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1. Introduction 

Assured Operating Plan for 1999-00 

HYDROELECTRIC OPERATING PLAN 
ASSURED OPERATING PLAN 

FOR OPERATING YEAR 1999-00 

November 1994 

The treaty between Canada and the United States of America relating to the cooperalive 
development of the water resources of the Columbia River Basin (Treaty) 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' (POP) and in accordance with the Entity 
Agreements on: 

• Principles2 and on Changes to Procedures] for the Preparation of the Assured Operating Plan 
and Determination of Downstream Power Benefit Studies, signed 26 July and 12 August 1968. 
respectively. 

• Preparation of the 1998-99, 1999-00, and 2000-01 Assured Operating Plan and Determination of 
Downstream Power Benefit studies4. 

POP is based on criteria contained in Annex A and Annex B of the Columbia River Treaty ,S 
Protocol,e Terms of 5ale,1 and the Columbia River Trealy Flood Control Operating Plan.s 

The Assured Operating Plan consists of: 

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

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

2. System Reaulation Studies 

In accordance with Annex A, Paragraph 7, of the Treaty, the Columbia River Treaty Operating 
Committee conducted system regulation studies reflecting Canadian storage operation for 
optimum generation in both Canada and the United States. Downstream power benefits were 
computed with the Canadian storage operation based on the operating rules specified herein. 
For this operation, there is a 0.8 aMW decrease in the Canadian Entitlement to annual average 
usatHe energy and a 0 .2 MW Increase in the entitlement to dependable capacity when compared 
to the operation for optimum generation in the United States alone. These are within the limits 
specified by Ihe Treaty. 
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System Regulation Studies for the Assured Operating Plan were based on 1999-00 estimated 
toads and resources In the Untted States Pacific Northwest System and resources in the 
Columbia River Basin in British Columbia. The Entities agreed that the 1999-00 Assured 
Operating Plan wouki be based on a 3o.year streamflow period and an operating year of 
1 August to 31 July. Historical flows for the period August 1928 through July 1958, modified by 
estimated Irrigation depletions for 1990 level, were used.' 

The Critical Rule Curves for these studies were determined from the Bonneville Power 
Administration study of optimum power generation in both Canada and the United States. The 
study indicated a 42-month critical period for the Untted States system resulting from the low 
flows during the period from 1 September 1928 through 29 February 1932. With the exceptions 
of Brownlee and Oworshak, It was assumed that all reservoirs, both in the Untted States and 
Canada, were full at the beginning of the critical period except where minimum release 
requirements made this impossible. 

In the studies, individual projed flood control aiteria were followed . Flood Control and Variable 
Refill Criteria are based on historical Inflow volumes. Atthough only 7.0 million acre-feet of 
usa~e 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 for on-call flood control purposes. 

3. Development of the Assured OPerating Plan 

This Assured Operating Plan was developed in accordance wHh Annex A, paragraph 7 of the 
Treaty and was designed to produce optimum power generation at-site in Canada and 
downstream in Canada and the United States. The Mica Operating criteria specified in Table 1 
were evaluated using the two tests described below. 

(a) Determination of Optimum Generation in C,nada and the Unl1ed States 

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

In the studies for the 1999-00 Assured Operating Plan, the Canadian storage operation was 
operated to achieve a weighted sum of the three quantities that was greater than the 
wetghted sum achieved under an operation of Canadian storage for optimum generation in 
the Unl1ed States of America alone. 

In order to achieve a wetghted value for the three quantities, the Columbia River Treaty 
Operating Committee agreed for the 1999-00 Assured Operating Plan that the three 
quantities would be assigned the following relative values: 

Quantijy Relative Value 

Firm energy capability (aMW) 3 
Dependable peaking capabll~y (MW) 1 
Average annual usable secondary energy (aMW) 2 
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After weighting each quantity, the three quantities were added, resulting in 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 2 shows the results from studies adopted for the 1999-00 Assured Operating Plan and 
from studies designed to achieve optimum generation in the United States alone. 

(b) Maximum pennltted Reduction In Qownstream power Benefrts 

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 S(c) below, and (Ii) Canadian storage operation for 
optimum generation In the United States alone. Using these Mica Project operating criteria , 
there is a 0.8 aMW decrease in entitlement to average annual energy and a 0.2 MW 
increase in entitlement to dependable capacity compared to an operation for optimum 
generation in the United States alone. 

The Entitles have determined that these changes are within the limits specified by the 
Treaty. 

4. Qperatlng Bul. CUry" 

The operation of Canadian storage during the 1999-00 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 projeds. The Operating Rule 
Curve Is derived from the various curves described below. These operallng rule curves are first 
determined for the individual Canadian projects and then summed to yield the Composite 
Operating Rule Curve for the whole of Canadian storage. This is in accordance with Article 
VII(2) of the Protocol. 

(a) Critical Rule Cyrve 

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 Duncan, Arrow, 
Mica, and the Composite Critical Rule Curve for the whole of Canadian storage Is included 
as Table 3. 

(b) Refill Cyrve 

The Refill Curve is a guide to operation of Canadian storage which defines the normal limit 
of storage dran to produce secondary energy in order to provide a htgh probability of refilling 
the storage. In general, the Operating Plan does not permit serving secondary loads at the 
risk of falling to refill storage and thereby jeopardizing the firm load carrying capability of the 
United States or Canadian systems during subsequent years. The end of the refill period is 
considered to be 31 July. 

The Refill Curve is defined by two curves, the assured refill curve and the variable refill 
curve, as discussed in the following sections. In each case , adjustment is made for water 
required for refill of upstream reservoirs when a~ica~e . Tabulations of the varia~e refill 
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curves and outflow schedules used in determining the varia~e refill curves and assured refill 
curves for Mica, Arrow, and Duncan are provided In T8~es 4 - 6, respectively. 

(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 
Mican, Arrow, and Duncan are included in Tables 4-6 . 

The outflows used in developing these Assured Refill Curves are not the same as the 
Power Discharge Requirements used in computing the Variable Refill Curves. 

(2) Yariable Refill Curve 

The Variable Refill Curves give end-ot-month storage contents tor 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 at 
HydroelectriC Operating Plans.' The power discharge requirements used in the 
1999-00 AOP are the same as those used in the 1998-1999 AOP. In the system 
regulation studies, the Power Discharye Requirement was made a function of the natural 
January - July runoff volume at The Dalles, Oregon. The Power Discharge Requirement 
used in computing the Variable Refill Curves was interpolated linearly between the 
values shown in Tables 4 - 6. In those yea~ when the January to July runoff volume at 
The Dalles was less than 80 million acre-feet or greater than 110 million acre-feet, the 
discharge used was that specified tor 80 and 110 million acre-teet, respectively. 

Variable Refill Curves for Mica, Arrow and Duncan for the 30 yea~ of historical record in 
Tables 4 - 6 Illustrate the probable range at these curves based on historical conditions. 
In actual operation in 1999-00, the Power Discharge Requirements will be based on the 
forecast of unregulated runoff at The Dalles. 

(e) Limiting Rule Curve (ECC Lower Limit) 

The Limiting Rule Curves indicate end-at-month storage contents which must be maintained 
to proted the ability of the system to meet finn load during the period 1 January - 31 March 
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 4 - 6, respectively. 

(d) 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. 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 Plana and analysis of system flood 
control simulations.1o Flood control curves for Mica, Arrow, and Duncan for the 30-year 
study period are shown on Tables 7 - 9, respectively. Tables 7 and 8 reflect an agreed 
transfer of 2 million acre-feet of flood control storage space from Arrow to Mica. In actual 
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operation, the Flood Control Storage Reservation Curves will be computed as outlined in 
the Flood Control Operating Plan, using the latest forecast of runoff available at that time. 

(e) pefinHion of Operating Rule Curve 

During the period 1 August through 31 December, the Operating Rule Curve is defined as 
the Critical Rule Curve for the first year of the critical period or the Assured Refill Curve, 
whichever ls higher. During the period 1 January through 31 July, the Operating Rule Curve 
Is defined as the higher of the Critical Rule Curve and the Assured Refill Curve: unless the 
Variable Refill Curve is lower than thls value, then H is defined as the Variable Refill Curve. 
During the period 1 January through 31 March, H 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 30 years of 
historical record are included as Table 10 to Illustrate the probable future range of these 
curves based on historical conditions. 

5. Operating Bu!es 

A 3O-year System Regulation Study" was utilized to develop and test the operating rules and 
rule curves. It contains the agreed-upon operating constra inls 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 3O-year System Regulation Study, will apply to the operation of 
Canadian storage in the 1999-00 Operating Year. 

(a) Ooeration Above Ooerating Rule Curve 

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 section S(c) below. 

(b) Operation Below Ooerating Rule Curve 

The whole of Canadian storage will be drafled below Hs Operating Rule Curve as required to 
produce optimum generation to the extenlthat a System Regulation Study determines that 
proportional draft below the Operating Rule CurveslEnergy 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 10 Operating Rule Curves. Proportional draft 
between rule curves will be determined as described in the Principles and Procedures.' 

Mica Reservoir will, however, continue to be operated in accordance with section S(c} below, 
so as to optimize generation at sHe 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 changes will be made from 
Arraw to the extent possible . 
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(c) Mica project Ooeratlon 

Mica project operation will be determined by the end of previous period Arww storage 
content as shown In Table 1. Mica monthly outflows will be increased above the values 
shown in the table in the months from October through June If required to avoid storage 
above 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 Arww reservoir, subject to flood control and other project operating crtteria at Arww. 
The total combined storage draft from Mica and Arrow will not exceed 14.1 million acre-feet , 
unless flood control criteria will not pennit the additional Mica storage releases to be retained 
at Arrow. Shouki storage releases In excess of 14.1 million acre-feet be made, the target 
Mica operation will remain as specified in Table 1. 

Revelstoke. Upper Bonnington, lower Bonnington, South Siocan, Brilliant . Seven Mile and 
Waneta have been included in the 1999-00 Assured Operating Plan and have been operated as 
run-of-river projects. Corra Linn and Kootenay Canal were also included in the study and 
operated In accordance with International Joint Commission rules for Kootenay Lake. 

6. Implementation 

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

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

(k) preparation and implementation of detailed operating plans that may produce results 
more advantageous to both countries than those that WQukj arise from operation under 
the plans refetTed to in Annexes A and B .~ 

The Detailed Operating Plan for 1999-00 will reflect the latest available load, resource, and other 
pertinent data to the extent the Entities agree these data should be included in the ~an . 

The operating rules to be used in implementation of the Detailed Operating Plan for 1999-00 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 1999-00. Falling agreement on updating the data and/or criteria , 
the OetaUed Operating Plan for 1999-00 will include the rule curves, Mica operating criteria , and 
other data and criteria provided in this Assured Operating Plan. Actual operation during the 
1999-00 Operating Year shall be guided by the Detailed Operating Pian. 

The values used in the Assured Operating Plan studies to define the various rute curves were 
month-end values only. In adual 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 nonnat variation of power load and streamnow 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 innow is available, in excess of the minimum outflow requ ired to serve power demand, 
to refill the reservoir to its end-of-month value as required . During the storage evacuation and 
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refill season, operation will be consistent wtth 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. 

7. Deliyery of Canadian Entttiement 

On 1 April 1998 and on 1 April 1999, the portions of the Canadian Ent itlement to downstream 
power benefits related to the operation of Duncan and Arrow dams, respectively, cease to be 
covered by the Terms of the Sale of the Canadian Entitlement In the United States of America 
authoriZed by an Exchange of Notes between Canada and the United States of America dated 
16 September 196412. The Entities are currently preparing agreements for Delivery and 
Disposition of the Canadian Entitlement (beginning 1 April 1998) and tt is expected that these 
agreements will be evidenced by an Exchange of Notes in 1995. Since these agreements have 
not yet been authorized by Canada and the United States, this Assured Operating Plan has been 
prepared on the basis that the portion of the Canadian Entitlement attributable to Duncan will be 
returned to Canada starting 1 April 1998, and the portion attributable to Arrow will be retumed 
starting 1 April 1999. 

The Treaty specifies return of the Canadian Entitlement at a point near Oliver, British Columbia, 
unless otherwise agreed by the Entities. Because no cross border transmission exists at any 
point on the Canada-United States of America boundary near Oliver, the Entities completed an 
agreement on Aspects of the Canadian Entitlement Retum for 1 April 1998 through 31 March 
2003,13 executed 28 July 1992. This agreement describes the existing points of interconnection. 
The Entities have agreed that delivery of the lessor of 300 MW or 50% of the Canadian 
Entitlement attributabie to Duncan and Arrow, net of transmission loss. will be delivered al the 
Netway Point of Delivery and the Waneta Point of Delivery. The balance of the Canadian 
Entitlement attributable to Duncan and Arrow, net of transmission loss, will be delivered al the 
Blaine No. 1 Point of Delivery and the Blaine NO. 2 Point of Delivery. 

For the period 1 August 1999 through 30 September 1999, the Entitles agree that the 
transmission loss applicable to this arrangement will be 3%. For the period 1 October 1999 to 31 
July 2000, the transmission loss will be as agreed to by the Entities at the time, or before, 
deliveries commence. 

I . CapacitvfEnerav Entttiement Scheduling Guidelines 

The scheduling guJdelines for return of the Canadian Entitlement will be those agreed to by the 
Entities at the time. or before, delivenes commence. 
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9. Symm,rv of Chang .. From Prevlou, YHr 

Data from the five most recent Assured Operating Plans are summarized in Table 11 . Firm 
energy shifting was !l2t Included In the 1996-97, 1997-98, 1998-99, and the 1999-00 
operating plan studies. An explanation of the more Important changes compared to last 
year's studies follows. 

(a> Load, and Resource' 

Loads for the 1999-00 AOP were based on the 1993 Whitebook medium case 
forecast developed by SPA in September 1993. The Pacific Northwest Area finn 
energy load increased by 338.2 annual aMW. The total exports, not including firm 
surplus energy, Increased by 127." aMW. The finn surplus energy Increased by 
173.5 aMW. The increase In exports is mainly due to the increased Canadian 
Entitlement Return. 

The total energy capability of the thermal Installations increased by 551.6 aMW. 
Major thermal resource changes included: 

1) Decrease of 61 aMW due to the removal of the Small Thermal resources, 
2> Combustion Turbine resource Inaeases of 67.0 aMW due to facilities upgrade 

at Beaver and other small changes, 
3) Co-generatlon increased 664.0 aMW due the addition of four new projects: 

Coyote Springs, PP&L Miscellaneous, Scott Paper, and Wauna, 
.. ) Centralia large thennal generation decreased by 36 aMW, 
5) Thermal Non-utility Generation (NUGs) decreased by 16.1 aMW, 
6) Decrease of 87.0 aMW in PP&L CNYM) to PP&L Thermal Import. 

(b) Ooeratlng Procedures 

The 1990 level modified base flows were again used, with no additional depletion to 
the 2000 level, based on the recommendation of the Columbia River Water 
Management Group. Grand Coulee pumping adjustments and retum flow. however, 
were included. The 1999-00 AOP also includes minor adjustments in the Step I flows 
for Merwin. 

The spill and bypass assumptions for the 1999-00 AOP studies are the same as in the 
1998-99 AOP studies, except that, for operating year 1999-00, it was assumed that 
fish bypass installations were implemerted at Priest Rapids. Rocky Reach and Rock 
Island. 

The Entities completed a Step I refill study and incorporated the resulting Power 
Discharge Requirements (PDRs) in the 1999-00 AOP. New Energy Content Curve 
Lower Umits (ECCLL) were developed for the Step I system based on 1937 water 
conditions. These studies are consistent with PNCA procedures, which includes 
starting the system full 1 August 1936 and adjusting the load until the system is 
empty 30 April 1937. The end of period contents in January, February, March. and 
April 15 are the ECCLL for aI/ major reservoir projeds. 
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Nota~e changes In non-power constraints Include a revision of last years fisheries 
requirements at Dworshak.. The projed began the Step I critical per10d 30.0 feet 
below full pool O.e. an additional 20.0 feet lower than previous year's study) and met 
fisheries requirements until being drafted to empty at the end of the critical period . 
For the long-tenn study, Oworshak was usually operated to meet upper rule curve or 
minimum flow requirements. 

Plant data for Monroe, Seven Mile, Cabinet Gorge, Canal , Nine Mile, Chief Joseph, 
and Thompson Falls were revised. However, Kootenay Canal , Chief Joseph, and 
Thompson Falls, were the only projects to show a significant increase in generation. 
The Willametle projects, Leaburg and Walterville, were modeled as hydro 
independents and therefore are no longer included as regulated projeds. 

Even though Dworshak., Walterville and Leaburg caused a decrease in the Step I 
critical period generation when compared to the previous years study, the net effect 
was an increase In critical period generation due to the plant data change at 
Thompson Falls, more storage at Chief Joseph, and the operation of Grand Coulee. 
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MICA PROJECT OPERATING CRITERIA 

ASSURED OPERATING PLAN 

--T_,'II_ Ope,.uotl ---.... --- -- ...... .- w_ 
9 .... c:..w. "'-'- Tr.-yeo..... 11 0..-- .- I.., - 1m, 

AucIt* 1_1' 1 JOO - FlU 3 4:1e 2 "000 
0 _ 1 300 21000 

AucIt* 1&-31 HOO _ FlU "'" "000 
1100_3400 "000 

0- 1100 21 000 

~,- 3:WO - FlU "'" "000 
lIDO - 3 30ID " 000 , . 1m 20000 

3m - FlU 342&.2 "000 
!5OD • 3 :l1e 20 000 , . ,., 

"000 

3270 - FlU 317112 "000 
234(1 · 3270 20000 

0 ·2 340 '" 000 - 3l11Q • FlU 
" 000 " 000 2 !5OD • llllD 20 000 

O.2!5OD 
'" 000 

2710 · FlU 20000 "000 
2100 · 2 no 20000 

0 . 2100 '" 000 

''''''''' 1 2&4 • FlU 
" 000 " 000 1 DIiID • 1 2&4 20 000 

o • 1 DIiID 20 000 

1 210 - FlU 
" 000 "000 

100 . 1210 "000 , . "" 21 000 

April 1·15 , . f'LU "" "000 

.... """ "0) . FlU ". , "000 
0 . 11riQ " 

w., 1110 - FlU "000 "000 , . , .. 
" 000 ... 310 . FlU "000 "000 

'''' . '" '" , , . '''' "000 

2000 - FlU 3 4:1e.2 "000 
lleo · 2ooo 

" 000 O. 1 leo 20000 

"". 
1/ A __ 0UII\0W at 34 000 '* .... ""'*" r tN taroet -.01..-- .tor.oe oonI"- ..... cn.n ~N 2 kaIIl 

in.-y morch..:.epl AP'iI. May.,.;jJune. F"or_~ . ................. 0I.d0w. 31 000,"" ApoII . I'. 
28 OOD eta in April l&-lO. 30 000 eta on .. ay and 3J DOO eta on Jur-.. 

2J " Q ~wiI "- '-'-10 ............ 10 ............... __ 1it>c>ro-.1tIe ............ T'Nly lIOfage conI"­
T,. .... ~ A"Y ~ IboI 

Page 11 

........... T_V 
Sl:cnoe eo.- 21 -

" 
,., 

" 

" 

" 

" 

"" 
1011.2 

" 

" 
" 

" 

" 
,., 



Assured Operating Plan for 1999-00 

TABLE 2 
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U.S. SyWIm~ 
c...'2L1J 
T .... 

study No. 
00-<1 

121153.0 

2800.1 

,~. , 

31273.0 

5307.0 
---_ .0 

3091 ." 
221 .5 

3312.9 

Study No. 

00-11 

121&4.5 
2697.9 

14882." 

31273.0 
5310.0 ---

36583.0 

3071.9 

264.' 
= .3 

Not 
Ga~ 

-1.5 

102.2 

100.7 

0 .0 
-3.0 

-3.0 

19 .5 
.... 2.9 

-23." 

Wolg'" 

3 302.1 

-3 .0 

2 .... 8 

Net Change In Value. 252.3 

11 U.S. S)'Item &m.-..gy ~ wei ctet.nlined C¥ef the U.S. aystMl cttic:aI period beginning 
1 ~ 1m.-,d endinQ 29 Febr\.-y 1932. 

:ll c.n.diIn syUm IncIudn Ma, Rweletob, c.n.I, eon. lhl. Upper Bonnington, Lower Bonninglon. 
SouIh ~ ~, SIMfI Mile and Want!ItA. 

Jl can.diIn ayM.-n &m -vY ~_ 6eta"illed C¥ef the ~ system crticaI period 

beg6I •• G 1 Oc::tober 1$40 InC! ~ JO April 19-46. 

~ U.S. syMem cMpeIOMM ~ c.pebIIIty_ detetmlned from January 1~7. 

5i c.r.Ian.,..tern depeI.-tIIe peeking c.pebIity_ det.mned from Deeembef 19+4. 

ri U.S. system 3O-)'IIIIr ....... sec:ono.y enet1l)' Imiled to MCOI'Idaty marbI. 
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TABLE 3 

CRITICAL RULE CURVES 
END OF MONTH CONTENTS (KSFD) 

1999· 00 ASSURED OPERATI NG PlAN 

AlJlill &llill Hl2l m; ~ ill MM AI'R1lI ~ M 

MICA 
192&-29 3529.2 3529.2 349&.4 3398.1 33M.1 2641 .1 2121.3 1890.8 1518.8 1010.4 513.1 421.5 2011.1 2814.9 
192 .. 30 3216.4 33048.' 31004 .2 2810.3 2250.' 1818.5 ..... 860.7 851 .1 538.3 ",".1 In.l ..... 2800.1 
1930-31 3100.4 3100.5 2800.8 2541 .7 2079.0 1781.8 "'.1 831 .7 m .• 241.3 0.0 0.0 411 .2 1839.8 
1931-32 2122.2 2110.0 1811 .8 816.4 .... 3 30.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

ARROW 
192&-29 3519.6 3579.8 ""'.0 3351 .9 _ .2 2635.2 1140.4 1203.5 1199.7 ..... 315.2 .... 3 18n.{I 3395.3 
1929-30 3524.1 3411.1 3381.9 2851 .8 2325.1 1820.1 895.2 188.5 090.' 471 .1 38" .... 1 10 • ., 2142.5 
1930-31 2466.1 2739.9 3073.2 2848,5 2315.5 1401 .3 .... 1 592.0 867.4 "' .• 151 .1 ..... 1342.1 1319.3 
1931 ·32 1051.4 979.8 1124.0 1264.4 183.9 239.0 0.0 0 .0 0.0 0.0 0.0 0.0 0.0 0.0 

DUNCAN 
1928-29 105.8 "' .• 880.' 810.8 381.5 342.1 244.1 250.2 222.8 221.9 159.0 2n.l 528.1 7~.8 
192&-30 835.1 851.8 878.1 ..... 342.8 241.8 122.4 128,0 00.0 "' .• .. .• 13.0 170.0 381.8 
1930-31 "'.0 410.{I 452.5 218.1 200.' 113.8 1.7 ' .0 18.0 19.4 0.0 ' .3 3" 230.0 

""0 
1931-32 183.0 108.9 170,0 60.0 53.0 1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

.!! COMPOSITE c 1928-29 7814.8 7814,8 1660,2 1360.8 6817.8 5618.4 3511 .8 33«.3 3001 .3 1163.1 10041.3 1164.{I 4410.1 6918.0 
~ "" .. " 7436.8 7421 .5 7148.2 8221 .5 4925.1 3878.4 1886.0 1175.2 1792.1 10045.& .... 1 653.2 22251 5330.' <.> 

1930-31 5961.1 8311 .3 6326.' ...... 4595.1 ""'.7 1403.& 1227.7 1323.8 "' .• 151 .1 491 .9 1784.5 3188.9 
1931 ·32 ""' .• 3198.5 2905.8 2140.8 1185.2 279.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

~ c 

i!. 
0 
"8 
~ eo 
~ 

'" ""0 
;; 
~ -0 
~ 

~ 

'" '" <p 
0 
0 



TABlE 4 

MK:A ~ ASSURED AND VARIABLE REElll CURVES 
END DE MONTH CONTfNTS (KSED) & POV\IER DISCHARGE REQUIREMENTS (CES) 

1999 · 00 ,t,SSUREDOPERATING PlAN 0 
'& 

AlIlill &m1 ill = l:IQ\1 ~ 1M! ill hIM ~ t.fI!J!! MAl: .!lit! M ~ ASSURED REFIll CURVE (!(SFQ) 

'" 210UI 2565 .• 3269.1 3-447.4 3512.7 3529.2 3529.2 3529.2 3529.2 3139.0 2752 ,2 2537.1 3142.4 3529.2 

" ~B~aLI: BI:EILL ~!.!B~S: (!(SEQ) 
;0 
~ 

192&.29 3529.2 3529.2 3529.2 3529.2 3529.2 3306.7 3529.2 3529.2 ~ 1920-30 31.40.6 2953' 2690_' 3259.8 
1930-31 3382.' 3125.9 2716.2 3334.' -.. 1931·32 3083.3 2501 .1 2173.5 """.2 2041.0 305<1.' .. 
1932·33 3«3.3 2904.' 2383 .• 2080.0 1906.3 1680.2 2861 .8 'P 
1933-3-4 2-499.0 199.4.2 1.485.8 1187.3 1136.7 1553..4 3077.0 g ,.,.." 3529.2 3529.2 3320.9 _ .2 2711.7 2490.2 313-4.1 
1935-36 313-4.1 2735.2 252U 2.439.3 3392.' 
19J6.37 3529.2 3529.2 3529.2 3322.4 3529.2 
1937·36 3314.5 2788.0 2""7.0 2297.2 22"".S 3135.0 
1938-39 3529.2 3529.2 "." 3060.' 2739.7 ,.,., 
,039-40 3-457.7 3001.' 2837.1 2532_. 3327.4 

" ,...,.., 
= .2 3529.2 3449_0 30083 3529.2 

~ 19.41-.42 ,.... 31e8.2 2914.0 :>183.' c 19ot2-.43 3190.8 2877.4 2793.7 2729.4 3297.2 - 19.43-.44 3529.2 3529.2 3529.2 3-42U "".2 ... 
19«-.45 3351 .0 , ..... 3039.0 2475.9 1983.S 184.4.8 1522.2 1588.8 2982 .• , ..... , 3457.4 2910.0 238.4.1 2068.' 19404.1 2001 .5 311U 
19.47-.48 3117.9 2573.3 2075.5 1751 .9 1818.3 1824.9 2918.9 ,948-4. 3529.2 3529.2 3529.2 3529.2 3529.2 3320.2 3529.2 
19.t9-50 3-458.3 2889.4 2368.2 20 .... H11 2.8 1848.0 2730.2 
195().51 3449_' 292S.3 2439.2 2137.8 2028.3 1968.2 3091 .7 
1951-52 ""_2 3292.4 2nS.2 2452.7 2308.5 2286.2 3239.0 
1952·53 3529.2 3305.4 2971 .9 2178.3 ""'_. 3291 .9 
1953-54 3013.4 2479.5 1998.7 1893.1 1582.1 1540.3 2702.3 
1954·55 3529.2 3529.2 3409.6 3049.8 2846' 2684.0 3149.9 
'955-56 3336.5 2786.0 2278.5 1959.9 lB29.1 1865.2 3006.2 
195&-57 3490.0 290t7.3 2452.8 2148.0 201"-6 1952.1 3336.8 
1957·58 3529.2 3013..4 2489.6 2173.5 2041 .1 1988.9 3171 .8 

LtMIIIMS;i B!.!LI: ~!.!B~ I~Em 497.0 313.0 147.3 14.6 

POWI:B 1:1!s&I:iABQI: BI:Q!.!IBI:MI:tm ~ES:1 
ASSURED REFill CURVES 15000.0 25000.0 25000_0 3JOOO.o 3JOOO.O 35000.0 400000 4AOOO.0 
VARIABlE REFill CURVES (VOlUME RUNOfF AT THE DAllES) 

80 MAE 3000.0 22000.0 22000.0 30000.0 30000_0 35000.0 35000.0 43000.0 
96MAF 3000.0 22000.0 22000.0 2<0000 2<000_0 2<000.0 33000.0 43200.0 

11 0 MAE 3000.0 18000.0 18000.0 22000.0 22000.0 25000,0 25000.0 35000,0 



TABlE 5 

AARON 
ASSURED AND VARIA8lf REF1U CURVES 

END OF MONTH CONrePfT'S (KSFO) 
POWER DISCHARGE REOU1REMEPfT'S (CFS) 

1M· 00 ASSURED OPERATING PLAN 

&/!ill AII!ru ill = IQll ~ ~ EfJI MM ~ 6fI!J!! - .IlIH Il1I. 

230.0 2653.7 2722.9 2758.9 2803.3 1986.0 1138.3 1119.0 1213.3 2051 .5 3235.2 3579.6 

3579.6 3579.6 2662.3 2-409.8 2S22.11 = .• 3227.0 3579.6 
3319.1 mo.' 1148.4 030.' 1267.2 1923.11 3020.' '031).3' 357i.6 2690.7 1518.2 1287.6 1491 .4 17S8.7 3033.7 

1931032 312.4 280.8 147.8 20.' 0.0 0.0 242:5.1 
1932·33 .... 2_.4 
'1133-34 512.3 2881 .3 , .... ,. 

"'.0 2430.5 ,.,.-" .. .. .. .. 5131 .3 2947.3 
19J8.37 357i.6 3579.6 2928.8 2637.0 2759.2 2718.7 3319.0 
1937·38 312.4 280.8 '47.8 20.' 0.0 ..... len.O " ,.,..,. 3518.7 2479.4 1316.7 1086.7 137i.0 1843.8 3382.' 

" 
,.....0 -.• 2001 .8 980.' 876.8 1153.3 1828.3 -.• " .!i 
,..,.., 

3579.6 3374.0 2142.2 2128.9 2541 .5 2813.5 ,.,. .• 
m 1;41-42 1324.2 762.6 1112.1 254.' 752.' 15ri.3 3144.5 

" - 1942-43 312.4 280:8 147.8 20.' '843 1570.4 3130.1 

'" 
,,.,... 

3579.8 357i.8 3511 .6 3228.4 3351 .9 mo.' 357i.8 , ...... 
" " 

,.,. .• 2448.7 ,... .• "".7 3451.4 , ...... 312.4 280.8 147.8 20.' 0.0 125.8 _ .7 
' ..... 7 374.3 ,... .• 
1947-48 200 .• 21153.3 , ...... 12518.7 ...... 
1949-50 150.2 2335.' 

~ lseo.51 ..... 28OQ.O 
1951·52 552.7 28n.8 c 
1952·53 583.7 2830.9 3. ,,.,... 

0.0 2324.4 
1954·55 

lin} 
2087.1 0 , ...... _ .7 a: 1956-51 33.' 2961.5 ~ 1957·58 0.0 2638.3 '" ~ 

'" LlMmNG RULE CURVE (KSfOl 312.4 280.8 147.8 20.' 
" ;;-
~ 

5000.0 35000.0 35000.0 38000.0 40000.0 48000.0 55000.0 ""'.0 
<; , 

RUNOFF AT THE DALLES) -'" BO MAF 5000.0 35000.0 40000.0 45000.0 45000.0 48000.0 48000.0 "'" 0 '" 95MAF 5000.0 7000.0 10000.0 10000.0 13000.0 13000.0 14000.0 '2000.0 'P 110 MAF 5000.0 7000.0 10000.0 10000.0 12000.0 12000.0 13000.0 "000.0 0 
0 



TABLE II 

DUNCAN ~ ASSURED AND VARIABLE REFill CURVES 
END Of MONTH c.oKTDff'S (l<SFO) i!. POWER DISCHARGE REOUIREMEHTS (CFS) 

0 1999·00 ASSUReD OPERATING PLAH 
i 

&ill &ml m = /jQ\l ~ oWl ill MM 6e!ill ~ MAl: .IlHI .IlIL ~ 
~!.IBt;D BfEn L "!.IB.Yf (KSEDl oil 

71.2 148.1 21 • .• 2045.1 ,., .• 273.11 284.0 2112.0 252.7 244.11 23.4.1 3041 .7 531 .11 105.' "tJ 
ii" YN!!tft' t; Rt;fli CUfMs fKSf[)) ~ 

'920-29 5.t2Ji1 522.0 482.0 .... , 457.5 472.0 ..... 105.8 0-
'om-JO "" .2 520.0 479.7 ...... ..... 4V2.7 815.11 ~ 

le»31 ..... ..... 4N.O 420.0 4' 5 .11 441 .11 ..... ., 
lD31-31 1.0 0.' 3.' 0.' 21 .0 152.3 .... 0 :j: "32-3:' 0.0 0.0 328.' 
,933-3< 

130." 
.... 212.5 522.0 8 ,.,..,. 142.11 133.5 IN.9 1415.5 241.2 4111.11 

,~ 1111.5 102.9 " .• 111 .9 .. .• 224.0 521 .1 
19311-37 490.8 ..... 431 .5 417.5 407.11 "".0 .... 7 
lD37·38 39.3 32.1 31.11 47.11 82.' 208.2 ..... '039-,. 337.8 323.2 2111.11 2711.7 2&4.11 353.' 5117.3 

"tJ 
,,,.... 321 .11 312.0 2&4.7 2&4 .• 202.0 "" .• 51'5.9 

.:!: 
, ..... , .." 300.' "" .• 300.' 375.2 "' .• ..... 
1941~2 "".3 243.11 ,,5> 238.' 2$l.' 337.1 5047.4 ~ l1U2-43 leD.l 158 .• 142.1 HIU 200.2 310.2 5213 ~ .. , ...... ... .. 543.5 ..... 4iMS.1I 4117.5 .... , 83<.7 , ....... 457.3 442.11 412.1 401.8 "' .• 423.11 5117.5 , .. ,... ' .0 0.' 3.' 0 .• 0.0 " .0 m .• 
' ..... 7 

N .2 
141 .' 470.1 

1947-411 ,'", ..... , ...... 124.1 210.2 210.4 212.3 238.7 332.' 582.3 
1949-50 27.1 14.2 11.0 19.9 49.3 1117.0 424.11 , ..... , ' .0 0.' 3.' 0 .• 0.0 132.11 "' .• 1951·52 .... 45.2 51 .1 " .• .... 217.11 ""'.7 
1952·53 " .• .. .. 49.5 .... 83.' 195.9 4117.0 ,953-" 1.0 0.' 3.' 0 .• 0.0 .... 397.7 , ...... "'.3 145.5 401 .4 , ...... 0.0 '06.2 "'.3 
195&-57 7.7 35.0 158.7 511.11 
1957·511 1.0 0.0 .... 469.4 

LIMlllttQ BU~ ~ J:;!.!B~ {~FDl ' .0 0.' 3.' 0 .• 

POWfB Q!~J:;~BGE Bfg!.!IB~MfIUS {J:;ESI 
ASSURED REFILL CURVES 100.0 .... 0 1500.0 1500.0 1700.0 17000 1700.0 1700.0 
VARIA8LE REFilL CURVES (VOLUME RUNOFF AT THE DALLES) ... "" 100.0 .... 0 1500.0 1500.0 2500.0 ' ... 0 2500.0 2500.0 

95 """ 
100.0 300.0 3000 .... 0 ""'.0 .... 0 .... 0 .... 0 

110 MAF 100.0 300.0 300.0 .... 0 ""'.0 .... 0 .... 0 .... 0 



-.... 

1928-29 ,.,..'" 
19»31 
1931-32 
1932-33 
' 933-34 '.,..35 ,.,..,. 
1938-37 
1937·38 
19"'30 
,......" ,...,., 
1N1-'2 
1942-'3 ,,. ... , ..... , , ...... 
' ..... 7 
1947-4 , ..... , , .. ...., 
1950-!51 
1951-52 
1952·53 ,Q53." 
'054-55 
'055-56 
' ..... 7 
1957·58 

3529.2 3529.2 3529.2 3428.4 

• 

• 

TABLE 7 

MICA 
FLOOD CONTROl STORAGE RESERVATION CURVES 

END OF MONTH CONTENTS (KSFD) 
1999 - 00 ASSURED OPERATING PLAN 

J.428." 3428.4 3385.7 
3352.6 
3428.4 
3105,1 
3101 .7 

3105.7 
3330 .• 
3101 .7 
3193.8 
327.'.3 
3428.4 
3101 .7 

3428 .• 
3193.1 
3101 .7 

3105.7 
3101.7 

3105.7 
31 01.7 

3105.7 
3101 .7 

ill 

»47.2 
3284.4 
3428 .• 
2813.6 
2807.2 

2813.6 
3242.3 
2807.2 
2981." 
3135.5 
3428 .• 
2807.2 

3428 .• 
2980.2 
2807.2 

2813.6 
2801.2 

2813.6 
2801.2 

2813.8 
2807.2 

1MB -.• 3208.7 
342M 
2480.5 

" 3144.5 
2480.5 
2748.8 
2978 .• 
3oi28." 
2480.5 

" 3428.4 
27(5.0 
2480.5 

~ t.I'BJ!! 

- ., -.• 
""'.7 3208.7 
3428.04 3428 .• 
2480.5 2480.5 

" 
31"'.5 3144.5 
2480.5 2 • . 5 
2748.8 2748.8 
29TU 2978 .• 
3428.4 3428." 
2480.5 2480.5 

" " 3428.04 342B.4 
2745.0 2745.0 
2"80.5 2480.5 

M.I.'( 

3369.' 
3300.7 
3457.3 
2781 .5 

3323.3 
2781 .5 
297U 
3135.1 
3457.3 
2781 .5 

3457.3 
2970.0 
27et.5 

2895.5 
2781 .5 

.!lUi ill 

3441.1i1 3529.2 
3413.2 
30492.7 
31l9.6 

l398 .• 
3149.e 
324e.0 
33211.' 
3492.7 
3149.e 

3492.7 
32-45.3 
3U9.e 



TABLE 8 

ARROW ~ FLOOD CONTROL STORAGE RESERVA110N CURVES 
END Of MONTH ~NTS (KSFD) & 1999·00 ASSURED OPERATING PlAN 

0 
YW! &lG.lli &m1 ill = !I2Jl l2fC JHj ill MM ~ !f8l!l MAl: IlIJj .IlII. "i 
1928-29 3579.6 3579.11 35751.6 J.453.6 30453.8 3075.4 3075.5 3075.5 3075.5 3088 .• 3111 .3 3235.8 3579.8 3579.11 ~ 
,929-30 2008.' 2928.3 28:51 .2 2870.1 2002.' 3002 .• ,;: 
19»31 3075.5 3075.5 3075.5 3" .... 3111 .3 3235.8 :!! 19)1·32 2371 .7 1135.5 1008.4 101S.1 l1le.7 2224.8 • 19)2·33 2Je3.8 1720.3 1006.4 1036.7 1781.8 ""'., ~ • ,,,,.,, 

" 17804.9 2327.4 357V.II 0' ,"'-,. 1006.4 1725.8 ""'., ~ • 
2371 .7 " ~ ,- 1735.5 

" 1070.1 1373.5 21J.4.8 3579.8 ., 
'0>0.3' ""' .• 281l.il """.2 2707.5 2755.8 3200.2 

~ 1837-38 2303 .• '7203 1008.4 1083.0 1278.4 1831 .2 3147.7 ,038-30 ""' .• 2141 .3 18S0.4 171 9.8 lac.3 2881 .3 35751.8 ,,,,..., 
2793.4 253't, n47.3 2287.3 2380.5 2913.5 ,...,., 
3075.5 3075.5 3075.5 3088 .• 3111 .3 3235.8 

1SW1-Q 2303 .• 1120.3 1006.4 101!S.0 1149.8 1Q3.4.1 
238D.2 1842 .... 3 

" 3OnI.s 
1111.3 1322.1 14 .. CU • ,,.,... 

3075.5 3075.5 3" .... 31" .3 3235 .• 357i.8 

" 1~""5 2582.9 2138.1 18045.5 16n.6 1744.2 2300.' 33047.5 • , ...... 2303 .• 1120.3 1008.4 10n.7 1242.4 2201 .5 357V.II • '" , ..... , 1075.3 13eO.7 2147.5 ~ 
19047-48 2371 .7 1735.5 1038.7 1183.3 2216.9 ~ 

'" , ...... 2303.6 1120.3 1144.7 1378.1 2490U5 

""'"'' 1008.4 1008.4 1113.8 2232.3 ,"""', 
1735.5 

.. 13M.5 3337.11 
1951·52 2371 .7 1070.1 1J.45.2 1792.11 3014.0 ,"".., 2Je3.8 1120.3 1057.3 1173.0 1478.4 ,..,.... 

" 11304.4 lm.l 1_.1 , ...... 1075.3 1080.7 1i1t53.8 3224.8 , ...... 2371 .7 1135.5 1008.4 12111.7 1990.8 2003.' 1956-57 2303 .• 1720.3 10n.8 1224.4 2'551.4 357V.6 
1957·58 1047.0 1191.0 2242.11 



192&-29 
1029·30 
111»-31 
1931·32 
1932-33 
193:>-3< 
193<1-35 
1935-36 
1930-37 
1937-38 
1938-39 

''''''''' ,-., 
1941-42 
1942..(3 , ...... I_ 
I .. "" , ..... 7 
HM7-48 , ...... 
1949-50 
1950-51 
1951·52 
1952·5) 
1953-.. 
1954-55 , .... '" 
1958-57 
1957·58 

&Ilill 

705.15 

&&ll ill ru 
705.' 705.' 705.' 

TABlE 9 

DUNCAN 
FLOOO CONTROl STORAGE RESERVATION CURVES 

END OF MONTH CONTENTS (KSFD) 
1999·00 ASSURED OPERATING PLAN 

!!Ili = J6Ij ill MAl! 

705.' "".1 "'8.3 ""' .• ""' .• "" .• 322.1 322.1 
391 .0 288.8 288.' 
277.2 65.' 65.' 
273.7 

" 
" 277.2 " " 377.7 263.' 263 .• 

203.0 102.3 102.3 
288.0 92.7 92.7 
3032 115." 115.4 

" 3<5.' 202.1 202.1 
328.5 189.9 '''~ 333.0 178." 178." 
"'8." 33<.7 33<.7 
3.<.0 277.2 2n.2 
273.7 85.' 65.' 

" 277.2 " 371 .1 251 .0 251 .0 
273.7 85.' 85.' 

" 277.2 

" 273.7 

277.2 
273.7 

" 

~ AI'BJ!! - .Illl! M 

3<8.1 360.' "".7 574.4 705.' 
329.' 342.8 <30.3 567.11 
297.2 311 ." "" .• 555.7 
80.' 109.1 281 .3 800.7 
7>.1 " .3 191 .11 573.2 
65.' 127.0 330.' 805.2 

83.' 187.1 .... 1 
71.2 119.3 351 .7 705.11 

272.5 287.5 368.3 ..... 
113.1 119.2 245.3 551 .9 
109.3 132.5 399.2 705.' 
127.2 150.8 "'0.11 

52".5 212.2 229.3 .... 1 
179.0 201 .5 328.3 501 .11 
192.1 221 .1 289.2 653.0 
342.1 3><.7 <30.' 572.2 
278.8 279." 362.3 580.2 

75.7 05.' 322.3 847.5 
77.0 102.0 313.9 820.' 
85.' 05.' 300.' 705.' 

256.9 2711.9 .... 3 
85.' 65.' 183.9 525.2 

" 2~. 1 53<.2 
87." 92.' 2.5.0 

71 .9 .<.7 23<.' 522.7 
732 " .0 237.1 547.8 
71.9 SO.9 154.5 .... 7 

~ 65.' " .7 2 .... 565.' 
7".5 80.' 378.1 655.' 
77.0 96.2 359.' 705.' c 

~ 
0 
~ 
il 
'" ~ 
'" " ;;-
~ 

0-, -'" '" 'P 
0 
0 



TABLE 10 

COMPOSITE OPERATING RULE CURVES ~ FOR THE WHOlE OF CANADIAN STORAGE 
END OF MONTH CONTENTS (KSFO) & 1999 · 00 ASSURED OPERATING PlAN 

0 
:aM ~ &m.l IW! ru liQll W; ,wj WI 11M ~ mm MAX IlItt .till. 11 

~ 1928-29 7S1oUI 7&U.& 7880.2 7390 .• 8882.1 D52SU 861&.' '197.2 4981.& ""' .• 4199.& 4930.3 8901 .0 7el".& ~ 1020-30 """.3 431-4.04 _ .7 -.• 1&»31 
3334.5 

4981 .8 4502.11 44537.' 8707.7 ... 11131·3.2 3842.15 2652.3 21115.2 20711.2 21113.3 ...... " '113.2·13 37!5e:.7 3185.3 253 ... 2082.' lb.3 1111'.1 5500.' ~ 
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Assured Operating Plan for 1999-00 

TABLE 11 

COMPARISON OF 
RECENT ASSURED OPERATING PLAN STUDIES 

, ...... 1IK-I7 1197-88 111118411 1l1li11-00 

MICA TARGET OPERATlON (ufd 01'" d's) 

-AUG 1 3<56.2 3456.2 3456.2 3456.2 3456.2 

-AUG 2 FUll FUll FULL FULL FULL 

-sep FULL FULL FULL FULL FULL 

• OCT 3428.-4 1..000.0 15000.0 11000.0 3428.2 

• NOV 22OOO.D 19000.0 19000.0 3256.2 3176.2 

· O£C 2«lOO.0 """'.D 23000.0 2676.2 2«lOO.0 

• JAN 27OOO.D 2.aoo.0 2..000.0 2..000.0 25OOO.D 
-FEB 25OOO.D 2OOOO.D 22000.0 22OOO.D 22000.0 ...... 25OOO.D 19000.0 19000.0 22OOO.D 21000.0 

-APR I 2«X1O.0 156.2 '06' " .2 156.2 

-APR 2 1-4000.0 D.D D.D " .2 106.2 

• ... v 10000.0 10000.0 10000.0 10000.0 10000.0 

-JUN 10000.0 10000.0 10000.0 10000.0 10000.0 

- JUL 3356.2 3358.2 3358.2 3<06.2 3456.2 

CANADIAN TREATY CRC1 STORAGE DRAFT (bfd) 

NOV 1928 (-"' ) !2n.7 1481.7 922.2 638.' 996.' 
APR 1921i1 (-"') 7801.6 nOS.8 n27.7 7083.9 6767.3 

JUL 1929 (-"') 11040.5 1028.6 951 .2 808.' 898.6 
AUG 1928 (-"') 1060.-4 ""2 .... 3 181 .0 393.1 

NOV 1928(-11) 1275.3 104113.6 923.3 ~2.0 .... , 
JUL 1929 (-1 1) 1,.2.8 1036.6 955.2 830.' 905.D 

STEP I GAINS AND LOSSES DUE TO REOPERATlON (MW) 

- U.S . FIrm EMflW -'., -2.0 -0.9 -5.1 -1 .5 

- U.S . o.p.~ c.p.clty 2.D 3.D -'.D 27.0 D.D 
- U.S . S-*'Y ENfgy 2.0 1.2 13.8 lUI 19.5 

- BCH finn ENfgy " .D 36.D .6.7 26.7 102.2 

- BCH ~ CapacIty 16.0 ·10.0 19.0 18.0 -3.0 
- BCH ~ Enotrgy -38.3 -36.8 "'3.5 ·18.5 .... 2.9 

HYDROREO SECONDARY LOAD (MW) 

·AUGI "-475 '.510 145047 "568 '6063 
-AUG 2 11-475 "". 14-416 15-422 '6907 
·SEP 11~ 1-41-47 13878 ,- '5<52 
• OCT '202' 1-4618 , .S7-4 " ... '600' 
• NOV 12272 15-412 15-411 '6'" '662' 
- DEC 12 .. 3 '595' '5835 '657' '6933 
• JAN "633 '6000 15832 16598 1f1i13 

- FEB 12~1 " .. , ,,8<' '6638 '6839 ...... 11909 '003' 15160 '''''2 '6087 

·APR' 11817 13 .... ,.438 '5523 ,"'" 
·APR2 11573 132<7 14391 15513 15200 

· ... v 8114 10734 10297 ","'" "'" - JUN 11236 ",.. 11 748 11120 11029 

- JUL 11590 , .... ,.." 15529 16175 
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Preface to the 1999-00 OOPB 

The Delennlnation of Downstream Power Benefits (OOPB) for the Assured Operating Plan (AOP) for 
operating year 1999-00 presents both a U.S. and Canadian detennination of the dependatxe capacity 
component of the Canadian Entitlement. Two determinations of the Capacity Entitlement are 
presented because the Entities have been unable to agree on a single interpretation of the definition 
of -critical stream now period- in Article I. Paragraph 1.(d), of the Treaty . 

Negotiators for the U.S . and Canadian Entities have tentatively resolved the determination of the 
Capacity Entitlement by agreeing to a set of principles which , if implemented, will render moot the 
two sets of values for the Capacity Entitlement presented in this Preface. In orner to implement the 
principles, the EntIties are preparing definitive agreements based on the principles and expect that 
these agreements will be authorized by an Exchange of Notes between the U.S. and Canadian 
Governments in 1995. 

The Memorandum of Negotiators' Agreement on ·Statement of Principles for Delivery and 
Disposition of the Canadian Entitlement· specifies that the U.S. will deliver under a ·capacity 
buydown· provision applicable to the period from 1998 to 2024 the lesser of (1) 950 MW or (2) the 
amount of Capacity Entitlement computed according to the Treaty. excluding provisions related to 
the Capacity Credit Limit. with a prorata share for the period 1 April 1998 through 31 March 2003. In 
constderation , the U.S. will purchase the capacity obligation in excess of the amounts required to be 
delivered for U.S. $180 million. The Agreement also specifies that the Capacity Entitlement will be 
calculated and displayed for AOPIDDPB purposes on a "without prejudice· basis, using both the U.S. 
("Discretionary Draft for Powerj and Canadian ("Draft for Powerj detenninations. Each Entity also 
reserves the right to put fOlWard its view of the proper interpretation of ·critical stream flow period· if 
and when the Capacity Entitlement using either interpretation falls below 950 MW for reasons other 
than the Capacity Credit Limit. 

In order to proceed with completion of the 1999-00 AOPIDDPB prior to the Exchange of Notes 
required between the U.S. and Canadian Federal governments to approve the capacity buydown 
provision, the Entities have agreed to prepare this document without reference to the capacity 
buydown provision and consequently two values for the Capacity Entitlement are displayed 
throughout the document reflecting the two interpretations of ·critical stream flow period ,w 

The two interpretations of critical stream flow period are described as follows: 

Discretionary Draft for Power - Under this interpretation, the Step III critical stream flow period is 
deemed to start when an initial draft, in excess of drafts necessary to meet flood control 
requirements and/or non-power requirements is required from reservoir storage to meet finn load 
requirements. Using this interpretation, the Step III critical period starts 1 November 1936. The 
Step III critical period ends on 30 April 1937, for a duration of 6 months. 
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Praft for Power· Under this Interpretation. the Step III critical stream flow period is deemed to start 
when an inrtial draft . in excess of drafts necessary to meet flood control requirements. is required 
from reservoir storage to meet fi rm load requirements. USing this interpretation, the Step III critical 
period begins 1 Odober 1936. The Step III critical period ends on 30 April 1937. for a duration of 7 
months. 

The only variation between the U.S. and Canadian DDPB computations is the determination of the 
start of the Step III critical stream now period which primarily affects the determination of the 
Capacity Entitlement. The Capacity Entitlement resulting from the different critical stream flow 
period definitions is shown below for the joint optimum studies: 

U99-<1000PB 
Joint Optimum Studi •• 

Critical Stream Flow Period Definition Proposed by 

Discretionary Draft for Power U.S. 

Draft for Power Canada 

Difference ::) 

Capacity Entitlement 

1276.7 MW 

11619 MW 

185.2 MW 

The Entities have agreed to compute Energy Entitlement based on the Discretionary Draft for Power 
interpretation ( the difference in Energy Entitlement resulting from the different critical stream flow 
period definitions1s Ins~nificant) . 
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Detennination of Downstream Power Benefits for 1999-00 

1. Introduction 

DETERMINATION OF DOWNSTREAM POWER BENEFITS 
FOR THE ASSURED OPERATING PLAN 

FOR OPERATING YEAR 1999-110 

November 1994 

The treaty between Canada and the United States of America relating to the cooperative 
development of the water resources of the Columbia River Basin (Treaty) requires that 
downstream power benefits from the operation of Canadian Treaty storage be detennined 
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 1999-00 Assured 
Operating Plan (AO?). 

The procedures followed in the benefit studies are those provided in Annex A, Paragraph 7. 
and Annex B of the Treaty; in Articles VIII, IX, and X of the Protocol; in the Entity 
Agreement on Resolution of Assured Operating Plan and Detennination of Downstream 
Power Benefit Issues for the 1998-99, 1999-00, and 2000-01 AOPIDDPB, signed 
November 1994, in the Entity Agreements, signed 28 July and 12 August 1988, on 
Principles and on Changes to Procedures for the Preparation of the Assured Operating Plan 
and Detennination of Downstream Power Beneftt Studies (1988 Entity Agreements); and in 
the document. ·Columbia River Treaty Principles and Procedures for Preparation and Use 
of Hydroelectric Operating Plans· (POP), dated December 1991 . 

The Canadian Entitlement BenefItS were computed from the following studies: 

Step t - operation of the total United States of America planned hydro and thermal 
system with 15-112 million acre-feet (maf) of Canadian storage operated for 
optimum power generation in both countries. 

Step II - operation of the United States base hydro and thermal system with 15-112 maf 
of Canadian storage operated for optimum power generation in both countries. 

Step III - operation of 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 Ihe operating year 1999-00, 
separate determinations were carried out relating to 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 (joint optimum). 

As required by the Canadian Entitlement Purchase Agreement , the decrease in downstream 
power benefits due 10 the operation of Canadian Treaty storage for joint optimum power 
generation, instead of operation of Canadian Treaty storage for optimum power generation 
in the United States of America only (US optimum), was separately determined. 
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Determination of Downstream Power Benefits for 1999-00 

2. R"utts of Canadian Entitlement Computation. 

The Canadian Entitlement to the downstream power benefits in the United States of 
America anributabfe to operation in accordance wtth 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 benefrts. was computed to be (See Table 5) : 

Dependable Capacity 
• Discretionary Draft for Power inlerpretation = 
• Draft for Power Interpretation = 

Average Annual Energy = 

1276.7 MW 
1461 .9 MW 
559.5 aMW 

3. Computation of Maximum Allowable Reduction in Downstream Power Benefits 

In accordance wtth the Treaty Annex A, Paragraph 7 and Part III , paragraph 15C(2) of POP. 
the computation of the maximum allowable redudion in downstream power benefits and the 
resulting minimum permitted Canadian Entitlement to downstream power benefits for the 
1999-00 operating year are based on the formula X - f'( - Z) . 

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

X is one half of the downstream power benefits derived from the previous year's 
Step II jOint optimum and Step III US optimum AOP studies. 

Y is one half of the downstream power benefits derived from the difference 
between the previous year's Step II US optimum and Step III US optimum AOP 
studies. 

Z is one half of the downstream power benefits derived from the difference 
between the present year's Step II US optimum with 15 mar of Canadian 
storage and Step III US optimum AOP studies. 

The purpose of this formula is to set a lower limit on the Canadian Entitlement by 
accumulating the annual redudions resulting from reoperation of Canadian storage as well 
as the redudJons 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 1998-99 DDPB. The quantity Z, which is 
computed from one·haif 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 5. 

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

Dependable Capacity 
• Discretionary Draft for Power interpretation 

= 1324.7 - (1325.1 - 1254.0) = 1253.6 MW 
- Draft for Power interpretation 

= 1514.7 - (1515 .1 - 1439.2) = 1438.6 MW 
Average Annual Energy = 562.7 - (566.8 - 557.4) = 553.3 aMW 

The computed Canadian Entitlement exceeds these amounts. 
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Determination of Downstream Power Benefits for 1999-00 

4. effect on Sa" of Clnadlan Entitlement 

The Canadian Entitlement to downstream power benefrts was sold to the United States of 
America under the Canadian Entitlement Purchase Agreement (CEPA) dated 
13 August 1964, for a period of thirty years following the completion of each Canadian 
storage project. The purchase of the Canadian Entitlement by the United States under 
CEPA expires 31 March 1998 for Duncan, 31 March 1999 for Arrow, and 31 March 2003 for 
Mica. 

The studies developed for this sale induded the assumption of operation of Treaty storage 
only for optimum power generation downstream in the United States of America. The 
Canadian Entitlement determined from the 1999-00 Assured Operating Plan for this 
condition would have been: 

Dependable Capacity 
- Discretionary Draft for Power interpretation 
- Draft for Power interpretation 

Average Annual Usable Energy 

= 
= 
= 

1276.5 MW 
1461.7 MW 
560.3 aMW 

Because the 1999-00 Assured Operating Plan was designed to achieve optimum power 
generation at-site In Canada and downstream In Canada and the United States of America , 
Section 7 of the Agreement requires that *any reduction in the Canadian Entitlement 
resuhing from action taken pursuant to Paragraph 7 of Annex A of the Treaty shall be 
determined in accordance wtth Subsection (3) of Section 6 of this Agreement-. A 
comparison of the Canadian Entitlement for optimum power in Canada and the United 
States with the Canadian Entitlement to downstream power benefits shown above indicates 
a decrease in Canadian Entitlement of 0.8 aMW of average annual usable energy and an 
increase in dependable capacity of 0.2 MW ( The capaci1y differentials are same under 
either critical stream flow period interpretation ). 

Since the sale of the downstream power benefits attributable to Duncan and Arrow expires 
31 March 1998 and 31 March 1999 respectively, the United States Entity is entitled to that 
portion of the decrease in Canadian Entitlement attributed to Mica. The decrease of the 
Canadian Entitlement attributed to Mica is computed by muhiplying the decrease in 
Canadian Entitlement by the ratio of Mica storage (7.0 mat) to the whole of Canadian 
storage (15.5 mat). The value is computed to be: 

Capacity Payment = 
Energy Payment = 

Not applicable 
0.8 aMW· (7.0 mafll5.S mat) = 0.4 aMW 

Accordingly, the Entities are agreed that the United States Entity Is entilled to receive 
0.4 aMW of energy, and 0 MW of dependable capacity , during the period 1 April 1999 
through 31 March 2000, from B.C. Hydro & Power AuthOrity, in accordance with Sections 7 
and 10 of CEPA. 

5. Canadian Entitlement Return 

The sale of the Canadian Entitlement attributable to Duncan storage and Arrow storage 
terminates on 31 March 1998 and 31 March 1999 respectively, under Section 2. (l)(a) of 
CEPA. Under Section 2. (3) of this agreement. the percentage of the downstream power 
benefits allocable to each Canadian stofllge project is the percentage of the total of the 
Canadian storages provided by that storage as set out in Article II of the Treaty. 
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Determination of Downstream Power Benefits for 1999--00 

The storage volume in Duncan is 1.4 maf, In Arrow 7.1 maf, and the whole of Canadian 
storage 15.5 maf. The obligation of the United States to deliver Canadian Entitlement to 
Canada for operating year 1999-00 beginning 1 August 1999 and ending 31 July 2000, 
based on the JOint optimum power studies, for benefits attributable to Duncan and Arrow is 
computed to be: 

a) Energy Entitlement 

Average Annual Energy = 559.5 aMW· (8.5 maf/15.5 maf) = 306.8 aMW 

b) Capacity Entitlement 

Dependable Capacity 
• Discretionary Draft for Power Interpretation 

• 1276.7 MW' (6.5 mafl15 .5 maQ = 700.1 MW 
• Draft for Power interpretation 

E 1461 .9 flAW· (8.5 mafl15.5 maf) = 801 .7 MW 

s. Summary of Canadian Entitlement Computations 

The following Tables and Chart summarize the study results. Table 4 has been formatted 
to present study results from both critical streamflow period definitions. 

Table 1. 

Table 2. 

Table 3. 

Determination of firm Hydro Loads for Step I Studies· 

This table shows the loads and resources used in the Step I studies and the 
computation of the residual hydro load for the Step I study. This table has been 
reorganized to more closely follow the definition of Step I loads and resources 
as defined by Treaty Annex B·7 and clarified by the 1988 Entity Agreements. 
Table 1 was also split into tables 1A and 1B. Table lA shows the Step I energy 
loads and resources while Table 1 B shows the Step I peak loads and resources. 

Determination of Thermal Displacement Ma(t(et· 

This table shows the computation of the thermal displacement ma(t(e! for the 
downstream power benefit determination of average annual usable energy. 
The thermal displacement ma(t(el was limited to the existing and scheduled 
thermal energy capability including thermal imports after allowance for energy 
reserves, minimum thermal generation, and reductions for the thermal 
resources used outskie the PNW Area. The computation of Step I thermal 
installations has been moved to Tab'e 1. 

Determination of Loads for 1999-00 Step II and III Studies: 

This table shows the compu1ation of the Step II and III loads. The monthly 
loads for Step II and III 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 SPA September 1993 load 
forecast . The Grand Coulee pumping load is also included in this estimate. 
The method for computing the firm load for the Step II and 111 studies is 
described in the 1988 Entity Agreements and In POP. 
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Determination of Downstream Power Benefits for 1999-00 

Table 4. 

Table 5. 

Summary of Power Regulations from 1999-00 Assured Operating Plan: 

This table summarizes the results of the Step I, II, and III power regulation 
studies for each project and the total system. The determination of the Step I, 
II, and III loads and thermal installations is shown in Tables 1 and 3. Table 4 
was split into Tables 4A and 4B. Table 4A summarizes results of Step I and 
step II power regulation studies. Table 4B summarizes the Step III power 
regulation study for both the Discretionary Draft for Power and the Draft for 
Power interpretations of critical stream flow period interpretations. 

Computation of Canadian Entjtlement For 1999:00 Assured Operating 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 Storaae 

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 5 also displays 
the Capacity Entitlement for both interpretations of critical stream flow period 
(I.e" Discretionary Draft for Power, and Draft for Power). 
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Chart 1. 

Determination of Downstream Power BenefItS for 1999-.00 

1999-00 Determination of Downstream Power Benefits 3D-Year Monthly Hydro 
Generation' 

This chart shows duration curves of the hydro generation from the Step II and 
III studies and graphically illustrates the change in the portion of secondary 
energy that Is usatHe for thennal dls~acement due to operation of Treaty 
storage. Secondary energy is the energy capability each month which exceeds 
the finn hydro loads shown in TatHe 3. The usable secondary energy In 
average megawatts for the Step II and III studies is computed in accordance 
with Annex B, Paragraphs 3{b) and 3(c), as the portion of secondary energy 
which can dis~ace 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 dls~acement. 

7. Summary of Change. From Previous Y.ar 

Data from the five most recent Detennination of Downstream Power Benefits are 
summarized In Tables 6 and 7. Firm energy shifting was n21 included in the 1996-97, 1997· 
98, 1998-99, and the 1999--00 operating ~an studies. An explanation of the more important 
changes compared to last year's studies follows. 

(a) Loads and Resoyrces 

Loads for the 1999-.00 ADP were based on the 1993 Whitebook medium case 
forecast developed by BPA in September 1993. The Pacific Northwest Area firm 
energy load increased by 338.2 annual aMW. The tolal exports , not including firm 
surplus energy, Increased by 127.4 aMW. The firm surplus energy increased by 
173.5 aMW. The increase in exports is mainly due to the increased Canadian 
Entitlement Return . 

The estimated increase in PNW area load for return of the Canadian Entitlement and 
the computed Canadian Entitlement attributed to Duncan and Arrow for the period 
1 August 1999 through 31 July 2000 is shown below for the joint optimum studies: 

1 August 1999 to 
31 July 2000 

Energy Entitlement (aMW) 
Estimated Computed 

306.0 306.8 

Capacity Enlitlement (MW) 
Estimated Computed 11 

A B 
726.0 700.1 801.7 

11 (A) refers to Discretionary Draft for Power interprelaUon, (6) refers to Draft 
for Power interpretation 

iterative studies were not pertormed because updating the Canadian Entitlement 
estimates would not materially afled the results of the studies. 
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Determination of Downstream Power Benefrts for 1999--00 

The total energy capability of the thennal installations increased by 551 .6 aMW. 
Major thermal resource changes included: 

1) Decrease of &1 aMW due to the removal of the Small Thermal resources, 
2) Combustion Turbine resource increases of 67.0 aMW due to facilities upgrade 

at Beaver and other small changes, 
3) Co-generation increased ~.O aMW due the addition of four new projects: 

Coyote Springs, PP&L Miscellaneous, Scott Paper, and Wauna, 
"') Centralia large thermal generation decreased by 36 aMW, 
5) Thennal Non--Utility Generation (NUGs) decreased by 16.1 aMW, 
6) Decrease of 67.0 aMW in PP&L (WYM) to PP&l Thermal import. 

(b) Qperatlna Procedures 

The 1990 level modified base flows were again used, with no additional depletion to 
the 2000 level, based on the recommendation of the Columbia River Water 
Management Group. Coulee pumping adjustments and return now, however, were 
included. 

The spUi and bypass assumptions for the 1999-00 OOPB studies are the same as in 
the 199~99 OOPS studies, except that, for operating year 1999-00, it was assumed 
that nsh bypass installations were implemented at Priest Rapids, Rocky Reach and 
RocI< Island. 

The Entities completed Step II and III refill studies and incorporated the resulting 
Power Discharge Requirements (PORs) in the 1999-00 OOPS. New Energy Content 
Curve Lower Umits (ECCLL) were developed for the Step II system based on 1937 
water conditions. These studies are consistent with PNCA procedures, which includes 
starting the system full 1 August 1936 and adjusting the load until the system is empty 
30 Aprt11937. The end of period contents in January, February, March, and April 15 
are the ECClL for all major reservoir projects. Since the Step III study itself is an 
"ECCLl type" study, the ECCLL are simply the end storages from the study. 

Plant data for Monroe, 7-Mile, Cabinet Gorge, Canal , Nine Mile, Chief Joseph, and 
Thompson Falls were revised. However, Canal , Chief Joseph, and Thompson Falls 
were the only projects to show a significant increase in generation. 

(c) SteD III Critical Stream Flow Period 

As discussed in the preface, the Entities are unable to agree on a single interpretation 
of the definition of "critical stream now period" as described in Treaty, Article I, 
Paragraph 1.(d) and as applied to the Step III system. Consequently, two methods are 
used for detennining the Step IIi "critical stream now period." Under both 
interpretations. the critical stream now period would occur in the 1936/37 water year, 
and the ending period would be the same. Only the starting period for the emical 
stream flow period would be different under the two interpretations. 

Under the Discretionary Draft for Power interpretation, the Step III study had a critical 
stream flow period of 6 months, 1 November 1936 through 30 April 1937 . Under the 
Draft for Power interpretation, the Step ill study had a critical stream now period of 7 
months, 1 October 1936 through 30 April 1937. The Step iii critical stream flow 
period in the previous AOP ended 15 April 1937. The end of the Step III critical 
Slream now period changed because of a decrease in residual hydro load in the first 
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half of April and an increase in residual hydro load in the second half of April resulting 
from changes in thermal resource availability and maintenance schedules. 

(d) Downstream Power Seneflts Computation 

Under the Discretionary Draft for Power interpretation, the Capacity En1itiement 
decreased from 1324.7 MW in the 1995.99 OOPS to 1276.7 MW in the 1999-00 
OOPS for a loss of 48.0 MW. The primary reason for the Capacity Entitlement 
decrease is the 96.4 MW Increase In the Step III critical period average generation 
which in tum resulted from the second half of April now being Included in the 1999·00 
Step III critical period. The Step II average critical period generation increased by 
16.3 MW compared to the 1999-00 OOPS due to updated plant data for Thompson 
Falls and Chief Joseph. Therefore, the difference between the Step II and Step III 
average critical period genera1ion decreased by 80.1 aMW resulting in a decrease in 
the Capacity Entitlement. 

Under the Draft for Power interpretation, the Capacity Entitlement decreased from 
1514.7 MW in the 1995.99 OOPS to 1461.9 MW in the 1999-00 OOPS for a loss of 
52.8 MW. Relative to the Capacity Entitlement under the Discretionary Draft for 
Power Interpretation, the Capacity Entitlement under the Draft for Power interpretation 
increased by 185.2 MW because the start of the Step III critical stream flow period 
changed from November to October which caused the average rate of generation 
during the Step III critical stream flow period to decrease by 278.8 aMW. 

The Canadian Energy Entitlement decreased from 562.7 aMW in the 1995.99 OOPS 
to 559.5 aMW in the 1999·00 OOPS, a decrease of 3.2 aMW. New data for 
Thompson Falls and Chief Joseph increased the Energy Entitlement while a larger 
thermal displacement market decreased the Energy Entitlement. The net effect of all 
changes was the small decrease in the Energy Entillement. 
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A-.gII Anno.Jt,I UMble En.vY GeIn .i: 
c.n.diIrI s-. 01 "VII. Anno.Jt,I E'*V)' a.in .5l 
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Determination of Downstream Power Benefits for 1999--00 

TABLE 6 

COMPARISON OF RECENT OOPB STUDIES 

DisaoL Dr_,. 'Of [)iacr.t. Dr_It 'Of 
On' p- On' p-

,.tt-Jl ,,,, .. 7 , M7 ... 1i ...... !l 1111.40 It 

PNW AREA AVG. ANNUAL LOAD (MW) 18898.0 20324.6 20387.3 2<l<79.6 20617.8 
-AV;. AnruIIIM. lJ»d ("110) " .7 87.1 ... , " .3 85.' 
-AV;. C.P. loed F.c:tor (1'0) 752 75.3 75.2 75.6 75.3 
-A .... AnnueI Firm e:..pc.u. II05.D 511.2 026.3 1075.3 '=7 
-AV;. AmuII Firm ~ (MW) 2t. ,"".D 610.5 433.2 634.6 706.1 

THERMAL INSTAlLATIONS (MIN) Jl 

..-..., .... - ",. '036' 1051. "003 ",. 
~ P-eriDd (C.P.) Enqy ... , 7'" 814' ..., .. ,. 
-C.P. MW*num ~ .. .-b, ,." 875 632 789 '0<7 
-AV;. AnnulI! S~ Export s.IeI , .... 887 " " '265 '392 
-AV;. AIn ~ .... Mnet ,.., 6104 ~ .'OS .,... .... 

INSTAlLED HYDRO CAPAC/lY (MIN) 21l68O 29785 29766 29766 29766 
-BaM: Sytlem 23730 2364' 23856 23856 23856 

STEP Lltlllll C.P. (MONTHS) '2/200'6 42I2<Y7 '2/200'6 <212<>'5.' 4212OJ6.S '2/200'6 .= 
BASE STREAMFLOWS AT THE OALLES (cfl) ~ 

-st.p I ~.AV;. StTMmftow '79502 "113311 180748 181664 181664 
-st.p I C.P. A-. 1131n "3053 114127 " .... " .... 
-st.p II C.P. A .... 100146 '00036 101006 101537 101525 
-Step III C.P. A.....-.ge 6<733 6<756 6467D 57'85 ...., ... " 6<960 

CAPACITY BENEFITS (MIN) 
-st.p II C.P. ~..tioI, 6692., """ .• 9016.0 ..... , 9000.' 
..step III C.P. GeI .. .tklI, 7113.5 ...... 71e9 .• 7061 .2 em.9 7157.6 6878.6 
..$tap 1\ GWI aN Step III 1779.4 2068.D 1&48.6 2002.0 2200.2 '9226 2201.7 
...c.ANAOIAN ENTITLEMENT 1163.4 1373.4 1229.6 132 • . 7 151 • . 7 1276.7 1481 .9 
-Ct.nge ctu. to Mica Reap D.7 ' .D D.D -0.' D.2 
-e..ft In s.IM AgrMI'neflt 576.0 .... D 471 .0 416.0 2OO.D 

ENERGY BENEFITS (II#N) 
.st.p 1\ FIrm Hydro 8926.3 M71 .0 8963.D 9OOO.D ..... 3 
..step II n.m.I ~II '422.3 2037.4 2037.7 2101 .3 2129.5 
..step II ott.- u.-. 421 .0 207.0 lV04.9 lM.3 1;3.5 
..step II T oCaI u.-. 10nu 11 115.4 11195.6 11289.6 11313.3 
-Step III Fnn H)'dro 6401 .4 ...... D 8579.D 8502.' D 
..step 11I1'h<IrmIiI ~ 2123.6 2SlI51 .6 2902.' 3066.8 D.D 
-step III other UMb6e "".D 623.7 6072 596.3 D 
-step lit T CUI lIAble ..... 2 10020.3 10089.1 10164.2 10194.3 
...c...\NA0IAN ENTITlEMENT 6532 547.5 563.3 562.7 559.' 
-ChIInge dIM to Mica R~ -2.0 -0.' -~8 -<., -0.8 
-ENTlTl£MENT In Sales Agr~ 26'" 25<.D 2<16.0 215.0 103.0 

STEP It PEAK CAPABILITY (MIN) 30530 314n 31647 32074 32421 
STEP It PEAK LOAD (MW) 2_ 26252 26587 27317 26366 
STEP III PEAK CAPABIUTY (MW) 30299 3"" ,,<56 31793 32206 
STEP 11\ PEAK LOAD (MW) 20273 22350 22859 2339' 24318 
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Determination of Downstream Power Benerlts for 1999-00 

FOOTNOTES FOR TABLE 6 

1. The 1995-96 Assured Operating Plan (AOP) was adopted from 1994·95 AOP study. 

2. Average annual firm surpius is the additional shaped load includ ing the surplus shaped in 
May and/or June. 

3. Thermal installations include all existing and ~anned thermal resources. The 1995-96 AOP 
thennal installations also included thermal imports. Beginning with the 1996--97 AOP, 
thennal installations also included cogeneration, renewable thermal. thennal NUGIPURPA. 
and seasonal exchange imports minus plant sales. 

4. The increased thermal installations beginning with 199&-97 AOP are due to increased plant 
factors at existing plants and the addition of new cogeneration projects. 

5. Beginning with the 1998-99 AOP studies. the 1990 level modified flows were used and no 
additional irrigation depletions were anticipated for the 1999 level . There is, however, an 
adjustment for Grand Coulee pumping and return flow. 

6. Beginning with the 1998-99 AOP studies, Column A reflects values based on -Discretionary 
Draft- critical period method; Column B reflects values based on -Draft for Power" critical 
period method. 
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Detennination of Downstream Power Benefits for 1999-00 

CHART 1 

1999~ DETERMINATION OF DOWNSTREAM OF 30 YEAR MONTHLY HYDRO GENERATION (iilMW) 
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AOP STEP II ENERGY FREQUENCY DISTRIBUTION PLOT 

• Remain. Sec.. EneIV)'. 290.2 ~ 

.-4()1)1, USAble EMcgy. 193.5 aMW 

[J0iapI. Them\. Energy. 2129.51MN 

a FIrm Efwvy . 8990.3 aMW 

Total Hydro Generation = 11603.5 aMW 
Hydro Average Useable Energy = 11313.3 aMW 

Percenl Eq~1ed Of Exceeded 

AOP STEP III ENERGY FREQUENCY DISTRIBUTION PLOT 

~ 

• Rem. Sec. Engy . • 885.2 aMW 

• -40"1& Useab6e Eogy .- 590.1 aMW 

oOiapl. Therm. Eogy . • 3182.0aMW 

a Firm Energy - 6422.2 IMN 

Total Hydro Generation = 11079.5 aMW 
Hydro Average Useable Energy = 10194.3 aMW 

Peteent Eq~1ed Of Exceeded 
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