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REPORT ON
OPERATION OF COLUMBTA RIVER TREATY PROJECTS
1 AUGUST 1973 THROUGH 31 JULY 1974

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. The Treaty requires that the reser-
voirs be operated for the purpose of increasing hydroelectric power genera-
tion and flood control in the United States of America and in Canada. In
1964, the Canadian and United States governments each designated an

Entity to formulate and carry out the operating arrangements necessary

to implement the Treaty. The Canadian Entity is British Columbia Hydro
and Power Authority; the United States Entity is the Administrator,
Bonneville Power Administration and the Division Engineer, North Pacific
Division, Corps of Engineers.

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, Libby, and Duncan
reservoirs for power and flood control during the period 1 August 1973
through 31 July 1974., including the major effects downstream in Canada
and in the United States of America.

OPERATING PROCEDURE

Throughout the period covered by this report, storage operations were
implemented by the Operating Committee in accordance with the Detailed
Operating Plan for Columbia River Treaty Storage, dated 14 September 1973.
During the drawdown season from mid-August 1973 to mid-April 1974, the
regulation of the Canadian storage content was normally determined by

the Operating Committee on a weekly basis. From 29 April through 24 July,
during the 1974 Flood Control Refill Period, project outflows were deter-
mined on a daily basis.

II WEATHER AND STREAMFLOW
WEATHER

The abnormally dry weather that was established early in 1973 continued
through August, but numerous storms during the latter half of September
began to improve the moisture supply and above-average October precipi-
tation brought an end to the drought over much of the basin. November

1973 was one of the wettest in history for the Columbia Basin with most



stations exceeding their maximum of record precipitation totals. Some
Cascade Range snow courses had exceeded their normal 1 April water con-
tent by the end of November. Wet weather continued over the Columbia
Basin through April, with the result that precipitation throughout the
snow accumulation season was significantly above normal. Chart 1 shows
the geographical distribution of the accumulated October through April
precipitation over the entire Columbia River Basin expressed as per-
centage of the 1958-1973 average. As shown, most of the basin with
exception of southern Idaho and a small area in Canada had more than
120 percent of the 15-year average and the central portion of the basin
had more than 150 percent. Chart 2 depicts the sequence of precipitation
and temperatures that occurred throughout the winter, as measured by
index stations in the basin.

Snow accumulation as of the 1st of April was well above normal with
numerous snow courses throughout the Columbia Basin showing the greatest
water content of record. Even low elevation courses were above normal,
despite warmer-than-normal temperatures that occurred during the last
half of March. Considerable additional snow fell at higher elevations
during early April, increasing the runoff potential. Significant runoff
was delayed by below-normal temperatures in May, so that by 1 June, snow
water content at many snow courses exceeded those of 1972, a very high
runoff year. June temperatures averaged above normal, with a sequence
of much-above normal temperatures being experienced in mid-June. The
pattern of temperature and precipitation throughout the March-July 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 Basins in Canada. Since the major portion of the runoff
which occurs during this season is produced by snowmelt, the temperatures
shown are of special significance to system reservoir regulation in that
they largely influence the pattern of streamflow.

STREAMFLOW

The well-below normal streamflows that were experienced during the
1972-73 operating year continued into August and September throughout
the Columbia River Basin. River flow began increasing in October, and
in November above average streamflow was experienced in the basin. The
trend of average to above average streamflow continued throughout the
winter, and by 1 April 1974 the total unregulated runoff at The Dalles
since October 1973 was about 140 percent of average.

An intense rainstorm during 12-16 January caused the Pend Oreille,
Kootenay, and Spokane River streamflow to rise to record levels for the
winter season. The inflow into Grand Coulee rose sharply and threatened
to cause flooding of the third powerhouse construction area. Upstream
reservoirs stored water during this period and helped to prevent a major
set back in construction progress. Widespread flooding occurred through-
out the United States portion of the basin, and at Vancouver, Washington,
the combined flow of the Willamette and Columbia Rivers produced a stage
of 23.2 feet, the maximum stage for the year.



Streamflow during the spring-summer snowmelt period was well above normal,
and at many stream gaging stations record high flows were recorded. A
pronounced rise in streamflow was delayed by cool weather until 10 June
when a sequence of high temperatures throughout the basin resulted in
extremely rapid runoff. Maximum mean daily inflows of the season were
128,000 cfs on 23 June for Mica, 22,000 cfs on 24 June for Duncan, and
111,000 cfs on 19 June for Libby.

The natural streamflow patterns for the year are shown on the inflow
hydrographs for the Treaty Reservoirs, Charts 5, 6, 7, and 8. Observed
and computed unregulated hydrographs for Kootenay Lake and Columbia River
at Birchbank, Grand Coulee Dam and The Dalles are shown on Charts 9, 10,
11, and 12.

SEASONAL RUNOFF VOLUMES

Volume of runoff during the snowmelt season, as well as the variation
with time, is of great importance because the reservoir regulation plans
are determined in part by the expected runoff volume. 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 Mica, Arrow, Duncan, and Libby projects and the unregulated
runoff of Columbia River at The Dalles. The forecasts for Mica, Arrow,
and Duncan inflow were prepared by B.C. Hydro and Power Authority and
those for the lower Columbia River and Libby inflow were prepared by the
Columbia River Forecasting Service. Also shown on Table 1 are the actual
volumes for these five locations.

Actual April-August runoff volumes, adjusted for upstream reservoir
storage effects, are listed for eight locations in the following tabulation:

THOUSANDS OF PERCENT OF
STREAM AND LOCATION ACRE-FEET 1958-73 AVERAGE
Libby Reservoir Inflow 9,100 129
Duncan Reservoir Inflow 2,270 104
Columbia River at Mica Dam 12,300 101
Arrow Reservoir Inflow 25,900 108
Columbia River at Birchbank 51,100 118
Grand Coulee (FDR) Reservoir Inflow 81,300 125
Snake River near Clarkston 36,500 154
Columbia River at The Dalles 134,200 136

Comparison of the above tabulation with the seasonal precipitation map

on Chart 1 reveals the general relationship between snow-accumulation
season precipitation and snowmelt season runoff when expressed in percent
of average.



IIT RESERVOIR OPERATION
MICA RESERVOIR

Reservoir Evacuation Period. As indicated on Chart 5, Mica reservoir
(McNaughton Lake) was at elevation 2257.1 ft. on 31 July 1973 and it
reached the maximum elevation for 1973 of 2269 ft. on 16 August. Because
of the much below-normal elevation of Arrow reservoir through the late
summer and fall of 1973, Mica discharges were kept at the maximum possi-
ble with the 3 low level outlets fully open.

By late November the storage balance between the Arrow and Mica reser-
voirs indicated that, with reference to the Second Critical Rule Curves
for 1973-74, Mica discharges should be reduced to the 1000 cfs minimum.
The minimum discharges continued throughout the storage drawdown period
with the exception of seven days in January 1974 when discharges of
approximately 9000 cfs were made to alleviate Mica powerhouse construc-
tion problems. The 1 January Variable Refill Curves indicated 31 Janu-
ary 1974 elevations of 2074.9 ft. for Mica and 1378.0 ft. for Arrow.
Since Arrow reservoir was maintained approximately 15 to 20 feet above
its Variable Refill Curve for the remainder of the storage evacuation
period, Mica discharges were kept at minimum levels to maintain
McNaughton Lake elevations above the Variable Refill Curve in accordance
with the "Program for Initial Filling of Mica Reservoir". The minimum
elevation reached during the storage evacuation period was 2157.4 ft.
on 30 November.

Refill Period. Because of the above-normal snowmelt runoff in the

Columbia River Basin in 1974, it was possible to maintain Mica dis-

charges below 1000 cfs completely throughout the refill period to

31 July. At the end of the 1973 refill period no dead storage had been
accumulated in McNaughton Lake except for 510.3 ksfd (1.01 maf) accumu-
lated by means of thermal energy deliveries from B.C. Hydro to the United
States Coordinated System. During the 1974 refill period, however, the
accumulation of dead storage was greatly improved. By 7 August 1974, a
total dead storage content of 3112.0 ksfd (6.2 maf) had been accumulated
with approximately 2329 ksfd (4.6 maf) being obtained from water surplus

to United States power requirements during the 1974 refill period.
Approximately 261 ksfd (.52 maf) of dead storage content was obtained

from transfer of 132 ksfd of B.C, Hydro storage in Arrow reservoir to
McNaughton Lake which had been retained in Arrow reservoir during the
spring of 1974, and by allocation of an additional 129 ksfd (.256 maf) to
dead storage in accordance with an agreement between Bonneville Power Ad-
ministration and B.C. Hydro dated 18 May 1972. This 261 ksfd was credited
to Mica dead storage during the period from 31 July to 7 August 1974, In
addition, approximately 22 ksfd of dead storage was obtained from 4720
megawatt-hours (mwh) of thermal energy delivered in January and from 15,000
mwh delivered in late July to the United States Coordinated System. The
McNaughton Lake elevation on 31 July was 2397.8 ft. and the maximum elevation
reached during the 1974 refill period was 2409.1 ft. on 25 August. The 1974
volume inflow forecasts and the Variable Refill Curve computations for Mica
are shown in Table 2.



ARROW RESERVOIR

Reservoir Evacuation Period. As indicated on Chart 6, Arrow reservoir

was at elevation 1399.7 ft. on 1 August 1973, 44 ft. below the normal full
pool elevation of 1444 ft. The low water level in the Arrow Lakes was a
result of the below-normal runoff experienced the previous year, and of

the 1imited discharge capacity available at Mica during its initial opera-
tion. The 1973 snowmelt runoff for the Lower Columbia was the lowest since
1944, creating a critical power situation in the United States that required
large storage drafts from Canadian Treaty reservoirs during the summer
months,

Discharges in excess of 90,000 cfs were required from the Arrow reser-
voir between 22 July and 13 August and by 30 September the reservoir was
at elevation 1380.7 ft. Low elevations during the summer months created
problems for navigation on the lake and adversely affected recreational
use of the reservoir. The reservoir remained at approximately 1381 ft.
from late September to early November, and by 4 November was below its

31 October and 30 November Second Critical Rule Curve elevations. However,
by mid-November the critical water supply situation in the United States
had eased and Arrow storage filled 15 ft. during the month. Maximum dis-
charges were continued from Mica for most of the month of November, but
only minimum discharges were required from Arrow reservoir for downstream
generation in the United States.

The reservoir was maintained between elevations 1395 and 1400 ft. for
the remainder of the winter months until late March when it was drafted
to 1394 ft., prior to the start of the spring freshet.

During February and March, B.C. Hydro delivered thermal energy to the
United States Coordinated System in lieu of water releases from Canadian
Treaty storage. Since Mica was discharging minimum release at the time,
the additional storage was retained in Arrow reservoir. This storage,
totalling 99.0 ksfd (0.196 maf), plus additional storage of 33.0 ksfd
(0.066 maf) of water surplus to United States power requirements, was
retained as B,C. Hydro storage in Arrow for subsequent transfer to
McNaughton Lake as dead storage.

Refill Period. With the 132 ksfd (0.262 maf) of B.C. Hydro storage re-
tained in Arrow reservoir prior to the snowmelt runoff season it was
agreed that the reservoir would be filled to elevation 1446 ft. during
the 1974 refill period, 2 ft. above the normal full pool elevation of
1444 ft,

The 1974 snowmelt runoff for the Columbia River Basin was above normal,
considerably higher than the 1973 runoff. The Arrow reservoir was main-
tained below the required flood control storage evacuation elevation of
1400,0 ft. until early May when it was operated to provide flood control
protection downstream in Canada and in the United States. Arrow reser-
voir was filled to elevation 1444 ft. by 15 July and reached the agreed
1974 full pool elevation of 1446 ft. four days later. At 31 July, the
Arrow Lakes were at 1445.9 ft., approximately 46 ft. higher than the
elevation at the same date in 1973. The 1974 volume inflow forecasts and
the Variable Refill Curve computations for Arrow are shown in Table 3.




DUNCAN RESERVOIR

Reservoir Evacuation Period. As indicated on Chart 7, Duncan reservoir
was also at a below-normal elevation on 1 August 1973 of 1874 ft. In
contrast with the normal operation of the reservoir during August, out-
flows of up to 10,000 cfs were required for downstream generation in the
United States resulting in storage draft during the month. Since high
discharges in the order of 20,000 cfs were also being made from Libby
reservoir, considerable spill occurred at the Kootenay River plants in
Canada.

Operating plans at that time indicated the high releases from both Duncan
and Libby would be continued until the reservoirs were empty. As a re-
sult of concern expressed by West Kootenay Power and Light Company that
its power supply could be in a critical situation during the winter and
early spring of 1974 should streamflows in the Kootenay River basin re-
main below normal, an agreement was made relating to the re-regulation
of the Kootenay River.

The agreement, dated 25 September 1973, between Bonneville Power Adminis-
tration, B.C. Hydro and Power Authority and West Kootenay Power and Light
Company, specified that the maximum discharge past the Kootenay River
plants would be no greater than 18,000 cfs. This modified operation of
Duncan and Libby reservoirs would cause an estimated 131,400 megawatt-
hours of head loss mainly at Grand Coulee, and it was agreed this amount
of energy would be delivered by West Kootenay Power and Light to the
United States Coordinated System as compensation. Any additional genera-
tion at the Kootenay River plants would accrue to West Kootenay and B.C.
Hydro. The agreement was terminated by Bonneville Power Administration on
30 October 1973 when it was determined that the head loss at Grand Coulee
had been fully compensated for after delivery of 72,864 megawatt-hours.
The above agreement was the first to be made in accordance with Article
XII(5) of the Columbia River Treaty.

Streamflows in the Kootenay River basin increased to well above critical
levels during late 1973 and extremely high local inflows to Kootenay Lake
occurred in mid-January 1974. Since this trend was common to the whole
Columbia River basin, Duncan was not drafted to its Variable Refill Curve
elevation of 1794 ft. during the period from January through April.
Storage drafts from Duncan and Libby were, for the most part, spilled
past Kootenay River plants from the end of January to the end of the
evacuation period. Drafting of the reservoir to about elevation 1811
ft., slightly above the flood control evacuation elevation of 1807.7 ft.
was completed by 3 March 1974.

Refill Period. The Duncan reservoir was maintained at approximately
elevation 1813 ft. until 3 May 1974, then outflows were restricted to
1000 cfs for flood control until 27 June, Discharges were then gradually
increased until 20 July when the reservoir reached the normal full pool
of 1892 ft., and this elevation was maintained through the remainder of
the month. Table 4 shows the 1974 volume inflow-forecasts and the
Variable Refill Curve computations for Duncan.




LIBBY RESERVOIR

Reservoir Evacuation Period. Lake Koocanusa also failed to fill in 1973
due to the Tow runoff volume experienced over the Columbia Basin. As
shown on Chart 8, the lake was at elevation 2412.0 ft. on 31 July 1973,
and a maximum elevation of 2415.3 ft. was attained on 16 August. With

the completion of a fish study downstream of Libby, the draft of the lake
for downstream power generation was initiated. Improved streamflow con-
ditions permitted Libby to store water during December, but the heavy
snowpack accumulated by 1 January made it necessary to continue draft

of Lake Koocanusa for flood control to its normal minimum 15 March ele-
vation of 2287 ft. During the rainfloods in the middle of January, the
Libby project outflow was reduced to near minimum to reduce flows into
Kootenay Lake and to assist in reducing flows inte Grand Coulee project
which had threatened the third powerhouse construction. Ouring February,
the Libby outflow was restricted to about 18,000 cfs to prevent inundation
of the Deep Creek bridge on a tributary near Bonners Ferry. Libby outflow
was further reduced during March to permit the continued drafting of
Kootenay Lake along its IJC rule curve. Lake Koocanusa was lowered to
elevation 2305 ft. by 19 March making about 4.7 million acre-feet of
storage space available. The rest of the storage (0.3 maf) was not drafted
because of the relatively high winter inflows from the areas in the
Kootenai basin below Libby project and requirements not to violate the
1938 IJC order for operation of Kootenay Lake.

Refill Period. Lake Koocanusa was maintained near elevation 2305 ft.
through April, and on 5 May the lake began filling as the outflow was
reduced for flood control. The outflow from Libby project was maintained
near 15,000 cfs until after the natural peak on the Kootenai was passed,
then the outflow was gradually increased to a maximum of 34,500 cfs on

30 June to reduce the rate of fill of the reservoir. The outflow was
reduced daily thereafter and was back to near 15,000 cfs by 6 July. On
25 July 1974, Lake Koocanusa reached the normal full pool elevation of
2459 ft. for the first time. Volume inflow forecasts and Variable Refill
Curve computations for Libby are shown on Table 5.

1V DOWNSTREAM EFFECTS OF STORAGE OPERATION
POWER

General, During the period covered by this report, the Treaty storage

was operated in accordance with the 1973-74 Detailed Operating Plan
designed to achieve optimum power generation downstream in the United
States of America. The Canadian Entitlement to downstream power benefits
for the 1973-74 operating year having been sold in 1964 to Columbia Storage
Power Exchange, 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 during the 1973-74
Operating Year.



The actual generation at downstream projects in the United States attri-
butable to Canadian Storage during the period 1 April 1973 through

31 March 1974 was 433 average megawatts at rates up to 801 megawatts.
These amounts are lower than the amounts provided in the Canadian En-
titlement Exchange Agreement and are due to the failure of Mica to fill
to the Treaty storage content of 7 million acre-feet. Subsequent to

31 March 1974 the energy amount increased to 759 average megawatts and
the maximum rate of generation increased to 1385 megawatts.

Chronology. Power operations for 1973-74 had the potential to be far more
critical than experienced during 1972-73. Below-normal precipitation
during the winter and spring of 1972-73 produced runoff in the Columbia
River that was one of the lowest since record keeping began in 1878 and
was the lowest since 1944. Actual runoff at The Dalles, Oregon, during
the January-July 1973 period was approximately 71 million acre-feet,
compared with median runoff at The Dalles for this period of approxi-
mately 106 million acre-feet. The extremely low runoff resulted in the
region's major reservoirs being about one-third below their full storage
capacity at the start of the storage-drawdown season in August 1973.

The storage deficit of approximately 15 million acre-feet is equivalent
to 15 billion kilowatt-hours of energy.

As streamflows continued below critical levels, the reservoir storage
deficiency on 1 September 1973 amounted to 7-1/2 percent of the firm
energy requirements of the region for the remainder of the 20-1/2-month
critical hydro period ending 30 April 1975. Studies showed that if
streamflows improved to "critical” levels and loads materialized as
projected, all reservoir storage would be depleted early in March 1974
and Bonneville Power Administration (BPA) would haye to curtail up to
30 percent of firm loads during March and April.

Many actions were taken to help alleviate the critical energy shortage
facing the region. Curtailment of direct service to interruptible in-
dustrial loads and utility secondary energy loads which began 1 October
1972, was continued. The industries obtained some replacement power from
other sources for part of their interruptible load and operated at a
drastically reduced level with attendant economic repercussions felt
throughout the region. The utilities operated their thermal plants in-
cluding high-cost gas turbines. Low sulphur fuel was in short supply
and some plants required extensive modification to meet air pollution
standards for stack emission. All energy surplus to the needs of British
Columbia, California and the Rocky Mountain utilities was purchased. In
August 1973, after receiving authority to purchase all available power,
BPA made its first purchases of energy during the 1973-74 operating

year. By early January 1974, when BPA was able to suspend power pur-
chases, more than 364 million kWh had been purchased at a cost of more
than $2.5 million.

To help offset the region's serious power deficits BPA and Northwest
utilities cooperated in a regionwide energy conservation program which
will continue indefinitely. Appeals were made directly to ultimate power



consumers and leadership, coordination, and assistance provided to all
BPA industrial and utility customers in carrying out programs to reduce
the use of electricity by all consumers. As a result, loads, after ad-
justment for temperature variations have been consistently below fore-
casts. Firm loads in the region during October were & percent less than
the estimate; close to two-thirds of the reduction was estimated to be
due to energy conservation efforts. In November energy conservation
accounted for nearly a 5 percent reduction in firm loads.

A dramatic change in the weather throughout the region began in early
November producing marked increases in streamflow. Together with sub-
stantial savings achieved through energy conservation programs the short-
term electric energy crisis in the Northwest was greatly alleviated. In
only 18 Novembers out of 96 years of record were natural streamflows at
The Dalles greater than November 1973, at one time reaching 300 percent

of median. The unpredictable rapid increase in streamflow brought some
reservoirs to spill levels. By 11 December 1973, for the first time since
October 1972, BPA began deliveries of secondary energy to utilities and
to direct service industrial customers.

From 31 December 1973 through 13 January 1974, the region experienced

a strong cold spell. Average temperatures at three major load centers
were 13 to 18 degrees below normal, and once again streamflows receded
much below median. Because the region's loads are wvery sensitive to
wintertime temperatures new records for power generation were set on the
Federal system despite the on-going energy conservation program. BPA
curtailed portions of the interruptible load through some peakload hours
during the cold spell. The cold spell broke suddenly on Sunday, 13 Janu-
ary 1974, It was followed by intense rains that caused millions of
dollars of damage from flooding in the region.

As a result of the high November and December precipitation, January snow
surveys indicated above-normal snowpack generally throughout the region.
The dramatic improvement in streamflow made it possible for the Northwest
to export power over the Pacific Northwest-Pacific Southwest Intertie
enabling California utilities to reduce their oil-fired generation. The
favorable load-resource condition continued through the balance of the
operating year and all power reservoirs were filled by 31 July, including
the total 15.5 million acre-feet of Canadian Treaty storage. In addition,
5.7 maf of dead storage was filled in Mica reservoir. Dead storage was
increased to 6.2 maf in August. During the period December 1973 through
July 1974, about 9.2 billion kilowatt-hours of surplus hydroelectric energy
was exported over the Pacific Northwest-Pacific Southwest Intertie to Pacific
Southwest utilities. These exports were generally limited to light load
hours because of a shortage of generating capacity in the Northwest.

Some curtailments of energy deliveries to BPA interruptible industrial
loads were also required over heavy load hours because of the shortage

of generating capacity.



FLOOD CONTROL

Lower Columbia River Regulation. Without regulation by upstream reser-
voirs, the 1974 high water season would have produced the largest April
through August runoff volume, (136 maf), and the second highest peak flow
of the century at The Dalles, Oregon. The computed unregulated peak dis-
charge at The Dalles was 1,010,000 cfs on 21 June; the actual observed
peak discharge was 590,000 cfs on 20 June. By comparison, the 1948 ob-
served peak discharge was 1,010,000 cfs and the computed unregulated 1972
peak discharge was 1,050,000 cfs. The 1948 and 1972 April through August
volumes were 123 maf and 129 maf, respectively. At Vancouver, Washington,
a key gaging station for evaluating flooding on the Lower Columbia River,
the maximum stage during the spring freshet was 21.1 ft. observed on
22-23 June instead of a computed unreqgulated stage of 30.6 ft. Bankfull
stage at Vancouver is 16 feet and major flood stage is 26 feet at this

gage.

Chart 12 shows the 1973-74 flows at The Dalles, both as observed and as
they would have been under unregulated conditions. These hydrographs
are shown compared with the summary hydrograph of observed flows at The
Dalles. Chart 13 shows the flow at The Dalles for the spring flood
period in 1974, On this chart the effects of regulation by Mica, Arrow,
Duncan, and Libby projects are separated from those of all other major
storage projects in the Columbia River Basin. The Treaty projects con-
tributed about 40 percent of the total storage volume for flood control
regulation for the lower Columbia River during the peak runoff month of
June 1974.

The flood control regulation of the lower Columbia River is significantly
affected by the operation of Grand Coulee project. Chart 11 shows the
regulation by Grand Coulee reservoir during the period July 1973-July 1974.
The actual peak inflow to Roosevelt Lake at Grand Coulee Dam was 311,000
cfs on 21 June 1974 when the outflow was 208,000 cfs. The computed un-
regulated peak inflow was 567,000 cfs on 26 June, at which time the actual
outflow was 272,000 cfs. Chart 14 documents the relative filling of Arrow
and Grand Coulee during the principal filling period and compares the
coordinated regulation of the two reservoirs to guidelines in the Flood
Control Operating Plan. The guideline shown on Chart 14 is based on rela-
tive space available on 31 May. The basis for the computation of initial
controlled flow of 510,000 cfs for the Columbia River at The Dalles,
Oregon, is shown on Table 6.

Local Regulation. Local flood control by individual reservoirs was very
significant in 1974, Unregulated discharges at Bonners Ferry, Idaho would
have caused stages substantially higher than 36 feet, the top of the
levees. The operation of Libby Reservoir reduced the Kootenai River flow
to a non-damaging maximum stage of 22 feet. Kootenai Flats area received
similar major flood control benefits from Libby project operation. The
operation of Libby reservoir on the Kootenai River combined with the oper-
ation of Duncan reservoir on the Duncan River reduced the peak stage of
Kootenay Lake by about 9.9 ft., as indicated on Chart 9.
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The operation of Mica and Arrow projects not only contributed significantly
to the reduction of flooding in the lower Columbia River, but effectively
controlled flooding on the Columbia River in Canada as well. As shown on
Chart 10 the peak discharge of the Columbia River at Birchbank, British
Columbia was 158,000 cfs which is well below the bankfull level as measured
at Trail, B.C. The computed unregulated flow at Birchbank would have

been 375,000 cfs on 26 June, exceeding the computed 1972 unregulated peak
and equalling the disastrous record flood peak of 1961.

V 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
diagrams or any variation which the Entities agree will not derogate from
the desired aim of the flood control plan. Annex A 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 Treaty provides that a Detailed Opera-
ting Plan may be developed to produce more advantageous results through
use of current estimates of loads and resources. The Protocol 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 Columbia River Treaty Flood Control Operating Plan
dated October 1972, both developed by special task forces, establish the
general criteria of operations.

The Assured Operating Plan dated 15 February 1969 established Operating
Rule Curves for Duncan, Arrow and Mica during the 1973-74 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, and simulated 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 Control Operating Plan.

The Detailed Operating Plan dated 14 September 1973 established Operating
Rule Curves based on power loads and resource data available just prior
to the operating year for use in actual operations. The Variable Refill
Curves and flood control requirements subsequent to 1 January 1974 were
determined on the basis of seasonal volume runoff forecasts during actual
operation.

11



POWER OPERATION

The Detailed Operating Plan dated 14 September 1973 was designed to
achieve optimum power generation downstream in the United States, con-
sistent 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 Pacific Northwest
Coordination Agreement dated September 1964. Optimum generation in the
United States was assured by the adoption, in the Assured and Detailed
Operating Plans, of criteria 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,
Flood Control Storage Reservation Curves and related criteria determined
in accordance with the Detailed Operating Plan.

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,
consistent with refill criteria, storage space sufficient to control the
maximum flood that may 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 Columbia River at The Dalles. Other operating rules and local
criteria were utilized to prepare day-to-day streamflow forecasts 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 Columbia River Forecasting Service for periods
of 30 to 45 days using both moderate and severe snowmelt sequences.

12
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The upstream end of the canal
Near the wpper

View of Kootenay Canal project construction as of May 1974.
ean be seen along the south bank of the Kootenay River in the background.
center of the picture is the central pool, and below that is the concrete-lined forebay and

The powerhouse tas adjacent to the upper end of the Brilliant

powerhouse intake structure.
pool, in the foregrownd.
B,0. Hydro and Power Authority Photograph
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TABLE 1

UNREGULATED RUNOFF VOLUME FORECASTS
MILLIONS OF ACRE-FEET

1974
UNREGULATED RUMOFF
COLUMBIA RIVER AT
DUNCAN ARROW MICA LIBBY THE DALLES, OREGON
Most Most Most Most Most
Forecast Probable Probable Probable Probable Probable
Date - 1 Apr - 1 Apr - 1 Apr - 1 Apr - 1 Jan -
Ist of: 31 Aug 31 Aug 31 Aug 31 Aug 31 Jul
January 2.18 22.2 11.5 8.17 123
February 2.20 23.0 11.8 9.09 133
March 2.20 24.3 12.2 9.05 140
April 2.34 24.6 12.4 8,39 148
May 2.37 24.8 12.5 8.96 149
June 2.33 24.3 12.3 8.87 147
Actual 2.27 25.9 12.3 9.10 156

Note: These data are as used in actual operations. Subsequent revisions have been made in some cases.
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ASSUMED FEB L1-JUL 31 IKFLOW, ESFD 2/ .
MIN, FEB 1-JUL 31 OUTFLOW, KS¥FD
MIE, JAR 11 RESERVOIR CONTERT, KEFD _.I'
MIK, JAN 1] REBERVOIR ELEV., FT. &/ . .
JAK 11 VARIABLE EMERCY CURVE. FT. 5/ + -

. .

ASHUHED MAR 1-JUL 31 IKFLOW, % OF VOLUME
ASEUMED MAR 1-JUL 11 INFLOW, KSFD 2/ . .
WIN. MAR 1-JUL 31 OUTFLOMW, KSFD} . . . .
HIN. FER & RESERVOIR CONTENT, KSFD 1/ .
MIK. FEB I8 RESERVOLR ELEV. FT. &/ . . .
FEN 28 VARLANLE ENEMGY CUHVE, WL, 5/ .

ASSUMED APMR 1-JUL 3L INFLOW, I OF YOLUME
ASEUMED APR 1-TU1. 31 INFLOW, KSFD 2f . .
MIN, AR 1-JUL 11 OUTFLOW, KEFU e
MIN. MAR 1] HESERVOIR CONTENT, ESFD 3/ .
MIN. MAR 31 RESERVOIR ELEV. FT. &/ .
MAR 11 VARIARLE EMERCY CIRVE, FT. 5/ .

ASRUMED MAY 1-JUL 11 INFLOW, I OF vOLUME
ASGUMED MAY I-00L 31 IRFLOW, ESFD I . .
MIN, HAY 1=-JUL 11 QUIFLOW, KEFD . . .« «
HIN. AFRL 30 HESERVOLH CONTENT, KSFD 3/ .
HIN. AFA 30 RESERVOIR ELEY. FT. & . . .
AFEL 10 WARTABIE ENESGY CURNE, FT. 3/ . .

AESUNED JUN 1=TJUL 31 INFLOW, X OF WOLUHE
AESUHED JUN 1-JuL 31 INFLOW, ESFD 3/ . .
HIN. JUN 1=-JUL 31 OUTFLOW, KSFD . . . .
MIN. MAY 31 ZEEERVOIH CONTENT, KSFI: 3f .
MIN. MAY i1 REEERVOIR ELEV. FT &/ . . .
MAY 31 VARIARLE ENERGY CURVE, FI. 5/ . .

ASSIMED JUL 1-31 INFLOW, I OF VOLIME . .
ASSUMED JUL 1-31 INFLOW, EHFD 37 . . .+ .
MIR, JOL 1=31 SHITFLOW, I.'B'P'n .
MIN. JUN 10 RESERVOIR CONTERT, KEFD y .
MIK. SUK 10 EESERVOIR ELEV. FI. 4/ . . .
JUN 30 VARIABLE WMEROY CURVE, FI. 3/ .

JUL 3] WARIAKLE ENKRCY CUMVE, FI. . . .

FORECAST COMPUTATION FORMS
I.-ﬂiE K LIKE 3.

CRE

£l

LinsEy
COMFIFTATION FORM
FERCENT CONFIDENCE FORECAST AR VARTARLE ENERGY CONTENT CIHVE

1974
PORBEAST DATE + & =+ + » THTTTAL JAK 1 FER 1
PO e TR T R e T T L e T Jlvi.z 3713.0
e = R NPl i S T L b B
A075.1
E R ST et R Tar Tar S AL T X 3n2.0
B e R SRF i e 22870
PSR T St T THE S i S T T T T W T ZZRT.0
230d.0
R R Fh. 17 9714
TR T T T o e I O e 29487.3 J606.8
P e T L G g S P e M U 060 100
e e e e e e e e ] o
22870 2287.0
R S T T SR P T i T TR T 22a1.0 22870
3900
E N T P S e A ®0.79 53,66
TR § PO A SR R L A A 2EED.U 8706
& E a e B R e B R E Iud,0 T44,0
R T R T T T E e R R S (1] ]
PR e e L el L LA A 2287.0 i287.0
4 F EwlE o oehE e Eoelw e e 2267.0 XIRT.O
23500
4 BAIEIECA BT 4 BoEETEE Hl.71 B+.29
A i A R R T A R R O W) 45920 Juis. ¥
W Rk E A A el LH&_ O 18L.0
P T T N i T o S A 5.0 o
S E R L = E A 1 S By 20991 22870
99,2 T84
4032
s b Eomy e e s s w s » 275 Shohl
R T T R P S G PR 1673.1 2020 &
biow e w b e ek e e e 1¥3.0 112.0
. i L TRT BTN E e S o Y 5L, 7 Gl s
R e T S e e T e 27,2 2350, 5
R T S R S S R S R S ] 23772 2350.5
1627,1
L N g E8.97 19.57
R T T T R L A S f0l.8 Th. 6
b T e e R A B2.0 62.0
R S P R Ll I963.2 LAJA. &
T e o T R ST SR T435.2 2429.0
R R I TR o R T T I R N 25315.2 25390
2551.6
T I T St T N T B e N T O T 2455.0 Al 590

ENT (2503 KSFD) PLUS PRUCKDING LINE LESS LIKE PRECEDING THAT.

FROM RESERVOTH ELEVATION - STORAGE COWTENT TABLE DATED MARCH 17, 1972,

Al
3/ LOWER OF ELEV.

O PRECEDIHC LIKE Of ELEN. DETERMIHED PRIGR TO YEAR,

20

HAR 1

3632.0

T3t 5
T349.5

20.15
131.8
&2.0
LE1a. 2
2428.8
FEFLI]

24590

TABLE 5

AFR 1

1163.2

30,00
4948
184.0

1287 .0
L2UT.0

HAY 1

1190.2

B, 56
d1d4, 2
121.0
0. 8
I3al.6
I¥l.6

231.23
Thé.n
G2.0
LBl b
2427.2
2627.2

2455.0

JUME L

145



TABLE 6

COMPUTATION OF INITIAL CONTROLLED FLOW
COLUMBIA RIVER AT THE DALLES, OREGON
1 MAY 1974

1 April Forecast of May - August Unregulated Runoff Volume, MAF
Less Estimated Depletions, MAF
Less Upstream Storage Corrections, MAF
Mica
Arrow
Duncan
Libby
Hungry Horse
Flathead Lake
Noxon
Pend Oreille Lake
Grand Coulee
Brownlee
Dworshak
John Day

TOTAL

[ S ]

] o

[#5]
fwiry
w

Forecast of Adjusted Residual Runoff Volume, MAF

Computed Initial Controlled Flow (From Chart 1, of
Interim Flood Control Plan), KCFS

2l

31.9

78.6

510.0



COLUMBIA RIVER BASIN

OCTOBER |9T73 - APRIL 1974 PRECIPITATION
PERCENT OF |958-T73 AVERAGE
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CHART 5
MICA
REGULATION OF MICA

1 JULY 197331 JULY 1974

-
-
[=]

—
2]
[~=]

100 T 1
[——— PROJECT INFLOW

==== PROJECT OUTFLOW
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‘“ REREEL
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FLOW—THOUSANDS OF CUBIC FEET PER SECOND

ELEVATION—FEET ABOVYE M.5.L.
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2500 , | | | I T T
| ! L ~NORMAL FULL POOL ELEV, 2475.0 10.0
2450 ' - i 190
-8.0
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2400 DB5ERVED ELEVATION 1
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FEET PER SECON
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CHART &

ARROW

REGULATION OF ARROW
1 JULY 197331 JULY 1974

e

™

== == PROJECT OUTFLOW

— PROJECT INFLOW
F— UNREGULATED INFLOW
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B il il
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U.0,F, AND NRE BASED N A FULL PODL EL, ¥ 7
UF 1443 5 F1. A NEW CAPACITY TABLE \
CAME INTD EFFECT OW 1 APRIL 1HT4 AND H
MORMAL FULL POOL WAS CHANGED 1D ﬂ-/

EL, vaas. D FT,

T T

f/ f'qif
- 4

NORMAL I.!D'Ih‘ POOL ELEY IJJ'I.IJ"
l l |

Jury

AUG  SEPT ocr
1973

HOY  DEC JAN FEB MAR APR  MAY JUNE
1974

27

JULY

STORAGE—MILLION SECOND-FOOT DAYS



SAVA LOO4 ANOJ3S NOITIW-3DVIO0LS

CHART 7
DUNCAN
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REGULATION OF DUNCAN
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ELEVATION—FEET ABOVE M.5.L.
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REGULATION OF LIBBY
JULY 1973-31 JULY 1974

CHART 8
LIBBY
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FLOW — THOUSANDS OF CUBIC FEET PER SECOND

ELEVATION — FEET ABOVE M.S.L.
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REGULATION OF KOOTENAY LAKE
1 JULY 1973 — 31 JULY 1974
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FLOW — THOUSANDS OF CUBIC FEET PER SECOND
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COLUMBIA RIVER AT BIRCHBANK

1 JULY 1973 — 31 JULY 1974
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FLOW-THOUSANDS OF CUBIC FEET PER SECOND

ELEVATIOM—FEET ABOVE M.5.L.
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REGULATION OF GRAND COULEE
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FLOW-THOUSAMNDS OF CUBIC FEET PER SECOND

CHART 13

THE DALLES
COLUMEBIA RIVER AT THE DALLES
1 APRIL 1974 — 31 JULY 1974
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NOTES:
I. OBSERVED FLOWS BASED ON ACOUSTIC VELOCITY METER.
2. UNREGULATED FLOWS BASED OMN THE FOLLOWING:
100 o. ADJUSTMENTS FOR EFFECTS OF RESERVOIR OPERATION,
b. ADJUSTMEMNTS FOR PRINCIPAL IRRIGATION DIVERSIOMNS.
¢. ADJUSTMENTS TO REFLECT PROJECT FREE FLOW THROUGH
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GRAND COULEE RESERVOIR (F.D.R. LAKE) ELEVATION-.FEET ABOVE M.S.L.

CHART 14
ARROW AND
GRAND COULEE
RELATIVE FILLING
ARROW AND GRAND COULEE
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The following documents governed the operation of the Columbia Treaty
Projects during the period 1 August 1973 through 31 July 1974:

1. "Principles and Procedures for the Preparation and
Use of Hydroelectric Operating Plans for Canadian
Treaty Storage", dated 25 July 1967.

2. "Columbia River Treaty Hydroelectric Operating Plans
for Canadian Storage, Operating Years 1969-70 through
1974-75", dated 15 February 1969.

3. "Columbia River Treaty Detailed Operating Plan for
Canadian Storage, 1 July 1973 through 31 July 1974",
dated 14 August 1974, i#ﬂm¥ﬁ'qu Y

4, "Columbia River Treaty Flood Control Operating Plan",
dated 12 November 1968.

5. "Program for Initial Filling of Mica Reservoir",
dated 26 July 1967.
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