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A. AUTIIlRITY 

REPORT ON 
OPERATION OF COLUK!IA RIVER TREATY PROJECTS 

1 AUGUST 1973 THROUGH 3} JULY 1974 

I UTRODOCTION 

Oljncan, Arrow, .nd Mica reseryolrs in Canada and Libby reservoir in the 
Uni ted States of America were constructed under the provisions of the 
COllnbh RIYer Treaty of Janljary 196). The Treaty requires that the reser­
Yoirs be operated for the purpose of increasing hydroelectric power genera­
tion Bnd flood con trol in the United States of America and In Canada. In 
1964, the C.n.dlan and United St.tes govemm£!nts each designated an 
Entity to fonnulate and carry out the ope rating arrangements necessary 
to implenent the Treaty. The Can.dlan Entity Is British Columbia Hydro 
.nd Power Aljthorlty, the United SUtes Entity is the Adninl$trator. 
Bonneyille Power Alhinistration and the Division Engineer. North PiClfic 
Division. Corps of Engineers. 

The COllII!tia River Treaty Ope rat ing COImIittee, established In September 
1968 by the Entities. Is responsible for preparing and Imp lementing 
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 I August 1973 
through 31 July 1974., incl ud i ng the ~jor effects downstrea~ in Canada 
and in the United States of A-erica. 

B. OPERATING PROCE~URE 

Throughout the period covered by this report, storage operations were 
implemented by the Ope rat i ng COmmittee In accordance with the Det.lled 
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 stor.ge content was normally detennined by 
the Operating Connittee on a weekly bnh. froll 29 April through 24 July , 
during the 1974 flood Control Refill Period, project outflows were deter­
rained on a daily basis. 

II WEATHER AND STREAMFLDW 

A. WEATHER 

The abnonaally dry weather that was establiShed ea rly In 1913 continued 
through August , but numerous stonns during the latter half of Septecmer 
began to IlIIproye the .,isture supply and al!ove-Iyerage October precfpi­
tat fon brought .n end to the drought OYer much of the basin. November 
1973 was one of the wettest in history for the Columbia Basin with nost 



stations I!xcl!eding their mnlmum of record precipitation tot<Ils. Some 
Cascade Rangl! snow coursl!S h<Id I!Mceeded their nonnal 1 April water con · 
tl!nt by the end of November. Wet wl!ather continued ove r the CollMnbla 
Basin through April, with the result that pre{;ipitatfon throughout the 
snow accumul~tlon sea son was significantly above no~l. Chart I shows 
the geographical distribution of the acclMl1llatl!d October through Aprtl 
pre{;ipltation over the I!ntfre Columbia River Basin exp ressed as per· 
centage of the 1958·1973 average. As shown, most of the basin with 
eMceptlon of southern Idaho and a small area In Canada had more than 
1Z0 percent of the lS·year average and the central portion of the basin 
had more than 150 percent. Chart Z depicts the sequence of precipitatfon 
and temperatures tllat occurred throughout the winter, as measured by 
IndeM stations in the basin. 

Snow accumulation IS of the 1st of April was well above normal with 
numerous snow courses throughout the Colwnbia Bastn showi ng the greatest 
water content of record. Even low ele vation courses were above nonnal, 
despite warmer·than·normal teq)eratures that occurred during the last 
half of HoJrch. COnsiderable addition., snow fell .t higher elevations 
during early April, Increasing the runoff potential. Signifi cant runoff 
was delayed by below·normal tetllperatures in Hay, so that by 1 June , snow 
water content at .. ny snow courses eMceeded those of 197Z, a very high 
runoff year. June t~eratures averaged above nonnal, with a sequence 
of much·above normal t~eratures being eMperienced in mid·June. The 
pattern of telJ'4lerature and precip itation throughout the March·July season 
15 shown on Charts 3 and 4. Chart 3 applies to the Cohmbia River Basin 
above The Oalles, Oregon , and Chart 4 applies to the upper Colllllbia and 
Kootenay River Basins in Canada. Since the ~or portion of the runoff 
which occurs during this season i s produced ~ snowme lt, the temperatures 
shown .re of special si gni fi cance to sys tem reservoir regulation in that 
they largely influence the pattern of streamflow. 

B. STREAMflOW 

The well·below nonna l stnea~flows that were expe r ienced du ring the 
1972·73 operating year continued Into August and SepteMber throughOut 
the Colurrb ia River Buln. River flow be~n Increasing in October, and 
In NoVl!flber .bove aver'ge streallflow w.s eMperlenced in the basin. The 
trend of .verage to above average ~ tneamflow continued through out the 
winter, and by 1 April 1974 the total unregulated runoff at The Da ll es 
since October 1973 was about 140 percent of aver.ge. 

An Intense rainstom during lZ·16 January caused the Pend Oreil l e , 
Kootenay, and Spohne River streamflow to rise to record leve ls for the 
winter season. The Inflow into Grand Coulee rose sharply and threa t ened 
to cause flooding of the third powerhouse construction area. Upstream 
reservoi rs s tored water during this period and helped to prevent a lllajor 
set back In construction progress. Widespread flooding occu rred through· 
out the United States portion of the basin, and at Vancouver, Washington, 
the coriJined flow of the Willulttte and Coh.mbh Rivers produced. stage 
of Z3.Z feet, the IIIxl_ s tage for the year. 
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Streamflow during the spring-summer snowmelt period was well above normal, 
and at many stre~m gaging stations record high flows were recorded. A 
pronounced rise in streamflow was delayed by cool weather until 10 June 
when ~ sequence of high t~r~tures throughout the basin resulted In 
eKtremely rapid runoff. toIaxlmum mean daily inflows of the se~son were 
128,000 cfs 0f1 23 June for Mica, 22 ,000 cfs on 24 June for Ouncan, and 
Ill,OOO tfs 0f1 Ig June for libby. 

The natural streamflow patterns for the year are shown on the inflow 
hydrographs for the Trea ty Reservoirs, Charts 5, 6, 7, and S. Observed 
and computed unregulated hydrographs for ~ootenay Lake and Columbia River 
at SIrchbank , Grand Coulee Dam and The Dalles are shown on Charts g, 10 , 
11, and 12. 

C. SEASONAL RUNO FF VOlUMES 

Volume of runoff during the snowmelt season, as well as the variation 
with time, 15 of great importance because the reservoir regulation plans 
are determined in part by the expected runoff volume. Runoff volume 
forecasts . based 0f1 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 ColurrtJia 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 
volOOlE's for these five locations. 

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

STREAM AND LOCATION 

Libby Reservoir Inflow 
Duncan Reservoir Inflow 
Columbia River at Mica Dam 
Arrow Reservoir Inflow 
Columbia River at Sirchbank 
Grand Coulee (FOR) Reservoir Inflow 
Snake River near Clarkston 
Columbia River at The Dalles 

THOUSANDS OF 
ACRE-FEET 

9,100 
2,270 

12 ,300 
25,900 
51 ,100 
81 ,300 
36,500 

134,200 

PERCENT OF 
1958-73 AVERAGE 

129 
104 
101 
lOB 
118 
12' 
IS. 
136 

Comp~rison of the above tabulation with the seasonal precipitation map 
on Chart 1 reveals the general re lationship between snow-accumulation 
season precipitation and snowmelt season runoff when expressed in percent 
of average. 
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III RESERVOIR OPERATION 

A. MICA RESERVOIR 

Chart 5 , Mica reservoir 

~~~::'l'~~'l 31 July 1973 and it <h, ;;;i,;'~_e . on 16 August. Because 
of the much below-nonn~l elev~tlon of reservoir through the late 
summer and fall of 1973, Mica discharges were kept at the ma~imum possi­
ble with the 3 low level outlets fully open. 

By late November the storage b~lance between the Arrow and Mic~ reser­
voirs Indic~ted th~t, with reference to the Second Critic~l Rule Curves 
for 1973-74, Mica discharges should be reduced to the 1000 cfs minimum. 
The minimum discharges continued throughout the storage dr~wdown period 
with the exception of seven days in January 1974 when disch~rges of 
approximately 9000 cfs were made to ~ lleviate Mica powerhouse construc­
tion problems. The I January Varl~ble Refill Curves indicated 31 Janu­
ary 1974 elevations of 2074.9 ft. for Mica and 137B.0 ft. for Arrow. 
Since Arrow reservoir was lniIintained appl"O~imately IS to 20 feet above 
its Variable Refill Curve for the remai nder of the storage evacuation 
period, Mica discharges were kept at minimum levels to maintain 
McNaughton Lake elevations ~bove the V~riable Refill Curve in accordance 
with the "Progr~m for Initial Filling of Mica Reservoir". The minimum 
e 1 ev~t Ion reached duri ng the s tor~ge evacuat ion period was 2157 .4 ft. 
on 30 November. 

Because of the above-nonn~l snowmelt runoff in the 
Basin in 1974, it was possible to maintain Mica dis-

1000 cfs completely throughout the refill period to 
31 July. At the end of the 1973 refill period no dead stora9l!' had been 
accumulated in McNaU9hton Lake except for 510.3 ksfd (1.01 maf) accumu-
lated by means of thenn~l energy deliveries from B.C. Hydro to the United 
States Coordinated Systelll . 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 ~pproximately 2329 ksfd (4.6 maf) being obtained from water surplus 
to United States power requirements du ring the 1974 refill period. 
Approximately 261 !tsfd ( .S2 mot£) of dead storage content was obtained 
from tr~nsfer of 132 ksfd of B.C. Hydro storage in Arrow reservoir to 
McNau9hton Lake which h~d been retained in Arrow reservoir durin9 the 
spring of 1974, ~nd by allocation of an additional 129 ksfd (.256 maf) to 
dead sto rage in accordance with ~n agreement between Bonneville Power Ad­
ministration and B.C. Hydro dated 18 Hay 1972. This 261 ksfd was credited 
to Mi ca dead storage during the period from 31 July to 7 AU9ust 1974 . In 
addition, appro~imately 22 ksfd of de~d storage was obtained from 4720 
megawatt-hours (mwh) of thenmal ener gy delivered i n January and from 15,000 
M1 delivered in late July to the United States Coordinated System. The 
McNaughton Lake elevation on 31 July w~s 2397.8 ft. and the maximum elevation 
reached during the 1974 refill period was 2409. 1 ft. on 25 August. The 1974 
volin! inf low forecasts and the Variable Refill Curve computations for Mica 
are shown in Table 2. 
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B. ARROW RESERVOIR 

As indicated on Cha r t 6 , Arrow reservoir 
on 1 August 1973, 44 ft . below the nonnal full 

pool elevat ion of 1444 f t. The low water level in the Arrow lakes was a 
result of t he below-nonnal runoff experienced the previous year, and of 
the limi ted discharge capacity available at Mica dur in9 Its initial ope ra­
tion. The 1973 snowmel t runoff for the Lower Columbia was t he lowest since 
1944, creat ln9 a cri t ical power situation in the United States tha t required 
large storage dra ft s from Canadian Treaty reservoirs dur ing the sUlTJIII! r 
mon ths. 

Oischal'13es in excess of 90,000 cfs were required from the Arrow reser­
VOir be tween 22 July and 13 August and by 30 Septembe r the reservoir was 
at elevatioo 1380.7 ft. Low ele va tions during t he surrrner months created 
problems for na vi9atlon on t he lake and adversely affected recreational 
use of the reservoir. The reservoi r remained at approxi~tely 1381 ft. 
f rom la te September to early November, and by 4 November was below i t s 
31 October and 30 November Second Critical Rule Curve elevations . Howeve r, 
by mid-November the crit ical water supply situation In the Uni t ed States 
had eased and Arrow storage f illed 15 ft. du r ln9 the roonth. MaxllTUm dis ­
charges were continued from Mica for most of the roonth of November, but 
only minimum discharges were required from Ar row reservoir for downstream 
generatlon in the United States. 

The reservoir was maintained between elevations 1395 and 1400 ft. fo r 
the remainder of the winter months until late Harch when it was draf ted 
to 1394 ft. prior to the start of t he spring freshet. 

During February and March, S.c. Hydro delivered thennal energy to the 
~ited States Coordinated System in lieu of water releases from Canadian 
Treat y storage. Since Mica was discharging minimum release at the time, 
the addi tiona I s tor~ge was retal ned in Arrow reservoi r. Thi s storage. 
totalling 99 .0 ksfd (0.196 maf), plus additional st orage of 33.0 ksfd 
(0.066 maf ) of wate r s~ rp lus to United States power requi rements , w~s 
retained as B.C. Hydro storage In "rrow for subsequent tr~nsfer to 
McNaughton lake as dead storage . 

Refill Period. With the 132 ~sfd (0.262 maf) of B.C. Hydro storage re­
tained In Arrow ~servolr pri or to the snowmel t runoff season i t was 
ag~ed that the reservoir would be f illed to elevation 1446 ft. du r ing 
the 1974 ~flll period, 2 f t . above the normal full pool elevation of 
1444 ft. 

The 1974 snowmelt runoff for the Col umbia Ri ver Basin was above normal, 
considerably higher than t he 1973 runoff. The Arrow reservoi r w~ s main ­
tained below the required flood control sto r~ge evacuat ion elevation of 
1400 .0 ft. unti l early ~ when i t was operated to provide flood control 
protection downstream in Canada and in the United States. Arrow reser­
voir was f illed to elevation 1444 ft . by 15 July and reached the agreed 
1974 f~ll pool elevatloo of 1446 ft . four days later. At 31 July, the 
Arrow lakes ~re at 1445.9 ft . , approximately 46 ft . higher th~n t he 
e levati on at the same da t e In 1973 . The 1974 vol ume i nfl ow forecas t s and 
the Vari able Refill Curve computat ions for Arrow are shown in Table 3. 
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C. DUNCAN RESERVOIR 

As indicated on Chart 7, Duncan reservoir 
~~~;:;;;::~,o: on 1 AU9ust 1973 of 1874 ft. In 

tontrast ~~ on of the reservoir during AU9ust, out-
flows of up to required for downstream generation in the 
United States ·~:;:::j;i in storage draft during the rronth. Sillce high 
diStharges in the of 20,000 tfs were also befllg made from Libby 
reservoir , considerable spill octurred at the Kootellay River plants in 
Canada. 

Operating plans at thot time inditated the high releases from both OUllcan 
and Libby would be continued until the reservoirs were e~ty. As a re­
sult of con tern expressed by ~est Kootellay Power and Light COmpany that 
its power supply could be in a critical situation during the wi liter and 
early spring of 1974 shoul d streamf lows in the Kootellay River basill 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 
Co~any , specified that the maximum discharge past the Kootenay River 
plants would be no greater than IB ,DOD cfs. This modified operation of 
Duncan and Libby reservoirs would cause an estimated 131,400 megawatt­
hours of head loss O'I/Iinly at GNnd Coulee, and it was agreed this amount 
of energy wtluld be delivered by West Kootenay Power and Light to the 
United States Coordinated System as compensation. Any additional genera­
tion at t.he Ktltltenay 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 ltlss at Grand Coulee 
had been fully compensated for after delivery of 72,B64 megawatt-hours. 
The above agreement was the first to be made in accordance with Article 
XII(S) of the Columbia River Treaty. 

Streamflows in the Kootenay River basin Illcreased to well above tritical 
levels during late 1973 and extremely high local inflows to Kootenay Lake 
occurred in mid-January 1974. Since this trend was conmon to the whole 
Columbia River basin , Duncan was not drafted to its Variable Refill Curve 
elevation of 1794 ft. during the period from January t~rough 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 
evatuation period. Drafting of the reservoir to about elevation 1811 
ft., slightly above the flood tontrol evatuation elevation of 1807.7 ft. 
was completed by 3 Marth 1974. 

The Duncan reserVOir was maintained at approximately 
ft. until 3 Hay 1974, then outflows were restricted to 
ClOd control until 27 June. Discharges were then gradually 
20 July when the reservoir reached the normal full pool 

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. 
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D. LIBBY RESERVOIR 

Lake Koocanusa also failed to fill in 1973 
experienced over the Columbia Basin. As 

lake ~as at elevation 2412.0 ft. on 31 July 1973 , 
a of 2415.3 ft. ~as attained on 16 AU9ust . With 

study do~nstream of Libby, the dr af t of the la~e 
po~er generation was initiated. Improved streamflow con­

ditions permitted Libby to store water du r ing December. but the heavy 
snowpack accumulated by I January made it necessary to continue draft 
of Lake KOOC<1nusa for flood control t o its nonnal minillllm 15 March ele­
vation of 22B7 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 <1551st in reducin9 flows into Grand Coulee project 
which had threatened the third powerhouse construction. During 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 pennit the continued drafting of 
Kootenay Lake a10n9 its IJC rule cu rve. Lake Koocanusa was lowered to 
elevation 2305 ft. by 19 March maUng 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 ope ra tion 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 cont rol. The outflow from Libby project was main t ained 
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 
3D June to reduce t he 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. 

A. POWER 

IV ooW1'lSTREAM EFFECTS OF STORAGE OPERATION 

During the period covered by this report, the Treaty storage 
in accordance with the 1973-74 Oetailed Operating Plan 

to achieve optimum power generation downstream in the United 
The Canadian Entitlement to downstream power benefits 

ope rating year having been sold in 1964 to Coll,ll1bia Storage 
P~;:;I:,~:::'I:';h:d::':l:iyeries of power <1nd enerQY specified under the Canadian 
~I Ag reements <1nd att r ibutable to Arrow, Ouncan and Mica 
under the proyis of these agreements were made dYrin9 the 1973-74 
Operating Year. 
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The .ctu<lol generation at downstream projects in the United States attri· 
~uta~le to Canadian Sto rage during the period 1 April 1973 through 
31 ~rch 1974 wu 433 average megawatts at rates up to 801 megawatts. 
These amounts Ire lower than the lImOunts provided In the Can.dlan En· 
titlement Exchange Agreement and .re due to the fallure of Miu to fill 
to the Treaty storage content of 7 III 1110n <Iocre·feet. Subsequent to 
31 ~rch 1974 the energy amount Incre.sed to 759 aver.ge meg.watts <Iond 
the maximum rate of generation Increased to 1385 meg.watts. 

Chronology. Power operations for 1973·74 had the potential to be far more 
critic.' than experienced during 1972·73. Below·oonrlal precipitation 
during the winter and spri ng of 1972·73 produced runoff in the Columbia 
River that was one of the lowest since ~ord keepln9 began in 1878 and 
was the lowest since 1944. Actu.l runoff at The Dalles, Oregon, during 
the January·July 1973 peri od was approximately 71 ml1llon acre-feet, 
cOqlared with IIII!dllln runoff at The !MIles for this period of approxi­
mately 106 million acre- feet. The extremely low runoff resulted in the 
region 's major reservoirs being a~out one-third below their full storage 
c.paclly at the sta rt of the storage-drawdown season In August 1973. 
The storage deficit Of .pproxl~tely 15 nl ll ion acre-feet is equivalent 
to 15 billion kilowatt-hours of energy. 

As streamflows continued below crit ical levels, the reservoir storage 
deficiency on I September 1973 amounted to 7-1/2 percent of the firm 
energy requirements of the region for the remainder of the 20·1I 2-month 
c riti cal hydro period ending 30 April 1975. Studies showed that if 
streamflows Improved to ·crltlcal" levels and loads materjaliled as 
projected, all reservol r storage would be depleted early in March 1974 
and Bonneville Power Administration (OPA) would have to curtail up to 
30 percent of fin'! loads during March and April. 

Hany actions were taken to help alleviate the cr i ti cal energy short.ge 
f. clng the region. Cu rtailment of di rect service to interruptible In­
dustrial loadS and utility secondary energy lo.ds which began 1 October 
1972, w.s continued. The Industries obt.ined some replacement power from 
other sources for part of their Interrupti~ l e lo.d and operated at a 
drastlClllly reduced level with .ttendant econOilic repercussions felt 
throughout the region. The utilities ope rated their thermal plllnts In­
cl uding high-cost gas turbines. low sulphur fuel w.s in short supply 
and some plants required extensive modification to meet air pollution 
stllndards for stack emission. Al1 energy surplus to the needs of Srltlsh 
Co lunmla, Cal1forni. and tne Rocky Itluntain utilities was purchllSed. In 
August 1973. after receiving authority to purchase all avail.ble power, 
8PA IIIlIde Its first purch.ses of energy durin9 the 1973 -74 operating 
year. 8y early J.nuary 1974, when SPA was a~le to suspend power pur­
chases, more th.n 364 1f1I1110n kWh had been purchued at a co~t of IIIOre 
than $2.5 million. 

To help offset the re910n's serious power defi Cits SPA and Northwest 
utilities cooper.ted In a reglonwlde energy conservation program which 
will conti nue Indefinitely. Appeals were lllllde directly to ulUNte power 
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consumers and leadersh i p, coordination, and Issist.nce provided to all 
SPA i ndustrial lind utility customers in carrying out program to ~dLlCe 
the use of electricity by an consumers. As a n!s ult , loads, after ad­
justment for temperature vniations have been consiStently below fOn!­
casts. Firm loa ds in the region during October were S percent less than 
the estimate; close to two-thirds of the n!duction was estimated to be 
due to energy consenration efforts. In Novent>er energy conservation 
accounted (or nea r ly a 5 percent reduction in (inn lo.ds. 

A drmatlc change in the weather throughout the region began in early 
HoveMber producing ~rked increases in streamflow. Together with sub­
stllntial savings achieved through energy consenration progriIIJIS the short­
term electric energy crhis In the Northwest was greatly alleviated. In 
only 18 Novembers out of 96 years of record were natural streamfl ows at 
The Dalles greater than November 1973 , at one time reaching 300 percent 
of medilln. The unpredictable r.pid Increase in streamflow brought some 
reservo irs to spill levels. By 11 December 1973, for the first time since 
October 197Z , BPA beglln deliveries of secondary energy to utilities and 
to direct service industri.l customers. 

F~ 31 December 1973 through 13 J.nuary 1974, the n!glon e~perienced 
a s tron9 cold spell. Average temperatures at three Ir\iIjor load centers 
wen! 13 to 18 de9n!es below nomal, and once a9ain streamflows receded 
II'l.Ich below median. Because the regioo's loads are very sensitive to 
wintertime temperatures new records for power generatlan were set an the 
Federal system despite the on -gaing energy canservatian program. BPA 
curtailed portions af the interruptible laad through some peaklaad hours 
during the cold spell. The cald spell broke suddenly on Sunday , }3 Janu­
ary 1974. It was followed by intense r.ins that caused .11lions of 
dolhrs a( damage fr'Oll flooding In the region. 

As a result af the high Mavereer and December precipltatian, January snow 
su rveys i ndi cated above-nonna l snowp~ct generally throughaut the region. 
The dramatic I~rovement In streamflow m;Jde it passlble for the Northwest 
to e~port power over the Pacific Northwest-Pacific Southwest Intertle 
enablin9 Cali farnia utilities ta reduce their ail- fired generation. The 
favorable loo d-resource candlt l an cantinued through the balance of the 
aperating year and all power reservalrs were fll1ed by 31 July, including 
the total 15.5 1II111lon ~cre-feet af Canlldhn Treaty starage. in addltian, 
S.7 llaf of dead storage WIS filled In Hica I"@servotr. Dud stonge wu 
increased to 6.Z ~f in August. Ouring the period Dec~er 1973 throu9h 
July 1974 , about 9.2 bililan kilowatt-haurs af surplus hYdroelectric energy 
was exported aver the Pacific Horthwest-P~ciflc Southwest Intertie to Pacific 
Southwest utilities. These exports were general1y limited ta light laad 
haurs because of a shortage of generating capacity In the Narthwest. 
Same curtailments of energy deliveries ta SPA interruptible industrial 
loadS were alsa required ayer heavy laad hours because of the shortage 
of generating Clpaci~. 
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B. flOOD CONTROl 

" key 1I"lIinll st"tlon for 
the maxl~m stage during the 
22-23 J une instead of a computed 
stage at V~ncouver is 16 feet 
gage. 

,'.~,:,~~:",.re~gulation by upstre(llll reser­
produced the largest April 
the second highest peak flow 

',,:':coqluted unregulated peak dh-
21 June; the "ctual observed 

J"", cOlllPlrlson, the )948 ob-
computed unregulated 1972 
1972 April through August 
At VanCOUYer, Washington, 

the lower Coll.A"TtJia River, 
21.1 ft. observed on 

'~:::,Of 30.6 ft. Bankfull 
! Is 26 feet (It this 

Chart It' sh~ the 1973-74 flows at The D.J.lIes, both as Obse rved and as 
they would h"ve been under unregulated conditions. These hydrogra~s 
are shown cOlllplred with the SlJllllltry hydrograph of obseryed fl~ 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. 
Dunc"n , and libby projects are separated from those of all other major 
sto rage projects In t he Coll.nbh River Basin. The Treaty projects con­
tributed about 40 percent of the total storage volume for flood control 
regulltion for the lower Columbia River during the peak runoff month of 
June 1974. 

The flood control regulation of the lower Coli.dia River Is s ignifi cantly 
dfl!i:ted by the operation of Grand Coulee proj ect. Cha rt 11 shows the 
regulation by Grand Coulee reservoi r during the period July 1973-J uly ,974. 
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 ch. The computed un­
regulated peak Inflow was 567,000 cfs on 26 June, at which time the actual 
outflow wu 272,000 ch. Chart 14 documents the relative filling of Arrow 
and Grand Coulee during the principal fl1ling periOd and co""ares the 
coordinated regulltion of the two reservoirs to guidelines in the FlOOd 
Control Operating Phn. Ttl!! guldel1ne shown on Chtrt 14 Is based on rela­
tive spice IYlllable on 31 May. The basis for the computation of Initia l 
controlled flow of 510.000 cfs for the Colunilia River It The D.J.lIes, 
Oregon. Is shoW') on Table 6. 

Local ReQulaticm. loctl flood control by individual reservoirs was very 
significant in 1974. unregulated disch.!H'\les at Bonl'll!rs Ferry . Idaho would 
haye caused stases substantially higher than 36 feet, the top of the 
levees. The operation of libby Reservoir reduced the Kootenai River flow 
to a non-damaging maxi~m st~ge of t'2 feet. Kootenl ' Fhts area received 
similar IIIljor flood control benefits from Libby project ope ration. The 
operation of Libby reservoir on the Kootenai River cori:llned with the oper­
ation of Duncan reservoir on the Duncan River reduced the peak stage of 
Kootenlly Lake by about 9.9 ft.. as Indicated on Chart 9. 
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The operation of Hica and Arrow projects not only cont r ib uted signi f icantly 
to the reduction of flooding in the lower Col~bia Riyer, but effectively 
controlled fl ooding on the Columbia Riyer in Canada as well. As shown on 
Cha rt 10 the peak discharge of the Columbia RiYer at Sirchbank, Br i ti Sh 
Coh ... bh was 158 ,000 cfs which is well below the b~nkfull level as measu red 
at Trail , B.C. The computed unregulated flow at Bi rchbank would hdve 
been 375,000 cfs on 26 June, exceeding the computed 1972 unregulated peak 
and equalling t he disastrous record flood pea k of 1961. 

V OPERATING CRITERIA 

A. GENERAL 

The CollXJlbia Ri yer Treaty requires that the reservoi rs constructed in 
Canada be operated pursuant to flood control and hydroel ectric ope rati ng 
plans developed thereunder. Annex A of t he Treaty stipulates that the 
United States Ent ity will sul:lmlt flood control operati ng plans and that 
the Canadian Entity will operate in accordance wi th flood control storage 
diagrams or any var iation which the Entities ag ree will not derogate from 
the desired aim of the flood control plan. Annex A also provides fo r the 
development of hydroelectric operating plans five years in advance to 
furnish the Entiti es with an Assured Operating Plan for Canadian Sto rage. 
In addi t ion, Article XI V.2 .k of the Treaty provides that a Detai led Opera­
t ing Pl an may be developed to produce more advantageous results through 
use of current estimates of loads and resources. The Prot ocol to the 
Treaty provides further detail and clari f ication of the pr inciples and 
requirements of Annex A. The Principles and Procedures of 25 July 1967, 
together with the Columbia River Trea ty Flood Control Operating Plan 
dated October 1972, both deve loped by special task forces, establish the 
genera l cr iteri a of operations. 

The Assured Ope rati ng Plan dated 15 Febr~ a ry 1969 established Operat ing 
Rule Curves for Dun can, Arrow and Hica during the 19 73-74 opera t ing year. 
The Operati ng Rule Curves provided guidelines for refill leve ls as well 
as drawdown levels . They were derived from Cri t ical Rule Curves . Assured 
Refill Curves. and simul ated Variable Ref ill Curves. consis tent wi t h flood 
control requi rements. as described in the Principles and Procedures . The 
Flood Control Sto rage Reserv~ t ion Curves were establlshed to conform to 
the Flood Control Operating Plan. 

The Detailed Operati ng Pl an dated 14 Sept ember 1973 established Operat ing 
Rule Curves based on powe r loads and resource d~t~ available j ust prior 
to the opera ting year for use in actual operat ions . The Variable Refill 
Curves and flood control requirements subsequent to 1 Janua ry 1974 were 
dete rmined on the basis of seasonal volume runoff forecasts during actual 
opera ti on. 
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S. POWER OPERATION 

The Oetal'ed Operating Plan dated 14 September 1973 was designed to 
achieve optimum power generation downstream 1n the United States. con­
sistent with project operating limits and flood control requirements. 

The power facilities in the Uflited Sta t es which are downstream from the 
Trea ty s t orage projects are all operated under the Pacific Northwest 
Coo rd inati on Agreement dated September 1964. Optimum generation in t he 
United States was assured by the adoption , in the Assured and Detailed 
Operating Plans. of cri teria and operating guides designed to coordinate 
the operat ion of Treaty projects with the projects operating under the 
Agreement. Optimum operation of Treaty reservoirs was accQn1)l1shed, for 
the actual water condi t ion experienced, by operating with reference to 
the Critica l Rule Curves, Assured Refill Curves , Variable Refill Curves, 
Flood Control Storage Reservation Curves and related criteria determined 
i n accordance with the Deta iled Operating Plan. 

C. FLOOO 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 consis ted of evacuating and holding available, 
consistent with refill criteria, storage space sufficient to control the 
rnaxlrrum 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 operat ions 
of the flood control storage. These forecasts were prepared daily during 
the snOWllll:!lt season by the Columbia River Forecasting Service for periods 
of 30 to 45 days using both moderate and severe snowmelt sequences. 
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VisLI of J00tB1'llZ!i Canal projee t eO"6 t :rouctum 06 of Ma y 1974 . The wP8 t 1'61lrn end. of the canal 
can be Been olrmfJ the 8",wth bank of tile Koo t enay Rive:!' in the oook_ql'<7Wnd. NeW' the wl'pe:!' 
oenUlT' of the I'wtWl'B is the centrol pooL , and beloLl tin t ie the concrete- lined [oroooy and 
;x><J6rho"86 intake IIt:rwctu1'6 . Tho powerho!<8o ilJ adjacent to tile wper end "'[ the BriHiant 
pooL, i" the forefJround . 

B.C. Hydro and Powmo Authority Photogmph 
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TABLE 1 

~REGULATEO RtlIOFF YOLlK FORECASTS 
MILLIONS OF ACRE-FEET 

1974 

UNREGtl.ATEO RtlIOFF 
COU.MIIA RIVER AT 

DLI<"" AR'" OICA LIBBY THE DAlLES. OREGON --
0,,, "''' "''' "''' "''' Forecast Probable Probable Probable Probable Probable 

Date - 1 Apr - 1 Apr - 1 Apr - 1 Apr - 1 Jan -
1st of: 31 Aug 31 Aug 31 Aug 31 Aug 31 Jul 

January 2.18 22.2 11.5 8.17 113 

February 2.20 23.0 11.8 9." I3J -~ 
""," 2.20 24.3 12.2 9.05 140 

April 2.34 24.6 12.4 8.39 148 

,"y 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 9.10 150 

Kote: These dati Ire IS used In' actual operations. Subsequent reviSions have been made in SOft tIUS. 
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COMPUTATION OF INITIAL CONTROLLED flOW 
COLUMBIA RIVER AT THE DALLES, OREGON 

1 I4AY 1974 

TABLE 6 

I Aprfl Forecast of to'.ay ~ AU9ust Unre9ulated Runoff Volume, MAF 11 2 .0 
Less Estimated Depletions, MAF 1.5 
Less Upstream Storage Corrections, "IF 

Mic~ 9.6 
A,~ 5.0 
Duncan 1.2 
Libby 4.7 
Hungry Horse 2.0 
Flathead Lak.e · 5 
Noxon · 2 
Pend Dreille Lake .5 
Grand Coulee 5.2 
Brownlee · 5 
tA.-orshak 2.0 
John Day · 5 

TOTAL 31.9 31.9 

Forecast of Adjusted Residual Runoff Vol UITlIl • MAF 18 .6 

Co~uted Initial Controlled Flow (From Chart I, of 
Interim Flood Control Plan), KCFS 510.0 
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