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REFPORT ON

CPERATION OF COLUMBIA RIVER TREATY PROJECTS

1 APRIL 1967 THROUGH 31 JULY 1965

INTRODUCTION

A. Background

The Treaty between Canads and the United States of America
relating to the cooperative development of the water resources of
the Columbia River Basin requires that storage reservolirs constructed
under the Treaty be ocperated for the burpose of increasing hydro-
electric power generation and flood control in the United States
and Canada.

The Columbia River Treaty COperating Committes was establighed
on 19 September 1968 by the Uniteg States and Canadian Entities to
be responsible for breparing and implementing annual operating plans
to achieve the purposes of the Columbia River Treaty. Prior to the
establishment of the Operating Committee, the preparation of the
operating plans and the storage operetions had been carried out by
the International Task Forces on Power Operating Plans and Flood
Control Uperating Plans, as instructed by the United States and
Canadian Entities on 7 May 1965,

Under its terms of reference the Operating Committee is to
Prepare an annual report reviewing the Preceding year's operation
of Treaty storage reservoirs. This is the first such report and,
therefore, it covers the period from 1 April 1967, when Duncan began
operation, through 31 July 1969, The report reviews and records
the actual operation of the Duncan and Arrow projects for power and
flood control and the mejor effects of their operation downstream in

Canada and the United States,
5 08



B, General

The Columbia River Treaty provides for the construction and
operation of & total of 15.5 million acre-feet of storege at the Duncan,
Arrow and Mica projects in Canads and 5.0 million acre-feet at the Libby
Project in the United States,

The Treaty and associated documents also provide that the increnge
in nydroelectric power generation, resulting from the cperation of
storage developed in Canada, be divided equally between Canadas and the
United States, The Canadian share of the calculated increase in hydro-
electric generation was sold to a group of utilities in the United States
for a period of 30 years, beginning on the project completion dates
gtipulated by the Terms of Sale, Attachment to the Exchange of Notes,
regarding the Columbia River Treaty. Duncan's initial operating date
was scheduled for 1 April 1968 and Arrow's for 1 April 1969 under the
Terms of Sale,

The Treaty further provides that the United States pay Canada
a totel of $64.4 million (U.S,) for the flood control provided by the
Canadian storage reservoirs. Payments were to be made upon the commence-
ment of operation of each of the three Canadian projects.

The Duncan and Arrow projects were both declared operational in
advance of the dates established under the Terms of Sale., The Duncan
project was declared operational on 31 July 1967 and the Arrow project
on 10 QOctober 1968.

The Duncan and Arrow projects were officially dedicated to the

service of the people of Canada and the United States on 17 August 1967
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and 9 June 1969 respectively. At the Arrow dedication ceremony the dam

was named the "H, L. Keenleyside Dam", in honour of Dr. H.L. Keenleyside.

OFERATING CRITERIA

A, General

The Columbia River Treaty requires that the reservoirs constructed
in Canadae be operated pursuant to hydroelectric operating plans developed
under Annex A and Article XIV.2.k. of the Treaty. A Protoeol to the
Treaty provides further detail and clarification of the principles and
requirements of Annex A, The Principles and Procedures of 25 July 1967,
together with the Interim Flood Control Operating Plans of 8 December
1967 and 12 November 1968, establish the general criteria of operations.

Annex A of the Treaty provides for the development of operating
plans five years in advance to furnish the entities with an Assured
Operating Flan for Canadian Storage. 1In addition, Article XIV.2.k of
the Treaty provides that imnmediately preceding each operating year, a
Detailed Operating Plan may be developed to produce more advantageous
results, through use of current estimetes of losds and resources,

Farly completion of both Duncan and Arrow precluded the preparation
of Assured Operating Plans to cover their initial pericd of operation.
The operation of these projects during the 1967/68 and 1968/69 operating
Years was accomplished under Specisl Operating Programs and Flans that
considered the special conditions which existed.

The operating year for the Columbia River System, as used in this
report, is 1 August through 31 July. The period within each year when

flood control is the prime objective is taken as the flood control period

of that operating year,



The Special Operating Programs provided the assumptions and
criteria for the rules of operation and regervolr limitations for
storage drawdown and refill conditions. These operating guides and
eriteria for their application were embodied in the Special Operating
Flan developed for each period. The Programs also established the
distribution of the benefits that resulted from the early operation
of the Canadian reservoirs,

The Special Operating Plans established Operating Rule Curves
(end-of-month reservoir elevations) for Duncan during the 1967/68
cperating year and for Duncen, Arrow and the whole of Canadian storage
for the 1968/69 operating year, The Operating Rule Curves provided
the required refill levels as well as drawdown levels. They were derived
from Critical Rule Curves, Assured Refill Curves, and Variable Refill
Curves as described in the Principles and Procedures. The Upper Rule

Curves were established to conform to the Flood Control Operating

Flans,

B. Pewer Operation

The Special Operating Plans were designed to achieve optimum
power generation downstream in the United States, consistent with pPro-
Jeet operating limits and flood control reguirements,

The power facilities in the United States which are downstream
from the Treaty storage projects are all operated under the Pacific
Northwest Coordination Agreement of 4 January 1965. Optimum generation
in the United States was assured by the adoption, in the Speciel
Operating Flans, of criteria and operating guides designed to cocordinate

the operation of Treaty projects with the projects operating under the
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Agreement, Optimum operation of Treaty reservoirs was accomplished,
for any water condition, by operating within the limits of the Critical
Rule Curves, Assured Refill Curves, Variable Refill Curves and the

Upper Rule Curves establighed in the Special Operating Flens.

C. Flood Control Operation

The Interim Flood Control OUperating Plans were designed to
minimize flood damage both in Canada and the United States,

The flood contrel operation during the drawdown period consists
of evacuating mnd holding available, insofar as possible, storage
space sufficient to control the maximum flood that may occur under
forecast conditions. Runoff volume forecasts are the eriteria for
determining the volume of storage space required.

Normal flood control operation of the Columbia River Treaty
projects during the refill period is controlled in part by the
camputed initial controlled flow of the Columbia River at The Dalles.
The Interim Flood Control Uperating Plans provided s method of computing
and updating the initial controlled flow. Table 1 gives the values
computed for 1968 and 1969. Other operating rules and loeal ecriteria
were utilized to prepare day-to-day streamflow forecasts for a large
number of points in Canada and the United States, and establish the
operations of the flood eontrol storage. These daily flow forecests
were prepared by the Cooperative Columbia River Forecasting Unit, for

periods of 30 to 45 days in advance, for both moderate and severe snow-

melt sequences.
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D. Implementation of Storage Operation

During the drawdown periods, the Canadian Treaty storage was
operated on the basis of a regular weekly requesat for storage release.
On behalf of their respective Entities the storage was operated by
the Canadian Beetion of the Columbia River Treaty Operating Committee,
as requested by the United Stetes Section,

Some modifications of the regular weekly requeste were made
to meet special conditions. The Operating Committee consulted with
West Kootenay Power and Light Company regarding the operation of
Kootenay Lake prior to establishing the amounts and distribution of
the Canadian storage releases. This coordination was NEecessary
because operation of Duncan and storage in the United States upstream
from Weneta Dam affects West Kootenay Power and Light Company's
operation. The operation of Koctenay Lake in turn affects the down-
stream projects of Weet Kootenay Power and Light Company and projects
in the United States.

The regular weekly reguests for the relesse of stored water
during the 1967/68 operating year, were directed to Duncan reservoir,
During the 1968/69 operating year, when Arrow wes also operational,
the requests were directed to the whole of Canadian storage. The
Canedian Section, after consultation with the United States Section
and the West Kootenay Power and Light Company, decided upon the

distribution between Arrow and Duncan reservoirs of the requested

release.
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During the periods of flood control operation the daily
discharges of Duncan and Arrow were gpecified by the United States
Section after consultation with the Canadian Section. The daily
discharges were based upon the flood control criteria of the
Interim Flood Control Plens and the stream flow forecasts, The
Canadian Section directed the operation of the projects to produce
the required daily discharges.

During the initial £i11 perieds of both Duncan (April
through July 1967) and Arrow (April through July 1968) the daily
operation of the reservoirs was as directed by the Canadian Section.
The operations accomplished reservoir filling without detriment
to the United States system generation, harm to the safety of the

project or infringement on reservoir freeboards.

STORAGE OFERATIONS

A, General

The storage operation of the Treaty reservoirs resulting
from the Special (Operating Flans and other operating requirements
are shown on Charts 1 and 2, Chart 1 shows the inflows, the
storage elevations and the discharges from Duncan for the period
1 April 1967 through 31 July 1969. Chart 2 shows the same infor-
mation for Arrow for the period 1 April 1968 through 31 July 1969,

Also shown on these charts are some of the operating guides.
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B. Duncan QOperation

1. Initial Fill Period, 1 April through 31 July 1967

The early completion and filling of Duncan was complicated
by the possibility of extreme settlement in the dem's foundation,
caused by fully loading the structure one ¥ear prior to its
planned ccompletion date, To achieve the benefits of the storage
one year early the Canadian Entity decided to ettempt & controlled
reservoir fill, If adverse effects had occured 1t would have been
necessary to release all the water stored,

Under the Special Operating Program of 14 March 1967, the
Duncan discharge was controlled and filling commenced on 29 April
1967 under the direction of the Canadian Entity. As shown on
Chart 1 the filling was suspended for short periods to inspect the
dam and measure settlement. Inspections were made at elevations
1803, 1860 and 1870 feet. No adverse affects were noted and the
reservoir reached normal full pool elevation of 1892 feet on
25 July 1967.

2. 1967/68 Operating Year

As shown on Chart 1, the Duncan reservoir full pocl
elevation of 1892 feet was maintained until draft of water for
downstream poWer generation was commenced on 23 September 1967,
The draft continued until 22 October 1967 when, with Duncan res-
ervoir at elevation 1875 feet, the oceurrence of high inflows in
the lower Columbia River made further draft from the Duncen reservoir
unusable, Draft resumed on 20 November 1967 and continued until

4 February 1968, when the Duncan reservoir had reached elevation
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Aerial view looking northward showin
The reservoir is nearly Empty,

DUNCAN PROJECT

g completed project. The release control tunnels are at the left and spillway at right,

B.C. Hydro Photograph
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1811 feet, After two weeks pause the lake was drafted further to
elevation 1804.8 feet on 2 March 1968,

From 3 March to & April discharge was reduced to the
minimum allowable to store water which would have spilled in the
lower Columbie River, This resulted in an elevation of 1810.8
feet on 6 April. Release of this water commenced on 7 April and
by 16 April 1968 the reservoir reached its minimum elevation of 1800
feet,

Beginning 1 January 1968, forecasts of volume inflow to
Duncan were made for the periods from the first of each month
through 31 July 1968. Based upon these forecasts the Variable
Refill Curves were determined. As shown on Chart L, the 1968
Variable Refill Curves for Duncan ranged below the Assured Refill
Curve from & minimum of 3.5 feet on 31 January to a maximum of
19,7 feet on 30 April 1968,

The April volume runoff forecast for Duncan for April
through August 1968 was 2,24 million acre-feet(1.13 million second-
foot-days) as shown on Teble 2, With this forecast the Interim
Flood Contrel Plan required that 1,27 million acre-feet of flood
control storage space be evacuated and meintained at Duncan for
use in controlling the summer peak of 1068,

As indiceted in Table 2, the seasonal volume runoff Fforecast
prepared as of 1 April 1968 for the Columbia River at The Dalles,
was 84.0 miliion acre-feet(42.3 million second-foot-days)., Table 1

shows the computed initisl controlled flow to be 380,000 cubic

feet per second.
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As shown on Chart 1, inflow was passed through the Duncan
project, with the reservoir at elevation 1800 feet, from 16
April until 11 May 1968. On 11 May, by mgreement of the Operating
Committee the discharge was reduced to 1000 cubic feet per second
and filling of the reservoir commenced, Filling at this rate
continued until 2 June, at which time it wag agreed on the basis
of streamf]ow simulations, that there was no threat of filling
Duncan reservoir prior to the Hme of the surmer peak in either
the United States or Canada, Accordingly, filling at the maximum
rate began on 2 June 1968. Discharges larger than minimum discharge
were commenced on 12 July as the reservoir approached full pool
level. The reservoir reached normel full pocl level of elevation
1892 feet on 19 July 1968.

3. 1968/69 Operating Year

In the fall months of 1968, high natural streamflows made
the release of Duncan storage unnecessary until 2 December 1968,
Draft commenced for downstream bower production and flood comtrol
storage evacuation at that time, and continued until 23 December
with the reservoir at elevation 1869.5 feet. After a brief pause
draft was resumed and continued until 2 February 1969 with the
reservoir at elevation 1834.5 feet. 0On 1 March draft resumed and
the reservoir was lowered to its Upper Rule Curve elevation of 1807.5
feet by 20 March 1969. Since the additional water below elevation
1807.5 feet was not required for power generation, the reservoir
was not drafted below this elevation in 1968-69. As shown on

Chart 5, the elevation of Duncan exceeded its Upper Rule Curve as

10
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was agreed by the Entities in a letter from the Canadien Entity
to the United States Entity dated 31 March 1969, (Reference No. 9).
The 1969 Variable Refill Curves for Duncan ranged below
the Assured Refill curve from a maximum of 2l.2 feet on 29 February
1969, to a minimum of 4.6 feet on 30 June 1969, as shown on Chart 5.
Teble 2 shows the April volume runoff forecast for Duncan
for April through August 1969 was 2.10 million acre-feet (1,06
million second-foot days). This volume forecast required 1.27
million acre-feet of .flood control storage space be evacuated
&t Duncan, which results in a reservoir elevation of 1807.5 feet.
As indicated in Table 2, the seasonal volume runoff Tore-
cast, prepared as of 1 April 1969 for the Columbia River at The
Dalles, was 108.0 millien acre-feet (54.4 million second-foot
deys). Table 1 shows the computed initial controlled flow to be
470,000 cubic feet per second and this normally would have been
the criteria for the commencement and level of control for flood
control operations. However, in accordance with s request from the
U.S5. Bureau of Reclemation, the Grand Coulee discharge was
restricted to 205,000 cubic feet per second or less until 12
June by operation of upstream storage. As shown on Chart 10,
this special operation resulted in discharges at The Dalles which
were less than the computed initiml controlled flow throughout the
entire filling period.
As shown on Charts 1 and 5, the Duncan discharge was reduced
to 1000 cfs. in late April 1969 and maintained constant until

16 May, when it was reduced to 100 cfs. by agreement. The inflow

11



in May and June veried from about 3000 cubic feet Per second to
16,000 cubic feet per second, so the reservoir filled rapidly,
In early July, as it approached full pool elevation of 1892 feet
the discharge was gradually increased about 10,000 cubie feet per
second for a short period, Elevation 1892 feet was first reached
on 10 July 1969 after which the discharge was adjusted to
approximately equal the inflow.

Chart 5 compares the actual elevations of Duncan reservoir
With the Upper and Critical Rule Curves and the Assured and
Variable Refill Curves for 1969. As shown, the actual lake
elevation was above the refill rule curves during the refill

Beason, except that the actua] elevation was below the Assured
Refill Curve during part of May.

C. Arrow Operation

1. Initiel Fill Period, 1 April through 31 July 1968

The operation of the Arrow reservoir during this pericd

Was governed by two conslderationss

8. The desire to store water to elevation 1404 feet ang
thus meke available to the United States and Canads
the power generation benefits available from this
volume of water,

b.  The necessity to not exceed elevation 1404 feet which
would result in disruption of work within the reservoir
area. The completion of the Teservoir preparation work

had been scheduled for 31 July 1969,

12




ARROW PROJECT

2

View from east side of river looking across dam during initial filling. The earth fill is to the laft, the navigation lock in the
center and the concrete releass contrel structure at the right bank,

B.C. Hydre Photograph



The early completion of Arrow Dam was scheduled for October
1968, well after the flows had receded from summer peaks and surplus
water would not be availsble for storing, Since rollways and gate
instellations in the sluiceways were not complete, it was necessary
to employ temporary measures in the form of Btoploge and temporary
gates, to allow partial filling to a reservoir elevation of 1404
feet, before 31 July 1968,

In order to ensure meeting the schedule of an October
completion for the Arrow project, one sluiceway overflow section
had been poured prior to the summer high flows. The remaining
three sluiceway sections were used to discharge the river flow
until the reservoir exceeded elevation 1394 feet when all sluice-
vays could be used. On 26 June 1968, 10-foot deep stoplogs, which
remained completely submerged and thus had little effect on the
discharge capacity were placed in the three uncompleted sluice-
ways. The flows remained high, delaying the placing of the
remaining stoplogs until 17 July 1965. The temporary gates
were placed on 18 July, Discharge control for placing of down-
stream stoplogs and pool filling commenced on 19 July. The pool
was raised to elevation 14Ok feet on 31 July 1969, The operation
of the temporary stoplogs and gates to obtain the partial storage
was completely successful,

2. 1968/69 Operating Year

High natural streamflows occcurred during the fall and early

winter months of 1968 and there was no need for the releage of

13



Aerial view looking southeast showing inlet channel upstream from Grand Coulee Dam &
during record drawdown of Lake Roosevelt,

®cavated to elevation: 1110, Taken

LLS. Bureau of Reclamation Photograph



water from Arrow until well into the usual draft period. As
shown on Chart 2, the Arrow reservoir was controlled, as closely
as possible, at elevation 1404 feet until 23 December 1968 at
which time draft commenced for Power production in the United
States. [Draft continued, at varying rates, until L4 Mareh 1969,
by which time the reservoir reached elevation 1369.0 feet.

Draft resumed on 20 March and continued until 18 April, at

which date the reservoir reached & low elevation of 1381.4

feet,

Until Mica Reservolr becomes operational, Arrow is an
annual refill reserveir; that is, there is adequate inflow BvVery
Year to insure refilling from the lowest to the highest operating
levels., For this reason the computation of Variable Refill Curves
for Arrow 1s not required until Mica Reservoir is in operationm,

The Seasonal Volume Runoff Forecast for the Columbia River
at The Dalles, for the period 1 April to 31 August 1969, was
108.0 million acre-feet (54.4 million second-foot days). This
amount requires, under the Interim Flood Control Flan, the total
7.1k million acre-feet(3.60 million second-foot days) of flood
control storage space be evecusted and maintained at Arrow, to
the extent physically possible, until storing for flood control
operations are commenced. This volume of storage space requires
that the Lower Arrow Lake be drafted to elevation 1377 feet,

Due to the draft, as shown on Chart 3, of F. D, Roosevelt
Lake below elevation 1160 feet for construction of the Grand

Coulee third powerhouse, it was agreed by the Entities in their

ik




KETTLE FALLS DURING DEEP DRAFT OF LAKE ROOSEVELT

The Falls, hidden in Lake Roosevelt for 28 years, were visible for a two week period when the Lake was drawn down
allow work on the Grand Coulee Third Powerhouse.

to

L5, Bureaw of Reclamation Phatogragh



letter of 31 March 1969, that it would not be necessary to supply
the full 7.1 million acre-feet of flood control storage at Arrow.
Under this agreement the elevation of Arrow exceeded the Upper
Rule Curve. Control of Arrow discharge began on 18 April,
During late April and early May the Arrow discharge was main-
tained between 5000 and 10,000 efs. to Prevent F,D, Roosevelt
Leke from rising above 1170 feet, the maximum elevation the
cofferdam protecting the work arean could safely withstand. The
unueually low discharge caused Arrow to rige rapidly es shown on
Chart 2. This interfered Wwith crews working in the regervoir
area and reservolr preparation was not completed during 1969, Tt
has been agreed that if Physically possible, Arrow will be main-
tained near elevation 1377 feet as measured at the Fauguier Gage
during the month of March 1970, to allow completion of this work,
Upon completion of the work in the Grand Coulee forebay
in mid-May 1969, the Arrow discharge was inereased to about 90,000
cublc feet per second to attain a better balance of flood control
storage space between Arrow and Crand Coulee. The resulting rapid
rise of F, D, Roosevelt Lake permitted pumping into Banks Lake with a
more normal head and also increased the generating capacity of

Grand Coulee. Near the end of May, after the Grand Coulee fore-

bay rose above elevation 1240 feet, the Arrow discharge was reduced
to about 45,000 efs. until & June, Tt was then increased in a
series of steps in June to retsin storage space for possible late
high flows, Discharge reached & meximum of 127,500 cubic feet per

second on 28 June.

15
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Arrow was raised to normal full pool, elevation 1lhl Teet
on 26 July 1969, when it was reasonably certain that there was

little remaining encwmelt flood potential upstream,

DOWNSTREAM EFFECTS OF STORAGE OPERATION

A, Flood Control

Chart 6 shows the observed and, where available, the computed
rreproject flow of the Columbia River at Birchbank, British Columbia,
Tor the period 1 April 1967 through 31 July 1969. Tt also shows the
1953-67 monthly mean flows. The preproject flow was computed
allowing for the effects of natural storage in Kootenay,Arrow and
Duncan Lakes,

Chart 7 shows the observed flow for the period 1 April 1967
through 31 July 1969 and the 1953-67 monthly mean flow of the
Columbia River at The Dalles, Oregon. Charts 8, 9 and 10 illustrate
the estimated effects of the cperation of Duncan and Arrow in
reducing the discharge of the lower Columbia River at Bonneville
Dem, during the 1967, 1968, and 1969 highwater Eeasons.

1. 1967 Flood Pericd

Duncan reduced the peak stage of Kootenay Lake by an
estimated two feet and of Kootenai River in the Bonnere Ferry-
Creston Flats area by 0.6 feet. On the main stem Columbie River
the reduction provided by Duncan was 1.2 feet at Trail, B. C. and

0.4 feet at Vancouver, Washington,

16



2. 1968 Flood Period

Duncan reduced the peak stage of both Kootenay Lake and
the Columbia River at Trail by an estimated 1.1 feet, Operation
of the Columbia Basin system of reservoirs reduced the peak
discharge of the Columbia River at The Dalles to 415,000 cubic
feet per second; a reduction of approximately 130,000 cubic feet
per second. The corresponding reduction in peak stage at Vancouver,
Washington, was about 5 feet. Duncan contributed about 10 percent
of the total effective storage in the reservoir system during the
period of control of the lower Columbia River,

3. 1969 Flood Period

Duncan reduced the peak stage of Kootenay Lake by an
estimated 1.4 feet, and the combination of Arrow and Duncan reduced
the peak stage of the Columbia River at Trail by an estimated 6 feet,
Operation of the Columbia Basin system of reservoirs reduced the
peak discharge of the Columbia River at The Delles to 435,000 cubic
feet per second; a reduction of 180,000 cubic Feet per second. The
corresponding reduction in peak stage at Vancouver, Washington, was
about 6 feet, Arrow contributed sbout 23 percent and Duncan about
i percent of the total effective storege during the period of control

of the lower Columbia River.

B, Power

1. Benefits: 1 April 1967 through 31 March 1968,

The Canadian share of downstream power benefits due to the

early completion of Duncan, after allowance for 5 percent trans-

17



mission losses, was established as 95 average megawatts delivered
at the Canadian-United States border. There was no capacity
benefit since there was no assurance that full storage could be
achieved, However, the Entities agreed that the Canadian share
Would be delivered at Hlaine, Washington, at rates up to 180
megawatts, to the extent that facilities and operating limitations
would permit,

The United States Pacific Nortiwest Coordinated System
firm load-resource balance, including Arrow and Duncan storage
regulation, showed about 36l average megawatts of firm energy
load carrying cepabllity in excess of estimated firm loads during
the draft period 1 September 1967 through 15 April 1968, Reservoir
rule curves were established to make the surplus firm energy avail-
eble for secondary energy loads in September and October 1967
in the event critical water conditions were experienced, The
potential secondary energy market was about 1000 average mega-
watts. Although better than median-month level streamflows
occurred on the main stem of the Columbia in all months of the
draft period except December 1967 and April 1968, the 637 average
megawatis anticipated from the Hanford steam plant was unavailable
during the period 28 August through 30 December 1967 due to a

labour strike, Storage above Operating Rule Curve was completely

drafted by 27 September 1967 and secondary energy deliveries

from the Federal system was'curtailed from that date until 18 October.

18
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After 18 October favourable stresmflows enabled full service
to be made to ares loads for the remsinder of the year.

2. Benefits: 1 April 1968 through 31 July 1969

The Canadian share of downstream power benefits due to
the early completion of Arrow, after allowence for 5 percent
transmission losses, was established as 158 megawatts of firm
capacity and 86 average megawatts of energy delivered at the
Canadian-United States border. Subsequently the Entities
ggreed upon a mutually advantageous capacity-energy exchange
arrangement and that the Canadien share would be delivered at
Blaine in weekly amounts as scheduled by the Canadian Entity
within the sgreed limits. The amounts agreed were 102 average
megewatts at a maximum rate of 158 megawatts during the period
1 April 1968 through 31 October 1968 and 86 average megawatts
at a maximum rate of 110 megawatts during the peried 1 November
1968 through 31 March 1969. At times the delivery of the
Canadian share was mede at rates greater than agreed to enable
reduction in deliveries during planned service interruptions.
No edditional transmission charges were assessed for deliveries
at the higher rates,

The Canadian share of downstream power benefits attributable
to Duncan were delivered under the provisions of the Columbia
Storage Power Exchange in accordance with the Terms of Sale,

Attachment to Exchange of Notes. C,S.P.E. energy deliveries

19
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during the period 1 April 1968 through 31 March 1969 were 108.9
average megawatis at rates up to 184,1 megawatts. oOn 1 April 1969,
with the commencement of Arrow's operation under the Terms of Sale,
these deliveries were increased to s54a.7 average megawatts at
rates up to 94l.6 megawatts.

The United States Pacifie Northwest Coordinated Systems
firm load resource helance showed about 100 average megawatts.
Tirm energy in excess of estimated firm loads during the draft
period of 15 August 1968 through 15 April 1969. The potential
secondary energy market was about 1200 everage megawatts.
Favourable streamflows supplemented by the release of storage
avove assured reservoir refill curves, provided sufficient
energy to meet the total energy load requirements during the
Year. However, due to insufficient peaking capacity, it was
necessary to curtall secondary energy deliveries over the peak
load hours of several days during extreme cold periods in
December and Jenuary, It was also necessary al times to spill
water past Grand Coulee to provide water for generation et down-

stream plants during heavy load periods,

c, Uther Benefits

The operations of Arrow and Duncan greatly facilitated the
third powerhouse construction at Grand Coulee Dam in the spring of
1969. Had the Tresty projects not been available to control the
river flow during critieal periods, the construction program would

have been delayed a year.
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TARIE 1

INITIAL CONTROLLED FLOW
COLUMBIA RIVER AT THE DALLES

I. UPSIREAM STORAGE CORRECTIONS (KAF)

1968 FLOOD 1969 FLOOD
PROJECT 4 Jun 12 May
ARROW 5,000 L,oL7
DUNCAN 1,043 1,182
HUNGRY HORSE 625 1,382
FLATHEAD LAKE 349 500
NOXON 113 184
FEND OREILLE 35k 436
GRAND COULEE 2,79 7,083
BROWNLEE 63 Loo
JOHN DAY 332 L2
10,635 16,6806
USE 10,600 16,700
II. FORECAST OF CORRECTED RUNOFF VOLUME (KAF),
COLUMBIA RIVER AT THE DATLES
4 Jun 12 May
Date - 31 Aug Volume Runoff 60,800 8k ,900
Less Upstream Storage Correction 10,600 16,700
Corrected Residual Runoff 50, 200 68,200
III. ADJUSTED MEAN DAILY DISCHARGE (KCFS)
AT THE DALLES
L Jun 12 May
Observed Regulated Flow at The Dalles 301 Lik
Adjustment for Category IV Projects _69 111
Adjusted Mean Daily Discharge 370 555
IV. INITIAL CONTROLLED FIOW (KCFS)
L Jun 12 May
From Chart 1 Interim Flood Control 380 k70

Plan (interpolated for date and
using Corrected Residusl Runcff
Volume)

—



TARLE 2
SEASONAT, VOLUME RUNOFF FORECASTS
_—_— e

THOUSANDS OF ACRE-FEET

UNREGULATED
RUNOFF
COLUMBIA
RIVER AT
THE DALLES,
DUNCAN LAKE INFLOW ARROW LAKE INFLOW OREGON
Most 95% Most 95% Most
Forecast Probable Probable Probable Probable Frobable
Date - 1 Apr - Date - 1 Apr - Imte 1l Apr -
lst of: 31 Aug 31 Jul 31 Aug 31 Jul 31 Aug
1967
Jan 101,000
Feb Forecast Forecast 113,000
Mar 111,000
Apr Kot 113,000
May 111,000
Jun Beguired Roe g ok pead -
Jul 105,000
ACTUAL 104,000
1968
Jan 150% 1366 72,000
Feb 2060 1hok Forecast 79,000
Mar 2055 1399 85,000
Apr 22l 1580 84,000
May 2243 1545 82,000
Jun 2310 1268 Required =
Jul %
ACTUAL 2133 82, 000
1969
Jan 2085 1491 23,675 195582 101,000
Feb 2132 1573 23,400 19025 116,000
Mar 2136 1569 23,252 18576 114,000
Apr 2099 1529 22,907 17899 108,000
May 2187 1486 2k, 092 16985 115,000
Jun 2225 1088 2k, 521 15732 114,000
Jul 117,000
ACTUAL 2047 2,016 104, 000
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Chart

Chart

Chart

Chart

Chart

Chart
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CHARTS

Regulation of Duncan Reservoir - April 1967 through
July 1969

Regulation of Arrow Reservoir - April 1968 through
July 1969

Regulation of Grand Coulee Reservoir - April 1967
through July 1969

Operating Guides and Actual Regulation;

Duncen - 1 January through 31 July 1968

Operating Guides and Actusl Reguletion;

Duncan - 1 Jenuary through 31 July 1969

Columbis River at Birchbank

April 1967 through July 1969

Columbia River at The Dalles

April 1967 through July 1969

Columbia River at Bonneville Dam

1967 Flood Regulation

Columbia River at Bonneville Dam

1968 Flood Regulation

Columbia River at Bonneville Dam

1969 Flood Regulation
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