by the end of previous period Arrow storage
content as shown in Table 2. 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 and other project operating 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
Table 2.

Revelstoke has been included in the 1995-96 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:
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(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 1995-96 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.

The operating rules to be used in implementation of the Detailed Operating Plan for 1995-96 are
generally the same as the operating rules described in this document. The data and criteria
contained herein may be reviewed, and updated as agreed by the Entities, to form the basis for
a Detailed Operating Plan for 1995-96. Failing agreement on updating the data and/or criteria,
the Detailed Operating Plan for 1995-96 will include the rule curves, Mica operating criteria, and
other data and criteria provided in this Assured Operating Plan. Actual operation during the
1995-96 Operating Year shall be guided by the Detailed Operating Plan.

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,” 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 1

R PERATI PLA

Study 96-41 provides Optimum Generation in Canada and in the United States.
Study 96-11 provides Optimum Generation in the United States only.

Study No. Study No. Net
96-41 96-11 Gain  Weight Value
1. Firm Energy Capability
(Avg. MW)
U.S. System' 12,160.8 12,165.2 -4.4
Canada? 1,636.2 1.580.2 +56.0
Total 13,797.0 13,745. +51.6 3 +154.8

2. Dependable Peaking Capacity (MW)

U.S. System® 31,706.0 31,704.0 +2.0
Canada* _3,5600.0 3.,484.0 +16.0
Total 35,206.0 35,188.0 +18.0 1 +18.0
3. Average Annual Usable
Secondary Energy (Avg. MW)
U.S. System® 2,728.2 2,725.3 +2.9
Canada® 132.9 712 =383
Total 2,861.1 2,896. -35.4 2 -70.8
Net Change in Value = +102.0
Notes:
(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.
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TABLE 2

MICA PR T OPERATING CRITERIA
ASSURED OPERATING PLAN

End of Previous Target Operation Minimum
Period Arrow Period Average End-of-Period Minimum Treaty
Storage Content Outflow Treaty Content' Outflow Content?
Month —ksfd) —fcfs) —lksfd) fcfs) ksfd)
August 1-15 3300 - FULL - 3 456.2 10 000 0.0
0 -3300 27 000
August 18-31 2 400 - FULL - 3529.2 10 000 0.0
0 -2400 27 000
September 2500 - FULL - 3529.2 10 000 0.0
0 -2500 27 000
October 2900 - FULL - 3428.4 10 000 0.0
2400 -2800 18 000
0 -2400 27 000
November 3000 - FULL 22 000 - 10 000 1056.2
0 -3000 25 000
December 3000 - FULL 24 000 - 15 000 756.2
2000 -3 000 29 000
0 -2000 34 000
January 1900 - FULL 27 000 - 15 000 356.2
1500 -1900 29 000
0 -1500 34 000
February 600 - FULL 25 000 - 15 000 0.0
0 - 600 27 000
March 0 - FULL 25 000 - 15 000 0.0
April 1-15 0 - FULL 24 000 - 15 000 0.0
April 16-30 0 - FULL 14 odo - 10 000 0.0
May 510 - FULL 10 000 - 10 000 0.0
0 - 510 15 000
June 500 - FULL 10 000 - 10 000 0.0
0 - 500 20 000
July 2300 - FULL - 3 356.2 10 000 0.0
0 -2300 27 000
Notes:
(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 minimum Treaty storage content. This

will override any target flow.
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END OF MONTH CONTENTS IN KSFD

1995-96 OPERATING YEAR

MILA

JAN FEB
3383.3 2895.9

ARROW

JAN FEB
601.0 832.7

DUNCAN

JAN FEB
300.6 298.6

MAR APR15 APR30 MAY JUHN JUL
2282.7 2007.9 1771.4 1773.5 2709.2 3529.2

MAR APR15 APR30 MAY JUN JUL
1126.4 1231.8 1325.9 2038.3 3136.6 3579.6

MAR APR15 APR30 MAY JUH JUL
300.3 307.5 292.2 390.5 556.49 705.8

96-G66 1 10} ueld BuneiadQ painssy



£ abeyd

AUG15 AUG31 SEP ocT NOV
1928-29
1929-30
1930-31
1931-32
1932-33
1933-34
19346-35
1935-36
1936-37
1937-38
1938-39
1939-40
19640-41
1941-42
1942-63
19643-44
1966-45
1965-46
1966-47
1967-48
19648-49
1949-50
1950-51
1951-52
1952-53
1953-54
1954-55
1955-56
1956-57
1957-58

DUNCAN VARIABLE REFILL CURVE (KSFD)
1995-96 OPERATING YEAR

DEC JAN
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510.1

454,7
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TABLE 5

=
@

B T I I SR R I S S S S0, T ¢ 3 |

POWER DISCHARGE REQUIREMENTS IN CFS
FOR JANUARY THROUGH JULY
VOLUME RUNOFF AT THE DALLES
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ARROW VARIABLE REFILL CURVE (KSFD) TABLE 6
1995-96 DPERATING YEAR

AUG15 AUG31 SEP OCT NOV DEC JAN FEB MAR APR15 APR30 MAY JUN JuL
1928-29 2941.9 3023.9 3122.4 3436.2 3579.6 3372.4 3579.6 3579.6
1929-30 1325.8 1452.9 1644.2 2066.0 2930.6 2B11.4 3452.9 i’
1930-31 1731.6 1847.4 1977.5 2372.3 3084.0 2630,7 3452.1 "
1931-32 627.2 266.2 183.3 0.0 125.4 1107.0 2640.9 '
1932-33 ’ r ra ) 453.5 1291.2 2610.6 "
1933-34 ’a ' ’ ’o 505.0 1713.6 3057.7 ’
193‘!‘35 P (] re ] 614.6 1217-2 2638-4 ]
1935-36 o ' ’y 'y 652.3 1381.6 294l1.1 '
1936-37 3232.4 3306.2 3402.7 3579.6 3579.6 3560.4 3579.é6 '
1937-38 627.2 246.2 183.3 228.0 962.6 1752.3 2911.1 v
1938-39 1546.0 1665.0 1B04.7 2207.1 3006.2 2730.4 3579.6 '
1939-40 1074.3 1193.9 1407.1 1932.2 2813.3 2527.0 3528.0 '
1940-41 2639.6 2535.6 2699.8 3164.8B 3579.6 3579.6 3579.6 o
1941-42 768.6 818.0 B846.6 8a83.1 1480.5 1919.9 3004.9 -
1942-43 1088.0 1095.8 1058.5 1207.8 2192.9 2899.6 3350.9 -
1943-44 3579.6 3579.6 3579.6 3579.6 3579.6 3579.6 3579.6 ‘o
1946-45 3200.0 3274.7 3428.0 e " v ’e i
1945-46 627.2 246.2 183.3 0.0 4264.3 1314.8 2800.0 i
19‘I6“!? e e [ ] 7?3-0 1660.2 28?4.5 i
1947-48 ' ’ T T 554.6 1374.6 2800.6 "
194648-49 ’e ) 335.0 930.0 1911.3 2610.4 3579.6 '
19649-50 1 ' 183.3 0.0 534.3 1291.5 2496.0 i
1950-51 o ’a ’ 77.3 B48.8 1628.0 3003.0 ;
1951-52 ' ’ ' 78.7 792.7 1680.0 3107.1 v
1952-53 ' 296.7 296.2 468.0 1370.2 1957.7 3066.6 )
1953-54 1 266.2 183.3 0.0 206.9 1009.7 2492.1 v
1956-55 ' ’ ' ’e 560.5 1246.3 2432.6 "
1955-56 ’ 'y ’ ' 363.9 1339.5 2782.6 ’a
1956-57 ’ ’e 1’ ' 363.4 1172.5 3192.5 ’
1957-58 ' ' ’ ’ 393.1 1226.1 2880.3 pon
ECC LOWER LIMIT 627.2 2646.2 183.3
POWER DISCHARGE REQUIREMENTS IN CFS 80 MAF-- 5000 15000 18000 22000 30000 45000 47000 48000
FOR JAHUARY THROUGH JULY 90 MAF-- 5000 5000 5000 5000 5000 8000 12000 15000

VOLUME RUNOFF AT THE DALLES 95 MAF-- 5000 5000 5000 5000 10000 10000 35000 35000
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AUG15 AUG31 SEP ocT NOV

1966-47
1947-48
19648-49
1949-50
1950-51
1951-52
1952-53
1953-54
1954-55
1955-56
1956-57
1957-58

MICA VARIABLE REFILL CURVE (KSFD)
1995-96 OPERATING YEAR

DEC JAN FEB
3529.2 3529.2

’ 3181.2

’ 3450.2
1131.3 1017.2
6.2 956.3

MAR
3529.2
2513.2

Pttt et e et et )
OHONO~ND=OS~NDN
oD WONOrWIN=oNNILD
onE—HRONON—= BN M-
o+ % % & & 8 ‘& & @ @ & W @

APR15
3529.2
2565.0
2789.9
1210.9
1168.7

436.8

684.6

9644.1
3490.7
1488.1
2709.7
2680.7
3015.3
1163.5
2051.3
3529.2
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TABLE 7

JuL
3529.2

F )
)
]
r
’
'
Ly
y
T
Iy
yr
o
o
(]
[
(]
r
r
[
[
o
[
[}
o
o
L
Fo
1

P

POWER DISCHARGE REQUIKEMENTS IN CF5S
FOR JANUARY THROUGH JULY
VOLUME RUNOFF AT THE DALLES

907.3 797.9

2618.2 2475.8

1229.7 1116.4

1271.0 1156.9

1642.4 1517.5

1946.1 1817.8

808.2 703.8

1376.8 1255.7

1128.3 1014.2

1290.8 1176.2

1136.1 1024.8

317.6 0.0

80 MAF-- 3000 20000
90 MAF-- 3000 3000
95 MAF-- 3000 3000

23000
3000
3000

23000
3000
10000

23000
3000
10000

28000
5000
lo000

25000
aooo
20000

30000
10000
25000
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DUNCAN TABLE 8
FLOOD CONTROL STORAGE RESERVATION CURVES
1995-96 OPERATING YEAR

KSFD
AUGL5 AUG31 SEP 0cT NOV DEC JAN FEB MAR APR15 APR30 MAY JUN JUL
1928-29 705.8 705.8 705.8 705.8 705.8 504.1 418.3 340.8 340.8 348.1 360.5 463 .7 574.4 705.8
1929-30 ' ' ' " ' 'y 408.46 322.1 322.1 329.8 3642.9 430.3 567.17 o
1930-31 ' ’ ' ’e i’ ' 391.0 288.9 288.9 297.2 311.4 406.46 555.7 ”in
1931-32 # ' ’ r ‘o ' 277.3 65.5 65.5 80.9 109.1 281.3 609.8 b
1932-33 ' ' ' " ’e o 273.7 ’ s 75.1 96.3 191.7 573.3 ’
1933'34 ’ o »oa ] o oy ay s ry 65 5 127 ﬂ 339-6 6[‘5‘3 ]
193‘!‘35 oy ’or ' " e e N ] » ¥ 83.5 187.2 488.1 o
1935-36 i ’o i ’ ra o 277.3 ’s ) 71.3 119.3 351.7 705.8 i
1936-37 e ;o - 2 v ’a 377.7 263.6 263.6 272.5 287.5 388.3 566 .6 )
1937-38 ’ i’ o 1 ., ’e 293.0 102.3 102.3 113.2 119.2 265.3 551.9 "
1938-39 " ' ' e ' ' 288.0 92.7 92.7 109.3 132.6 399.3 705.8 v
1939-40 ’o " ' o ’a " 303.2 115.4 115.4 127.2 150.9 410.6 '
1940-41 ra ’a ' ' ' ’a 345.5 202.1 202.1 212.2 229.3 344,2 524.5 en
1941-4642 53 - ' ’a ’a ’ 328.5 169.9 169.9 179.0 201.5 326.4 501.6 .
1942-43 - ' ' ’e - - 333.0 178.4 178.4 192.2 221.1 289.2 653.1 .
1943-44 Y o . " V - 416.4 334.7 334.7 342.1 354.7 439.4 572.2 )
1964-45 ) g - A - = 384.9 277.3 277.3 278.6 279.4 382.3 5B80.3 .
1945-66 ’ ' ' ' ’ 1 2713.7 65.5 65.5 15.7 95.6 322.3 647.5 i
19“6'47 ' | 'y ' ) o ) (] '] r ??11 102.0 31"0 629.6 ]
1947-48 »a ‘e ’e ' ’e ’ 277.3 ’ e i 65.5 65.5 300.5 705.8 ’o
19648-49 ’ " ' ’e ’ ’a 371.1 251.0 251.0 256.9 277.0 634.3 1 ra
1949-50 - ’ ' " ’s " 273.7 65.5 65.5 65.5 65.5 184.0 525.3 )it
1950-51 ] ' b ] ’ ra ’ r (] e ra 285.1 534.2 v
1951-52 ’a ’h ’ e b’ ’ 277.3 ' ’s ’s 67.4 92.4 255.0 v
1952-53 ’s ' ' ’o ’s i 273.7 ’s e 71.9 84,7 236.6 522.7 i
1953-54 v i i " ' 1 ' ’a i 73.2 84.1 237.1 567 .6 i
1954-55 ’o ' ' " ’e ’o ) e ’ ' 71.9 80.9 154.5 488.8 '
1955-56 ' il P ¥ ¥ s 277.3 ’s ' 65.5 84.7 266.6 585.4 i
1956-57 '3 i ' ' i ‘o 273.7 ' ’e 74.5 89.9 376.1 655.8 i 4
1957-58 i o 1 1, ' 1 ri ’ ' Tr:l 96.3 359.4 705.8 i
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ARROW TABLE 9
FLOOD CONTROL STORAGE RESERVATION CURVES
1995-96 OPERATING YEAR
KSFD

AUG15 AUG31 SEP 0CT NOV DEC JAN FEB MAR APR15 APR30 MAY JUN JUL

1928-29 3579.6 3579.6 3579.6 36453.6 3453.6 3075.4 3075.4 3075.4 3075.4 3088.5 3111.2 3235.8 3579.6 3579.6
1929-30 b o i ’ ) ' 2998.3 2928.3 2851.2 2870.1 2902.9 3082.8 i i
1930-31 ’ 0 Wi e ra - 3075.4 3075.4 3075.4 3088.5 3111.2 3235.8 + i
1931-32 + i ' e o ¥ 2371.6 1712.7 1008.4 1016.1 1126.6 2224.6 rs i
1932-33 e i ’e ’ e ’o ’ 2363.5 1720.2 ' 1008.4 1036.6 1761.7 3034.5 i
1933'34 o ] ] ] ] ) e e ] '] 173:'-9 2327-4 35?9 6 (]
1934-35 ] rR ] ’e 'R (N} e e 'y »r 1008.4 1725.7 30346.5 ')
1935-36 ' i ’e ‘o 't " 2371.6 1712.7 ’o 1070.1 1373.5 2134.6 3579.6 i’
1936-37 ' ‘e ' ' ‘e ’e 2940.8 281B.8 2684.1 2707.4 2755.8 3266.2 . '
1937-38 ' ‘e ’e ' ‘e ‘o 2363.5 1720.2 1008.4 1082.9 1278.3 1831.2 3147.6 i
1938-39 ' ‘e e " ' ’ 2584.5 2141.3 1650.3 1719.8 18643.3 2661.3 3579.6 i
1939-40 ' o ' " ‘o ’ 2793.4 2529.4 2247.3 2287.2 2380.5 2913.4 ‘e '
1940-41 i ' ' " e e 3075.4 3075.4 3075.4 308B.5 3111.2 3235.8 o ‘o
1941-42 ’e ya ‘e ' i - 2363.5 1720.2 1008B.4 1066.9 1149.8 1934.0 ’ 0 AIF
1962-43 i ' ' ' i’ e 1 )0 ’ 1111.2 1322.0 1440.3 2389.1 ‘e
1943-44 ’ " ' ‘o i - 3075.4 3075.4 3075.4 3088.5 3111.2 3235.8 3579.6 AR
1944-45 i’ ' ' ’o ' ‘e 2582.9 2138.0 1645.5 1672.5 1744.1 2368.8 3347.5 Ve
1945-46 ’a ' ' e o P 2363.5 1720.2 1008.4 1072.6 1242.3 2201.4 3579.é6 e
1946-47 v ' o ’e ' ' ' e ' 1075.2 1360.6 2147.4 ' )
1947-48 ' ' o ro ' ’ 2371.6 1712.7 ' 1036.6 1183.2 2216.8 i e
19648-49 ’ ’e ’a " ’ ' 2363.5 1720.2 ' 1144.6 1376.0 2494.5 ’e 2
1949-50 ’e ' e - s e ' " ' ’r 1008.4 1008.4 1113.8 2232.3 '
1950-51 ) (] " e re ' e »y r I [N 1355.5 3337.9 p
1951-52 i ‘e ’ ' ' ’ 2371.6 1712.7 s 1070.1 1345.2 1792.6 3013.9 i d
1952-53 ' ' ’ i ' 1’ 2363.5 1720.2 " 1057.2 1172.9 1476.3 ’o )
1953-54 " i ' ' ' ' re 1 ’e ’ e 1134.3 1628.0 1898.0 iy
1956-55 ’ " ‘o ' 1 ' ’ ) ’ 1075.2 1090.6 1653.7 3224.8 b
1955-56 ) P i Va ' ' 2371.6 1712.7 ’ 1008.4 1216.6 1990.6 2993.4 i
1956-57 ' i " ’e ' ' 2363.5 1720.2 e 1077.8 1224.3 2651.4 3579.6 ‘o
195?'58 ¥ o ) ) yoa 1 ) () e 1““619 1190-9 22qz<5 o )
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MICA TABLE 10
FLOOD CONTROL STORAGE RESERVATION CURVES
1995-96 OPERATING YEAR
KSFD
AUG15 AUG31 SEP ocT NOV DEC JAN FEB MAR APR15 APR30 MAY JUN JUL

1928-29 3529.2 3529.2 3529.2 3428.4 3428.4 342B.4 3385.7 3347.2 3306.6 3304.6 3304.6 3369.1 3447.9 3529.2
1929-30 3352.6 3284.4 3208.7 3208.7 3208.7 3300.7 3413.2

e o ra b [ v '
1930-31 i’ o ’ ' ' i 3428.4 342B.4 362B.4 36428.4 3428.4 3457.3 3492.7 i
1931-32 e e ’ ' ’o e 3105.7 2803.2 2480.5 2480.5 2480.5 2781.5 3149.6 i
1932‘33 ] e ) e () ) 3101.7 280?-2 ] I »y ] ] (]
1933-34 ] ra oy ] r i’ ) e e ’y LR ] e o
1934-35 ] ko ' 1 ra ¥} [ 1 r I L e I ']
1935‘36 2 " " JJ ra o 3105.7 2303-2 e 1’ ra »h [ I
1936-37 ’e ro " ' ’o i 3330.6 3242.3 3144.5 3144.5 31464.5 3323.3 3398.4 i’
1937-38 ¥l - ’o ’o - e 3101.7 2807.2 24B80.5 2460.5 2480.5 2781.5 3149.6 "
1938-39 ’ ' ’e ’ ’ ' 3193.8 2981.4 2746.8 2746.8 2746.8 2971.4 3246.0 '
1939-40 1’ ) " ' e ’a 3274.3 3130.5 2976.4 2976.4 2976.4 3135.1 3329.1 i
1940-41 ' ’e ' ' e ’ 3428.4 3428.4 3428.4 3428.4 3428.4 3457.3 36492.7 ‘o
{g:%-g% il 57 ’a e ra G 3101.7 2807.2 24B0.5 2680.5 2480.5 2781.5 3149.6 '

I ye v v ) ra ’r ’e [ »r ’a [ '
1943-44 ’ " ’e ’e ' ' 3428.4 362B.4 3428.4 3428.4 3428.4 3457.3 3492.7 '
1944-45 " " ’e 1 ’ ’e 3193.1 2980.2 2745.0 2745.0 2745.0 2970.0 3245.3 '
1945-46 i’ ’ v ’ ’ ’e 3101.7 2807.2 24B0.5 2480.5 24B0.5 2781.5 3149.6 ’
1946-47 ] T ] ry (R ra R o r [ [ ’ » e
1947-48 ] ra 1’ e PR ra 3105.7 2803.2 r r (] (] *: re
194B-49 N o ] e o fIE ] 3101-7 2807-2 " ra (R e ) I
1949'50 ) L] L) L) e L) »r e re e e () L] L]
1950-51 4 r b ] ’r 1 )y » re ] b’ re (] ’a
1951-52 ) ) ] ) ) rr 3105.7 2803.2 (¥ P N e R v
1952'53 Y ' ] (] ) ] 3101.7 28“7.2 ] ] e N N} [N
1953’54 ) L) ) ) T e [ r L s tl () L L)
195‘!'55 o e e ) [ 14} Pt [ L ] e X} r L
1955-56 ' ' o ’a ' ’ ’e 3105.7 2803.2 ' ' ’e 2695.5 3172.7 v
1956-57 ’ o " e ’a ’e 3101.7 2807.2 ’o ' ’ 2781.5 3149.6 -
195?_58 P (] (] bk (] L) o ry L) L] L ) ,y LR
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COLUMBIA RIVER TREATY
COMPOSITE OPERATING RULE CURVES TABLE 11
FOR THE WHOLE OF CANADIAN STORAGE
END OF MONTH CONTENTS IN KSFD
1995-96 OPERATING YEAR

AUGL15  AUG31 SEP ocTt NOV DEC JAN FEB MAR APR15  APR30 HAY JUNH JuL

78l14.6 7Bl4.6 7581.3 7185.9 6819.7 6161.2 g%gé.; 4027.2 3709.4 3547.2 3389.5 4202.3 6402.2 78l4.6
(] () e (] ra y L e re e () »e e e
L) o o P i L 5201-q oy rr - (R e LR [ by
' ‘e ’o " ‘o ' 1759.7 1265.0 1155.1 1210.9 1519.1 2610.0 5735.8 ’a
' ‘o " ’ e ' 1694.6 1204.1 1111.6 1168.7 1746.9 2576.8 5408.4 e
' " v ’e ‘e " 946 .0 405.2 306.3 436.8 1217.1 28B7.0 6255.2 ’ o
' " ' i’ ' ' 1426.0 834.7 677.2 _B20.0 1661.6 2303.1 5307.4 ‘a
’o e e e ‘e ' 1998.1 1296.8 979.7 1055.4 1902.1 26Bl1.8 6052.4 ’o
i " ‘e ' ‘e ' 5201.4 4027.2 3709.4 3547.2 3389.5 4202.3 6402.2 ’o
‘e o o " ' +a 2057.6 1559.5 1450.0 1732.3 2667.8 3538.1 6092.1 '
' ‘e ' " ' ‘e 5201.4 64003.6 3679.6 3533.6 3389.5 6169.0 6402.2 s
' ,e e " ' " 4755.9 3992.1 3675.4 3539.0 ’ 4171.1 i Vi
" ' ' " ‘o ’o 5201.4 4027.2 3709.4 35647.2 ' 4202.3 ’ o ailH
' e ’e ’ ‘e " 2294.9 2108.6 1997.9 228B8.0 2930.5 3563.0 6085.6 '
"o " ' ' ‘o v 3267.2 2856.3 3048.0 3347.6 3297.2 4092.6 6350.8 '
yo Ve ' ' ‘e ’ 5201.4 4027.2 3709.4 3547.2 3389.5 6202.3 6402.2 i
rr v o e e rr o ey y »y 1 ’r »r ]
’ v " ’e ’a ’ 1432.9 948.0 B836.2 904.2 1476.1 2452.5 58B82.3 v
’a " " ' ’a ' 1610.6 1121.9 1039.2 1112.2 2076.2 3112.0 6037.3 Ve
' ' ’r " - ' 1535.7 1045.7 947.8 1003.4 1735.2 12632.8 5862.9 S
’o e 1 ’ ' ' 3419.2 2869.8 2771.3 3113.6 3330.5 4106.0 6402.2 '
’a ’ ' ’e ' ' 1858.1 1364.2 1242.7 1280.8 2003.0 2784.6 5314.2 '
’ ' ' " ' ' 1899.4 1404,7 1315.4 14641.7 2373.4 3209.1 6151.8 ’is
’s ' re ' ’ T 2275.1 1765.3 1651.0 1756.5 2650.8 3631.8 6300.8 e
’ ’e ’e ' " T 2578.2 2116.1 2073.9 2444.0 3190.5 3887.7 6226.7 ’
’ " ’e ’e ’o 1 1436 .6 951.6 870.6 948.5 1294.3 2082.5 5255.3 '
" ' ' " ' ’ 2005.2 1503.5 1415.2 16461.9 2212.4 2918.9 5311.0 i
’ ‘s ' e ' ' 1756.7 1262.0 1152.4 1199.5 1696.6 2791.0 5906.4 ’e
' ' ' ’s ' ’o 1919.2 1424.0 1329.2 1374.5 1912.9 2764.8 6347.2 '
s ’s ' ' ’ ' 1764.5 1272.6 1184.1 1245.4 1786.7 2652.9 6043.1 ¥a
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Determination of Downstream Power Benefits for 1995-96

DETERMINATION OF DOWNSTREAM POWER BENEFITS
FOR THE ASSURED OPERATING PLAN
FOR OPERATING YEAR 1995-96

January 1991

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 benefit computations developed from the 1995-96 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 VIIl, 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 (1988 Entity
Agreements).

The Canadian Entitlement Benefits were computed from the following studies:
Step | - 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 Il - 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 Il - 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 1995-96,
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

i) 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.

Page 1



Determination of Downstream Power Benefits for 1995-96

2.

R f Canadian En m ion

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):

Dependable Capacity = 1,183.4 MW
Average Annual Energy = 653.2 MW

In accordance with the Treaty Annex A, Paragraph 7 and Part Ill, 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 1995-
96 operating year are based on the formula X - (Y - Z).

The quantities X, Y, and Z, expressed in terms of entitlement to downstream power benefits,
are computed as follows:

X is one half of the downstream power benefits derived from the previous year's
95-42 and 95-13 studies.

Y is one half of the downstream power benefits derived from the previous year’s
95-12 and 95-13 studies.

Z is one half of the downstream power benefits derived from the present year's 96-22
and 96-13 studies.

The purpose of this formula i_s to set a lower limit on the Canadian Entitlement by accumulating
the annual reductions resulting from reoperation of Canadian storage as well as the reductions
caused by year to year changes in data and by removal of 0.5 MAF storage.

The quantities X and Y were computed in the 1994-95 DDPB. The quantity Z which is
computed from one-half of the downstream power benefits determined for 15 maf of the
Canadian Treaty storage operated for optimum power generation in the United States of
America, is computed in Table 1.

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

1,183.4 - (1,182.7 - 1,159.2) = 1,159.9 MW
653.2 - ( 655.2 - 650.0)0 = 648.0 MW

Dependable Capacity
Average Annual Energy

The computed Canadian Entitlement exceeds these amounts.
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Determination of Downstream Power Benefits for 1995-96

Effect on Sale of Canadian Entitlement

The Canadian Entitlement to downstream power benefits for operating year 1995-96 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 Entitltement determined from the 1995-96 Assured Operating Plan for this
condition would have been:

Dependable Capacity = 1,182.7 MW
Average Annual Energy = 655.2 MW

Since the 1995-96 Assured Operating Plan was in fact designed to achieve optimum power
generation at-side 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 a decrease in
Canadian Entitlement of 2.0 MW of average annual usable energy, and an increase of 0.7 MW
in dependable capacity.

Accordingly, the Entities are agreed that the United States Entity is entitled to receive 2.0 MW
of energy, but not entitled to receive any dependable capacity during the period 1 April 1895
through 31 March 1996, from B.C. Hydro & Power Authority, 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. ion of Canadian Entitlem for -96 Assur erating Plan:

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

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.

This table summarizes the results of the Step |, I, and Ill power regulation studies
for each project and the total system.
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Determination of Downstream Power Benefits for 1995-96

Table 3.

Table 4.

Chart 1.

6. m

mination of Displ le Thermal Mark 1 - r: rating Pl

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, minimum thermal generation, and
reductions for the thermal resources used outside the PNW area. Additional lines
in the table show the energy shifted into the first year to eliminate deficits and to
increase the firm hydro surplus in the fall. In years when reservoirs do not refill,
thermal resources were added to eliminate deficits and to provide energy for return
of shift.

This table shows the computation of the Step |, Il, and Ill loads and the effect of
including shifted firm energy in the Step | and |l studies. The monthly loads for Step
Il and Ill studies have the same ratio between each month and the annual average
as does the Pacific Northwest (PNW) area load. 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
Il and Ill studies is described in POP and clarified in the 1988 Entity Agreements.

This chart shows duration curves of the hydro generation from the Step Il and il
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
Il and Il 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.

f Chan Previ Y

Data from the six most recent Assured Operating Plans and their associated Determination of
Downstream Power Benefits is summarized in Tables 5 and 6.

Since the Assured Operating Plan for 1995-96 and its associated DDPB are based on the same
system regulation studies utilized for the Assured Operating Plan and DDPB for 1994-95, there
are no changes in project data, streamflows, system loads, energy exchanges, operating
procedures or energy shifting.
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Determination of Downstream Power Benefits for 1995-96

Firm hi

The following is a summary of how firm energy shifting was included in the operating plan
studies.

In the Step | studies, the hydro system was operated to maximize its first-year firm energy load
carrying capability while the system was drafted to July 1929 refill constraints. This first-year
firm energy load carrying capability was served in all years that the reservoir system refilled.
This operation shifts hydro energy production from later years of the critical period into the first
year.

This shifted firm energy was shaped into periods consistent with the expected use of the energy.
The first use (139 aMW) was to eliminate firm energy deficits during the period September
through July. The balance was used to increase the firm surplus during the period September
through December by 1032 aMW.,

In later years of the critical period, and in years subsequent to failure to refill by July 31,
237 aMW of combustion turbine energy was used to reduce the need for hydro generation. This
return of shifted firm energy occurred in the following streamflow conditions:

January 1930 through February 1932, excluding Mays
January 1938 through July 1938, excluding Mays
January 1942 through July 1942, excluding Mays
January 1944 through July 1946, excluding Mays

According to the 1988 Entity Agreements, the return energy should be at uniform rates
throughout the later years of the critical period. Therefore energy return should begin in August
and include Mays for Step | studies. This will be included in future studies.

In the Step Il study, firm energy was shifted into the first year and shaped to the monthly shape
of the PNW area load, consistent with the 1988 Entity Agreements. Table 3 provides the
monthly shift amounts. This is the first year that the shifted firm energy was shaped in the
prescribed manner.

Shifted firm energy was returned in years subsequent to a failure to refill, at the same 237 aMW
rate. This occurred during the following periods:

August 1930 through April 30 1931
January 1937 through April 15 1937
August 1945 through April 30 1945

For the Step Il and Il computation of surplus energy limited to thermal displacement market, the
years shifted and returned were carried over from Step |I. This was done so operating
procedures would be consistent among Step |, Il and IIl.
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Determination of Downstream Power Benefits for 1995-96

TABLE 1

COMPUTATION OF CANADIAN ENTITLEMENT FOR
1995-96 ASSURED OPERATING PLAN

A, Optimum Power Generation in Canada and the U.S. (From 96-42)

B.  Optimum Power Generation in the U.S. Only (From 96-12)

c. Optimum Power Generation in the U.S. and a 1/2 Million Acre-Feet
Reduction in Total Canadian Treaty Storage (From 96-22)

Determination of Dependable Capacity Credited to Canadian Storage - MW

(A) (B) (c)
Step II = Critical Period Avg. Generation 1/ 8,892.9 8,891.8 8,856.6
Step III - Critical Period Avg. Generation 2/ 7,113.5 73113.5 7511:3:5

Gain Due to Canadian Storage 1,779.4 1,778.3 1,743.1
Average Critical Period Load Factor in % 3/ 75.18 75.18 75.18
Dependable Capacity Gain 4/ 2,366.9 2,365.4 2318.5
Canadian Share of Dependable Capacity 5/ 1,183.4 1,182.7 1,159.2

Determination of Increase in Average Annual Usable Energy - Average MW

Step IT (with Caradian Storage) 1/ (A) (B) (c)
Annual Firm Hydro Energy 6/ 8,928.3  8,927.2  8,892.6
Thermal Replacement Energy 7/ 1,422.3 1,416.1 1,435.3
Other Usable Secondary Energy 8/ 421.0 432.2 437.3
System Annual Average Usable Energy 10,771.6 10,775.5 10,765.2

Step III (without Canadian Storage) 2/

Annual Firm Hydro Energy 6/ 6,401.4 6,401.4 6,401.4
Thermal Replacement Energy 7/ 2,123.8 2,123.8 2,123.8
Other Usable Secondary Energy 8/ 940.0 940.0 940.0
System Annual Average Usable Energy 9,465.2 9,465.2 9,465.2
Average Annual Usable Energy Gain 9/ 1,306.4 1,310.3 1,300.0
Canadian Share of Avg. Annual Energy Gain 5/ 653.2 655.2 650.0

1/ Step II values were obtained from the Shift 96-42, 96-12, and 96-22 studies,
respectively.

2/ Step III values were obtained from the Shift 96-13 study.

3/ Critical period load factor from Table 3.

4/ Dependable Capacity Gain credited to Canadian storage equals gain in ecritical
period average generation divided by the average critical period load factor.

/ One-half of Dependable Capacity or Usable Energy Gain.

/ From 30-year average firm load served.

/ Avg. secondary generation limited to Potential Thermal Displacement market.

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

/ Difference between Step II and Step III Annual Average Usable Energy.
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TABLE 2

SUMMARY OF POWER REGULATIONS
FROM 1995-96 ASSURED OPERATING PLAN

| BASIC

DATA STEP | | STEP 11 STEP 111
NOMINAL CRITICAL CRITICAL | 30 YEAR CRITICAL 30 YEAR
INSTALLED JANUARY PERIOD JANUARY PERIOD AVERAGE JANUARY PERIOD AVERAGE
NUMBER PEAKING | USABLE PEAKING AVERAGE USABLE PEAKING AVERAGE ANHUAL USABLE PEAKING AVERAGE ANNUAL
OF CAPACITY | STORAGE | CAPABILITY | GENERATION | STORAGE | CAPABILITY | GENERATION | GENERATION | STORAGE | CAPABILITY | GENERATION | GENERATION
PROJECTS UNITS M 1000 AF M M 1000 AF Mo M MW 1000 AF M ‘M M
RYDRD RESOURCES
CANADIAN
Mica 7,000 7,000
Arvow 7,100 7,100
Duncan 1,400 1,400
Subtotal 15,500 15,500
BASE SYSTEM
Hmgry Horse q 328 3,161 pat)| 94 3,008 185 111 102 3,008 s 192 104
Kerr 3 160 1,219 149 113 1,219 147 102 117 1,219 151 143 115
Thompson Falls 6 40 0 40 k| 0 40 k-] 7 0 40 40 ¥
Noxon Rapids 5 554 231 536 148 0 554 134 202 0 554 17 202
Cabinet 4 230 0 230 9 0 230 87 117 0 230 108 117
Albeni Falls 3 49 1,155 2 27 1,155 31 26 27 1,155 40 28 2
Box Canyon 4 74 0 71 46 0 72 44 48 0 70 55 47
Grand Coulee 24+35S 6,684 5,185 6,382 2,000 5,072 6,358 1,749 2,348 5,072 5,668 1,191 2,246
Chief Joseph 27 2,614 0 2,614 1,123 0 2,614 1,022 1,371 0 2,614 747 1,26
Wells 10 820 0 2 0 820 366 452 0 820 273 418
Rocky Reach 1 1,267 0 1,267 563 0 1,267 526 677 0 1,267 K 274 634
Rock 1sland 18 544 0 544 274 0 544 257 3 0 544 189 285
Wanapum 10 986 0 986 504 0 986 477 591 0 986 5 535
Priest Rapids 10 912 0 912 500 0 912 473 565 0 912 350 510
Brownlee 5 675 975 675 225 974 675 296 20 974 675 266 290
Onbow 4 220 0 220 93 0 220 117 118 0 220 120 118
Ice Harbor 6 693 0 693 217 0 93 231 00 0 693 192 300
Mcha 14 1,127 0 1,127 655 0 1,127 631 793 0 1,127 503 745
John 16 2,484 535 2,484 978 0 2,484 905 1,228 0 2,484 716 1,193
The Dalles 2242F 2,074 0 2,074 738 0 2,074 717 976 0 2,074 584 957
Bonneville 18+2F 1,147 0 1,147 556 0 1,147 546 676 0 1,147 458 646
Kootenay Lake 0 0 673 0 0 673 0 0 0 673 0 0 0
Chelan 2 54 677 51 36 676 51 B 45 676 52 51 42
Coeur d'Alene Lake 0 0 223 0 0 223 0 0 0 223 0 0 0
Total Base System Hydro 3,70% | ASH 23,347 .35 | 78,50 23,231 8593 1403 | 13,000 22,596 7.1 10,875
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Libby 5 604 4,980 545 180
6 1,085 855 368
Spokane River Plants 24 156 104 155 91
Hells Canyon 3 450 0 450 180
3 460 2,015 460 178
Lower Granite 6 932 0 932 215
Little Goose 6 932 0 932 216
Lower Monumental 6 932 0 932 204
Pelton, e
and Round Butte 7 a3 274 419 13
Subtotal TR | 7.3 5,580 T.75%
THERMAL RESOURCES 1/
Small Existing Thermal Plants 2/ 1,656 542
Centralia #1 & #2 1,280 1,146
Jim Bridger 1, #2, 43, & #4 2,021 1,667
Colstrip #1,#2,43,44 1,297 1,006
Trojan 1,104 797
Boardman 530 404
valmy 242 199
WNP $2 1,095 731
Total Thermal Resources 9,225 6,492 9225 6,506 925 6618
RESERVES 3/ (2,394) 0 (1,926) 0 (1,622) 0
TOTAL RESOURCES 35,857 17,516 30,530 15,409 30,29 1372
LOADS
ESTIMATED LOAD PACIFIC NORTHWEST AREA 4/ 29,925 19,021 24,069 15,409 20,273 13,732
Fim Exports 1305 B9
Surplus Firm Exports 0 219
Firm Imports (1,008 212
Miscellaneous Contracts (275 3
Other Coordinated Hydro 3,183 5,576 2,718 (1,037
Independent Hydro Rescurces 1,988 4, 1,489 (821
Estimated Hydro Maintenance 1,561 1
Added Conservation/Resources 0 (143)
TOTAL STEP 1 LOADS 27,87 17,516
SURPLLS 8,562 0 6,461 0 10,026 0
CRITICAL PERIOD Starts Septamber 1, 1928 Septamber 1, 1943 November 1, 1936
Ends February 29, 1932 April 30, 1945 Ppril 30, 1937
Length (Months) 42 Months 20 Months 6 Months
Study Identification 95-4] 95-42 95-13
1/ capabilities are based on an annual plant factor of 60 percent the first full year of operation and 75 t thereafter unless

2/ Sm-Existing Thermal
3/ Peak reserves are 8

Thermal
specified di ferentlg by project owner. These annual plant factors include deductions for energy rescurces and scheduled maintenance.
Tant also includes Combustion Turbines.

of peak load from Table 3; energy reserve deductions have been included in thermal plant energy capability.

4/ Step 11 or [11 Peak is equal to the Step [ or 111 Annual Average Load multiplied by the ratio of the PHW Area January Peak Load to the Annual Average Load.
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THERMAL RESOURCES

1. Total PNW Thermal Resources
1&. Added Thermal

2. Mini Thermal G o

12. Total System Sales

SHIFT

13a. Defict

13b. Shit

14, Totl System Sales w/shift

18. Uniform Average Annual Bystem Sales

18. PNW THERMAL DISPLACM MKT W/SHIFT =

BETURN 1830

17, Defict

18a, Retum

10a. Total Bystem Bales W/Fetum

20a. Uniform Average Annual System Sales
21a. PNW THEAM DISPL MKT W/RETURN, 1830

BETURN 1631

17b. Deficit

18b. Aeturn

18b. Total System Sales W/Return

20b. Unlform Avermge Annual System Sales
21b. PNW THERM DiSPL MKT W/FRETURN, 1831

BETUAN 1932

17¢. Dafich

18c. Petum

18 Totml System Sales W/Retumn

20¢. Unilorm Avernge Annual System Sales

21c. PNW THERM DISPL MKT W/RETURN, 1832

Aug 1-18 Aug 18-31 Bept Oct,

6007.0
arse
1688.0
se18.8
0.0
saia.n

10808.0
an.o
7060.0
101.0
810.0

0.0
ars.e

11888

0.0
00
1180.0
1784.8
38321

-138.9
0.0
1048.7
1183.2
4433 4

-138.9
-238.7
810.0
1084.0
43328

=134
-23a7
810.0
1221.3
43853

8907.0
arse
1686.0
sa18.0
0.0
sa18.8

1088.0
ano
T08.0
101.0
810.0
0.0
arse
1183.8

00
0.0
11858
1784.8
28321

-138.9
0.0
1048.7
1183.2
44304

-1380
-230.7
810.0
1084.0
43328

-1389
-238.7
810.0
1221.3
43053

86884.0
ars.e
1518.0
B8544.8
0.0
8544.8

1047.0
a67.0
680.0
101.0
T81.0

0.0
ars.e

11548

-1388
1712
21ea.8
1784 8
3760.1

-13889

0.0
1012.7
11832
43814

-138.8
-238.7

T781.0
1084.0
4480.0

-134.90
-238.7
781.0
12213
43233

TABLE 3

DETERMINATION OF DISPLACEABLE THERMAL MARKET

FORA 1885-88 ASSURED OPERATING PLAN
Erergy In Average MW)

Nov. Dec. Jan. Feb.

7005.0

ars.e
1703.0
B787.8

s7687.8

T81.0
108.0
873.0
101.0
7740
0.0
ars.e
1140.8

-138.0
1Mn.2
2181.8
1784.8
3686.1

=-138.8
0.0
1010.7
1183.2
4884 4

-138.8
-234.7
TT4.0
1084.0
48328

-138.8
-2)8.7
774.0
12212
45483

7141.0 71400 T148.0 8853.0
arse se a7ae a7s.e
1831.0 1831.0 1831.0 17400
saas.e 5684.8 5esd.a s388.8
0.0 0.0 143.0 285.0
soes.8 5684 6 5838.8 8738
T05.0 T48.0 748.0 1.0
108.0 108.0 108.0 108.0
saT.0 841.0 834.0 ea10.0
101.0 101.0 101.0 101.0
894.0 T420 739.0 720.0
0.0 0.0 0.0 0.0
ase arm.e arse arse
10738 1m7e 1114.8 1005.8
=1389 -1388 -138.9 -134.8
1172 1.2 1388 1386
21080 21408 11148 1085.64
1784.8 1784 5 1784.8 1784.8
3801.1 3800.1 40821 4080.1
-138.8 -138.9 -138.8 -134.9
0.0 0.0 -2047 -238.7
.7 a7a.7 736.0 7200
11632 1183.2 1183.2 1183.2
4502 4 4501.4 48534 48804
-134.8 -1388 -1388 =1389
-238.7 -238.7 -208.7 -238.7
898.0 T420 730.0 7200
1084.0 1084.0 1084.0 1084.0
4801.8 46008 47528 47808
-138.0 -138.8 -138.9 =138.9
-234.7 -238.7 -238.7 -2387
808.0 T420 730.0 7200
12213 12212 12213 1.3
44843 44833 48153 4852.3

81140
arse
1802.0
4087.8
283.0
sar2.8

7300
108.0
6220
101.0
.0

arse
1068.0

-1388

1388
10088
17848
4pa.1

=138
-2%8.7
7230
1183.2
4D8S 4

-1388
-2387
T23.0
1084.0
Alpae

0.0
0.0
1008.8
1221.3
4051.3

8088.0
5.8
1419.0
B044.8
2850
8328.8

821.0
108.0
713.0
101.0
814.0
0.0
arse
11808

-138.8
1388
1188.8
17848
2545.1

-138.9
-208.7
814.0
11832
41484

-138.8
-238.7
8140
1084.0
4458

0.0
oo
1189.8
1212
4108.3

March Apri1-15 Apr18-30 May

43420
amse
1318.0
3038
0.0
o8

8850
108.0
T77.0
101.0
878.0

0.0

12538

=138.0
138.0
12538
1784.5
1818.1

=138.9
-238.7

1183.2
2204

-138.9
-224.7
878.0
1084.0
2188

0.0
0.0
1233.8
1213
21823

Annual
June July Average
are4.0 5730.0 8540.0 84020
arse as.e ase
1178.0 1364.0 18850 18601.0
296328 A750.8 5633.8 81768
0.0 0.0 0.0 60.8
2063.8 4750.8 56358 5248.5
1048.0 1148.0 1zz8.0 8048
118.0 w70 375.0 1848
830.0 T78.0 854.0 7081
101.0 101.0 101.0 1010
1031.0 880.0 8530
3000.0 0.0 0.0
ars.e ase sse
44008 12558 13308 1426.5
~-138.8 -138.0 -138.89
138.8 138.0 1388 #9.0
44008 12558 1330.8 17845
1784.8 1784.5 1784 5
1781 2064.1 511 MB20
-138.9 -138.9 -1388
0.0 -238.7 =234.7
42a07.7 880.0 855.0 1183.2
11832 11832 1183.2
1780.4 25874 44524 40833
-138.8 -13a.8 -1348
0.0 -2347 -234.7
4267.7 880.0 955.0 1084.0
1084.0 1084.0 1084.0
1878 dasa e 45518 41828
0.0 0.0 oo
0.0 00 0.0
4400.8 12558 13308 122213
1221.3 12213 12213
17423 35203 44142 4025.2
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NOTES;
Line 1 = Total Thermal Resources from the Step | study includes those located in the PNW and those not localed in the PNW which meet Step | system foad.
Line 1a = Additional backup thermal required 1o meet PNW deficitand return of shifted energy In ysars system fails to refill (138.9 + 238.7).
Line 2 = Minimum genemtion requirement for above resources.
Line 3 = Displaceable Thermal Resources from the Step | study, line 1 plus 1a minus jine 2.
Line 4 = There la only one displceable thermal import that s not an exchange: SCE to BPA, Optional Energy.
Line 5 = Line 3plus line 4,
Line 8 = TomlExports Including Exchanges conasists of all frm contract sales of energy exported to meet non—PNWA load
Une 7 = These axports are part of contracts that include cormsponding seasonal exchange Imports.
Line 8 = Sum of the Step | study firm contract sales of energy exponed to meet non—FPNWA loads minus the exchanges, line & minus line 7
Une 8 = This la an additional export, the portion of the seasonal exchang tracts not bak d by a corresponding import
Line 10 = Lina 8 plus line 8.
Line 11 = Firm surplus energy saies in the Step | study assumed to be exported o PSW.
Line 11a = Added thermal from line 1a, treated as an export in years system does not refill,
Une 12 = Total of lines 10 plus 11 plus 11a
Line 13a = Amount of PNW deficit met with hydro resources,
Line 13b = Amount of shifted FELCC used to mest added exports (1032 mw) and PNW deficit (1388 mw). The 1032amountis a P busth ol
Line 14 = Total of lines 12 plus 13a plus 13b.
Line 18 = Uniform Average Annual System Sales, calculated from line 14.

Une 18 = PNWThormdl}bpmmvatllhTwIDMThﬂmllﬁuaumumhuMmWMMMthﬁb&aﬂmmwmuhnms minus line 14,

Line 17 = Amount of PNW defict to be met by backup thermal resources.

Une 18 = Amount of retum of shifted FELCC In 1830, 1831, and 1832 which ls met by a backup combustion turbine.
Line 16 = Total System sales w/Retum, line 12 plus 17 plus 18.

Line 20 = Uniform Average Annual System Sales calculated from line 18,

Line 21 = PNW Thermal Displacement Market, line 5 minus line 20
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TABLE 4
DETEAMINATION OF LOADS FOR
1995-96 STEP |, I, and il STUDIEES
FOR ASSURED OPERATING PLAN
Padiic Nortnwesel Area Loach STEP | STUDY BTEP HBTUDY BTEP N 8TUDY
Erecgy  Anruasi 191 Your
Losd Enegy  Base Energy  Total Total PHW ety ml
wio Load Posk Load FiRM Posk asniny iy Retun  wd'¥Yr Thermal Total Hydro By Hydre Petun LoadLes Tolal Hydre
FrmSurp. Shape Load Factr PBURPLUS Bias Bhape Load Energy Load Fescurces| Load Load Shape Load Erergy Rehumn Load Load
Perod MW 1/ Percent MW Percent MW MW MW 2 MWy MW A MW Y MW 5/ MW MW MW & MW | MW ey MW MW e MW T/ Perod
Aug 1-15 17380 9201 21748 TR 08 0 [} 00 173880 =237 171823 08807 | 130883 70798 00 70783 | -2087 68428 117804 48734 Aug 1-15
Aug 18-31 17311 91,80 21708 77 0 0 00 173110 =237 170743 8807 | 138238 70160 00 70188 | =237 6770.8| 117275 48208 Aug 10-31
Sept. 1-18 17084 9029 2211 7883 0 ] 1171.2 182382 -2307 188273 8884 | 137240 T0409 1728 72338 | -2387 88042| 115002 48782 Sept 1-15
Bept. 18-30 17024 2008 F-+31] 7805 0 (-] 1M71.2 181952 -2387 107873 6884 | 138028 T008S8 1724 72017 | -2387 67721 115331 48401 Sept 18-30
October 17722 sare 24308 T2 0 ] 11712 18eea2 -2307 174853 7005 | 142542 T1562 1798 TAS21 | -2347 80228 120000 40110 Oclober
November 10782 10487 26780 a0 0 ° 11712 200332 -2307 195253 7141 | 158050 87540 2001 BO480 | -2387 BS17.3| 133880 2470 November
December 21274 247 28054 7348 0 -] 1712 224482 -237 210373 7140 | 171111 AT 2158 101840 | -2387  @7M4| 144123 72723 December
January 21791 11sm o928 7282 ] ] 1389 219299 -2307 2155842 7149 | 175270 103780 2207 108708 | -2367 101413 147628 78130 Jauay
Fobruary 20048 11084 20807 T258 0 (] 1389 210840 -2307 207003 8953 | 188473 96943 2121 100872 | -2307 9657.8( 141901 72371 February
March 19350 1023 25082 7447 ] L] 1388 194880 =2347 191133 G114 | 155838 D440 1960 90425 | -2387 82129 121089 6004 © March
Al 1-18 18435 9758 24038 7303 L] ] 1380 185739 -2307 181843 o088 | 148277 8737 1867 89326 | -2307 85030 124800 64010 April1-15
Apri| 16-30 18532  eaoe 25019 7407 [} -] 1380 188700 -2307 182053 4343 | 146087 10%627 187.7 107556 | -2367 103260| 125547 82117 Axrll18-30
May 1S 4.08 23011 75.28 3000 4720 1389 200139 00 207750 3784 | 142088 105328 1800 107287 00 105328 1204190 82770 May
June 17748 pae2 22407 79.00 ] 0 1380 178870 -2387 17%123 5730 | 142759 05340 1798 @7208 00 85389 120243 62851 Juw
July 17849 2330 22058 80.01 0 ] 1388 (T7870 =237 174123 B840 | 141955  Ta488 1787 74304 00 72405 119585 5007 5 July
Arvual Average = 188082 10000 7543 2548 4721 196251 =21868 188384 84020 | 152002 87962 1771 BR747 1770  Ba12| 128028 8400 8 Avual Avg
Crt. Pee. Avg = 190208 7518 2185 84914 | 154004 137018
Step il Ciil. Por, Avg, = 19158 2 es18.5 88029
Blep il Crt Par Avg = 20206 2 B818.1 T113 5 Cmt Per Avg
SHShape 42 Morth Cit Per Avg. 18239 3 Computed Critical Pedod Avg= 88020
Input Crifical Per. Avg 10/= 8882 0| Inpt1lV=  T113 %
i rervrreeeey srersraana.
August 1-31 173500 @181 | 217200 Te8e [} ] 00 173500 =237 171133 | 09070 | 139550 TO48.0 00 70480 | -2307 88113 117540 48470Aug 1-N1
September 1-30 17044.0 2210 | 222110 70.74 [} ] 11712 182182 —230.7 168073 | ©4340 | 137088 o248 1728 72177 | -2387 67B81| 115488 48826Sept1-30
Al 1-%0 18482 5 781 | 240770 7400 ] L] 1389 188224 =2367 182488 | 52185 | 148887 pesi? 1872 98441 | -2367 4145 125218 73084 A 1-30
L

Notes. 1. The PNW Ares load does nol inckude he sxporl, bul does include pumping.  The computaton of the ioad shape for Btep I studes used these loads.
2 This Blep | study includes & shift of 138.9 MW 1o meet PNW firm deficil.
A The Step | shucly loads Include expors which ars ahown on Table 4, Line 8.
4. Duing the arfical perdod Step | shifled snergy la refurned Fom Jan. 1830 through Feb. 1932, except May. “Nexd yeir snecgy will De retumed unfformly, In accordance with 1988 Entity Agreements”
5. The thermal instalist ors include large thermal, combuston iurtines and small sxdsing nermal
8. The total rm load for the Step I studes |s computed to have the same shaps as the load of e Padfic Northwest Arsa.
7. The teycro load is squal 1o the lotl oad minus the Step | study thermal installations .
8 The amourt of shift ls shaped accordng to the PNW Arvual Ener gy Load Shape by muliphying the approadmale 10-month aver sge of the Step Il IR (191 4) by the monthly load shaps facton

9. Durng he arifcal perod Step Il shifted snergy e returned Fom Aug. 1944 through Apr. 30, 1945,
10, Input in the orftical period average generalon lor he Step IV hyaro studies used 1o calculate the resl dual fycro losds.
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Determination of Downstream Power Benefits for 1995-96

1992-93

3456.2
FULL
FULL
FULL
3246.2
22000
27000
25000
23000
27000
10000
10000
10000
3256.2

690.3
7368.5
1036.3

560.0

690.3
1036.3

TABLE 5
COMPARISON OF
RECENT ASSURED OPERATING PLAN STUDIES
1990-91  1991-92
MICA TARGET OPERATION (ksfd or cfs)
- AUG 1 3456.2 FULL
- AUG 2 FULL FULL
- SEP FULL FULL
- OCT 10000 FULL
- Nov 3122.2 3122.2
- DEC 23000 23000
- JAN 27000 23000
- FEB 24000 23000
- MAR 20000 18000
- APR 1 15000 18000
- APR 2 10000 18000
- MAY 10000 10000
- JUN 10000 10000
- JUL 3356.2 3456.2
CANADIAN TREATY CRCl STORAGE DRAFT (ksfd)
NOV 1928 (-41) 606.5 533.0
APR 1929 (-41) 7227.1 7049.3
JUL 1929 (-41) 759.1 707.1
AUG 1929 (-&41) 135.9 183.3
NOV 1928 (-11) 538.7 526.7
JUL 1929 (-11) 761.7 708.0
STEP I GAINS AND LOSSES DUE TO REOPERATION (MW)
- U.S. Firm Energy 0 -0.2
- U.S. Dependable Capacity +2 0
- U.S. Secondary Energy -20 +10.5
— BCH Firm Energy +26 +12.1
- BCH Dependable Capacity -1 -3
— BCH Secondary Energy -12 -2.8
HYDROREG SECONDARY LOAD (MW)
- AUG 1 8927 10796
- AUG 2 8895 10750
- SEP 8701 10528
- OCT 8936 10726
- Nov 8819 10637
- DEC 8838 10632
- JAN 8853 10677
—~ FEB 8909 10734
- MAR 8624 10324
— APR 1 8268 9885
- APR 2 7831 9804
- MAY 8394 10135
- JUN 8542 10266
- JUL 8926 10761

1993-94 1994-95 1995-96
3456.2 3456.2 3456.2
FULL FULL FULL
FULL FULL FULL

10000 3428.4 3428.4

19000 22000 22000

22000 24000 24000

26000 27000 27000

25000 25000 25000

22000 25000 25000

25000 24000 24000

18000 14000 14000

10000 10000 10000

10000 10000 10000
3256.2 3356.2 3356.2

761.6 1272.6 1272.7
7754.1 7801.6 7801.6
1139.5 1140.5 1140.5

983.4 1060.4 1060.4

S501.7 1275.3 1275.3
1143.0 1142.8 1142.8

-1.4 -4.4 =4 .4
+3.0 +2.0 +2.0
-8.1 +2.9 +2.9
+40.1 +56.0 +56.0

-14.0 +16.0 +16.0

-27.0 -38.3 -38.3

10655 11475 11475

10655 11475 11475

10092 11466 11466

10237 12021 12021

10083 12272 12272

10074 12443 12443

10914 12633 12633

10765 12641 12641

10405 11909 11909

10235 11817 11817

10933 11573 11573
7114 8114 8114

10079 11236 11236

10740 11590 11590
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Determination of Downstream Power Benefits for 1995-96

TABLE 6
COMPARISON OF RECENT DDPB STUDIES

1990-91 1991-92 1992-93 1993-94 1994-95 1995-96

PNW AREA AVG. ANNUAL LOAD (MW) 18103 18449 18228 18370 18898 18898
~ Avg. Annual/Jan. Load (%) 87.52 87.97 87.67 86.73 86.72 86.72
-~ Avg. C.P. Load Factor (%) 1/ 68.54 69.43 68.98 72.37 75.18 75.18
— Avg. Annual Firm Exports 333 376 L4 969 905 905
- Avg. Annual Firm Surp.(MW) 492 239 388 255 255 255
THERMAL RESOURCES (MW) 2/
- January Peak Capability 9249 9249 9218 9220 9225 9225
- C.P. Energy 5831 5800 5912 6256 6491 AL9]
— C.P. Minimum Generation 1894 1862 1916 1881 1621 1621
- Avg. Annual System Export Sales NA NA 832 1146 1440 1440
— Avg. Ann. Displaceable Market 3/ 3937 3938 3095 2689 3462 3462
INSTALLED HYDRO CAPACITY (MW) &4/ 34633 34584 29737 29745 29680 29680
—~ Base System 23808 23808 23808 23806 23736 23736
STEP I/II/III C.P. (MONTHS) 42/20/7 42/20/7 42/20/7 42/20/5.5 42/20/6 42/20/6

BASE STREAMFLOWS AT THE DALLES (cfs)
- Step I 50-yr.Avg. Streamflow 173996 175557 175456 178235 179502 179502

- Step I C.P. Average 112054 112996 112920 112843 113177 113177
- Step II C.P. Average 5/ 98717 98193 99637 99548 100146 100146
~ Step III C.P. Average &/ 62502 62200 60661 57498 64733 64733

CAPACITY BENEFITS (MW)

- Step II C.P. Generation 8944.9 8903.8 8909.4 8869.5 8892.9 8892.9
- Step III C.P. Generation 6960.7 6919.6 6871.9 7036.3 7113.5 7113.5
— Step II Gain over Step III 1984.2 1984.2 2037.5 1833.2 1779.4 1779.4
- CANADIAN ENTITLEMENT 1447.5 1428.9 1476.9 1266.5 1183.4 1183.4
- Change due to Mica Reop. 0.0 0.0 0.0 -2.3 +0.7 +0.7
- Benefit in Sales Agreement 1022.0 932.0 844.0 755.0 666.0 576.0
ENERGY BENEFITS (aMw)
- Step II Firm Hydro 8773.1 8735.3 8898.2 8970.2 8928.3 8928.3
- Step II Thermal Disp. 1701.0 1732.1 1327.0 1148.2 1422.3 1422.3
- Step II Other Usable 403.1 396.8 484.0 492.8 421.0 421.0
- Step II Total Usable 10877.2 10864.2 10709.2 10611.1 10771.6 10771.6
- Step III Firm Hydro 6452.2 6417.0 6659.0 6485.2 6401.4  6401.4
— Step III Thermal Disp. 2402.3 2408.9 1922.4 1783.1 2123.8 2123.8
-~ Step III Other Usable 861.6 863.7 940.5 1031.4 940.0 940.0
- Step III] Total Usable 9716.1 9689.6 9521.9 9299.7 9465.2 9465.2
-~ CANADIAN ENTITLEMENT 580.6 587.3 593.7 655.7 653.2 653.2
— Change due to Mica Reop. -2.7 -3.5 +1.4 +4.6 -2.0 -2.0
- Entitlement in Sales Agre. 330.0 318.0 305.0 293.0 279.0 268.0
STEP II PEAK CAPABILITY (MW) 30603 30611 30518 30579 30530 30530
STEP II PEAK LOAD (MW) 24269 24215 24645 26414 24069 26069
STEP III PEAK CAPABILITY (MW) 30613 30574 30612 30429 30299 30299
STEP III PEAK LOAD (MW) 20413 20352 20893 20593 20273 20273
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Determination of Downstream Power Benefits for 1995-96

FOOTNOTES FOR TABLE 6

The 1988-89 through 1991-92 studies included firm contract exports in the
computation of the Step I average critical period load factor and the Step
I1/II1 study load shape. In accordance with the 1988 Entity Agreements,
firm exports were excluded from this computation in subsequent studies.

Thermal resources include combustion turbines, and all existing and
planned thermal.

Displacement market for the 1993-94 Assured Operating Plan with shifted
firm energy is 2689 MW; with energy returned is 3326 MW. Displacement
market for the 1994-95 and 1995-96 Assured Operating Plans with shifted
energy is 3462 MW. For the 1930 through 1932 return years the thermal
displacement is 4063 MW, 4163 MW and 4025 MW respectively.

Beginning with the 1992-93 Assured Operating Plan, other coordinated hydro
and independent hydro were included as adjustments to the Step I load.

The 1990-91 and 1991-92 Step II/III studies did not update irrigation
depletions other than Grand Coulee pumping.

The 1993-94 Assured Operating Plan Step III has a 5 1/2 month critical
period while the 1994-95 and 1995-96 Assured Operating Plans Step III have
a 6 month critical peériod.
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Options for 1995-96 DOP Development

OPTIONS FOR DEVELOPMENT OF THE DETAILED OPERATING PLAN
FOR OPERATING YEAR 1995-1996

January 1991

Introduction

When the Assured Operating Plan for a particular year includes firm energy shifting, the Entity
Agreements on Principles' and on Changes to Procedures? for the Preparation of the Assured
Operating Plan and Determination of Downstream Power Benefit Studies require the Entities to
conduct additional studies that exclude firm energy shifting. The purpose of these studies is to:

a) provide a non-shifted firm energy operating plan that the U.S. Entity may elect to
implement in the Detailed Operating Plan, and

b) define the incremental change in downstream power benefits due to the inclusion of
shifted firm energy in the Assured Operating Plan.

This report describes this non-shifted firm energy operating plan, later referred to as the
Alternative Operating Plan, and documents the calculations used to define the incremental
change in downstream power benefits described above. The Entities have agreed? that the U.S.
Entity will have the option to implement this Alternative Operating Plan in the future
development of a Detailed Operating Plan for 1994-95. This option is described in further detail
in Section 3.

This agreement does not alter the obligation of the Canadian Entity, described in the
Determination of Downstream Power Benefits for 1995-96, to deliver 2.0 MW of average annual
usable energy, but no dependable capacity, to the United States Entity during the period 1 April
1995 through 31 March 1996.

Altern ratin

The criteria and content of the Alternative Operating Plan is essentially the same as for the
Assured Operating Plan, however the details of the system operation are somewhat different.
Therefore, the descriptions of the various rule curves are not repeated, but may be reviewed by
referring to the Assured Operating Plan document.®* However, the Table 1 describing the new
study comparisons, Table 2 providing new Mica operating rules, and Tables 3-11 providing
revised rule curves and power discharge requirements are included.

A 30-year System Regulation Study® 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, discharges, draft rates, etc. These constraints are included as part of this
operating plan.

The following rules, used in the 30-year System Regulation Study®, will apply to the operation
of Canadian storage if the Alternative Operating Plan is adopted in the Detailed Operating Plan
for the 1995-96 Operating Year.
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Options for 1995-96 DOP Development

(a)

(b)

Mica Operating Rules

Mica project operation will be determined by the end of previous period Arrow storage
content as shown in Table 2. 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 Alternative 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 and other project operating 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 Table
2.

Rule Curves

The operation of Canadian storage during the 1995-96 Operating Year shall be guided by
a Compaosite 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 as described in the
Assured Operating Plan.*

Table 3 documents the Critical Rule Curves for Mica, Arrow and Duncan and the
Composite Critical Rule Curve for the whole of Canadian storage.

Table 4 documents the Assured Refill Curves for Mica, Arrow and Duncan.

Tables 5-7 document the Variable Refill Curves, Power Discharge Requirements and
Limiting Rule Curves for Duncan, Arrow and Mica respectively.

Tables 8-10 document the Upper Rule Curves for Duncan, Arrow and Mica respectively.

Table 11 illustrates the range of Composite Operating Rule curves for the whole of
Canadian storage for all 30 years of the historical record. It was developed by combining
the individual project operating rule curves using the same criteria as outlined in the
Assured Operating Plan.

Revelstoke has been included in the 1995-36 Alternative 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 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:
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Options for 1995-96 DOP Development

(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 1995-96 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.

The Entities have agreed® that an option to implement the Alternative Operating Plan would be
advantageous to both countries. Accordingly, failing agreement on future updates, the Detailed
Operating Plan for 1995-96 will include, at the discretion of the United States Entity, either:

i)  the rule curves, Mica operating criteria, and other data and criteria given in the Assured
Operating Plan,* or

ii) the rule curves, Mica operating criteria, and other data and criteria given in the Alternative
Operating Plan, described in Section 2 of this document, or

iii) information as in (ii) above, with mutually acceptable criteria that will allow a provisional
draft of a portion of Canadian Treaty Storage. These criteria will be designed to limit the
total draft and ensure restoration of Canadian Treaty Storage similar to that which would
have occurred under the Assured Operating Plan.

The Entities may also include any other changes considered advantageous to both countries.
Actual operation during the 1995-36 Operating Year shall be guided by the Detailed Operating
Plan.

Devel i ing Plan

The Alternative Operating Plan was prepared in accordance with the same principles and
procedures as were used in the development of the Assured Operating Plan* except for the
exclusion of firm energy shifting. The tests used to evaluate Mica Operating Criteria in the
Alternative Operating Plan were also the same as those utilized in the Assured Operating Plan.

(a) rminati imum Generation in h i

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 1995-96 Alternative 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 same weights were used in both the Alternative Operating
Plan and the Assured Operating Plan studies.

Table 1 shows the results from the studies adopted for the 1995-96 Alternative Operating
Plan and from studies designed to achieve optimum generation in the United States.
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(b)

Maxim Permi R ion in Downstream Pow nefi

Although there is no specific requirement that operating plans prepared under the authority
of Article XIV 2.(k) of the Treaty pass tests related to the maximum permitted reduction
in downstream power benefits, these tests were applied to the Mica operating criteria
developed for the Alternative Operating Plan.

Separate system regulation studies, that exclude energy shifting, were developed
reflecting (i) Canadian storage operation for optimum generation in both Canada and the
United States, using the Mica Project operating criteria described in Section 2{a), and (ii)
Canadian storage operation for optimum generation in the United States alone. For these
Mica operating criteria, there is a 0.3 MW increase in the entitlement to average annual
usable energy and 0.5 MW loss in Entitlement to dependable capacity compared to an
operation for optimum generation in the United States alone.

ian itlemen m i

The downstream power benefits for the Alternative Operating Plan were computed in accordance
with the same procedures described in the Determination of Downstream Power Benefits for the
Assured Operating Plan for Operating Year 1995-96 document®, except for specific changes
described below.

(a)

(b)

f i i n

For the Alternative Operating Plan, one-half of the downstream power benefits in the
United States of America attributable to operation for optimum power generation in
Canada and the United States of America was computed to be (see Table 12):

Dependable Capacity = 1,184.3 MW
Average Annual Energy = 634.6 MW
i f Maximum Allowable R ion in Entitl n

The minimum permitted downstream power benefit was computed in accordance with
Treaty Annex A, Paragraph 7 and Part lll, Paragraph 15c(2) of the Principles and
Procedures’. The resulting minimum permitted entitlement to downstream power benefits
for the 1995-96 Alternative Operating Plan was based on the formula:

X-(Y-2)
where:
X is one-half the downstream power benefits derived from the previous year’s
Assured Operating Plan 95-42 and 95-13 studies,
Y is one-half the downstream power benefits derived from the previous year’s
Assured Operating Plan 95-12 and 95-13 studies, and
4 is one-half the downstream power benefits derived from the present year’s

Alternative Operating Plan 96-22 and 96-13 studies.
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(c)

The quantities X and Y were computed in the Determination of Downstream Power
Benefits for the Assured Operating Plan for the 1994-95 Operating Year. 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, is computed in Table 12.

Application of the formula X - (Y - Z) yields the following:

Dependable Capacity = 1,1843 - (1,184.8 - 1,162.8) 1,162.3 MW
Average Annual Energy = 6346 - (6343 - 629.3) = 629.6 MW

The computed entitlement in Section 5(a) above exceeds these amounts.
Eff Sale of C lian Entitl

For the Alternative Operating Plan, one-half of the downstream power benefits in the
United States of America attributable to operation in accordance with Treaty Annex A,
Paragraph 8, for optimum power generation in the United States of America alone was
computed to be (see Table 12):

1,184.8 MW
634.3 MW

Dependable Capacity
Average Annual Energy

A comparison with the entitlement to downstream power benefits computed in the
Determination of Downstream Power Benefits for the Assured Operating Plan for
Operating Year 1995-96°%, for optimum power generation in the United State of America
alone, indicates that inclusion of firm energy shifting results in an increase of 20.9 MW
of average annual energy and a decrease of 2.1 MW of dependable capacity. This
represents the change in the purchased portion of the Canadian Entitlement resulting from
including firm energy shifting in the Assured Operating Plan.

A comparison with the entitlement to downstream power benefits computed in
Section 5(a) indicates that operation for optimum in both countries results in an increase
of 0.3 MW of average annual usable energy, and a decrease of 0.5 MW in dependable
capacity.

Since the Alternative Operating Plan has not being adopted for the Assured Operating
Plan, the quantities arising from the entitlement computations are not involved in the
power transfers described in Sections 7 and 10 of the Canadian Entitlement Purchase
Agreement®.
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(d)

n ion

The following Tables and Chart summarize the study results:

Table 12 m i f Canadian Enti for 1 -96 Alternativ rating Plan:
A rati n h
B m r in
c re- R ion i
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 13 lation - i rating Plan for
m i nadian itlemen n m_Power Benefi

This table summarizes the results of the Step |, Il, and Il power regulation studies for each
project and the total system.

Table 14 ination of Di Mar for 1 - Alternativ
Operating Plan

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, minimum thermal generation, and reductions for the thermal
resources used outside the PNW area.

Table 15 rminati for 1 - 1l | ies for Alternativ
Operating Plan

This table shows the computation of the Step |, I, and Ill loads. The monthly loads for
Step Il and lll studies have the same ratio between each month and the annual average
as does the Pacific Northwest (PNW) area load. 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 Il and Il studies is
described in POP and clarified in the 1988 Entity Agreements.

Chart 1. 1 - rmination of ream P r nefi -Year Hydr
Generation

This chart shows duration curves of the hydro generation from the Step Il and Il 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 15. The usable
secondary energy in average megawatts for the Step Il and Il studies is computed in
accordance with Annex B, Paragraphs 3(b) and 3(c), as the portion of secondary energy
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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,

- ¢ Diff from the 1995-96 2 i Cparatice: Fi

Table 16 and Table 17 document various data from this Alternative Operating Plan and
Determination of Downstream Power Benefits and compare it to the Assured Operating Plan for
1995-96 and to previous Alternative Operating Plans and their associated Downstream Power
Benefit Determinations.

In this Alternative Operating Plan, there was no shifting of firm energy load carrying capability.
However, all of the year-to-year changes in project data, streamflows, system loads, energy
exchanges and operating procedures, apart from those related to energy shifting, described in
the Determination of Downstream Power Benefits for the 1995-96 Assured Operating Plan also
apply to these studies. An explanation of the more important changes compared to the 1995-96
Assured Operation Plan is given below:

(a)  Loads and Resources
Conservation resources of 115 Avg. MW were added to eliminate deficits in the region.
(b) Down nefi ion

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 Pacific Northwest
Area. The components of the exports out of the region are shown in Table 14. Only the
amount of the seasonal exchange exports, not balanced by corresponding imports, was
included in the net export amount. The potential displaceable thermal market was
increased by the Southern California Edison to Bonneville Power Administration
displaceable thermal energy import, which returns January through April 15.
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1 Columbia River Treaty Entity Agreement on Principles for the Preparation of the Assured
Operating Plan and Determination of Downstream Power Benefit Studies, dated 28 July 1988.

2 Columbia River Treaty Entity Agreement on Procedures for the Preparation of the Assured
Operating Plan and Determination of Downstream Power Benefit Studies, dated 12 August
1988.

3 Columbia River Treaty Entity Agreement on the Assured Operating Plan, Determination of
Downstream Power Benefits and Options for Development of the Detailed Operating Plan for
Operating Year 1995-96.

4 Columbia River Treaty Assured Operating Plan for Operating Year 1995-96, dated January 1991.

5 Columbia River Treaty Determination of Downstream Power Benefits for the Assured Operating
Plan for Operating Year 1995-96, dated January 1991.

6 Bonneville Power Administration Hydroelectric Power Planning Program, Alternative Operating
Plan 30-year System Regulation Study 96-41 (no shift), dated 25 April 1990.

7 Principles and Procedures for the Preparation and Use of Hydroelectric Operating Plans dated
May 1983.

8 Canadian Entitlement Purchase Agreement, dated 13 August 1964.
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TABLE1

MPARI ERNATIVE QP ING PLAN
STUDY RESULTS

Study 96-41 (no shift) provides Optimum Generation in Canada and in the United States.
Study 96-11 (no shift) provides Optimum Generation in the United States only,

Study No. Study No.

96-41 96-11 Net
No Shift No Shift Gain Weight Value
1. Firm Energy Capability
(Avg. MW)
U.S. System' 12,182.1 12,188.6 -6.5
Canada’ 1.641.9  1,586.8  +55.1
Total 13,824.0 13,775. +48.6 3 +145.8

2. Dependable Peaking Capacity (MW)

U.S. System® 31,803.0 31,803.0 0.0
Canada®* 3,510.0 3,518.0 -8.0
Total 35,313.0 35,321. -8.0 1 -8.0

3. Average Annual Usable
Secondary Energy (Avg. MW)

U.S. System® 3,002.6 2,989.1 +13.5
Canada® _130.7  _165.2 345
Total 3,133.3 3,154.3 -21.0 2 -42.0
Net Change in Value = +95.8
Notes:

(m

(2)

(3)

(4)

(5)

(6)

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

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

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

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

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

Canadian system (Mica and Revelstoke) 30-year average generation minus firm energy
capability.
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Options for 1995-96 DOP Development

TJABLE 2
PROJE PER RITERIA
ALTERNATIV P T PLAN
End of Previous Target Operation Minimum
Period Arrow Period Average End-of-Period Minimum Treaty
Storage Content Outflow Treaty Content’ Outflow Content?
Manth (ksfd) (cfs) ksfd (cfs) {ksfd)
August 1-15 3300 - FULL - 3 456.2 10 000 0.0
0 -3300 27 000
August 16-31 2400 - FULL - 3528.2 10 000 0.0
0 -2400 27 000
September 2500 - FULL - 3529.2 10 000 0.0
0 -2500 27 000
October 29800 - FULL 11 000 - 10 000 0.0
200 -28900 27 000
0o - 200 31000
November 3400 - FULL - 31855 10 000 0.0
3000 -3400 23 000
0 -3000 27 000
December 3200 - FULL 21 000 - 15 000 756.2
2200 -3 200 27 000
0 -2200 34 000
January 2100 - FULL 27 000 - 15 000 356.2
0 -2100 34 000
February 0 - FULL 23 000 - 15 000 0.0
March 0 - FULL 22 000 - 15 000 0.0
April 1-15 0 - FULL - 156.2 15 000 0.0
April 16-30 0 - FULL - 0.0 10 000 0.0
May 0 - FULL 10 000 - 10 000 0.0
June 0 - FULL 10 000 - 10 000 0.0
July 2300 - FULL - 3 356.2 10 000 0.0
0 -2300 27 000
Notes:
(1) A maximum outflow of 34000 cfs will apply if the target end-of-period storage content is less than 3529.2 ksfd except

in April where a maximum outflow of 27 000 cfs will apply from April 1-15 and a maximum outflow of 25 000 cfs
will apply from April 16-30.

(2) Mica outflows will be reduced to minimum to maintain the reservoir above the minimum Treaty storage content. This
will override any target flow.
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157
2ND
3RD
4TH

18T
2ND
3RD
4TH

1sT
2ND
3RD
4TH

1sT
Z2ND
3RD
4TH

YR
YR
YR
YR

YR
YR
YR
YR

YR
YR
YR
YR

YR
YR
YR
YR

AUG15
3529.2
3292.9
2955.9
1636.1

AUG15
3579.6
36432.7
3282.9
1876 .7

AUGL5
705.8
552.3
1164.7

50.3

AUGL5
78146.6
7277.9
6353.5
3563.1

AUG31
3529.2
3338 9
3134.5
1630.8

AUG31
3579.6
3399.9
3232.0
1632.0

AUG31
705.8
493.1
160.8

6.0

AUG31
7814.6
7231.9
6527.3
32¢68.8

SEP
3466.9
3164.6
3099.3
1351.4

SEP
3532.6
3342.1
3256.0
1598.3

SEP
692.6
383.2
167.2

2.3

SEP
7692.1
6889.9
6522.5
2952.0

ocT
3407.2
2916.1
2856.8
951.1

0cT
3441 .8
3050.2
2982.3
1364.2

ocT
641.7
182.1
11.0
1.8

ocT
7490.7
6148.4
5850.1
2317.1

NOV
3303.2
26446.0
2394.6

387.3

NOV
3301.3
2506.7
2436.8
12647.1

NOV
502.5
19.9
10.6
0.0

HOV
7107.0
4972.6
6842.0
1634.4

COLUMBIA RIVER TREATY
CRITICAL RULE CURVES

END OF MONTH CONTENTS IN KSFD

1995-96 OPERATING YEAR

MICA
DEC JAN FEB MAR
3049.0 2151.9 1162.3 781.1
1928.4 874.3 384.8 140.8
1885.2 864.0 147.1 68.6
4.6 10.2 0.0 0.0
ARROW
DEC JAN FEB MAR
2696.7 1683.1 901.1 1077.8
1766.3 789.3 186.4 197.4
1648.0 898.9 96.5 158.1
822.2 366.0 0.0 0.0
DUNCAN
DEC JAN FEB MAR
407.8 256.3 235.1 129.3
18.6 5.8 14,1 4.8
8.9 10.5 9.8 7.2
0.0 0.0 0.0 0.0
COMPOSITE

DEC JAH FEB MAR
6153.5 4089.3 2298.5 1988.2
3713.3 1673.4 585.3 343.0
35642.1 1773.4 253.4 233.9
826.8 356.2 0.0 0.0

APR15
324.1
27.2
93.3
0.0

APR15
515.5
91.5
128.4
0.0

APR1S
53.8
16.3
12.5

0.0

APR15
893.4
135.0
234.2

0.0

APR30
34.8
51.4
26.0

0.0

APR30
269.4
349.4
95.0
0.0

APR30
58.9
0.8
4.0
0.0

APR30
363.1
4601.6
125.1

0.0

MAY
496.6
32.4
12.8
0.0

MAY
1109.5
658.3
665.1
0.0

MAY
167.3
0.0
62.3
0.0

MAY
1771.4
690.7
760.2
0.0

JUN
2127.8
1236.9

847 .4

0.0

JUN
2656 .5
1995.2
1226.2

0.0

JUN
442.1
219.6
208.1

0.0

JUN
5226 .4
3451.7
2281.7

0.0

TABLE 3

JUL
2898.7
2618.2
1579.5

0.0

JUL
3428.8
3041.9
1840.7

0.0

JuL
610.3
166.6
134.0

0.0

JUL
6937.8
5826.7
3554.2

0.0

wewdojaaeg 4OQ 96-G66 1 404 suondp
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COLUMBIA RIVER TREATY

ASSURED REFILL CURVES TABLE 4
END OF MONTH CONTENTS IN KSFD

1995-96 OPERATING YEAR

MICA

AUG15 AUG31 SEP ocT NOV DEC JAN FEB MAR APR15 APR30 MAY JUN JuL
1757.2 2340.2 2943.2 3121.6 3186.9 3203.4 3198.3 2710.9 2097.7 1822.9 1586.4 1681.5 2647.2 3529.2

ARROW
AUG15 AUG31 SEP ocT NOV DEC JAN FEB MAR APR15 APR30 MAY JUN JUL
0.0 0.0 0.0 34.9 274.3 427.1 478.0 709.7 1003.4 1108.8 1202.9 1977.3 3105.6 3579.é6
DUNCAN
AUG15 AUG31 SEP 0CT NOV DEC JAN FEB MAR APR15 APR30 MAY JUN JUL

63.3 134.2 200.5 231.2 2648.7 259.9 270.1 268.1 269.8 277.0 261.7 360.0 5640.9 705.8

uswdojarag dOd 96-G66 L 104 suondQ




Options for 1995-96 DOP Development

TABLE 5

DUNCAN VARIABLE REFILL CURVE (KSFD)
1995-96 OPERATING YEAR
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POWER DISCHARGE REQUIREMENTS IN CF5

FOR JAHUARY THROUGH JULY
VOLUME RUNOFF AT THE DALLES
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AUG15 AUG31 SEP ocT NOV
1928-29
1929-30
1930-31
1931-32
1932-33
1933-34
1934-35
1935-36
1936-37
1937-38
1938-39
1939-40
1940-41
19641-42
1962-63
1943-44
1944-45
1945-46
19646-47
19647-48
1948-49
1949-50
1950-51
1951-52
1952-53
1953-54
1954-55
1955-56
1956-57
1957-58

ARROW VARIABLE REFILL CURVE (KSFD)
1995-96 OPERATING YEAR

2750.
2569.

r
D
D
=
v ~~ocounbccNDlococ b oD DO N DD

(%]

o

—

- [a%]
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TABLE 6

JUL
3579.6

1
1
1
"
L
[
[
o
[
s
b
L
»y
N
poy
i
sy
e
N
'
s
]
sy
0
1
N
r
'
o

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

DEC JAN FEB MAR  APR15
2818.9 2900.9 2999.4 3313.2
1202.8 1329.9 1521.2 1943.0
1608.6 1724.4 1B54.5 2249.3
627.2 266.2 183.3 0.0
3109.4 3183.2 3279.7 3540.8
627 .2 246.2 183.3 228.0
1421.0 1542.0 16B1.7 2084,1
951.3 1070.9 1284.1 1809.2
2316.6 2612.6 2576.8 3041.8
627.2 6446.6 673.2 709.7
1088.0 1095.8 1058.5 1392.8
3579.6 3579.6 3579.6 3579.6

3077.0 3151.7 3305.0 s
627.2 266.2 183.3 0.0

ra L o ’
’a s 520.0 1115.0
' ’o 183.3 0.6
r I ) 17.3
1 o 'y 78.7
" 296.7 296.2 597.4
’s 246.2 183.3 0.0

Ll LR L ra

627.2 246.2 183.3

B0 MAF-- 5000 15000 18000 22000
90 MAF-- 5000 5000 5000 5000
95 MAF-- 5000 5000 5000 5000

30000
5000
10000

40000
5000
10000

45000
5000
35000

45000
5000
35000
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AUG15 AUG31 SEP ocT NOV
1928-29
1929-30
1930-31
1931-32
1932-33
1933-34
1936-35
1935-36
1936-37
1937-38
1938-39
1939-40
1960-41
1961-42
1962-43
1963-44
1944-45
19645-46
1946-47
1947-48
1948-49
19649-50
1950-51
1951-52
1952-53
1953-54
1954-55
1955-56
1956-57

1957-58

MICA VARIABLE REFILL CURVE (KSFD)
1995-96 OPERATING YEAR

L
~N
(7]
=]
VMHAWD WD OWORWDOD DWW DD~~~ D RN

TABLE 7

JUL
3529.2

N
N
e
[
(N
Ly
"
oy
(N
o
"y
LN
'y
[N
N
[N
b
]
o
e
P
(]
e
"
N
L]
r
a

N

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

DEC JAN FEB MAR APR15

3529.2 3529.2 3404.3 3359.3

’o 2996.2 2328.2 2380.0

i’ 3265.2 2593.0 2604.9

1131.3 1017.2 971.0 1210.9

1066.2 956.3 927.5 1168.7

317.6 157 .4 122.2 436.8

' 100.5 0.0 292.1

921.5 627.0 371.4 6064.7

3529.2 3529.2 3357.3 3305.7

1429.2 1311.7 1265.9 1488.1

3529.2 3138.7 2480.3 2524.7

3488.8 2880.5 2239.1 2295.7

3529.2 3469.4 2816.9 28B30.3

903.8 694.8 566.2 776.9

2057.8 1927.1 1883.8B 2051.3

3529.2 3529.2 3463.3 3406.8

o s 3436.7 3397.5

804.5 700.2 652.1 904.2

982.2 B874.1 855.1 1112.2

907.3 797.9 763.7 1003.4

2618.2 2475.8 2416.3 2544.0

1229.7 1116.4 1058.6 1280.8

1271.0 1156.9 1131.3 1364.4

16642.4 1517.5 16466.9 1653.4

1946.1 1817.8 1776.9 1952.3

808.2 703.8 686.5 968.5

1296.9 1173.8 1149.1 1380.0

1128.3 1014.2 968.3 1199.5

1290.8 1176.2 1145.1 1374.5

1136.1 1024.8 1000.0 1245.4
317.6 0.0 0.0

80 MAF-- 3000 20000 23000 23000

90 MAF-- 3000 3000 3000 3000

95 MAF-- 3000 3000 3000 10000

23000
3000
10000

25000
3000
10000

28000
3000
20000

28000
3000
25000

luswdojaaag 400 96-G66 1L 104 suondQ



FLODD CONTROL STORAGE
1995-96 OPERATING YEAR
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ARROW TABLE 9
FLOOD CONTROL STORAGE RESERVATION CURVES
1995-96 OPERATING YEAR

KSFD
AUG15 AUG31 SEP ocT NOV DEC JAN FEB MAR  APR15 APR30 MAY JUN JUL

1928-29 3579.6 3579.6 3579.6 3453.6 3453.6 3075.4 3075.4 3075.4 3075.4 3088.5 3111.2 3235.8 3579.6 3579.6
1929-30 ' ' ’s ’e ’ e 2998.3 2928.3 2851.2 2870.1 2902.9 3082.8 ' Vi
1930-31 ) s i ’ ’o - 3075.4 3075.4 3075.4 3088.5 3111.2 3235.8 " e
1931-32 ' 20 ’a ,r ’e ’ 2371.6 1712.7 1008.4 1016.1 1126.6 2224.6 1 ’)
1932-33 o ' ' , P - 2363.5 1720.2 i’ 1008.4 1036.6 1761.7 3034.5 '
1933-34 ’ i, e ’ ’ ) ' i ’e ' 1784.9 2327.4 3579.6 ‘o
1934-35 sof - ’ s ’e ' 0 i ' )’ 1008.4 1725.7 3034.5 '
1935-36 ' ’o " ' ’e ’ 2371.6 1712.7 i 1070.1 1373.5 2136.6 3579.6 '
1936-37 P - ’o - 1 i 2940.8 2818.8 26B84.1 2707.4 2755.8 3266.2 i '
1937-38 " " " ' e ’ 2363.5 1720.2 1008.4 1082.9 1278.3 1831.2 3147.6 i
1938-39 rict - ya ' o ’ 2584.5 2141.3 1650.3 1719.8 1843.3 2661.3 3579.6 ' o
1939-40 ' 'y e ' ' ' 2793.4 2529.4 2247.3 2287.2 2380.5 2913.4 A i’
1940-41 " o ’o ' ' ’ 3075.4 3075.4 3075.4 3088.5 3111.2 3235.8 R H
1941-42 Ve ' ’o ' ' ’ 2363.5 1720.2 1008.4 1064.9 1149.8 1934.0 v w
1962-463 ' ’o ' ' i ’ ’ Y ' 1111.2 1322.0 1440.3 2389.1 '
1963-44 ' o ’o ' ' ’s 3075.4 3075.4 3075.4 3088.5 3111.2 3235.8 3579.6 14
1944-45 oo ' - ' 1 ’a 2582.9 2138.0 1645.5 1672.5 1744.1 2368.8 3347.5 19
1965-46 - ' ' e ) ’o 2363.5 1720.2 1008.4 1072.6 12642.3 2201.4 3579.6 )
1946-47 o ' N (] N o (] ¥ ' 10?5.2 1360.6 21‘!7‘! ' 2
1947-48 s ' - n ) v 2371.6 1712.7 ’s 1036.6 1183.2 2216.8 £ .
1948-49 ra e e ro ' o 2363.5 1720.2 'y 1144.6 1376.0 2494 .5 ’a ')
1949-50 v ‘e ai ’o i ' ’a ‘e ’o 1008.4 1008.4 1113.8 2232.3 "3
1950'51 ) (] r P i’ ) ) ) ) e ) 1355»5 333?9 P
1951-52 ’ e ' ’ i ’o ’ 2371.6 1712.7 " 1070.1 1345.2 1792.6 3013.9 22
1952-53 i ’ ’ b i ' 2363.5 1720.2 ' 1057.2 1172.9 1476.3 i e
i‘iS}-SG yor P ] r 1 »oa oy ry Iy b ¥ 11343 1628‘0 13930 i
195“1'55 ] o o ) o o I »y y 10?5-2 10906 1653? 322‘!.8 ')
1955-56 v ’ p ’i i’ i’ 2371.6 1712.7 i 1008.4 1216.6 1990.6 2993.4 ’
1956-57 ) e i ’i i " 2363.5 1720.2 A 1077.8 1224.3 2651.4 3579.6 T
195?_58 (] Ve ] ) ir ] ] ] ] lnqﬁ.q ]190.9 2242.5 e b

wawdojersq 4Oa 96-G66 L 404 suondo
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MICA TABLE 10
FLOOD CONTROL STORAGE RESERVATION CURVES
1995-96 OPERATING YEAR
KSFD

AUGIS  AUG31 SEP ocT NOV DEC JAN FEB MAR  APR15  APR30 MAY JUN JUL

1928-29  3529.2 3529.2 3529.2 3428.4 3428.4 36428.4 3385.7 3347.2 3304.6 3304.6 3304.6 3369.1 36447.9 3529.2
1929-30 ' v o ¥ ¥ "' 3352.6 3284.4 3208.7 3208.7 3208.7 3300.7 3413.2 L
1930-31 o i i e A '’ 3428.4 3428.4 3428.4 3428.4 3428.4 36457.3 3492.7 -
1931-32 i 7 i 3 e "' 3105.7 2803.2 2480.5 2480.5 2480.5 2781.5 3149.6 o
1932-33 12 e ] N ') Y] I101.7 2807.2 Y] 'y 'y o = Iy )
1933-34 2 R LA o o a9 r ] L s o P " P
1934-35 F4, b LR (¥ '] o 'R vy ) i’y 'y 'y ') )
1935-36 ‘o it i o o S 3105.7 2803.2 % S % iy n o
1936-37 o -y O i o "' 3330.6 3242.3 31644.5 3164.5 3144.5 33233 3398.4 .
1937-38 ’o ) i 2 o "' 3101.7 2807..2 2480.5 24B0.5 2480.5 2781.5 3149.6 .
1938-39 oy i 3 o i = "' 3193.8 2981.4 2746.8 27646.8 2746.8 2971.4 3246.0 .
1939-40 4 ¥ T s i "' 3274.3 3130.5 2976.4 2976.4 2976.4 3135.1 3329.1 .
1940-41 o T o & i "' 34284 3428.4 3428.4 3428.6 3628.4 3457.3 3492.7 .
ek " " ' ' ’o ,» 3101.7 2807.2 2480.5 2480.5 2480.5 2781.5 3149.6 v
-/ 8 Ll ] P P o N o ] Iy ¥ o o
1943-44 i e iy 4 s "' 3428 4 36428.64 3428.64 3428.4 3428.4 3457.3 3492.7 .
1964-45 ¥ s i o g "' 3193.1 2980.2 2745.0 2745.0 2745.0 2970.0 3245.3 o
o ' ¥ o o 3 ., 3101.7 2807.2 2480.5 2480.5 2480.5 2781.5 3149.6 s
gL 4 ’2 b . e oy N 'y 9 s b TR I

}32;-23 2 i i ’re L e 3105? 280;% ) bt e e 'y )
it hp LA L) ' o ' 3101,7 2807. "o Iy !l ') ' )
1969-50 A1l i L% . ' o N N 'Y ' '] Y P ]
igg?-SI 44 fix A e e P yoa '] e ' e vl 'y 0
-52 " i o ., . .. 3105.7 28B03.2 45 A4 e i o -
1952-53 " o . . o o 3101.7 2807.2 ke . i " e o
1953-5“ L4 L o iy N o 'y 'R} N N 'y 'y N )
1954-55 Rl eoh ‘e ' iy ') R I I P I v 'y I
1955-56 e an - . o L. 31057 2803.2 . . L 2695.5 3172.7 5
1956-57 " e y - e . 3101.7 2867.2 " o o 2781.5 3149.6 5
105?-58 e v L0 oy . » ' ' e i 'y o oo .
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COLUMBIA RIVER TREATY
COMPOSITE OPERATING RULE CURVES TABLE 11
FOR THE WHOLE OF CANADIAN STORAGE
END OF MONTH CONTENTS IN KSFD
1995-96 OPERATING YEAR

AUG15 AUG31 SEP ocT NOV DEC JAN FEB MAR APR15 APR30D MAY JUN JUL
78l14.6 78l4.6 7692.1 7490.7 7107.0 6307.9 5151.5 3880.1 3445.3 3208.7 3051.0 4018.8 6293.7 7B8l4.6

L L) L) L) L) L 4671'2 L) L ’e R rr L] LR
LI ' L L) L) 'y 507?'0 ) ’ [ o ry s LA
’e ' e ’o "o ’ e 1759.7 1265.0 1155.1 1210.9 1519.1 2610.0 5735.8 '

. - ya ’ ’E i 1694.6 1204.1 1111.6 1168.7 1746.9 2576.8 5408.4 H

’e o e ' ’ e e 946 .0 405.2 306.3 436.8 1217.1 2887.0 6241.1 ‘e
’ ' 1 vy ' ’e 979.0 356.9 207.8 347.4 1019.2 1786.6 5003.8 i
e v e ’o v 1 1587.5 886.3 569.1 648.6 1337.5 2250.6 5798.8 e
’e ‘e ' r 'y ' 5151.5 3880.1 3445.3 3208.7 3051.0 4018.8 6293.7 )

i ¥ 19 ’e y o ' 2057.6 1559.5 1450.0 1732.3 2667.8 3538.1 6092.1 '
i i 1 3o y o 2 4889.4 3856.5 3415.5 3195.1 3051.0 3985.5 6293.7 i
i v ‘e ' ’ ’ 46417.4 3845.0 3411.3 3200.5 5 3987.6 ‘e )
i i ac b 2 ' 5151.5 38B80.1 3445.3 3208.7 ¥ 4018.8 N
i »i 10 £ ’e ’ 1683.2 1465.0 1354.3 1649.4 2350.5 3056.2 5787.7 2
33 o a1 - e ' 3267.2 2924.7 3048.0 3063.6 2989.2 3939.6 6257.8 L
e ' ' ' ’ ' 5151.5 3880.1 3445.3 3208. 3051.0 4018.8 6293.7 A

L]

L] " " L) o L »re ’ r: 4 L ’ L E )
e v v ' ’e - 1432.9 948.0 836.2 904.2 1676.1 2452.5 5882.3 e
3 v - ' o ’o 1610.6 1121.9 1039.2 1112.2 2076.2 3112.0 6037.3 i
i ' - ' - ’e 1535.7 1045.7 947.8 1003.4 1735.2 2632.8 5862.9 ’a
il " 'y - 'y ’o 3419.2 2869.8 2771.3 3107.4 3022.5 3953.0 6293.7 i
e " ' ' ' ' 1858.1 1364.2 1242.7 1280.8 2003.0 27B4.6 5314.2 ,

‘e ‘e e ' ' ’ e 1899.4 1604.7 1315.4 164641.7 2373.4 3209.1 6151.8 '
i i 5.k ' - 22 2275.1 1765.3 1651.0 1756.5 2650.8 3631.8 6237.3 '

3 " o e ' e 2578.2 2116.1 2073.9 24644.0 2882.5 3815.3 6203.7 )

51 o ' o " 2 ’e 1436 .6 951.6 B70.6 948.5 1294.3 2082.5 5255.3 "
o yir 'y "o ' ’o 1923.3 1621.6 1333.2 1380.0 2079.6 2809.1 5246.4 A
v ' e ‘e ‘o ' 1756.7 1262.0 1152.4 1199.5 1696.6 2791.0 5906.3 i
‘e ' ' ' ' ‘e 1919.2 164264.0 1329.2 1374.5 1912.9 2764.8 £256.2 b
‘e ' ‘e " ' e 1764.5 1272.6 1184.1 1245.4 1784.7 2652.9 6043.1 ¥ip
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Options for 1995-96 DOP Development

Table 12

COMPUTATION OF CANADIAN ENTITLEMENT FOR
1995-96 ALTERNATIVE OPERATING PLAN:

Optimum Power Generation in Canada and the U.S. (From 96-42)

Optimum Power Gemeration in the U.S5. Only (From 96-12)

Optimum Power Generation in the U.S. and a 1/2 Million Acre-Feet Reduction
in Total Canadian Treaty Storage (From 96-22)

0O m >

Determination of Dependable Capacity Credited to Canadian Storage — MW

' (A) (B) (c)
Step II - Critical Period Avg. Generation 1/ 8,894.2 8,894.9 8,861.8
Step III - Critical Period Avg. Generation 2/ 7,113.5 74113.5 74113.5

Gain Due to Canadian Storage 1,780.7 1,781.4 1,748.3
Average Critical Period Load Factor in % 3/ 75.18 75.18 75.18
Dependable Capacity Gain 4/ 2,368.6 2,369.5 2,325.5
Canadian Share of Dependable Capacity 5/ 1,184.3 1,184.8 1,162.8

Determination of Increase in Average Annual Usable Energy - Average MW

Step II (with Canadian Storage) 1/ (A) (B) (Cc)
Annual Firm Hydro Energy 6/ 8,800.1 8,801.0 8,768.2
Thermal Replacement Energy 7/ 1,573.4 1,563.4 1,579.8
Other Usable Secondary Energy 8/ 415.1 423.5 429.9
System Annual Average Usable Energy 10,788.6 10,787.9 10,777.9

Step III (without Canadian Storage) 2/

Annual Firm Hydro Energy 6/ 6,401.4 6,401.4 6,401.4
Thermal Replacement. Energy 7/ 2,214.1 22141 2,214.1
Other Usable Secondary Energy 8/ 903.9 903.9 903.9
System Annual Average Usable Energy 9,519.3 9,519.3 9,519.3
Average Annual Usable Energy Gain 9/ 1,269.3 1,268.6 1,258.6
Canadian Share of Avg. Annual Energy Gain 5/ 634.6 634.3 629.3

1/ Step II values were obtained from the 96-42, 96-12, and 96-22 studies,
respectively.

2/ Step III values were obtained from the 96-13 study.

/ Critical period load factor from Table 3.

/ Dependable Capacity Gain credited to Canadian storage equals gain in
critical period average generation divided by the average critical period
load factor.

One-half of Dependable Capacity or Usable Energy Gain.
From 30-year average firm load served.

7/ Avg. secondary generation limited to Potential Thermal Displacement market.
8/ Forty percent (40%) of the remaining secondary energy.
9/ Difference between Step II and Step III Annual Average Usable Energy.
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TABLE 13

SUMMARY OF POWER REGULATIONS
FROM 1885~-88 ALTERANATIVE OPERATING PLAN

7T 9bey

BASIC  DATA STEP I STEP I
NOMINAL 30 YEAR CRITICAL 30 YEAR
INSTALLED JANUARY AVERAGE JANUARY PERIOD AVERAGE
NUMBER PEAKNG |USABLE USABLE | PEAKNG ANNUAL USABLE | PEAKNG AVERAGE ANNUAL
OF CAPACITY BTORAGE STORAGE [CAPABLITY GENERATION | STORAGE |[CAPABILITY |GENERATION |GENERATION
PROJECTS UNITS MW 1000 AF 1000 AF MW MW 1000 AF Mw MW Mw
HYDRO RESOURCES
CANADIAN
Mica 7,000 7,000
Arrow 7,100 7,100
Ouncan 1,400 1,400
Subtotal 15,500 15,500
BASE SYSTEM
Hungry Home 4 328 3,181 3,008 188 103 3,008 28 182 104
Kerr 3 18 1,218 1218 148 116 1218 151 149 115
Thompaon Falls ] 40 1] o 40 v ('] 40 40 E"
Noxon Rapids 5 554 231 1] 554 202 [+] 554 171 202
Cabinet Gorge 4 230 4] 1] 230 118 0 230 108 17
Alben| Falls 3 48 1,185 1,188 20 a7 1,155 40 28 -]
Box Canyon 4 T4 1] o T2 48 0 70 55 47
Grand Coulee 244385 6,684 5,185 5072 68,358 2348 8,072 8,668 1181 2,248
Chief Joseph 27 2,814 0 (] 2814 1473 0 2814 747 1206
Walls 10 B20 0 0 2820 452 0 820 273 418
Rocky Reach 1" 1,267 [+] 563 1] 1,267 878 [} 1,267 82 B34
Rock lsland 18 B44 0 0 544 a3 ] 544 180 285
Wanapum 10 868 1] 503 1] o8a 582 0 [ ] 345 ]
Priest Rapids 10 812 1] 500 o 92 588 0 812 350 510
Brownlee 5 ars a7s 25 a74 ars 280 o974 875 268 280
Oxbow 4 220 1] ® 0 20 118 V] 120 118
lce Harbor ] a8l [¢] 217 ] [-:<] 300 o 883 182 300
McNary 14 1,127 [¢] 8s5 1] 1,127 T84 o 1127 503 745
John Day AL} 2,484 535 2] 0 2,484 1,228 1] 2,484 718 1,183
The Dalles 22+ 2F 2074 4] 738 Q 2074 77 4] 2,074 584 Bs7
Bonnevilie 18+ 2F 1,147 0 558 0 1,147 a7 [} 1,147 458 848
Kootenay Lake Y] 1] 873 1] 873 ] 0 673 0 0 o
Chelan 2 877 k] are 51 48 678 52 81 42
Coeur d'Alene Lake V] 223 0 223 0 0 223 0 0 0
Total System Hydio 23,738 28,535 8378 28,500 23235 11,411 13,000 22896 7114 10,875
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ADOITIONAL STEP | PROJECTS

Libby 5 B804 4,880 572 187
Boundary a 1,085 (4] 853 68
Spokane River Plants 24 156 104 155 B1
Halls Canyon 3 450 0 450 180
Dworshak ] 480 2,015 480 183
Lower Granite ] 832 ] B3z 218
Little Goose a "< ] 1] 832 218
Lower Monumental a <] o 832 204
Pelton, Rereg.,
and Round Butte 7 423 274 418 123
Subtotal 8,044 7473 8,707 1,788
THERMAL RESOURCES 1/
Small Existing Thermal Plants 2/ 1,856 542
Centralla #1 & #2 1,280 1,148
Jm Bridger #1, #2, #3 & #4 2,021 1,687
Colstrip #1,#2 #3 04 1287 1,008
Trojan 1,104 Tar
Boardman 830 404
Valmy 242 100
WNP #2 1,088 73
Total Thermal Resources 0,223 8,482 22 as17 8225 8818
RESERVES & (2,984) 0 (1,928) ] [1.622) o
TOTAL RESOURCES g1 17837 30,534 15411 30,200 13,732
LOADS
ESTIMATED LOAD PACIFIC NOATHWEST AREA 4/ 20,825 19,021 24,071 15411 20273 13,732
Firm Exports 1305 B8Y
Burplus Firm Expora ] 219
Fitm Impora (1,018) (21
Miscellanecus Contracts (275) (@
Othe! Cootdinated Hydro 3,183 5578 f2.718) (1,097
Independent Hydro Resources 1,088 4,342 (1,488) (821
Estimated Hydro Malntenance 1,881 1
Added Cons /Resources 0 (1
TOTAL STEP | LOADS 27,291 17,837
SURPLUS 8,830 0 6,483 0 10,028 0
CRITICAL PERCO Starts September 1, 1828 September 1, 16843 November 1, 1838
Ends February 28, 1832 April 30, 1845 Aprit 30, 1837
Length [Months) 42 Months 20 Months 6 Months
Study |dentification P5-41 85-42 #5-13

1/ Thermal energy capabllities ara based on an annual plant factor of 80 percent the first full year of operation and 75 percent thereafer unless

specified differently by project owner. These annual plant factors include deductions for energy resources and scheduled maintenance,
2/ Sm—Exiting Thermal Plant aiso incudes Combustion Tutbines

3/ Peak reserves are 8 percent of peak load from Table 3, energy reserve deductions have been included in thermal plant snergy capability.

4/ Step Il or 1l Peak Load Is squal to the Step Il of IIl Annual Average Load, multiplied by the ratio of the PNW area Jan. Peak Load to tha Annual Average Load from Table 3.
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TABLE 14

DETEAMINATION OF DISPLACEABLE THEAMAL MARMET
FOR 1895- 08 ALTERNATIVE OPERATING PLAN
Energy in Average MW)

Annual

_Aug 1-15 Aug 16-31  Bept Oct Nov, Dec. Jan, Feb. “arch Apr1=15 Apt18-30 May June Juty Avernge
THERAMAL RESOURCES
1. Total PNW 'I'h-'n.l R-om 8807.0 8007.0 8884.0 7085.0 7141.0 7140.0 7T148.0 88530 81140 8088.0 43420 a7684.0 5738.0 6948.0 84020
2. Minl Th 1686.0 1868.0 1515.0 1703.0 1831.0 1831.0 1831.0 17400 1502.0 1418.0 1315.0 1176.0 1384.0 1888.0 1801.0
3. Displaceable PNW Th | Rescurces 8241.0 8241.0 5180.0 83820 5310.0 8306.0 5318.0 8212.0 48120 4669.0 20280 2588.0 4375.0 82600 4801.0
4. Displ bie PSW Th 11 0.0 0.0 0.0 0.0 0.0 0.0 143.0 285.0 285.0 2850 0.0 Q.0 0.0 0.0 es.p
8. Tuhl Displaceable Thermal Mum B241.0 8241.0 5168.0 B8382.0 5310.0 8308.0 B481.0 5488.0 4887.0 4854 .0 028.0 2588.0 4375.0 5260.0 4870.8
EYSTEM BALED
8. Totl Exporta/incl Exchanges 1086.0 1086.0 1047.0 781.0 708.0 748.0 748.0 7210 7300 B821.0 885.0 1048.0 1148.0 12280 804.8
7. Total Export Exchanges arr.o 3770 a87.0 108.0 108.0 108.0 108.0 108.0 108.0 108.0 108.0 116.0 387.0 a75.0 194.8
8. Exports w/o Exchanges 700.0 700.0 880.0 673.0 587.0 841.0 838.0 818.0 8220 7130 o 830.0 778.0 854.0 708.1
8. Additional Net Exchange Exports 101.0 101.0 101.0 101.0 101.0 101.0 101.0 101.0 101.0 101.0 101.0 101.0 101.0 101.0 101.0
10, Net Exchanges/Exports 8100 8100 7810 7740 888.0 7420 730.0 720.0 T23.0 814.0 a78.0 1091.0 B80.0 855.0
11, Firm Surplus Sales 0.0 0.0 0.0 0.0 L] 0.0 0.0 0.0 0.0 0.0 0.0 3000.0 0.0 00
12 Total System Sales B10.0 810.0 781.0 774.0 806.0 T420 734.0 T20.0 722.0 814.0 a78.0 4001.0 880.0 835.0 1083.9
13. Uniform Average Annual System Sales 1082.8 1083.8 1083.8 1083.9 1083.9 1083.8 1083.8 1083.9 1083.8 1083.8 1083.8 1082.9 1083.8 1083.8
ENW THERMAL DISPLACEMENT MARKET = 4177.1 41774 4105.1 4328.1 42481 42451 4397.1 44341 3833.1 3860.1 1864.1 1524.1 33111 4196.1 3807.1

NOTES:

Line 1-fmmmﬂmhmh&lﬂlmMwummﬁthmmmmmmmmmhhmhIlythmlotd

Line 2 = Mini I nt for above

Line 3 = Whmwmhmh&pllm Line 1 minus line 2.

Une 4 = There is only one displaceable thermal Import that is not an exchange: SCE to BPA, Optional Energy.

Line 8 = Line 3 plus line 4.

Une @ = Total Exports Including Exch Ists of all firm contract sales of energy sported to meet non—-PNWA load.
Une 7= Tl'\tu.whmplnofoolm:h that include corresponding ssasonal exchange Imports.

Line B = Sum of the Step | study firm contract sales of energy exported to meet non—PNWA Loads minus the exchanges. Line 8 minus line 7.
Line ® = This ls an additional export, the portion of the | exchange contracts not balanced by a corresponding import
Une 10 = Line B plus line 8.

Line 11 = Firm Surplus Energy Sales in the Step | study assumed to be expored to PSW.

Line 12 = Line 10 plus line 11.

Line 13 = Yearly Average Annual Sales, calculated from Line 12

PNW Thermal Displacement Market |s the Total Displaceabls Thermal Hesources minus Uniform Average Annual System Sales. Line 5 minus lina 13.
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TABLE 15

DETERMINATION OF LOADS FOR
1995-96 STEP L I, AND lll STUDIES
FOR ALTERNATIVE OPERATING PLAN

LOAD OF THE PACIFIC NORTHWEST AREA STEP | STUDY STEP Il STUDY STEP Il STUDY
PNW Annual ENERGY LOAD PEAK LOAD
Area Energy  Peak Load Thermal Total  Hydro Total  Hydro
Energy Load Load  Factor Fam Firm nstalations Load Load Load Load
Load1/ Shape Surplus  Total Surpius  Total 3 4 5 4/ 5/

Period aMW _ Percent MW __ Percent aMW _ Mwa 2/ MW MW aMw aMW _ aMw aMW  aMwW Period
Aug. 1-15 17389 92.01 21746 70.96 0 17389 0 21746 6907 13987.5 7080.5 117804 48734 Aug 1-15
Aug. 18-31 17311 9160 21708 79.75 0 17311 0 21708 6907 139248 7017.8 11727.5 48205 Aug 16-31
Sept. 1-15 17064 8029 22211 78.83 0 170684 0 zzn 6684 13726.1 70421 11560.2 4876.2 Sept 1-15
Sept. 16—-30 17024 00.08 22211 76.85 0 17024 0 2221 6684 135838 7009.9 115331  48490.1 Sept 16-30
October 177z 93.78 24305 7292 0 17722 0 24305 7095 142554 71604 12006.0 4911.0 October
November 19762 104.57 26780 73.79 o 19762 0 26780 741 15896.3 B755.3 13388.0 6247.0 November
December 21274 11257 28954 73.48 0 21274 0 28954 7140 171126 99726 144123 72723 December
January 21791 11531 20925 T2.82 0 21791 0 29925 7149 17528.4 10379.4 147628 76136 January
February 20048 110.84 28867 72.56 0 20948 0 28867 6953 16848.7 9895.7 14190.1 72371  February
March 19350 10239 25982 T4.47 0 18350 0 25982 6114 155649 94509 131089 69949 March
April 1-15 18435 97.55 24935 73.93 0 18435 0 24035 6088 14828.9 87409 12489.0 6401.0 April1-15
April 16-30 18532 98.08 25019 74.07 0 18532 0 25019 4343 14906.8 10563.9 12554.7 B211.7  April 16-30
May 17775 9406 23611 75.28 3000 20775 4720 28311 a7e4 14298.0 10534.0 120419 82779 May
June 17749 8382 22467 79.00 0 17749 0 22467 5739 14277.1 85381 120243 62853 June
July 17649 8339 22058 80.01 0 17649 0 22058 6949 141966 7247.6 119565 50075 July
Annual Average = 18898.2  100.00 75.43 2548 191530 Ann Avg 64020 15201.5 87995 128028 6400.8 Annual Avg.
Critical Perlod Avg = 19020.8 75.18 2185 19239.3 CPI 6491.4 15410.7 88942 137316 71135 CritPerAvg.
Step Il Crit. Per. Avg = 19158.2 CPll 6516.5
Step Il Crit Per. Avg= 20269.2 CPl 6618.1 Input6/= 88942 |Input6/= 71135
August 1-31 17350.0 81,81 21728.0 79.86 0 17350.0 21726.0 6907.0 13856.1 7049.1 117540 4847.0 Aug 1-31
September 1-30 17044.0 290.19 22211.0 76.74 0 17044.0 22211.0 6684.0 137100 7026.0 115466 48626 Sept 1-30
April 1-30 18483.5 87.81 24977.0 74.00 0 184835 24977.0 5215.5 14867.9 9652.4 125219 73064 Apr. 1-30

Notes: 1. The PNW Area load does not include the exports, but does include pumping. The computation of the load sha

2. Step | study loads also include exports which are shown on Table 4, Line 6.

(= I = 0 N~

. The thermal instaliations include large thermal, combustion turbines and small existing thermal
. Tha total firm load for the Step I/l studies is computed to have the same shape as the load of the Pacific Northwest Area.
. The hydro load is equal to the total load minus the Step | study thermal installations.
- Input s the critical periud average generation for the Step 11/l hydro studies used 1o calculate the residual hydro loads.

pe for Step lINl studies used these loads.
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Options for 1995-96 DOP Development

Comparison of 1995-96 Alternative Operating Plan

Table 16

to 1995-96 Assured Operating Plan

and Previous Alternative Operating Plans

Alternative Plans

1993-94 1994-95
Mica Target Operation (ksfd or cfs)
Aug 1 3456.2 3456.2
Aug 2 Full Full
Sep Full Full
Oct Full 11000
Nov 14000 3185.5
Dec 22000 21000
Jan 27000 27000
Feb 25000 23000
Mar 24000 22000
Apr 1 22000 156.2
Apr 2 15000 0.0
May 12000 10000
Jun 10000 10000
Jul 3266.2 3356.2
Canadian Treaty CRC1 Storage Draft (ksfd)
Nov 1928 (-41) 583.7 707.6
Apr 1929 (-41) 7074.8 7451.5
Jul 1929 {-41) 1041.6 876.8
Aug 1929 (-41) 704.9 582.7
Nov 1928 (-11) 303.5 714.6
Jul 1929 {(-11) 1062.3 925.0
Step | Study Gains and Losses due to Re-operation (MW)
U.S. Firm Energy -1.8 -6.5
U.S. Dep. Capacity +23.0 0.0
U.S. Sec. Energy +6.2 +13.5
BCH Firm Energy +51.8 +55.1
BCH Dep. Capacity -18.0 -8.0
BCH Sec. Energy -30.8 -34.5
Secondary Load (MW)
Aug 1 10655 11475
Aug 2 10665 11475
Sep 10092 11466
Oct 10237 12021
Nov 10083 12272
Dec 10074 12443
Jan 10914 12633
Feb 10765 12641
Mar 10405 11909
Apr 1 102356 11817
Apr 2 10933 11573
May 7114 8114
Jun 10079 11236
Jul 10740 11590

1995-96

3456.2
Full

Full
11000
3185.5
21000
27000
23000
22000
156.2
0.0
10000
10000
3356.2

707.6
7451.5
876.8
582.7
714.6
925.0

-6.5
0.0
+13.5
+55.1
-8.0
-34.5

11475
11475
11466
12021
12272
12443
12633
12641
11909
11817
11573

8114
11236
11590

Assured
1995-96

3456.2
Full
Full

3428.4

22000
24000
27000
25000
25000
24000
14000
10000
10000
3356.2

1272.6
7801.6
1140.5
1060.4
1275.3
1142.8

-4.4
+2.0
+2.9

+56.0
+186.0
-38.3

11475
11475
11466
12021
12272
12443
12633
12641
11909
11817
115673

8114
11236
11590
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Options for 1995-96 DOP Development

Table 17

Comparison of 1995-96 Alternative Operating Plan
to 1995-96 Assured Operating Plan
and Previous Alternative Operating Plans

Alternative Plans Assured
1993-94 199495 19959 1995-96

PNW Area Avg. Annual Load (MW) 18370 18898 18898 | 18898

- Avg. Annual / Jan. Load (%) 886.73 86.72 86.72 | 86.72

- Avg. C.P. Load Factor (%) 72.37 75.18 75.18 | 75.18

- Avg. Annual Firm Exports (MW) 969 905 9085 | 905

- Avg, Annual Firm Surplus (MW) 255 255 255 | 255

Thermal Resource (MW)

- January Peak Capability 9220 9225 9225 H 9225

- C.P. Energy 6258 6491 6491 | 6491

- C.P. Minimum Energy 1881 1621 1621 | 1821

- Avg. Annual System Export Sales 1146 1064 1064 1440

- Avg. Annual Displaceable Market 3158 3807 3807 3462'

Installed Hydro Capacity (MW) 29745 29680 29680 | 29680

- Base System 23806 237386 23736 | 23736

Step I/II/I C.P. (months) 42/20/8.5 42/20/8 42/20/6 | 42/20/6

Base Streamflows at The Dalles (cfs)

- Step | 50-yr Average 178235 179502 179502 | 179502

- Step| C.P. Average 112843 113177 113177 ] 113177

- Step Il C.P. Average 99548 100146 100146 ] 100146

- Step lll C.P. Average 57498 64733 64733 | 64733

Capacity Benefits (MW)

- Step Il C.P. Generation 8879.5 8894.2 8884.2 | 8892.9
Step Il C.P. Generation 7036.3 7113.5 7113.5 ! 7113.5
Gain (Step Il minus Step Il 1843.2 1780.7 1780.7 | 1779.4

- Canadian Entitiement 1273.4 1184.3 1184.3 | 1183.4

- Change due to Mica Re-op. -3.1 0.5 -0.5 | +0.7

- Benefit in Sales Agreement 755.0 666.0 576.0 | 576.0

Energy Benefits (Avg. MW)

- Step Il Firm Hydro 8839.6 8800.1 8800.1 | 8928.3

- Step Il Thermal Displacement 1366.4 1573.4 1573.4 | 1422.3

- Step Il Other Usable 461.5 415.1 415.1 | 421.0

- Step Il Total 10667.5 10788.6 10788.8 ] 10771.6

- Step lll Firm Hydro 6485.2 6401.4 6401.4 | 6401.4

- Step lll Thermal Displacement 19431 22141 22141 | 2123.8

- Step lll Other Usable 967.4 903.9 903.9 | 940.0

- Step Il Total 9395.7 9519.3 9519.3 | 9465.2

- Canadian Entitlement 635.9 634.6 634.6 H 653.2
Change due to Mica Re-op. +1.4 +0.3 +0.3 | -2.0
Benefit in Sales Agreement 293.0 279.0 268.0 | 268.0

Step Il Peak Capability (MW) 30577 30534 30534 | 30530
Step Il Peak Load (MW) 24430 24071 24071 | 240889
Step Il Peak Capability (MW) 30429 30289 30299 ! 30299
Step Il Peak Load (MW) 20593 20273 20273 | 20273

Notes: 1. Applicable in shift years only.

Page 27



gz ebed

1995-96
DETERMINATION OF
DOWNSTREAM POWER BENEFITS
30-YEAR HYDRO
GENERATION - MW
(ALTERNATE PLAN)

STEP 11 SYSTEW ST 11T SYSTEN
AVG BER AVG, ENER
) ) 1] ;
Tolal Hydto Generalor: 41 sk Tolaf Hyro Generalioe 10875 &Y
510, Hycto Avg, Usable Enexgy; 10769 aW : il Hydro Avi Usabie Erergy; 8519 ahW
[T Remeinng Secotry Enerys622 A HEEHED Remiing Secondary Energyet355 s
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