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This report describes the activities of the Canadian and United States
Entities during the period 1 October 1981 through 30 September 1982 in
discharging their responsibilities for formulating and carrying out operating
arrangements necessary to implement the Columbia River Treaty. It is the
sixteenth of a series covering the periocd since the ratification of the

Columbia River Treaty in September 1064,

ORGANIZATION AND MEETINGS

The names of the members and representatives of the two Entities during
the reporting periocd are shown in Appendix A. There was one meeting of the

Entities and one meeting of the Canadian Entity representative and U. S.

Coordinators during the year.

The two international committees, listed in Appendix B, met as reguired
throughout the reporting period to direct and coordinate Treaty storage
operations and studies with the support of the staffs of B. C. Hydro,
Bonneville Power Administration, and the U. S. Army Corps of Engineers, North

Pacific Division.



Operating Arrangements

During the period covered by this report, Duncan, Arrow, Mica, and Libby
reservoirs were operated in accordance with the Columbia River Treaty for

power and flood control,

The Canadian entitlement to downstream power benefits from Duncan, Arrow,
and Mica for the 1981-82 operating year had been purchased in 1964 by the
Columbia Storage Power Exchange. In accordance with the Canadian Entitlement
Exchange Agreements dated 13 August 1964, the United States Entity delivered

capacity and energy to the CSPE participants,

The operation of the storages was generally in accordance with:

(a) "Columbia River Treaty Hydroelectric Operating Plan - Assured

Operating Plan for Operating Year 1981-B2," dated September

1976.

{b) ™Detailed Operating Plan for Columbia River Treaty Storage -

1 August 1981 through 31 July 1982," dated September 1981.

{(c) ™"Columbia River Treaty Flood Control Operating Plan," dated

October 1972.



Consistent with all Detailed Operating Plans prepared since the
installation of generation at Mica, the 1981-B2 Detailed Operating Plan was
designed to achieve optimum power generation at-site in Canada and.duwnstream
in Canada and the United States, in accordance with paragraph 7 of Annex A of
the Treaty. The 1981-82 Assured Operating Plan prepared six years ago, was

used as the basis for the preparation of the 1981-82 Detailed Operating Plan.

For each operating year, the determination of downstream power benefits
is made five years in advance in conjunction with the Assured Operating Plan.
For operating years 1981-82 and 1982-83, the estimates of benefits resulting
from operating plans designed to achieve optimum operation in both countries
were less than that which would have prevailed from an optimum operation in
the United States only. The reduction in usable energy is three average
annual megawatts of usable energy in 1981-82, 5.5 in 1982-83, and no

reduction in dependable capacity in either year.

In accordance with Sections 7 and 10 of the Canadian Entitlement Purchase
Agreement, the Entities agreed that the United States is entitled to receive
three average megawatts of energy during the period 1 August 1981 through
31 March 1982 and 5.5 average megawatts of energy during the periocd from
1 April through 31 July 1982. Suitable arrangements have been made between
the Bonneville Power Administration and B. C. Hydro for delivery of this

energy.

Attached to this report as Appendix D is the "Report on Operation of

Columbia River Treaty Projects - 1 August 1981 through 31 July 1982 dated



October 1982." Appendix D reports in detail on the runoff conditions
prevailing and on the operation of the Treaty storages for the first 10

months of the 12 month period of this report.

A brief summary follows of the Columbia River Treaty operation of the
Mica, Arrow, Duncan, and Libby reservoirs during the period 1 October 1981 to

30 September 1982.

General

The Coordinated System started the 1981-82 operating year with full
reservoirs. BPA found its firm energy resources 320 average megawatts short
of estimated firm loads and made arrangements to buy that quantity of energy
for the operating year. By October, the weather had turned wet and cool,
with precipitation greater than average and streamflows greater than normal.
November was mild and mostly wet, and streamflows continued at greater than
normal. The interruptible portion of BPA's direct service industrial load
was carried with advance energy, which has the provision that it may have to

be returned if it is subsequently needed for firm loads.

Precipitation was well above average in December, and streamflows over
most of the basin persisted at above average levels. There was some flooding
in early December in the Willamette and Rogue basins in Oregon. BPA'as supply
to the interruptable industrial load was switched from advance energy to
direct non-firm service in early December, and this service continued through

the remainder of the operating year.
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The first available forecast of snowpack was on January 1, and it indicated
that the basin-wide runoff through 31 July would be 94 percent of normal.
The subsequent monthly updates for that forecast had an upward trend. The
actual January=July runoff at The Dalles was 129.9 MAF, 119 percent of the
1963-77 average. There were near record sales of secondary energy to
Southwest utilities during the B December - 31 July period. The Coordinated
System was virtually full on 31 July, erasing any debits in the advance

energy accounts for BPA's industrial customers.

The fisheries program to assist in the downstream migration of juveniles
began in April. During May and June, BPA stored in the B. C. Hydro system
504,169 megawatthours of overgeneration, resulting from the flow requirements

of the fish migration. That energy is =still in the B. C. Hydro system.

BPA and B. C. Hydro concluded an agreement prior to the start of the
operating year to store in the two feet of surcharge at Arrow Lakes and to
equally share the resulting benefits of the downstream generation. B. C.
Hydro released its share of the storage and took delivery of the associated

energy during September; BPA in December.

Canadian storage was put on flood control operation mid-February to
alleviate the effect of heavy rains on the mid- and lower Columbia River
atages. This was the earliest date in the year for the shift from power to
flood control operation and daily storage requests, as compared to weekly;
and this persisted for several weeks., The operation was coordinated with the

need to disperse mill effluents downstream from Arrow Lakes and the IJC



requirements for the operation of Kootenay Lake. During the spring freshet,
flood control was provided by the normal refill schedule of the Coordinated
System reservoirs. The unregulated peak at The Dalles was 750,000 efs, which
would have been about ten feet above bankfull capacity at Vancouver,
Washington. The maximum observed dally discharge at The Dalles was 422,000

cfs on 20 June.

Mica began the 1981-82 operating year with its Treaty storage full and
surcharged above that level during August to protect the Revelstoke
diversion. The reservoir elevation was held steady for most of September and
drafted for Treaty releases in October. A slight imbalance of the
distribution of Treaty storage between Mica and Arrow occurred in the first
half of November when Mica generation was curtailed due to lack of B. C.
Hydro system load. Storage draft resumed, and balance was restored by mid=-

Jmmyt

Project discharges were reduced for parts of five days during April to
enable a logging company to transport logs acroas the river., On 4§ May, the
reservoir reached elevation 2413.3 feet, its loweat level for the year. The
filling schedule was interrupted for two days in June to pass 30,000 cfs to
facilitate flow measurement at Revelstoke. In late June and thereafter, the
discharge was controlled to protect the Revelstoke diversion, causing spill
at Mica for the entire month of July and first half of August. Treaty

storage refilled by the end of the operating year and on 30 September the

reservoir was at elevation 2470.8 feet.



Arrow Lakes began the operating year with full Treaty storage and two
feet of surcharge pursuant to the storage agreement between BPA and B. C.
Hydro. B. C. Hydro drafted its share of the surcharge and took delivery of
the associated energy in September; BPA did so in December. Arrow was
operated for flood control in both December and February. In early May,
discharge was reduced to permit the City of Trail to install pipes for its
water supply system. The reservoir reached its lowest elevation of the year,
1382.9 feet on 14 May. In early July, discharges were reduced to allow
divera to replace the steel cables joining the debris boom and the floating
guidewall. The reservoir refilled by the end of the operating year. It was

held full through summer and on 30 September was at elevation 1443.7 feet.

Duncan started the operating year with a full reservoir. Drafting of the
reservolr started in late September, but discharges were reduced in October
and November to control Kootenay Lake inflow and reduce spill at Brilliant.
From early November to early February, the reservoir was drafted to meet
flood control evacuation requirements. Flows during parts of February and
March were reduced to prevent Kootenay Lake from exceeding the IJC rule
curve, The reservoir reached its Flood Control Rule Curve elevation of
1807.8 feet by 12 April, Filling commenced by mid-May and the reservoir
reached full pool by the end of the operating year. It was held full at

elevation 1892.0 feet through August and September.



Libby Reservoir

Libby started the operating year with full reservoir. Drafting occurred
from September through November to meet U. S. power requirements. The
storage draft accelerated from December through mid-February and moderated
through April for power and flood control. The lowest elevation for the year
was 2342.1 feet on 24 April. The reservoir refilled by the end of the
operating year and was held full during August and September. On 30

September it was at elevation 2457.9 feet.

.



Hydrometeorological Committee

The Hydrometeorological Committee discussed operating problems arising
from data transmission being late and infrequent. The U. S. Section
requested more frequent data and transmission to be as near to real time as
possible. Automation of the data exchange is contributing to the achievement

of these goals.

Installation of data colleection platforms has inereased substantially in
Canada, and more are planned in 1982 and 1983. Remote data is collected by
the platforms, transmitted to B. C. Hydro's Burnaby Mountain Control Center,
and then relayed by BPA microwave to the Corps of Engineers' Columbia River
Operational Hydromet System in Portland. A dedicated microwave channel is
expected to be in operation soon. Updating will be hourly, if possible,

subject to data availability.

The "Plan for Exchange of Operational Hydromet Data" was reviewed and
will be updated when the changes in the Canadian hydromet data handling
facilities are completed. "Columbia River Treaty, Hydrometeorological
Committee Documents™ is alsoc being updated and it is anticipated that it will

be re-issued in 1983.

The 1982 volume forecast was reviewed. The 1 April forecast of runoff at

The Dalles was 130 MAF, almost exactly the actual runoff of 129.9 MAF.



The U. 5. Section inquired about establishing additional hydromet
stations in the Columbia River basin in British Columbia. The Canadian
Section recommended that they deal directly with the B. C. Ministry of

Environment.

The U. S. Section will also investigate acquiring additional data from
B. C. inecluding all or portions of the output of the program FLOCAST, as
applicable to the Columbia River drainage in Canada, and satellite derived

snow cover data for the Mica drainage.

Operating Committee

The Operating Committee coordinated the operation of the Treaty storage
in accordance with the current hdyroelectric and flood control operating
plans, This aspect of the Committee's work is described in Appendix D,
"Report on Operation of Columbia River Treaty Projecta - 1 August 1981

through 31 July 1982."

The Committee also prepared the Entity agreements listed in Appendix C
and assured that the implementation of the "Arrow Lakes Storage Agreement,”
signed by the Entities on 24 June 1981, was consistent with the operating

plans.
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The Entities continued their cooperation with the Permanent Engineering
Board in the discharge of its functions and a2 joint meeting of the Permanent
Engineering Board and the Entities was held on 20 November 1981 in Seattle,

Washington.

Copies of the agreements listed in Appendix C were sent to the Board.
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COLUMBIA RIVER TREATY

OPERATING COMMITTEE

Lanadian Section United States Section

T. J. NEWTON L. A. DEAN (BPFA)
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All Canadian committee members represent British Columbia Hydro.
United States committee members represent either the United States
Army Corps of Engineers, or Bonneville Power Administration.

1/ Succeeded R. C. Lamb, 6 November 1981.

Y5



Date Agreement
Description Signed by Entities

Columbia River Treaty Hydroelectric 20 November 1981
Operating Plan - Assured Operating
Flan for Operating Year 1986-87
dated September 1981

Determination of Downstream Power 20 November 1981
Benefits resulting from Canadian
Storage for Operating Year 1986-87
dated September 1981

Detailed Operating Plan for Columbia 20 November 1981
River Treaty Storage, 1 August 1981
through 31 July 1982
dated September 1981
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A.

REFPORT CON
OPERATION OF COLUMBIA RIVER TREATY PROJECTS

1 AUGUST 1981 THROUGH 31 JULY 1982

I. INTRODUCTION

AUTHORITY

Duncan, Arrow, and Mica reservoirs in Canada and Libby reservoir in the
United States of America were constructed under the provisions of the
Columbia River Treaty of January 1961. Treaty storage in Canada is
required to be operated for the purpose of increazing hydroelectric
power generation and flood control in the Upnited Statea of America and
in Canada, 1In 1964, the Canadian and United States governments each
designated an Entity to formulate and carry out the cperating
arrangements necessary to implement the Treaty. The Canadian Entity is
British Columbia Hydro and Power Authority (B. C. Hydro); the United
States Entity is the Administrator, Bonneville Power Administration
(BPA) and the Division Engineer, North Pacific Division, Corps of

Engineers (USCE).

The Columbia River Treaty Operating Committee, established in September
1968 by the Entities, is responsible for preparing and implementing
operating plans as required by the Columbia River Treaty. This report
records and reviews the operation of Mica, Arrow, Duncan and Libby
reservoira for power and flood control during the period 1 August 1981
through 31 July 1982, including the major effects downstream in Canada

and in the United States of America.
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OPERATING PROCEDURE

Throughout the period covered by this report, storage operations were
implemented by the Operating Committee in accordance with the Detailed
Operating Plan (DOP) for Columbia River Treaty Storage, dated September
1981. The regulation of the Canadian storage content was determined by
the Operating Committee on a weekly basis during the operating year,

except when flood control operation required daily regulation.

II. WEATHER AND STREAMFLOW

WEATHER

The hot and dry weather of August 1981 continued through to mid September
then switched to a wetter pattern the last two weeks of the month. The
basin-wide weather continued moderately wet and cool in October with
precipitation slightly above average. Mild and wet conditions prevailed
throughout the Pacific Northwest during November with temperatures
averaging 2 to 6 degrees above normal and precipitation slightly below
normal, December precipitation was well above average except in the
portion of the basin above Grand Coulee, which was only slightly above
normal, Colder temnaratures near the end of December resulted in heavy
snowpack accumulations throughout the southern half of the basin. January

1 snow surveys indicated that conditions ranged from much above normal to



below normal. Basin wide, the snowpack was at 94 percent of the January 1

normal.

A cool and damp January brought the precipitation index to 113 percent of
normal for the Columbia Basin above The Dalles. Substantial increases
ocourred in the northern basin snowpack where January storms added above
normal accumulations, As a result the basin-wide snowpack increased to
107 percent of average by 31 January. February was a very wet month over
most of the Pacific Northwest. The Columbia River above The Dalles
received 146 percent of the average February precipitation. However,
because of the accompanying warm temperatures, most of the precipitation
ran off, adding very little to the snowpack. The basin snowpack on 1
March stood at 110 percent of normal with most of the increase occurring
in the Canadian portions of the basin. March precipitation remained above
normal throughout the northern regions and the Snake River Basin, further
increasing the snowpack to 113 percent of normal as of 1 April. April
weather was quite variable, cold and wet for the first half and cool and
dry the second hélf. The cooler temperatures delayed the snowmelt
somewhat with heavy snowpacks persisting over most watersheds, A cool and
dry May allowed for the normal depletion of the low and middle elevation
snowpacks but left above normal upper elevation snowpacks to contlnue

contributing runoff throughout a warm and generally dry June.

The geographical distribution of the accumulated October through April

precipitation for the basin, expressed as a percentage of the 15 year



average, 1963=1977, i=s shown on Chart 1. The October through April
precipitation is shown as being above normal for most of the Pacific
Northwest. Many Oregon and Idaho watersheds recorded much above average

precipitation.

Chart 2 depicts the winter season precipitation and temperature sequences
that occurred throughout the basin as measured by selected, weighted index
stations in the Columbia River Basins above The Dalles, Oregon. Above
normal amounts accumulating during each winter month yielded 124 percent

of normal 1 May basin wide snowpack.

The pattern of temperature and precipitation throughout the April - August
snowmelt season is shown on Charts 3 and 4. Chart 3 applies to the
Columbia River Basin above The Dalles, Oregon, and Chart 4 applies to the
Upper Columbia and Kootenay River Basina in Canada, Since the major
portion of the seasonal runoff is produced by snowmelt, the temperatures
shown are of special significance to system regulation as they largely
influence the pattern of streamflow. The mild May, June, and July weather

sustained the melt season this year.

STREAMFLOW

Streamflow in August and September was generally below normal in the
U. 5. coastal and Spnake River basins, and above normal in the Britiah

Columbia river basins, All other areas reported near average streamflow.



Fall rains brought many basins west of the Cascades to above normal flows
in October and November, although the upper Snake and portions of the
Flathead and Clearwater basins remained below normal levels. Early
December =storms brought flooding in the Willamette and Rogue River basins
and above average streamflows across much of Oregon. The rest of the
northern and eastern basins reported near normal streamflows, except for

continuing below normal flows in the Flathead.

Streamflow was generally less than average across most of the Northwest
during January. Stations in western Montana, northern Idaho, Wenatchee,
Chelan, Similkameen, and Owyhee basins reported flows much below normal.

A change to a warm and wet weather pattern in mid February resulted in
well above average streamflows over all regions except for the Similkameen
River and northern Columbia and Kcotenay River basins in British Columbia.
In mid-February Columbia River stages at Vancouver, Washington reached
flood levels as the result of high streamflows in the Lower Snake and
Lower Columbia River tributaries. During March streamflows were near
average along the Pacific Coast and at most high elevation stations in
British Columbia, Montana, and Idahe. Most stations in the interior
regions reported greater than average flows. April flows were above
average in the southern and western regions, grading to average in many
interior areas, and below average in the northern and eastern high
elevation zones. June and July streamflows returned to near normal over
all but the Snake and Clark Fork basins, which had above average flows on

into the summer.
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The 1981-1982 monthly modified streamflows and average monthly flows for

the period 1926-1982 are shown in the following table for the Columbia

River at Grand Coulee and The Dallesa.

These modified flows are corrected

for storage in lakes and reservoirs to exclude the eftects of regulation,

and are adjusted to the 1970 level of development for irrigation.

Mean Monthly Modified Streamflow, in CFS

Columbia River

at Grand Coulee
Year Average
128,300 97,690
63,180 60,250
51,320 51,080
49,200 46,420
42,010 43,620
35,490 38,650
78,970 42,050
73,390 48,660
43,980 114,510
264,100 266,400
4oT,200 314,990
232,900 187,300
126,670 109,300

Columbia River

at The Dalles
Year Average
154,100 133,480
B6,220 92,580
84,500 B8, 260
84,000 90,750
95,610 95,530
88,420 91,700
203,400 105,150
184,600 119,660
225,800 217,320
465,500 417,670
634,200 469,030
347,400 253,640
221,150 181,230

The maximum mean monthly modified streamflow for the Columbia River at

Grand Coulee occurred as usual in June this year and was 129 percent of

the long-term average.

The maximum value for the Columbia River at The

Dalles also occurred during the usual maximum month of June and was 135

percent of the long-term average.

Maximum observed mean daily inflows during the 1981-82 operating year

were 97,200 cofs at Mica on 21 June, 118,000 ofs at Arrow on 22 June,



18,800 efs at Duncan on 22 June, and 62,600 ecfs at Libby on 15 June. The
maximum observed mean daily flow in the Columbia River at The Dalles was
422,000 cofs on 20 June., The observed streamflow patterns for the year are
shown on the inflow hydrographs for the Treaty reservoirs, Charts 5, 6, T
and B. Observed and computed unregulated hydrographs for Kootenay Lake,
and the Columbia River at Birchbank, Grand Coulee, and The Dalles are

shown on Charts 9, 10, 11, and 12, respectively.

SEASONAL RUNOFF VOLUMES

The volume and distribution of runoff during the snowmelt season are of
Ereat importance because the reservoir regulation planz are determined in
part by the expected runoff volume, In 1982, the runoff volume forecasts,
based on precipitation and snowpack data, were prepared for a large number
of locations in the Columbia River Basin and updated each month as the
season advanced. Table 1 lists the seasonal volume inflow forecasts for
Mieca, Arrow, Duncan, and Libby projecta and for the unregulated runoff for
the Columbia River at The Dalles. The forecasts for Mica, Arrow, and
Duncan inflows were prepared by B. C. Hydro and those for the lower
Columbia River and Libby inflows were prepared by the United States
Columbia River Forecasting Service, Also shown in Table 1 are the actual
volumes for these five locations. Note that actual spring runoff for all
basins was greater than the April forecasts due to above normal spring

precipitation.



Observed 1982 April-August runoff volumes, adjusted to exclude the effects
of regulation of upstream storage, are listed for eight locations in the

following tabulation:

Streamflow and Location Aprdl - August Runoff
Thousands Percent of
of Acre-Feet 1963-77 Average
Libby Reservoir Inflow 6530 96
Duncan Reservoir Inflow 2160 103
Mica Reservoir Inflow 11981 101
Arrow Reservoir Inflow 24969 108
Columbia River at Birchbank 44362 105
Grand Coulee Reservoir Inflow 69070 108
Snake River at Lower Granite Dam 32910 134
Columbia River at The Dalles 111330 114

IIT. RESERVOIR OPERATION

A. MICA RESERVOIR

Storage Evacuation Perjod., As shown in Chart 5, Kinbasket Lake (Mica
Reservolr) was filled to elevation 2470.5 feet, slightly above its target
full pool elevation of 2470.4 feet by 29 July 1981. The project began
spilling on 31 July as the inflow exceeded the hydraulic capacity of the
turbines. Inflows during August were well above average and Mica
Reservolr was surcharged to elevation 2472.0 feet from 12 through 29
August as the project releases were controlled to protect the Revelstoke

diversion.
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Inflow into Mica reservoir began to recede in early September 1981.
Between 6 September and early October, the reservoir level was maintained
near elevation 2471.0 feet. Treaty storage release began on 2 October and
the project was drafted to elevation 2466.9 feet, approximately 2 feet

above its Operating Rule Curve, by 31 October.

Generation at Mica was curtailed during the first two weeks in November
1981 due to reduced B. C. Hydro system load. This reduced the Mica
project outflow below its release schedule as specified in the Detailed
Operating Plan and created an imbalance in Treaty storage distribution
between Mica and Arrow Reservoirs of approximately 148,790 sfd at Mica by
15 November. During this period Mica Reservoir was held level near

elevation 2467.0 feet.

Storage drafts resumed after 15 November 1981 with the project outflows
varying between 15,000 cfs and 37,000 cfs as necessary to deliver Treaty
storage to the U, 5., and to meet B. C. Hydro's system load reguirements.
The Treaty atoraéa imbalance between Mica and Arrow Reservoirs was reduced
to zero by 14 January 1982, when Mica Reservoir was at elevation 2445.9

feet, or approximately four feet above the Operating Rule Curve.

The project continued to draft from January through April 1982 except for
one period of approximately two weeks in the latter part of February and
another period from 26 March to 13 April when Mica generation and

discharge were curtailed due to reduced B. C. Hydro system load.



Beginning 24 April 1982 and lasting for about five days, Mica outflow was
reduced to approximately 5,000 efs for part of each day to enable a
logging company to transport logs across the Columbia River. On 4 May,
Mica discharge was increased to full turbine capacity, drafting the

reservoir to elevation 2413.3 feet, its lowest level for the year, on

10 May.

Refill Period. The project began to fill on 11 May 1982 as a result of
higher inflow and reduced project discharges. Mica Reservoir reached
elevation 2421.9 feet on 31 May. On 21 and 22 June, Mica outflow was
inereased to 30,000 efs to facilitate flow measurement at the Revelstoke
Project site, The project outflow was then reduced to 10,000 cfs,
allowing the reservoir to continue filling. HReserveoir inflow peaked at
97,200 efs on 21 June. To reduce the possibility of high releases in late
July which would endanger the Revelstoke diversion, Mica outflows were
increased above 10,000 cfs beginning 27 June and thereafter controlled the
project outflow to maintain the discharge at Revelstoke below 75,000 cfs,
Since the higher project outflows were in excess of B. C. Hydro's system
load requirements, Mica spilled through the entire month of July and the
first half of August. On 31 July, Mica Reservolr was at elevation 2470.8

feet, slightly above ita target full pool elevation of 2470.4 feet.

ARROW RESERVOIR

Storage Evacuatjon Period, As shown in Chart 6, Arrow Reservoir was

filled to elevation 1443.9 feet on 30 June 1981 and surcharged to

-10-



elevation 1446.0 feet on 13 July. The reservoir storages included full
Treaty storage (3,579,600 sfd), 66,050 sfd of U. S. Arrow storage and
66,050 sfd of Canadian Arrow storage. The additional Arrow storages were
surplus water stored at Arrow as per the agreement (Contract No. DE-MST9-

B1BP20329) between B. C. Hydro and BPA.

During August 1981, as Mica Reservoir was surcharged above the target full
pool elevation 2470.4 feet, Arrow Reservoir was drafted to near elevation
1445.0 feet, maintaining full Treaty storage plus Arrow surcharge in the
system. The inflow into Arrow Reservoir began to recede in early
September and on 10 September, B. C. Hydro began releasing from Arrow
Reservoir its share of the Arrow surcharge storage (Canadian Arrow
storage) along with Treaty storage releases. The release of the Canadian
Arrow storage and the delivery of the resulting energy was completed by 30
September when the reservoir was at elevation 1442.7 feet, slightly above

its Operating Rule Curve.

Between § Dntobﬂﬁ and T November 1981, Arrow Reservoir was held fairly
level near elevation 1441.0 feet with the project discharges varying
between 22,000 efs and 38,000 efs. Storage draft resumed mid-Neovember and
by 30 November Arrow Reservoir was drafted to elevation 1440.4 feet,

slightly below its Flood Control Rule Curve.
During December, Arrow Reservoir was operated to meet flood control
drawdown requirements with project releases varying between 38,000 cfs and

53,000 efs. The storage releases included the release of the U. 5. Arrow
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storage which began on 20 December and ended on 31 December.

Arrow discharge was increased to between 50,000 cfs and 65,000 cfs in
January 1982, drafting the reservoir to elevation 1420.6 feet by 31
January. About mid-February rains and low elevation snowmelt produced
unusually high flows in the lower Columbia River and Arrow was required to
reduce its discharge for flood control purposes beginning February 17.
Project outflow was at minimum discharge 5,000 cfs for the period 19
through 23 February. Reduced outflows for flood control resulted in Arrow
Reserveoir filling about seven feet above its Flood Control Rule Curve by
28 February. From 17 February through 10 April, Arrow discharges were
based on daily requests made by the U, 8. for flood control operations on

the lower Columbia River.

Reservoir drawdown resumed 7 March 1982 and continued through April.
Project outflows were between 60,000 cfs and 75,000 ofs during this
period, drafting the reservoir to elevation 1384.0 feet by 30 April.
During the period from 1 to 3 May, Arrow discharge was reduced to 25,000
cfs for part of each day to permit the City of Trail to install pipes for

its water supply system in the Cglumbia River.

Beginning 5 May 1982, Arrow Reservoir went on free flow discharging

approximately 50,000 efs. The reservoir was drafted to elevation 1382.9

feet by 14 May, its lowest level for the year.
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BRefill Period, Refilling of Arrow Reservoir began 19 May 1982 when the
project outflow was reduced from free flow to 40,000 ecfs. Between 28 May
and 28 June, Arrow releases were maintained at 15,000 efs. Arrow
Reservoir filled rapidly to elevation 1394.0 feet by 31 May and 1433.0
feet by 30 June. Dally average regulated inflow peaked at 118,000 efs on
22 June., For the period 5 through 7 July, Arrow discharge was reduced to
15,000 cfs during part of each day to reduce the flow velocity, allowing
divers to replace the steel cables joining the debris boom and the floating
guidewall at the EKeenleyside project. The reservoir continued to fill
through July reaching a peak elevation 1445.4 feet on 22 July but was then
drafted to elevation 1444.4 feet, slightly above its normal full pool, by

31 July.

DUNCAN RESERVOIR

Storage Evacuation Perjod, As shown in Chart 7, Duncan Reservoir was
filled to full pool elevation 1892.0 feet on 14 July 1981, The project

then discharged ihflnw to maintain full pool through to early September.
On 20 September, Duncan discharge was increased to 7,000 cfs, drafting the
reservoir to elevation 1886.9 feet by 30 September., Beginning 2 October
and continuing through 7 November, Duncan outflow was reduced to control
KEootenay Lake inflow and thereby help reduce spill at the Brilliant
project. As a result, Duncan refilled to elevation 1889.2 feet,
approximately eight feet above its Operating Rule Curve, by 7 November,
Between 8 November and early January 1982, the project was drafted to meet

the flood control drawdown requirement with the project ocutflows varying
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between 3,000 cfs and 6,000 cfs. On 31 December, Duncan Reservoir was

slightly below Flood Control Rule Curve of elevation 1868.6 feet.

Increasing its discharge to between 8,000 efs and 10,000 efs, Duncan
continued to be operated to meet flood control drawdown requirement during
January and early February 1982. Between 18 and 2§ February, Duncan
outflow was reduced to inflow to prevent Kootenay Lake from exceeding the
International Joint Commission (IJC) Rule Curve. Storage draft resumed on
25 February but was interrupted for about twelve days beginning 12 March
when the project outflow was again reduced to inflow to keep Kootenay Lake

below the IJC Rule Curve,

Duncan Reservolr was drafted to near its Flood Control Rule Curve elevation
1807.8 feet by 12 April 1982 and thereafter discharged inflow to maintain

the reservoir level near the Flood Control Rule Curve.

Refill Period. The project outflow was reduced to 4,000 cfs on 17 May 1982
and Duncan Reservoir began to fill. On 28 May, the project outflow was
further reduced to 100 e¢fs. Capturing the snowmelt runoff, Duncan was
filled to elevation 1818.7 feet by 31 May and to elevation 1871.7 feet by
30 June. The reservoir inflow peaked at 18,800 ofs on 22 July. HRelease
from Duncan was increased from 100 efs to 4000 cfs on 5 July to reduce the
rate of filling. The project continued to fill and reached full pool
elevation 1892.0 feet on 29 July, after which day the project outflow was

increased to release inflow.
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LIBBY RESERVOCIR

Storage Evacuation Period, On 1 August 1981, Lake Koocanusa was at
elevation 2458.9 as shown on Chart B. Water supply for the basin above
Libby was near average in 1981, therefore, there was no problem filling the

reservoir.

Higher reservoir releases resulted in a draft of Lake Koocanusa in
September through November to meet U. S. power regquirements. Draft
accelerated in December, Jamuary and the first half of February as
releases were at full powerhouse capacity, approximately 20,000 efs. The
lake drafted to elevation 2407.4 feet by 1 January, about three feet

below the 1 January flood control reguirement.

Libby continued to draft for power and flood control from January through
early April 1982. The lake was at its lowest level at elevation 2342.1
feet on 24 April, about 35 feet above its Variable Refill Curve. However,
draft did not continue as it would have resulted in Kootenay Lake exceeding

ita IJC rule curve.

Refill Period, Inflows to Libby began increasing early in May 1982. The

seasonal peak was reached on 15 June with a daily average inflow of £2,600

efs. Inflows gradually receded to near 20,000 efs by mid-July.

Libby outflows were held at approximately inflow until mid-May 1982.

Inflows increased to 54,000 ofs by 25 May and the lake filled about 34 feet
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in May reaching elevation 2376.19 feet by 31 May. Lake Koocanusa continued
to fill through June reaching elevation 2441.81 by 30 June. During June,
Libby average outflow was 5,500 cofs usually running full load on one unit,
approximately 4,000 efs. Libby continued to fill through July reaching
elevation 2458.9 by 26 July. Lake Koocanusa was full at elevation 2459.0
feet on 14 August. Spill was not needed during the refill period as the

project was able to release the inflow with only three generating units,

EOOTENAY LAKE

Storage Evacuatjion Period, [Kootenay Lake was at elevation 1748.4 feet on
31 July 1981 as shown in Chart 9. The lake continued to discharge free
flow until mid-August when the discharge was reduced to and maintained at
about 40,000 efs for the remainder of August. FKootenay Lake reached

elevation 1743.5 feet on 30 August.

Between 31 August and 13 October 1981, Kootenay Lake outflow was maintained
about 18,000 efs. This reduction in discharge and the higher releases from
Duncan Reservoir filled Kootenay Lake to elevation 1T44.6 feet by 13
Oetober. Between 14 and 16 October, Kootenay Lake outflow was reduced to
zero for several hours each day to facilitate concrete work at the
Brilliant project tailrace, and trash rack cleaning at the Kootenay Canal
project. This operation caused Kootenay Lake to fill to elevation 1745.1

feet by 16 October.

During November and December 1981, the Kootenay Lake was maintained near

elevation 1745.0 feet and discharged between 20,000 efs and 30,000 cfs.
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Kootenay Lake outflow was increased to 35,000 efs on 25 December and the
lake began to draft on 1 January 1982, =ix days before the drawdown

achedule as specified in the ILJC Oprder.

Following the ILJC Rule Curve, Kootenay Lake continued to draft through
February, reaching elevation 1742.7 feet by 15 February 1982. On 16

February, Kootenay Lake began discharging free flow.

Between 12 and 15 March 1982, Kootenay Lake was slightly above the IJC Rule
Curve, requiring both Libby and Duncan projects to reduce their respective
outflows to inflows. The lake continued to draft and by 11 March,

Kootenay Lake was drafted to elevation 1739.0 feet, itz lowest level for

the year,

BRefill Period, Kootenay Lake began to fill gradually in late April 1982 as
inflow exceeded the free flow capability at Grohman Narrow. The inflow

inereased in May and Kootenay Lake filled quickly to elevation 1748.T7 feet

by 28 May.

The inflow receded in early June, allowing Kootenay Lake to be drafted to
elevation 1746.8 feet by 10 June. Kootenay Lake level increased again in
the latter part of June, reaching its peak elevation 1749.0 feet on

22 June., During this period, Kootenay Lake discharge ranged between 55,000

ofs and 72,000 cofs.
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Discharges from Kootenay Lake remained at free flow until mid-July. The
discharge was then reduced to between 30,000 efs and 40,000 cfs, which was
sufficient to permit drafting of the lake to elevation 1744.9 feet by

31 July.

IV. DOWNSTREAM EFFECTS OF STORAGE OPERATION

POWER

General, During the period covered by this report, the Treaty storage was
operated in accordance with the 1981-82 Detailed Operating Plan designed
to achieve optimum power generation in Canada and in the Unlted States of
America in accordance with paragraph 7, Annex A of the Treaty. In 1964,
the Canadian Entitlement to downstream power benefits for the 1981-82
Operating Year was purchased by Columbia Storage Power Exchange (CSPE) and
exchanged with BPA for specified amounts of power and energy. Deliveries
of power and energy specified under the Canadian Entitlement Exchange
Agreements and attributable to Arrow, Duncan, and Mica under the
provisions of these agreements were made to the CSPE participants during

the 1981-82 Operating Year.

The generation at downstream projects in the United States, delivered under
the Canadian Entitlement Exchange Agreement was 545 average megawatts at
rates up to 1,297 megawatts from 1 August 1981, through 31 March, 1982, and

520 average megawatts at rates up to 1,254 megawatts from 1 April 1982,
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through 31 July 1982. During the period of 1 April 1981, through 31 March
1982, the CSPE participants assigned 6Y4 average megawatts at rates up to
150 megawatts to Pacific Southwest utilities. Beginning 1 April 1982, the
assignment was 63 average megawatts at rates up to 150 megawatts, CSFE
power not assigned to Pacific Sputhweat utilities was used to meet Pacific

Northwest loads.

Review of 1981-82 Power Operations, In June 1981, BPA and B. C. Hydro

entered into a contractual arrangement to store in Arrow Reservoir an
additional two feet of water, surplus to downstream requirements and to be
released by 31 December 1981. The benefits from this operation were
equally divided based on B. C. Hydro providing storage space and downstream

U.5. projects providing generation.

All Coordinated System reservoirs were full on 31 July 1981, the date that
reservoirs are programmed to refill. BPA continued to market non-firm
energy to Pacific Southwest utilities through mid-August. Non-firm energy

for Pacific Northwest markets was available through 31 August.

The Operating Program developed for 1981-82 indicated that the Federal
Columbia River Power System had an estimated firm energy deficiency of
about 320 average megawatts under recurrence of eritical water conditions.
BPA began purchasing energy in September to cover this estimated

deficiency. Purchases of energy continued through December 1981. In
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addition, BPA withdrew the industries' 1981-82 Hanford energy and
purchased the industries' contracts with Weyerhaeuser and Longview Fibre

companies.

On 10 September 1981, B. C. Hydro began releasing the Canadian half of the
additional two feet of water stored in Arrow. All energy produced at
downstream U. S. projects was delivered to B. C. Hydro by 30 September.

The U. S. share of storage was released from 20 through 31 December.

BPA served the industrial upper quartile loads from 1 September through 7
December 1981, with energy that was subject to return if reservoirs failed
to refill during the summer of 1982. On 8 December 1981, due to continued
load underruns and better than median streamflow conditions, BPA restored
direct service to industrial loads and began marketing non-firm energy

sufficient to displace operating thermal resources.

BPA continued to make non-firm energy sales for the remainder of the
1981-82 Operating Year. Beginning 19 February 1982, non-firm energy sales
were made at the hydro resource rate as surplus water could no longer be

stored in reservoirs.

On 2 April 1982, coperations for the juvenile fish outmigration officially
began. During May and June, BPA stored 504,169 megawatthours of
overgeneration with B. C. Hydro. This energy remained stored in Williston

Lake at the end of the operating year.
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During the period of 8 December 1981 through 31 July 1982, BPA sold
15,070,319 megawatthours of non-firm energy to Pacific Southwest

utilities. These sales were 97 percent of the record sales made in 1976.

All Coordinated System reservoirs were virtually full on 31 July 1982. A1l
obligations by BPA industrial customers to return energy during the 1082-83

Operating Year were cancelled.

FLOOD CONTROL

Heavy rains in mid-February 1982 caused high flows in the mid and lower
Columbia and other portions of the Pacific Northwest. The Treaty Projects
were put under flood control coperation on 17 February. Aprrow outflow was
reduced from 44,000 cfs to 5,000 cfs, then increased to 15,000 cfs on 24
February, after it was determined the lower flow did not disperse effluents
produced by mills downstream of Arrow. Arrow outflow reductions were made
to reduce the Lower Columbia River stage. Leas than two feet of storage
was used in Arrow Lake for fleood control regulation although scheduled
drafting stopped. Treaty project operations were scheduled on a daily
basia from 17 February through 10 April to reduce flooding and for
post=flood evacuation of space filled during the flood operations.
Columbia River stages at Vancouver, Washington peaked at 19.8 feet on

21 February. The unregulated peak stage would have been 23.6 feet, flood

stage iz 16.0 feet.
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Flood control during the spring runoff was provided by the normal refill
operation of the Treaty projects and other storage reserveoirs in the
Columbia River basin and by the use of streamflow forecasts prepared

daily. The unregulated peak at The Dalles was 750,000 cfs which would have
been about 10 feet above bankfull capacity. The maximum observed daily
discharge during the spring runoff was 422,000 c¢fs on 20 June. The
observed and unregulated hydrographs for 1 July 1981 through 31 July 1982,
at The Dalles are shown on the summary hydrograph on Chart 12 for
comparison with historical flows. On Chart 13, the effects of regulation
at The Dalles by Mica, Arrow, Duncan and Libby are separated from the other

major storage projects in the basin.

Chart 14 documents the relative filling of Arrow and Grand Couylee during
the principal filling period, and compares the coordinated regulation of

the two reservoirs to guidelines in the Flood Control Operating Plan.

Y. OPERATING CRITERIA

GENERAL

The Columbia River Treaty requires that the reservoirs constructed in
Canada be operated pursuant to flood control and hydroelectric operating
plans developed thereunder. Annex A of the Treaty stipulates that the
United States Entity will submit flood control operating plans and that

the Canadian Entity will operate in accordance with flood control storage
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diagrams or any variation which the Entities agree will not be adverse to
the desired aim of the flood contrel plan. Annex & also provides for the
development of hydroelectric operating plans five years in advance to
furnish the Entities with an Assured Operating Plan for Canadian storage.
In addition, Article XIV.2.k of the Tpeaty provides that a Detailed
Operating Plan may be developed to produce more advantageous results
through use of current estimates of loads and resources. The Protocol te
the Treaty provides further detail and clarification of the principles and
requirements of Anpex A. The Prineciples and Procedures for the
Preparation and Use of Hydroelectric Operating Plans dated May 1979,
together with the Columbia River Treaty Flood Control Operating Plan dated
October 1972, eatablish the general criteria of operations.

The Assured Operating Plan dated September 1976 established Operating Rule
Curves for Duncan, Arrow and Mica during the 1981-B2 operating year. The
Operating Rule Curves provided guidelines for refill levels as well as
drawdown levels. They were derived from Critical Rule Curves, Assured
Refill Curves, Upper Rule Curves, and Variable Refill Curves, consistent
with flood control requirements, as described in the Principles and
Procedures. The Flood Control Storage Reservation Curves were established

to conform to the Flood Coptrol Operating Plan.

The Detailed Operating Plan dated September 1981 established data and
criteria for determining the Operating Rule Curves for use in actual
cperations. At the request of the U. 5. Entity, these criteria included

the Critieal Rule Curves for Dupcan, Arrow, and Mica from the 1981-82
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Pacific Northwest Coordination Agreement final regulation. The Variable
Refill Curves and flood control requirements subsequent to 1 January 1982
were determined on the basis of seasonal volume runoff forecasts during

actual operation.

POWER OPERATION

Consistent with all Detailed Operating Plans prepared since the
installation of generation at Mica, the 1981-82 Detailed Operating Plan
was designed to achieve optimum power generation at site in Canada and
downstream in Canada and the United States, consistent with project

operating limits and flood control requirements.

The power facilities in the United States which are downstream from the
Treaty storage projects are all operated under the Pacifie Northwest
Coordination Agreement dated September 1964. Optimum generation in the
United States and Canada was assured by the adoption, in the Assured and
Detailed Operating Plans, of eriteria and operating guides designed to
coordinate the operation of Treaty projects with the projects operating
under the Agreement. Optimum operation of Treaty reservoirs was
accomplished, for the actual water condition experienced, by operating
with reference to the Critical Rule Curves, Assured Refill Curves,
Variable Refill Curves, Floocd Control Storage Reservation Curves and
related criteria determined in accordance with the Detailed Operating

Plan,
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FLOOD CONTROL OPERATION

The Flood Control Operating Plan was designed to minimize flood damage
both in Canada and in the United States. The flood control operation
during the drawdown period consisted of evacuating and holding available
storage space, consistent with refill criteria, sufficient to control the
flood that could occur under forecast conditions. Runoff volume forecasts

determined the volume of storage space required.

Flood control operation of the Columbia River Treaty projects during the
refill period was controlled in part by the computed Initial Controlled
Flow of the Columbia River at The Dalles. Other operating rules and local
eriteria were utilized to prepare day-to-day streamflow forecasta for key
points in Canada and the United States and to establish the operations of
the flood control storage. These forecasts were prepared daily during the
snowmelt season by the U. S. Columbia River Forecasting Service for
periods of 30 to 45 days using both moderate and severe snowmelt

sSequences.
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As of September 1982, construction of B.C. Hydro's Revelstoke project was progressing well. An earthfillled wing
dam can be seen extending from the concrete dam on the right bank (top center). First power from the project is
scheduled for 1984 and when fully installed at 2700 Mw (six 450 Mw units) it will be the largest project in B.C.

Hydro's system. (B.C. Hydro photograph.)
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Five of the eight 66.5 Mw generating units in the Bonneville Dam Second Powerhouse were completed and
operable as of 31 July 1982. The remaining three are scheduled to be completed during the fall of 1982, (Corps of

Engineers photograph.)
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The Bonneville Power Administration conservation efforts included involvement in Solar 1, Spokane's first all-solar
home show. (BPA photograph.)



Forecast
Date -

1st of
January
February
March
April
May

June
July

Actual

NOTE:

DUNCAN
Most
Probable
1 Apr =
31 Aug

1.96
2.13
2.26

2.24

2.25

2.16

ARROW
Most
Probable
1 Apr -
31 Aug

21.1
23.7
24.9
25.1
25.2
24.5
24.7

25.0

Table 1

Unregulated Runoff Volume Forecasts
Millions of Acre-Feet

MICA
Most
Probable
1 Apr -

12.3

12.0

These data are used in actual operations.
made in some cases,

29

LIBBY
Most
Probable

1 Apr -
31 Aug

6.50
6.61
T.14
7.38
T.54
T.25
T.09

6.53

1982

UNREGULATED RUNOFF
COLUMBIA RIVER AT

THE DALLES, OREGON
Most
Probable

1 Apr -
31 Jul

110.0
120.0
126.0
130.0
131.0
129.0
133.0

129.9

Subsequent revisions have been
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Table 2

95 Percent confidence Forecast and
MICA 1982
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Table 3

95 Percent Confidence Forecast and
JN 1

Variable Energy Content Curve
Arrow 1982
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Table 4

95 Percent Confidence Forecast and

JIN 1

Duncan 1982
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Table 5

95 Percent Confidence Forecast and
Libby 1982
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Table 6

Computation of Initial Controlled Flow
Columbia River at The Dalles
1 May 1982

1 May Forecast of May-August Unregulated Runoff Volume, MAF 101.0
Less Estimated Depletions, MAF 1.5
Less Upstream Storage Corrections, MAF

MICA

ARROW

LIBBY

DUNCAN
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FLATHEAD LAKE
NOXON

PEND OREILLE LAKE
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BROWNLEE
DWORSHAK

JOHN DAY

-

= =k L) LR AN
-

F —
.

. « & w & m
=1 WU @0Wn oW i oo N

%

TOTAL

[ 4%
un
M

2502
Forecast of Adjusted Residual Runoff Volume, MAF T4.3

Computed Initial Controlled Flow From Chart 1 of Flood
Control Operating Plan, KCFS 48s.0
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Chart 1

Seasonal Precipitation
Columbia River Basin

October 1981 - March 1982
Percent of 1963 - 1977 Average
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Chart 2

Winter Season
Temperature and Precipitation Indexes 1981-82
Columbia River Basin above The Dalles
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Chart 3

Snowmelt Season
Temperature and Precipitation Indexes 1981-82
Columbia River Basin above The Dalles
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Chart 4

Snowmelt Season
Temperature and Precipitation Indexes 1981-82
Columbia River Basin at Canada
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FLOW - THOUSANDS OF CUBIC FEET PER SECOND
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Chart 5

Regulation of Mica
1 July 1981 - 31 July 1982
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FLOW - THOUSANDS OF CUBIC FEET PER SECOND

ELEVATIDON - FEET ABOVE N.5.L.
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Chart 6

Regulation of Arrow
1 July 1981 - 31 July 1982
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FLOK - THOUSANDS OF CUBIC FEET PER SECOND
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Chart 7

Regulatlnn of Duncan
1 July 1981 - 31 July 1982
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FLOW - THOUSANDS 0F CUBIC FEET PER SECOND

ELEVATION — FEET ABOVE M.5.L.

Chart 8
Regulation of Libby

1 July 1981 - 31 July 1982
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FLOW - THDUSANDS OF CUBIC FEET PER SECOND

ELEVATION -~ FEET RBOVE M.5.L.
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Chart 9

Regulation of Kootenay Lake
1 July 1981 - 31 July 1982
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FLOW - THOUSRANOS DF CUBIC FEET PER SECOMNO

Chart 10

Columbia River at Birchbank
1 July 1981 - 31 July 1982
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FLOW - THOUSANOS DF CUBIC FEET PER SECOND

ELEVATION = FEET 'ABOVE M. 5.L.
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Chart 11

Regulation of Grand Coulee
1 July 1981 - 31 July 1982
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MEAN DAILY DISCHARGE IN 1,000 C.F.S.

Chart 12

Columbia River at The Dalles
1 July 1981 - 31 July 1982
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Discharge - Thousands of Cubic Feet Per Second
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Chart 13

Columbia River at The Dalles
1 April 1982 - 31 July 1982
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Chart 14

1982 Relative Filling
Arrow and Grand Coulee
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