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COLUMBIA RIVER TREATY
HYDROELECTRIC OPERATING PLAN

Assured Operating Plan for
Operating Year 1976-77

INTRODUCTION

The Treaty between Canada and the United States of America relating
to the cooperative development of the water resources of the Columbia
River Basin requires that each year an Assured Operating Plan be agreed
by the Entities for the opération 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
u; coordinated with the operation of the Canadian storage projects. The
data assumed for this Assured Operating Plan will undergo review by the
Entities immediately prior to the 1976-77 operating year and such data
may be revised to reflect data and criteria current at that time. Should
the Entities faill to agree on such revisions, then this Assured Operating
Plan will form the basis for the Detailed Operating Plam for 1976-77.

This Assured Operating Plan was prepared in accordance with the
Principles and Procedures for the Preparation and Use of Hydroelectric
.

Operating Plans for Canadian Treaty Storag It is based on criteria

contained in Annex A and Annex B of the Columbia River Treatygf:

3
Article VII of the Prntn:ul—!, and Section B.l. of the Terms of Salci .
Other necessary operating criterla reflected in this plan are the Program

for the Initial Filling of Hicaéj and the draft, Columbia River Treaty

Flood Control Operating Planﬁf:



The Assured Operating Plan consists of:

(a) The Operating Rule Curve for the whole of the Canadian Treaty
Storage, including the Critical Rule Curve, Assured Refill Curve,
Variable Refill Curves, and the individual project Flood Control Storage
Reservation Curves.

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

A 30-year System Regulation Studfzf was utilized to develop and test
the operating rules and rule curves. It contains the agreed-upon
operating constraints such as maximum and winimum project elevations
and diﬂchﬁrges.

SYSTEM REGULATION STUDIES

System Regulation Studies for the Assured Operating Plan were based
on 1976-77 estimated loads and resources in British Columbia and in the
United States Pacific Northwest System. Historical flows for the period
July 1928 through June 1958, modified to estimated 1976-77 cunditionsg;.
were used. This plan is the first to reflect the installation of
generators at Mica project; therefore, in accordance with Annex A,
Paragraph 7 of the Treaty, the System Regulation Studies reflect
Canadian storage operatlion for optimum generation in both Canada and
the United States. The Critical Rule Curve for these studies was deter-
mined from Bonneville Power Administration Study 77-41. The study
indicated a 42-1/2 wmonth critical period resulting from the low flows
during the period from 16 August 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.
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In the studies Mica and Arrow storages were operated for power
purposes, as if they were a single reservoir; however, indiwvidual
project flood control criteria were followed. Although only 7.0 million
acre-feet of storage contents at Mica is committed for power operation
purposes under the Treaty, the study is based on a full storage content
of 20 million acre-feet to test compatibility with flood control
parameters. Flood Control and Variable Refill Criteria are based on

9/
simulated forecasts 4 i.e., forecasts that would have been made at each

date with the information then available.

OPERATIRG RULE CURVES

The operation of Canadian storage during the 1976-77 Operating Year
shall be guided by an Operating Rule Curve for the whole of Canadian
storage, and by Flood Control Storage Reservation Curves for the indivi-
dual projects. The Operating Rule Curve is derived from the various curves
described below. These curves are first determined for the individual
Canadian storages and then summed to obtain the walues for the
whole of usable Canadian storage given by the composite tables included
in this Plan. This is in accordance with the provision of Article VII(2)
of the Protocol.

(a) Critical Rule Curve. The Critical Rule Curve indicates the

end-of-month storage content of Canadian storage during the eritlcal
period. It is designed to protect the ability of the United States
system to serve firm load and to protect the firm level of Mica gener-
ation with the occurrence of flows no worse than those during the most
adverse historical streamflow period. A tabulation of the Composite
Critical Rule Curve for the whole of Canadian storage is included as

Table 1.




(b) Refill Curve. The Refill Curve is a guide to operation of

Canadian storage which defines the normal limit of storage draft for
secondary energy in order to provide a high probability of refilling
the storage. In general, the Operating Plan does not permit serving
secondary loads at the risk of refilling storages and thereby jeopard-
zing the firm load carrying capability of the system or the Mica
generating plant during subsequent years. The end of the refill period
is considered to be 31 July.

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

(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 second-lowest historical wvolume of inflow for the
whole or remaining portion of the refill period. A tabulation of the
composite Assured Refill Curve for the whole of Canadian storage is
included as Table 2.

(2) Variable Refill Curve. The Variable Refill Curve gives

end-of-month storage contents for the period January through July
required to refill Canadian storage based on forecast inflow volume
and specified Power Discharge Requirements during the refill period.
In the system regulation studies the Power Discharge Requirement
was made a funetion of the natural January-July runoff wvolume at
The Dalles, Oregon. In those years when this wvolume was lower than
80 million acre-feet, the discharge used was that required to meet
Firm loads while refilling, in accordance with the requirements of

4




Principles and Procedures. 1In years when the runoff volume at The Dalles
exceeded 90 million acre-feet the Power Discharge Requirement was the
project minimum outflow., The following are the Power Discharge Require-

ments uvsed in computing the Variable Refill Curves:

Power Discharge Power Discharge
Requirement, c.f.s5., Requirementc, c.f.s.,
for Jan-July Volume at for Jan=July Volume at
Project The Dalles Less Than 90 m.a.f. The Dalles Exceeding 90 m.a.f.
Eilin 7
Arrow 30,200 ' 5,000
Duncan 1,000 100
Mica 21,000 3,000

Composite Variable Refill Curwves for the whole of Canadian storage
for the 30 years of historical record are recorded zs Table 3. These
illustrate the probable range of these curves based on historicsal
cnnditinn#. In the actual operation in 1976-77, the Variable Refill
Curve for each project will be based on the at—-site inflow foreecast
reduced by upstream storage refill requirements and volume release
determined from the Power Discharge Reguirements given abowve.

(c) Fleood Control Storage Reservation Curve. The Flood Control

Storage Reservation ﬂurvEEEEI give end-of-month storage content to which
each individual Capadian storage project shall be evacuated for flood
control and other requirements during the Storage Evacuation Period.
During the Flood Control Refill Period the flood control curves used

in the studles were developed from daily system regulation studies.

They reflect the use of simulated runoff forecasts. Floed control

curves for the thirty-year study period are shown om Tables 4, 5, and 6.
Tables 5 and 6 reflect an assumed transfer of 2 million acre-feet of
storage space from Arrow to Mica. In actual operation, the Flood Control
Storage Reservation Curves will be based on the Flood Control Operating

Plan, using the latest forecast of runoff available at that time.
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(d) Definition of Operating Rule Curve. Prior to 1 January, 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 Firat
year of the critical period is used in the foregoing determination.
Beginning 1 January, the Operating Rule Curve is defined by first deter-
mining the higher of the Critical Rule Curve and the Assured Refill Curve;
the Operating Rule Curve is the lower of the above-determined value or
the Variable Refill Curve. Also, in all periods 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 7 to illustrate the probable
future range of these curves based on historical conditions.

OPERATING RULES

The following rules, used in the System Regulation Study, will apply
to the operation of Canadian storage in the 1976-77 Operating Year.

{a) The whole of the Canadian storage may be drafted to its
Operating Rule Curve as required to produce optimum generation im
Canada and the United States in accordance with Annex A, Paragraph 7
of the Treaty, subject to project physical characteristics and oper-
ating constraints.

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

(1) Reservoir storage in the United States system has been drafted
to its refill curve.

{2) Deliveries of secondary energy in the United States are

discontinued.



(3) Committed firm thermal and miscellaneous resources not dis-
placed by surplus firm hydre resources are in operation or other
replacement energy has been secured from sources other than those
committed.

(c) When the conditions of (b) above are met, and it is necessary
to draft additional storage to produce optimum generation as determined
by the Critical Period System Regulation study, the whole of the Canadian
storage and reservoir storage in the United States system will be drafted
proportionately between its Operating Rule Curve or Energy Content Curve,
respectively, and its Critical Rule Curve. The proportionate draft will
be made, if necessary, first to the first year Critical Rule Curve,
then between the first and second year Critical Rule Curve, the second
and third year Critical Rule Curve, etc, When it is necessary to
operate the whole of the Canadian storage and the United States reser-
voir storage below their lowest Critical Rule Curves, each shall be
operated proportionately between its lowest Critical Rule Curve and its
normal minimum content. However, Mica Reservoir will continue to be
operated in coordination with Arrow, so as to optimize generation at
site as well as downstream in the United States.

(d) Each project will be operated on or below the storage content
defined by its Flood Control Storage Reservation Curve, unless such
content is below that indicated by the Variable Refill Curve.

(e) Mica project will be operated to the following monthly average

outflows except as qualified in (1) to (6) below:
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July 8,000 cfs minimum

August 20,000 cfs, or inflow if reservoir is full
September 10,000 cfs, or inflow if reserveir is full
October-November 15,000 cfs

December-February 21,000 cfs

March 8,000 cfs minimum

April-June 8,000 cfs — 15,000 cfs

(1) March and July monthly average cutflows will be adjusted to allow
the Mica reservoir to reach stipulated rule curve elevations subject to
the 8,000 cfs minimum release.

(2) Mica monthly average outflows will be increased in the months
from October to June if required to avoid violation of the Flood Control
Storage Reservation Curve.

(3) If the end-of-month storage content at the Arrow project is:

— below 500 KSFD in any month from October through January, then
the Mica monthly average outflow in the following month will he increased
by 5,000 cfs over that specified in (e) above.

—— below 100 KSFD in any month from October through January, then
the Mica monthly average outflow in the following month will be increased
by 10,000 cfs over that specified in (e) above.

{(4) Mica monthly averapge outflows will be increased in the months
of April through June from 8,000 cfs to the extent the additional gener-
ation is usable in the B.C. Hydro Integrated System up to a maximum
outflow of 15,000 cfs.

(5) Storage releases from Mica im excess of 7 million acre-feet will
be made at the discretion of the Canadian Section of the Operating Committee.
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(6) Mica monthly average outflows will be increased during the
months of July through September In abnormally low streamflow years in

order to maintain the Arrow Reservoir above the following storage contents:

31 July 1,000 KSFD
31 Augusc 1,000 ESFD
30 September 900 ESFD

The operating rules set forth above are designed to produce optimum
generation in Canada and in the Unlted States, as required by Annex A
of the Treaty, when gross Mica storage content on 31 July 1976 is

15 million acre—feet or more. If the storage content [illed by

31 July 1976 is less than 15 million acre-feet, some modification of
the rules may be necessary to ensure adequate and complete drafting of
Canadian storage in Mica Reservolr to meet United States power regquire-
ments. In that event, such modified operating rules will be included
in the 1976-77 Detailed Operating Plan.

IMPLEMENTATION

The Entities have agrced that each year a Detailed Operating Plan
will be prepared for the immediately succeeding operating year. Such
Detailed Operating Plans are made under the 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 advantageocus 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 1976-77 will reflect the latest
available load, resource and other pertinent data to the extent the
Entities agreed these data should be included in the plan. Beginning
on 1 January 1976 the Assured Operating Plan contained herein will be
reviewed and the data and criteria updated, as agreed by the Entities,
to form the basis for a Detailed Operating Plan for the 1976-77 Opera-
ting Year. Failing agreement on updating the Assured Operating Plan,
the Detailed Operating Plan will include all data and criteria given
in this Assured Operating Plan. Actual operation during the 1976-77
Operating Year shall be guided by the Detailed Operating Plan.

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

The wvalues used in the study 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, Canadlan 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 avail-
able, in excess of the minimum ocutflow required to serve power demand,
to refill the reservolr to its end-of-month value as required. During
the storage evacuation and refill season, operation will be comnsistent

10




with the Flood Control Operating Plan. When refill of Canadian storage
is being guided by Variable 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 cutflow from each day

through the end of the refill season,

i1
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REFEREKCES
Principles and Procedures for the Preparatiom and Use of Hydroelectric
Operating Plans for Canadian Treaty Storage dated 25 July 1967.
Treaty between Canada and the United States of America relating to
Cooperative Development of the Water Resources of the Columbia River
Basin dated 17 January 1961,
Protocol == Annex to Exchange of Notes dated 22 January 1964.
Terms of Sale —— Attachment to Exchange of Notes dated 22 January 1964,
Program for Initial filling of Mica Reservoir, dated 26 July 1967.
Columbia River Treaty Flood Control Operating Plan, dated December
1971 (draft).
BPA Hydroelectric Power Planning Program, 77-41 Assured Operating
Plan 30-Year Study, dated 27 January 1972.
Extension of Modified Flows through 1958, Water Management Subcommittee
of CBIAC, dated June 1960,
Volume Forecasts for Reservoir Regulation Studies, 1929-1965,
Cooperative Columbia River Forecasting Unit, dated July 1967.
Summary of End-of-Month Reservoir Storage Requirement from Columbia

River Flood Regulation Studies 004 dated 2 April 1970.
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COLUMBIA RIVER TEEATY

AGEEEMENT
on

DETEEMINATION OF DOWNSTREAM POWER BENEFITS

RESULTIKG FROM CANADTIAN STORAGE

FOR OPERATING YEAR 1976-77

The Columbia River Treaty between Canada and the United
States requires that the downstream power benefits resulting from
operating plans agreed to by the Entities will be determined in
advance by the Entities. The determination of downstream power
benefits for the opeérating year 1976-77 itz covered inm the attachad
report, dated January 31, 1972, and is agreed to by the United States

Entity and the Canadian Entity.

i D) |
W L _/i )”’ [.f,-c‘-ffb&,.tlc—"

Ray G/ Williston H., R Richmond

Chairman Chairman

Canadian Entity United Stateg Entity

Dloedrtrspre  mnw
(Date signed) & (Date signed)

#______.---"



DETERMINATION OF DOWNSTREAM POWER BENEFITS RESULTING FROM CANADIAN STORAGE

I.

I1.

FOR OFERATING YEAR 1976-T77
January 31, 1972

Introduction.

The Treaty between Canada and the United States of America and related
documents relating to the cooperative development of the water resources
of the Columbis River Basin requires that downstream power benefits from
Canadian storage be determined in advance by the two entities. The
purpoee of this report is io set out the results of downstream power
benefit computations for the sixth succeeding year, 1976-77, snd for the
storages for which the Assured Operating Flan was developed.

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

The Cenadian Entitlement Benefits were computed as follows:

Step I — based on the total U.S. planned hydro and thermal system
with 15-1/2 maf of Canadian storage operated for optimum
generation in both countries (77-41 study).

Step II -- based on the U,S. base hydro and thermal system with 15-1/2
maf of Canadian storage operated for optimum generation in
both countries (77-42 study).

Step III'— based on the U.S. base hydro and thermsl system operated
for optimum generation in U.S. (77-13 sh.m‘l:.r).

Results of Study.

The Canadian Entitlement, which is one-half the totel computed dowm-
stream power benefits, was computed t0 be:

Dependable Capacity = 1,424 mw
Average Annusl Energy = 725 mw




111,

Computation of Entitlement.

The following Tables and Charts are attached and summarize the study.

Table 1.

Table 2.

Table 3.

Computation of Canadien Entitlement

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

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

This table summarizes the Step I, II, and III resula-
tions by projecis.

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

The load shape for Steps II and III carry the same
ratio between each month and the annual average as

deoes the Pacific Northwezt area load. ‘'The Northwest
area firm loads on this table were based on the current
forecast datas, The Grand Coulee pumping load is also
inecluded in this estimate.

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

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

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

(3) Multiply (2) by the ratio of the area ennual
average fim load to the area critical period
Tirm load to obtain the annual average firm load
for Steps II and IIT (the ratios used in this
study were 0.98808 and 0.96110, respectively);

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

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



Chart 1 & 2.

Secondary Energy Duration Curve, Steps II and III

These charts are duration curves of the secondary
energy Tor Steps II and III. The secondary energy is
the capability each month which exceeds the firm hydro
lpads shovn in Table 3, The usable secondary energy
shown in average megawatts for each step is computed
in accordance with Annex B, Paragraphs 3 (b) and 3 (c).
The "other usable secondary" was compuied on the basis
of 40% of the remainder after thermal replacement.

The thermal replecement was limited to the existing
end scheduled thermal energy capability after allowance
for reserve, except when an energy surplus condition
oceurs; then the thermal replacement must not exceed
the total of the thermal energy capability and the
estimated interruptible load.

Thermal Energy Capability — mw 3,812
Less 5% Reserve - mw 191
Less Minimum Thermal Generation 1,621
Thermal Replacement — mw 2,000

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

Step II Step III
Thermel Replacement 2,000 2,000
Other 1,440 2,189
Total - mw 3,440 4,189




TABLE 1

COMPUTATION OF CANADIAN ENTITLEMENT

Generation Figures are in Average Megawatts; lLoad Factors, in Percent

Determination of Dependable Capacity Credited to Canadian Storage

Critical Period Average Rate of Generation with Canadian Storage, Step II . » 8,952
Critical Period Average Rate of Generation without Canadian Storage, Step III 5,958
Gamﬂlemcmaﬂmst{JMEE-g.....-----------sciri 1199¢

Sstimated Average Critical Period Load Factor — Percent + « o « o o s ¢ » » 70,018
DEPEndﬂble capﬂcit? G’ainy " W @& W ® ® @& @ ® @ w & " & & ® @ " @ & @& " & L 21543
ﬂmdiﬂn EhBI'E Gf kpe-ndﬂhle ﬂﬂ.‘pﬁﬂitjl’ & & ® @ ® @& & ® ® @& & § & &4 & S &8 & . & 1’424
Determination of Increase in Average Annual Usable Energy
Step II (with Canadian Storage)
Annual Firm I-h-"dru Ehergr. & & 8 8 8 8 8 & 8B 8 8 ® 8 8 8 @8 8 & & & % 8 & = @ B,BEJ«
Thermal Hﬂplﬁcuﬂ.mt E‘.I.EI"E* ® ® ® ® & ®w 8 ® & ® ® = ® ® & ® 8 W 8 ® 8 8 5 @ 11077
Other Usable Secondary ENeTEY o s o s o s # 5 5 5 5 8 & 5 s s s & s & & » » 51T
System Annual Average Usable BNeTEY « « « = o s = o s = s o s a s s s » &« 10;415
Step IIT (without Canadian Storage)
.ﬁ.ﬁnuﬂl Hm H;?dm Energy. & % ® @& ® @ @ @& ® @& & @& 6 & ® & & @ @M ® B @ ® W @ 6,510
Thermal H'EPlHQETIt- EE'EI'E" # & = B 8 B & & & % @ % & & & 8 8 =™ 8 5 8 & e B 1,41'5
Ot}mr uaﬂ.h}.e EEC{}nd.BI"_',r Bﬂ.ﬂrﬁ’ & ® ® @& @ ® @® % @® ® & & ® @& 8 ® § & & 8 & @ & T
System Annual Average Usable ENETZY « « o ¢ # = » ¢ o s s » s a » s s » & 5,965
Average Annual Usable Energy Gain o« « o « o ¢ =« s ¢ o ¢ 6 o s a8 s s » « = s 1,450
C—E.nﬂ.ﬂia.n Sh&re Df A?Erage mml mer&r Gain 4 & ® & ® ® & @& ® & & ®w & @ 8 @ TEE

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



SENAIT CF FVES EEUTATIOND MO 1§7E-TT =Ry
¥R TE COMMUTATTONE OF CaFAlLL ENTITLEEENT
= TESTERAN RONEFTT
BLIIC DATd OTEF I ¥TER IT STEF IIT
Amiral Sritizal Eripiesl Critioal
Fimter Lepalied JmnuTy Feriol Furiad Arerugn Jumuary Farfed T
sl Peliing Camil e Pealing druciae Yamkls Feulai bmg Avaruse ol Duasls Fealring drermgs [T ey
TSR Unita Taget U3 & Cagas(lity (Searnilon Eagarility |Fmeratim |Semsratien eregy | Tapadilisy | Smemation | Cemwrulion
e 1000 P = - 1000 AF S - - 00 Ar Lo - k]
L TE
BE] 14008 1,000
L‘" ‘I'..I.pl: Taldy
e - bn )
4 - 1,161 1 i 8,00 i us g Syl T8 12 e
Albenl Falle 3 A 1,154 2 o 1,058 = 2 e 1% (= ] M
Nrassl Oeiilas b B4 iy ms [ 1] T, 050 N Lo L, 1.m2 P33 20TR 4,075 1,384 Falal
Ghisf Jmesph 1610 1,39 1,0 1,0M 1,39 913 1,100 1,50 £ 1,097
Taw Hasiar & £33 mng Ba3 @ o4 91 LT L
Kellary 4 Lim 1,13 s ian 554 1,12 Ly T
deke 5 Far 515 T484 as 2,482 b id 1,271 Ias &m T
hﬂ _25 1, 1,843 s 1M1 g " L-!:: EL ™
o 1
ebiatal vy = | == R | wig =B i
gy A - = v
Tere 3 . l.2% m i 1.,0% s i in 1.0y .k, ] Er Lo g
Falle £ o e » ] n n = m B
Beyes Rsplds kS W m s m (%] 16 ar &30 = aa
Cakinsl Zargs & e 1] 1y ™ 5= i s ) m b
xS 4 T ™ a7 " L] -] i L+ ]
Copur @"Loea & ling Laks m " m
Tl i ([ Fe] LEi] g ax 411 =7 5] E-.5) L3
Thelan H 1] ETT ] = TR &1 b ] aw EvE 52 a4 L]
A — Ll 1.5 1,51 £4E 1,791 607 7L 1,51 i35 7
Bssw ialand b 1% sy 15% 1.7 130 i 158 pE1 1 pEl=)
Ia ek LSS g&n T 55 [t - 265 Ll 5 )
Pramnt Manids g n m2 e nz i35 &1 sz Ak il
e : L) L 450 ns " g =] o6 g L 254 Frdl
Cibas 7 i
o 8 | wE O |w B o | ow o ik ol
TOTAL BAZN JTOTIN EYIRC 18, T8 0, 08 FAF T 18, 5m 5 Lisury 17,TH 18,1 By JLUS 4]
%M.EELE.* = [ -l [ m 155
Srmiary i €58 s M
Spemmrs Eimer Fim M uT By
Bells Casrm 3 30 FLr] 11
5 aga 70 &7 180
Lesisben =z L] & E
Lawar Qrwdis 3 L3 =5 na
Lituls Gsaes L} s L1 i
Linwar Iﬂ-'I. thd b 3 a4 45£ nn
Felton and Hmnd A1)
durtetal Tﬁ‘ 'ﬁm’ "i'.'ﬁg‘ T
Infapaidet Nesournen 4,555 L] 3,673 1,8
TOTAL WTORO RESHIMIED BT ATT a8 B 12,19
WIDSELLANNGD [TNTHADTS 5 411
] o]
b‘m- A e iﬂ 1,-*
Trubes 1
Jum Wridger 1, TR T -] L0
FOTAL TElCIRL ASOUECES ez 1,811
TOTAL INCNTE ™ am
TOTAL MESEIER {HYDED AND TSEET) 3,180 17,89
EEIERIE 3 =238 46
REAOUIER AVATLASEE FOR LCAD 37568 IT, 0
ey Wm0
STITEN LOAD £ 18,559
s o8 (MFisir) 140 =
- . -
Maris i dapuwt 1€, I3 Saplaster 1542 Eapoamims 15, 1838
P T i Pabruary 1332 hp=il 1E45 dgril 15, 1937
gt (Manihai 417 Mot = Nonthn 7 Bomtin
ST TUECTIFITATION T Th=ad =13

4 Peak pennrvne nre 02 of ped Yond) mergr frecrves am G5 of themnl pisst emeng sapahility sut fesluding HIR,




=gl esadom
aFezaaw ur fF1ewe ATyjuow-Tmes Jo ATU3UOW 839 sauIndTj Jemlo TTy “s3jemefsm ywad age payJwd o8 goardTd  »

=pEOT B8y (SaMIJION OTITOBT o} o1 ‘ipuom fq
gjuom ‘07381 JUWEUOO ®B Jmaq o} pue pofrad TeOT4TIC 8yl uful T LyTriqudec fHrews efsaosw syj 0f juaTwaTnba
poor fdioue offesosw tm aamy ol wejsls yows JoF pejndmoo ‘smeisds 11T degg pue IT doag JO PEOT WL TEIOL x-..m

TABLE 3

SUUON L SYIUoW 02 syyuon 2 /T-2t
LEBT *ST *ady - 9ChT GyeT "ady 26T ‘62 *aea
‘g1 *3dag powiag TESTITID - £¥6T *3deg poTIag TROTFITID - @z6T ‘o1 *Fny porxeg TeoT3Tan I desg
. » 296'0z yeog ALrenuep
019 ‘9 000‘z o19‘e z8's 000*2 1ze‘or 985491 SFSIRAY TeRCRy
g56ta ooo‘e 846'e zebte ooo'z 26601 6TO"0L 669491 *Hay poTaeg *471I0
gLT'e 000z aLT's 6Lz's poo‘z 6Lz'oT cL oL 66L'sT » 892°'22 aunp
#1209 000z AT vze'te 000 %2 bz ctot g2'89  2e'sT » ¥LT'Ce Lapy
105%9 000%z 1068 9g9‘g 000°%2 98901 G2 0L BLE*9T » VIECe 0¢-91 *ady
216%'9 opo‘e z216's 669'a oo0*z 665401 yE oL BEE ‘T » CTC'Ce §T-1 =ady
6lg‘s 000'z cLe's CaT'6 ooz COTE LT GT*0L LEOLT # Sletde yoxey
apc il 000'z ave ‘6 LvL*6 000%z LyLETT 08*0L 500'8T » 62V Lreniqoag
oBLL 000tz 0aL*6 62401 ooote ge2'zt 16°69 e'sT # 2G6%ag Lxanwap
LettL ooo'z Livte #.8'6 ooo'e plettl £1°89 o02'sT * ¥TL'92 Jaqueoa(
6189 0002 618°8 606 000‘z SBO*TT 0689  066'9T & vOB'42 I3QUBAOY
vzz g 0oo‘z zete Leg's ooo's Legtot 06°89 cyalar # SBh'2R I900400
LEB 'S oon'z LER'L 9664l ootz 96646 6" 0OL 06z*aT w 269'T2 0£-91 *3dag
pG6tG oootz #6644 LB6'L ooo‘z LBB*H ¥9°0oL ceeter % 269°'T2 ScT=1 *adag
620%9 000z 620's z6o‘'s 0002 Z60%0T £T'2L B9¥ ST s P12 T€-91 *Iny
cgo'e oo0'z ceo's 660%8 0002 66D%0T £0"zL BLY'ET » 06V'RR 5T=T *dny
LB6's ooo'e Le6tl Bgeo's 000tz gE040T B9°2L g9gc46T ¥ 89112 Lmp
peoT pRo] /T peoT | /T PEOT pEOT /T PeoT o “FAy Head
EH W T LI TT Ewwm UITT ULITg J03087
ox TeumLIayy, Te30% ox TemISyy, Tejor psoT
II] 491§ II ds3g PEOT BAIY }E3MULION OTJITOHJ

SHOTIVINAMOD TNEWMETIIILNY NVIOVAYD LL-9L6T
IIT QNV II JEI8 HOd HAVHS @TYOT 40 -NOLLYHTWNHELII




- i =71
] i .
! . q e
bt — B e e e = — - - e
= _ “ 0 _ ; 1 i { H w
: | - _ i
. - -||m|- = - M I A e et __ Rl _ S LR o J s idiien ...,.4_......|.n gmrvan o |
| et S e e A
| “ | - _ ; | | ] A | 1 imit et s
R
: , w R e AN Tl I e
e S s T B S S B R e il L SR M =
= | m | AL ”Ir ..r.mw.lrr_NI”~-.Lu.qu... e Lo sl o I.q .I.|.|..| 2L L“.r .iq. |,_.|.||||.ﬁ|rl......1
; | . ) o ;mm_m.i e Bl |
EEEEEE 2. ¢
_ A e LN, prpeeea . AR JIReeR - £ T U XX A e TR b BT T e /- T
” _ : . m m$0n+m“.w ! ! | m ! & = e
D R R R e e W e e e
_ _ e & ...-.‘m. = mll..m]....l- T i _ |I..__- ; = —t)
_ (B = i _ : : =
; { _ i .m N _wm .m S s
BEMRNEREE T e
ML T e R o T
: i i 4 . SIS R M
; M S e Ie, o R T |
I (N = efi ke
_ S ey RS
B ||I.
_ mmmn
| 58
.._ ‘mm..ﬂ nm..
I g | H = £
(=] I =
| [ | e _”..D- : 1

; ;r_Tnm

1. FASN], T
_._ HEET R R
e — .....m.,.l..“......l. .......-- h..wmm.nl..nm.._._..ujl.."uu.”....m“|4|
: At~ it
K Eigan T :

T f .
I

o
Jefiaesd i
|
!




|

—— e ———— e
1l

i1 ! TOTAL = 3,761 average mw |

N.ENT. STEP III

!
I
!
]
NCUI’R‘JE'# W
EN

i

|
I
|
ﬁ EQDNDHR

CHART 2

]

|

|

f

|

S S
1_-'_ I
i

A e

:
|
|
“BURATIO

71 30VR CA

s§TUDY |77

97§

1
18!
| i ; .
 PERTENT 10F
o T

b
|

|~ THERMAL REFLACEMENT |~

1,418 average mw
i
20
I

4 2’




UNRITEY STATES EXNTITY
COLUNBIA RIVER TREATY

Address reply tor

THE CHAIRMAN | P.O, Box 3621
Portland, Orepon 07208 MEMBER:
CHAIR AN Hivision Eagincer,
Adminiatraror, - North Poucific Mivsis
Brnnepille Power Adrinistrution Fﬂbmaw 15 £ 19?2 Eurpau:;.-&:ki:r:.; y
Department of The Interor Heperiment af the Armiv
Femorandum
To: Berpard Coldhammer &nd Gorden H., Fernald, Coordinaters
Columbia River Treaty
From: H. ¥, MeIntyre, Chairman

Columbia River Tresaty Opsrating Committees

Subject: Downstream Power Benefits for 1976-77 Operabting Year

Introdection

Power generation st Mica is scheduled for 1976-77 and the
1976-77 Assured Operating Plan has bezn desipned in accordance
with Annex &, paragraph 7, to achieve optimum power generation
at-site in Canada and downstream in the United States of Ameriea.
This change in opsration cf Canadian storage from that featured
in the 1975-76 AOP is recognized in Annex A, paragraph 7, and
iz subject to ecertain limits set out in that paragraph., On
16 November 1371, the Entities apreed that the provisions of
Annex A, paregraph 7, would be observed for 1976<77 and all
ensuing operating years by following the procedure set out in
the document, "Operating Plans with Mica Generation," dated

C Hovenmber 1971.

The Operating Committee was instructed accordingly and this
document sets out the results of the studies carried out by the
Commitiee to insure that the changed operation of Canadian
storage {alls within the limiis allowed by Annex A, paragraph 7.

The "Determination of Downstream Pover Benefits Resulting from
Canadisn Storage for Operating Year 1976-77" is atiached,

Veasuremant of Chanpge

The measurement of change of operation laid down in Annex A,

paragrapn 7, and in the dotumsnt "Operating Flens with Mica -
Gensration" dated 15 November 1971, is in terms of reduction,
il any, in downstream power bensfits determined in accordance
with the Treaty,




Results of Studies

In accordance with Annex B, paragraph 5, of the Treaty, the
downstream power benefits (Canadian Entitlement) for the
operating year 1976-77 were determined on the basis of the
Assured Operating Plan for that year and have been established
as:

Derendable Capacity : 1,42k me
Average Anmual Ensrgy 725 me

The above figures were derived from Study 8 (15% maf operated
for optirmm generation in U,S, and Canada) and Study 5 as set
out in the document dated 15 November 1971.

In accordance with parzgraph 8 of that documsnt, the minimum
permitted downstresn pover benefits for 1976-77 are represented
by the quantity Z derived from present yesr's Study 3 (15 maf
operated for optimum generation in U.queand Study 5. The
committee found these fipures (Canadian Entitlement) to be:

Dependable Capacity : 1,402
Average Annual Ensrgy : 708 mir

The change of operation of Canadian storage is therefora within
the permitted range.

In accordance with paragraph 7 of the document, Operating Plans
with Mica generation, dated 15 Hovember 1975, the Operating
Cormmittee also compared the capacity and the energy derived from
Study 2 and Study 5 (15% maf operated for optimam generation in
the U,5.) with the measured downstream power benefits associated
with the 1976-77 ACF,

The figures from Study 2 and Study 5 (Canadian Entitlement) were
as follows:

Depsndable Capacity : 1,425 mw
Average Anmal Energy : 717 o

The Committee considers that the comparison indicztes no significant
differences between the two measuremonts and therefore no compensation
is due in respact of reduction of the Canadian Entitlement under
paragraph A L of the Terms of Sale dated 22 Jamuary 156,



With the submission of this paper, the Committee considers that

it has completed all eight of the studies it was required to do in
connzction with the 1976-77 AOP and ‘asscociated determination of dewm-
stream power benefits,

However, our examination of what bappened to the actuval planned system
(Step I system) for 1976-77 indicated there would bz small losses with
the Mica storage operation. The Jamary peak loss amountea to L0 mega-
watts and the firm energy loss to about 8 average megawatis. There were
indications also that there would be small reductions in the average
anmial usable enerpy. These amounts of losses are almost insignificant
when compared to the total system peak resources available for load of
nearly 28,000 megawatts and 17,020 average megawatts of firm energy
generation.

T 20 S
H. H. HnIntyrﬂf
Chairman, Operating Committee

Columbia River Treaty
Enclosure
cet

Operating Committee members
H. Kropitzer, Sec., U.,5. Entity - AD
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Power Capabilifies Section - FRC

susjJECT: Determination of Loss in Dovmstream Power Benefits RHesulting from a 3 MAP
Reduction in Canadien Storage

The downstream pover benefit otudy in which Cenadian Storage is reduced
3 waf, from 15.5 maf to 12.5 npaf, has been completed using the 1976-77
operating year. The procedures used in this benefit study were consistent
with the previcusly completed 15.5 maf and 15.0 maf benefit studies,

f

The Canndien Shares of the Dependable Capacity and Average Annual Energy
Gains are one-half the total computed dosnstream power benefits as
determined by the Step 2 and Step 3 studies. For 15.5 maf end 12.5 maf, ~
these gains and the losses due to the 3 maf reduction are as follows:

Canadian Share of Gains
Dependable Average Annuzl

Capacity Energy
; T 1t
15,5 maf 1,425 nT
12,5 nat 1,299 674
" Loss Due to 3.0 maf 126 43

With the 3 maf reduction in Canadian storage, both Mica and Arrow become
"annual reserveoirs." For this reason, in détermmining the critical peried,
both the one-year period, 1936-37, and the two-year period, 19435-45, vere
studicd. The prime power for the one-year critical period was approximately
194 average megawatts greater than that for the twenty months of the two-
year period,

FRC:HH{asai:er 10/1/71
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