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Executive Summary 

Entity Agreements 

Agreements approved by the Entities during the period of this report include: 

Columbia River Treaty Entity Agreement on the Detailed Operating Plan for 
Columbia River Storage for I August 1995 through 31 July 1996, signed 31 
January 1996. 

Columbia River Treaty Entity Agreement on the Detailed Operating Plan for 
Columbia River Storage for I August 1996 through 31 July 1997, signed 
29 August 1996. 

Columbia River Treaty Entity Agreement on Resolving the Dispute on Critical 
Period Determination. the Capacity Entitlement for the 1998/99, 1999/00, and 
2000101 AOPIDDPB's, and Operating Procedures for the 2001102 and Future 
AOP's, signed 29 August 1996. 

Operating Committee Agreements 

Agreements approved by the Operating Committee include: 

Columbia Treaty Operating Committee Agreement on Operation of Treaty 
Storage for Non~Power Uses for 1 January 1996 through 31 July 1996. signed 30 
April 1996. 

Columbia Treaty Operating Committee Agreement on Exchange of Libby and 
Arrow Water for 13 August 1966 through January 1977, signed 13 August 1996. 

System Operation 

The coordinated system filled to 89.2 percent of Treaty Storage Regulation (TSR) storage 

capacity by 31 July 1995. As a result. first year fllTll energy load carrying capability (FELCC) was 

adopted for the 1995-96 operating year. Actual storage capacity was filled to 91 percent, slightly above 

the TSR, the difference providing some operating room in the reservoirs. Due to above average stream 



flows throughout the year, the system generally operated to Operating Rule Curve or Flood Control 

Curve for the entire period. 

The I January 1996 waler supply forecast for the Columbia River at The DaUes (January-July) 

was I ]6.0 million acre feet (maf), or 110 percent of the 1961-90 average. With January and February 

rainfall above normal, the I March volume runoff forecast moved upward to 123 percent of normal. 

Below normal March rainfall turned the forecast downward to 11 9 percent for I April. April and May 

precipitation reversed the trend again with 1 June being at 133 percent. The actual January-July 

observed runoff was 139.3 maf, or 132 percent of average, which is the seventh highest in the 118 years 

of record. The peak daily average flow observed at The Dalles was 455 ,700 cfs on 11 June 1996. 

The lower Columbia River flow was regulated for juvenile fish between to April and 3 1 Augusl, 

based on recommendations of the "Technical Management Team" (TMT) consisting of representatives 

from five U.S. Federal agencies. Stale fishery agencies and Indian tribes also provided input at the TMT 

meetings. This information was usually provided through the Fish Passage Center (FPC). The TMT's 

Executive and Techn ical groups make recommendations to the two operating agencies (Corps of 

Engineers and Bureau of Reclamation) on dam and reservoir operations to optimize passage conditions 

for juvenile and adult anadromous salmonids in accordance with the National Marine Fisheries Service' s 

Biological Opinion (BiOp). Each year, the TMT will also prepare a Water Management Plan to meet 

various fi shery, flow, reservoir operation. and other objectives. 

Coordinated Syslem storage energy as of 31 July 1996 reached a level in the TSR of 99.7 percent 

of fu ll . This value was used to determine the Fmn Energy Load Carrying Capability (FELCC), with 

first-year FELCC being adopted for the 1996-97 operating year. The actual reservoir refill was 97 

percent of fu ll, slightly below the calculated TSR; the difference being adjustments to several reservoirs 

that in actual operation are required to be less than full in JUly . 

From I August 1995 through 31 March 1996 generation at downstream projects in the U nited 

States, delivered to the Columbia Storage Power Exchange (CSPE) participants under the Canadian 

Entitlement Exchange Agreement. was approximately 268 average megawatts at rates up to 576 

megawatts . From I April through 31 July 19% the delivery was 254 average megawatts. at rates up to 

486 megawatts . All CSPE power was used to meet Pacific Northwest loads. 
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From I April 1995 through 31 March 1996, the Canadian Entity delivered 2.0 average 

megawatts of energy and no dependable capacity to the U.S. Entity under the Canadian Entitlement 

Purchase Agreement. and between 1 April 1996 and 31 July 1996, the Canadian Entity delivered 0.9 

average megawatts of energy and no dependable capacity to the U.S. entity under the CSPEICEPA. 

Also. between 1 August 1995 and 31 July 1996. the U.S. Entity delivered 20.9 megawatts of 

energy minus 3 percent losses, and no dependable capacity to the Canadian Entity. This was done in 

accordance with the 1995-96 OOP and is based on the U.S. selection of the option to provisionally draft 

Treaty Storage as penniued in the 1995-96 Assured Operating Plan. 

Treaty Project Operation 

The Canadian Treaty projects, Duncan, Mica. and Arrow, were operated throughout the year in 

accordance with the 1995-96 Detailed Operating Plan. the Flood Control Operating Plan. and the 

Operating Comntittee Non-power Uses Agreement. Throughout the year, Libby reservoir was operated 

in accordance with the flood control operating plan, as amended by the U.S. Corps of Engineers (ACE) 

"Review of Flood Control. Columbia River Basin, Columbia River & Tributaries Study, CRT-63", 

June 198 t. The above were modified by a State of Montana request to limit Libby outflows to 

powerhouse capacity to alleviate Total Dissolved Gas (TOG) concerns . During a ponion of the year, 

Libby was operated for power requirements according to the DOP, and during the remainder of the 

operating year Libby operated for storage and releases required for endangered White Sturgeon and 

Salmon as required by both the U.S. Fish and Wildlife Service and the National Marine Fishery Service 

Biological Opinions. However, there was no significant difference from a flood control operation during 

January through April 1996. The Canadian Entity has given notice that it considers the BiOp fishery 

operation to be inconsistent with the OOP and Columbia River Treaty . 

Mica Treaty storage was 5.5 mafon 31 July 1995. and with continued storing, reached 6.9 maf or 

98 percent of full content on 31 August 1995. The actual reservoir elevation reached a high of elevation 

2470.7 feet (4.3 feet below full ) on 21 August. By 31 December, Treaty storage was 4.8 maf and the 

observed reservoir level had dropped to elevation 2455.0 feet. Treaty storage reached the lowest level on 

I May 1996 at 0.5 maf. The reservoir reached its lowest level for the 1995-96 water year, elevation 

2404.4 feet, on 18 May 1996.30 feet higher than the previous year. From then on, Mica's Treaty storage 

refilled, reaching 95 percent of full (3356 thousand second foot days (bfd) o r 6.7 maf) on 31 July 1996. 
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The maximum level for 1996, elevation 2475.43 feet, 0.43 feet above normal full pool, was reached on I 

September 1996. 

The Arrow Treaty storage account started the 1995-96 operating year (1 August 1995) at 6.9 maf, 

or 97 percent of full, following its 1995 operating year maximum level of elevation 1442.8 feet on 11 

July 1995. The reservoir was drafted to elevation 1430.9 feet on 31 December 1995 with a Treaty 

storage of 6.9 maf or 98 percent of full. Special flood control operations were requested by the Corps of 

Engineers in November, December. and February to alleviate flooding in the Portland. Oregon area. 

During January through July, Arrow operated under an Operating Committee Agreement on the operation 

of Treaty storage for non-power uses. This agreement allowed the operation of Keenleyside Dam to be 

coordinated for both Canadian and U.S. fisheries, and recreation and dust stonn avoidance benefits in 

Canada. Arrow reached its lowest level of the year elevation 1395.1 feet on 16 March 1996. Arrow 

Treaty storage reached its annual minimum on 20 March at 1.8 maf or 25 percent full . During April. 

Arrow discharges were held at 25 thousand cubic feet per second (kcfs) to ensure rainbow trout would 

not spawn at high river levels. This caused Arrow to fiU to elevation 1407.2 feet by 30 April. Ouring 

mid-May through mid-June, Keenleyside outflow began at 35 kcfs and increased to 55 kcfs which 

protected trout eggs. High spring runoff in the Kootenay River caused a backwater at the Noms Creek 

fan . The Arrow reservoir filled to elevation 1439.2 feet by 30 June. During July . Keenleyside discharge 

was increased as Trea£)' storage neared full. The Arrow Reservoir reached its highest level of elevation 

1442.6 feet on 11 July 1996. The Arrow Treaty storage reached 100 percent full on 30 July 1996. 

During August, increased outflows drafted Arrow to elevation 1437.6 feet. Further drafting to elevation 

I 428.4tfeet was done by 30 September 1996 with Arrow Treaty storage at 6.0 maf or 85 percent of full. 

To minimize spill at the Kootenay River plants in Canada, the B.C. Hydro - Bonneville Agreement 

pennitted a Libby-Arrow water transfer agreement in 1996. Under tbe agreement, Libby volume releases 

were reduced by a total of 200 ksfd through late July to early August, and an equal amount of water was 

released from Arrow Reservoir. This water will be returned to Arrow Reservoir in the October to 

December period. 

Duncan reservoir nearly filled by the end of the 1994-95 operating year with a reservoir level of 

elevation 1885.4 feet on 31 July 1995. The project reached full at elevation 1892.0 feet on 29 August. 

During September to December, Duncan was used to support the Kootenay Lake leve l and by 

31 December, Duncan reservoir had drafted to elevation 1867.2 feet (70 percent of full). During early 

November and early December project releases were reduced in an effort to assist in flood control efforts 
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downstream in the U.S. The project also went to minimum in early December when Kootenay Lake 

temporarily exceeded the UC level. These operations contributed to later exceedance of the Duncan 

flood control curve. Drafting continued February through April. except for short periods of low flow to 

maintain within Kootenay Lake liC limits. Duncan reached its lowest level during the 1995-96 operating 

year of elevation 1798.7 feet. on 2 May 1996. Minimum release during May to early July helped refill 

the reservoir to elevation 1892.2 feet (0.2 feet above full) by 31 July 1996. With outflows increased to 

near inflow. the project maintained near full pool. On 3 September, outflow was increased to begin 

drafting Duncan and fiUing Kootenay Lake. By 30 September 1996. Duncan had been drafled to 

elevation 1883.6tfeet. 

During the 1994-95 operating year, Libby reached its maximum level of eleva£ion 2456.6 feet 

(2.4 feet below full pool) on 31 July 1995. By 12 September, the project drafted somewhat to elevation 

2452.8 feet. By 25 October, the reservoir filled again to its peak summer level of elevation 2456.9 feet. 

Libby started the operating year with an imposed maximum outflow limit of 20 kcfs, the powerhouse 

hydraulic capacity of 4 units as Unit #3 was expected to be out of service until November. This limit was 

set by the State of Montana to alleviate possible high Total Dissolved Gas (TOG) amounts caused by 

spillway use. An outflow of 4 kcfs was maintained from 14 September through 26 October for Montana 

Department of Fish, Wildlife. and Parks continuation of fishery research work. During late October 

through December, Libby outflow was maintained at 20 kcfs to draft to its flood control level of 

elevation 2411 feet by 31 December. Between 28 November through 5 December. Libby released 4 kcfs 

as the Columbia River system was put on flood control based on flood stage forecasts at Vancouver. 

Washington . By 6 December. outflows were again increased to 20 kcfs to continue drafting for flood 

control. On II December, Unit #3, which had been out of service since May 1993. was returned to 

service and outflows were increased to 26 kcfs. Due to the restrictive outflow capability and between 

180% to 227% ofnonna! stream flow in November and December, Libby 's 31 December pool level was 

elevation 2420.7 feet or 9.1 feet above the flood control level. With the I January water supply forecast 

being 94 percent of nonnal for the January-July period. Libby outflow during January was near full load 

of 25 kcfs to draft to its flood control level. During February and March, the intent was to draft Libby to 

flo<X1 control, but Columbia River flood control operations and Kootenay Lake IJC restrictions restricted 

draft of the Libby reservoir. The 31 March pool level was elevation 2366.0 feet, 79 feet above the flood 

con trol level of elevation 2287 feet. By 30 April, the reservoir level was elevation 2362.9 feet or 52 feet 

above flood contro l. Because of the Total Dissolved Gas concern. based on expected spill at Libby. the 

May. June. and July operation was planned to meet the sturgeon BiOp flows, while holding off filling the 
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reservoir when inflows were above 25 kcfs. Due to changing volume forecasts. several proposals for 

discharge were discussed and evaluated related to the 1996 Stwgeon spawning enhancement. Outflows 

during the last half of May and during June were maintained at full powerhouse of near 25-28 kcfs as 

above normal runoff had the reservoir filling 1-3 feet per day, In late June the USF&W requested a 5-day 

fluctuation of 25 kcfs to 12 kcfs and back to 25 kcfs for sturgeon recruitment. Initially the discharge in 

July was planned to be full load of 25 kcfs since there was concern the project would not be able to 

provide flow pulsing flexibility for Sturgeon spawning while preventing the project from filling and 

spilling prior to the end of August. By 5 July. based on a request by the Kootenay River Steering 

Committee. oudlows were reduced to 14 kcfs to prepare for a pulse of 24 kcfs on 10-1 2 July. This was 

followed by flows of near 10 kcfs to mainta in an II kcfs flow at Bonners Ferry and refilling by month' s 

end, reaching elevation 2458.96 feet on 3 1 July 1996, 

The first 12 days of August saw Libby releasing 24 kcfs and then reducing to 12-14 kcfs fo r the 

remainder of the month to stem high water difficulties near Bonners Ferry . Libby did not release its full 

BiOp volume allocation because of high inflows and an agreement to store approximately 200 ksfd of 

Arrow Treaty water in Libby. 
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I Introduction 

This annual Columbia River Treaty Entity Report is for the 1996 Water Year, I October 1995 

through 30 September t 996. It includes information on the operation of Mica, Arrow I Duncan. and 

Libby reservoirs during that period with additional information covering the reservoir system operating 

year, 1 August 1995 through 31 July 1996. The power and flood control effects downstream in Canada 

and the United States are described. This report is the thirtieth of a series of annual reports covering the 

period since the ratification of the Columbia River Treaty in September 1964. 

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 purposes of flood control and increasing 

hydroelectric power generation in Canada and the United States of America. In 1964. the Canadian and 

the United States governments each designated an Entity to fonnulate and carry out the operating 

arrangements necessary to implement the Treaty. The Canadian Entity is the British Columbia Hydro 

and Power Authority (B.C. Hydro) . The United States Entity is the Administrator of the Bonneville 

Power Administration (BPA) and the Division Engineer of the North Pacific Division , Army Corps of 

Engin .. n; (ACE). 

The following is a summary of key features of the Treaty and related documents: 

1. Canada is to provide 15.5 million acre-feet (mat) of usable storage. (This has been 
accomplished with 7.0 maf in Mica, 7.1 maf in Arrow and 1.4 maf in Duncan.) 

2. For the purpose of computing downstream benefits the U.S. hydroelectric facilities will be 
operated in a manner that makes the most effective use of the improved streamflow resulting 
from operation of the Canadian storage. 

3. The U.S. and Canada are to share equally the additional power generated in the U.S. 
resulting from operation of the Canadian storage. 

4. The U.S. paid Canada a lump sum of the $64.4 million (U.S.) for expected flood control 
benefits in the U.S. resulting from operation of the Canadian storage. 

5. The U.S. has the option of requesting the evacuation of additional flood control space above 
that specified in the Treaty, for a payment of $1.875 million (U.S.) for each of the first four 
requests for this "on--call" storage. 



6. The U.S. constructed Libby Dam with a reservoir that elttends 42 miles into Canada and for 
which Canada made the land available. 

7. Both Canada and the United States have the right to make diversions of water for 
consumptive uses and, in addition, since September 1984 Canada has had the option of 
making for power purposes specific diversions of the Kootenay River into the headwaters of 
the Columbia River. 

8. Differences arising under the Treaty which cannot be resolved by the two countries may be 
referred to either the International Joint Commission (1JC) or to arbitration by an appropriate 
tribuna1. 

9. The Treaty shaH remain in force for at least 60 years from its date of ratification, 
16 September 1964. 

10. In the Canadian Entitlement Purchase Agreement of 13 August 1964, Canada sold its 
entitlement to downstream power benefits to the United States for 3()..years beginning al 
Duncan on I April 1968, at Arrow on I April 1%9. and at Mica on I April 1973. 

11. Canada and the U.S. are each to appoint Entities to implement Treaty provisions and are to 
jointly appoint a Permanent Engineering Board (pEB) to review and report on operations 
under the Treaty. 
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II Treaty Organization 

Entities 

There were two meetings of the Columbia River Treaty Entities (including the Canadian and 

U.S . Entities and Entity Coordinators) during the year on the morning of 16 February 1996 in Victo ria, 

British Columbia, and on the morning of21 March 1995 in Portland, Oregon? The members of the twO 

Entities at the end of the period of this report were: 

UNITED STATES ENTITY 
Mr. Randall W. Hardy, Chair 
Administrator & Chief Executive Officer 
Bonneville Power Administration 
Department of Energy 
Portland, Oregon 

Colonel Bartholomew B. Bohn II, Member 
Acting Division Engineer 
North Pacific Oi vision 
Army Corps of Engineers 
Portland, Oregon 

CANADIAN ENTITY 
Mr. Brian R. D. Smith, Chair 
British Columbia 
Hydro and Power Authority 
Vancouver, British Columbia 

Mr. Smith succeeded Mr. John Laxton effective 28 February 1996. 
COL Bobn succeeded MG Russell Fuhrman effective 2 August 1996. 

The Entities have appointed Coordinators and two joint standing committees to assist in Treaty 

implementation activities. These are described in subsequent paragraphs. The primary duties and 

responsibilities of the Entities as specified in the Treaty and related documents are: 

I . Plan and exchange information relating to facilities used to obtain the benefits contemplated 
by the Treaty . 

2. Calculate and arrange for delivery of hydroelectric power to whic h Canada is entitled and the 
amounts payable to the U.S. for standby transmission services. 

3. Operate a hydrometeorological system. 

4. Assist and cooperate with the Permanent Engineering Board in the discharge of its functions. 

5. Prepare hydroelectric and flood control operating plans for the use of Canadian storage. 

6. Prepare and implement detailed operating plans that may produce results more advantageous 
to both countries than those that would arise from operation under assured operating plans. 

7. Address, if empowered by an exchange of notes, any other matter coming within the scope of 
the Treaty. 
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Entity Coordinators & Secretaries 

The Entities have appointed members of their respective staffs to serve as coordinators or focal 

points on Treaty matters within their organizations. 

The members are: 

UNITED STATES ENTITY COORDINATORS 

Iudith A. Johansen, Coordinator 
Vice President, Generation Supply 
Bonneville Power Administration 
Portland, Oregon 

John E. VeJehradsky, Coordinator 
Director, Engineering & TechnicaJ Services 
North Pacific Division 
Army Corps of Engineers 
Portland, Oregon 

Dr. Anthony G. White, Acting Secretary 
Resource Optimization 
HydrofThermal Operations 
Bonneville Power Administration 
Vancouver, Washington 

CANADIAN ENTITY COORDINATOR 

T . 1. (Tim) Newton, Coordinator 
BC Hydro and Power Authority 
Vancouver, British Columbia 

Graeme L. Simpson, Secretary 
Manager, Resource Optimization Dept. 
Be Hydro and Power Authority 
Vancouver, British Columbia 

Dr. White was appointed to succeed Ms. Pamela Kingsbury effective 21 December 1995. 
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Columbia River Treaty Operating Committee 

The Operating Committee was established in September 1968 by the Entities and is responsible 

for preparing and implementing operating plans as required by the Columbia River Treaty, making 

studies and otherwise assisting the Entities as needed. The Operating Committee consists of eight 

members as follows: 

UNITED STATES SECTION 

Mark Maher, SPA, Co-Chair 
William E. Branch, ACE, Co-Chair 
Cynthia A. Henriksen. ACE 
John M. Hyde, BPA 

CANADIAN SECTION 

Ralph D. Legge, B.C. Hydro, Chair 
Kenneth R. Spafford, B.C . Hydro 
Henry C. Mark, B.C. Hydro 
Thomas K. Siu, B.C. Hydro 

Ms. Henriksen was appointed to succeed Mr. Russell George, effective 8 December 1995. 
Mr. Hyde was appoimed to succeed Mr. Steve Montfort, effective 21 December 1995. 
Mr. William McGinnis was appointed to succeed Mr. Nicholas Dodge (temporarily) effective 
3 January 19%. 
Mr. Branch was then appointed to succeed Mr. McGinnis effective I June 1996. 

There were six meetings of the Operating Committee during the year. The dates, places and 

number of persons attending those meetings were: 

Date 

7 November 1995 
II January 1996 
14 March 1996 
16 May 19% 
12 July 1996 
19 September 1996 

Location Attendees 

Vancouver. B.C. 18 
Portland, Oregon. 17 
Vancouver, B.C. 19 
Vancouver, Washington. 21 
Casllegar, B.C. 18 
Portland, Oregon. 18 

The Operating Committee coordinated the operation of the Treaty storage in accordance with the 

current hydroelectric and flood control operating plans. This aspect of the Committee's work is described 

in following sections of this report which have been prepared by the Committee with the assistance of 

others . During the period covered by this report, the Operating Committee completed an agreement on 

"Resolving the Dispute on Critical Period Determination, the Capacity Entitlement for the 1998199, 

1999/00, and 2()(x)101 AOPIDDPB ' s, and Operating Procedures for the 200 1102 and Future AO?' s". The 

Operating Conunittee also completed the 1 August 1995 through 31 July 1996 Detailed Operating Plans 

(DOP) and the 1 August 1996 through 31 July 1997 DOP for Columbia River Treaty Storage. 
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Columbia River Treaty Hydrometeorological Committee 

The Hydrometeoroiogical Committee was established in September 1968 by the Entities and is 

responsible for planning and monitoring the operation of data facilities in accord with the Treaty and 

otherwise assisting the Entities as needed. The Comminee consists of four members as follows: 

UNITED STATES SECTION 

Gregory K. Delwiche, BPA Chair 
Peter F. Brooks. ACE. Member 

CANADIAN SECTION 

Brian H. Fast. BCH. Chair 
Heiki Walk, BCH, Member 

There was one meeting of the Hydrometeoroiogical Committee, on 26 October 1995. in 

Vancouver, B.C. The committee reviewed the 1995 volume forecast results, hydromet station changes, 

and developments in telemetry. There were some data exchange issues which required attention. Both 

Canadian and U. S. Entities reported that changes in forecast procedures were forthcoming. Both sides 

will be kept abreast of the others' progress. 
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Permanent Engineering Board 

Provisions for the establishment of the Pennanent Engineering Board (PEB) and its duties and 

responsibilities are included in the Treaty and related documents. The members of the PEB are 

presently: 

UNITED STATES SECTION 

Steven L. Stockton, C hair, 
Washington , D.C. 

RonaJd H. Wilkerson, Member 
Missoula. Montana 

Daniel R. Bums, Alternate 
Washington. D.C. 

Thomas L. Weaver, Alternate 
Golden, Colorado 

Richard J. DiBuono, Secretary 
Washington, D.C . 

CANADIAN SECTION 

Daniel R. Whelan. Chair 
Ottawa. Ontario 

John Allan, Member 
Victoria, British Columbia 

Jack. Farrell, Alternate 
Victoria, British Columbia 

David Burpee. Alternate 
Ottawa, Ontario 

David Burpee. Secretary 
Ottawa, Ontario 

Mr. Stockton was appointed to replace Mr. John Elmore as Chair on 12 March 1996. 
Mr. Whelan was appointed to replace Mr. David Oulton as Chair on 16 April 1996. 
Mr. Farrell was appointed to replace Mr. Don Kasianchuk as AJternate in February 1996. 

In general, the duties and responsibilities of the PEB are to assemble records of flows of the 

Colu mbia River and the Kootenay River at the international boundary; report to both governments if 

there is deviation from the hydroelectric or flood control operating plans, and if appropriate, include 

recommendations for remedial action; assist in reconciling differences that may arise between the 

Entities; make periodic inspections and obtain reports as needed from the Entities to assure that Treaty 

objectives are being met; make an annual report to both governments and special reports when 

appropriate; consult with the Entities in the establishment and operation of a hydrometeoroiogical 

system; and, investigate and report on any other Treaty related matter at the request of either government. 

The Entities continued the ir cooperation with the PEB during the past year by providing copies 

of Entity agreements, operating plans, downstream power benefit computations, corrections to 

hydrometeoroiogical documents, and the annual Entity report to the Board for their review. A special 

joint meeting of the PEB and the Entities was held on 8 November 1995 in Vancouver, B.C. to discuss 

Entitlement Return issues. The annual joint meeting of the PEB and the Entities was held on the morning 

of 22 February 1996 in Portland, Oregon. 

7 



PEB Engineering Committee 

The PEB has established a PEB Engineering Committee (PEBCOM) to assist in carrying out its 

duties. The members ofPEBCOM at the end of the period of this report were: 

UNITED STATES SECTION 
Richard 1. DiBuono. Chair 

Washington, D.C. 
Robert K. lohnson. Member 

Golden, Colorado 
Earl E. Eiker. Member 

Washington, D.C. 
Gary Fuqua, Member 

Portland, Oregon 
James Banon, Member 

Portland, Oregon 
Stephan 1. Wright, Alternate Member 

Washington, D.C. 

CANADIAN SECTION 
Lany Adamache. Member 

Vancouver, British Columbia 
David Burpee, Member 

Ottawa, Ontario 
Roger McLaughlin, Member 

Victoria, British Columbia 
BaJa BaJachandran, Member 

Victoria, British Columbia 
Bruno Gobeil, Member 

Ottawa, Ontario 

Mr. Adamache was appointed Chair of the Canadian Section to replace Mr. Neill Lyons, 
effective in April, 1996. 
Mr. Johnson was appointed to replace Mr. Larry Eilts as a Member, effective 26 March 1996 
Mr. Barton was appointed to replace Mr. Richard Mittelstadt as a Member. effective 31 July 
1996. 

International Joint Commission 

The International Joint Commission (lJC) was created under the Boundary Waters Treaty of 

1909 between Canada and the U.S. Its principal functions are rendering decisions on the use of boundary 

waters, investigating important problems arising along the common frontier not necessarily connected 

with waterways. and making recommendations on any question referred to it by either government. If a 

dispute concerning the Columbia River Treaty could not be resolved by the Entities or the PEB it may be 

referred to me DC for resolution before being submitted to a tribunal for arbitration. 

The lJC has appointed local Boards of Control to insure compliance with lJC orders and to keep 

me DC currently informed. There are three such boards west of the continental divide. These are the 

International Kootenay Lake Board of Control, the International Columbia River Board of Control, and 

the International Osoyoos Lake Board of Control. The Entities and their committees conducted their 

Treaty activities during the period of this report so that there was no known conflict with UC orders or 

rules. 
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ill Operating Arrangements 

Power and Flood Control Operating Plans 

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 be adverse to 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 Operating Plan may be developed to produce more advantageous results through the use of 

current estimates of loads and resources. The Protocol to the Treaty provides further detail and 

clarification of the principles and requirements of the Treaty. 

The "Principles and Procedures for the Preparation and Use of Hydroelectric Operating Plans" 

dated December 1991 together with the "Columbia River Treaty Flood Control Operating Plan" dated 

October 1972, establish and explain the general criteria used to plan and operate Treaty storage during 

the period covered by this report. 1bese documents were previously approved by the Entities. The flood 

control Storage Reservation Diagram for Libby contained in the 1972 Flood Control Plan , was amended 

by agreement of the Operating Committee [0 that contained in the U.S. Anny Corps of Engineers (ACE) 

"Review of Flood Control, Columbia River Basin, Columbia River & Tributaries Study, CRT-63", dated 

June 1981. 

The planning and operation of Treaty Storage as discussed on the following pages is for the 

operating year, I August through 31 July . The planning and operating for U.S. storage operated 

according to the Pacific Northwest Coordination Agreement has been changed to the same period. Most 

of the hydrographs and reservoir charts in this report are for a 13 month period, July 1995 through July 

1996. 
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Assured Operating Plan 

The Options for Development of the Detailed Operating Plan, dated January 1991 established 

Operating Rule Curves for Duncan, Arrow, and Mica during the 1995-96 operating year. The Operating 

Rule Curves provided guidelines for draft and refill. 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 1991 Principles and Procedures document. The Flood Control Storage 

Reservation Curves were established to conform to the Flood Control Operating Plan of 1972. 

Determination of Downstream Power Benefits 

For each operating year, the Determination of Downstream Power Benefits resulting from 

Canadian Treaty storage is made six years in advance in conjunction with the Assured Operating Plan. 

For operating year 1995-96 the estimate of benefits resulting from operating plans designed to achieve 

optimum operation in both countries was less than that which would have prevailed from an optimum 

operation in the United States only. Therefore, in accordance with Sections 7 and IO of the Canadian 

Entitlement Purchase Agreement, the Entities agreed that the United States was entitled to receive 2.0 

average megawatts of energy and no dependable capacity during the period I August 1995 through 31 

March 1996. and 0.9 average megawatts of energy and no dependable capacity during 1 April 96 through 

July 1996. Suitable arrangements were made between the Bonneville Power Administration and B.C. 

Hydro for delivery of this energy. 

Detailed Operating Plan 

Ouring the period covered by this report, the Operating Committee used the 1 August 1995 

through 31 July 1996 "Detailed Operating Plan for Columbia River Treaty Storage" (OOP), dated August 

1995 and the 1 August 1996 through 31 July 1997 OOP dated August 1996, to guide storage operations. 

The DOP established criteria for determining the Operating Rule Curves for use in actual operations. The 

OOP used the AOP critical rule curves for Canadian Projects. The Variable Refill Curves and flood 

control requirements subsequent to 1 January 1996 were determined on the basis of seasonal volume 

runoff forecasts during actual operation. The regulation of the Canadian storage was directed by the 

Operating Committee on a weekly basis throughout the year. 
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Entity Agreements 

During the period covered by this report, three joint US-Canadian arrangements were approved 

by the Entities. The following tabulation indicates the date each of these were signed and gives a 

description of the agreement: 

Date Agreement 
Signed by Entities 

31 January 1996 

27 August 1996 

29 August 1996 

Description 

Columbia River Treaty Entity Agreement on the Detailed Operating 
Plan for Columbia River Storage for J August 1995 through 3 1 July 
1996. 

Columbia River Treaty Entity Agreement on the Detailed Operating 
Plan for Columbia River Storage for I August 1996 through 31 July 
1997. 

Columbia River Treaty Entity Agreement on Resolving the Dispute 
on CriticaJ Period Delermination, the Capacity Entitlement for the 
1998199, 1999/00, and 2000!0l AOPIDDPB's, and Operating 
Procedures for the 2001/02 and Future AOP·s. 

Operating Committee Agreements 

During the period covered by this repan. two joint US-Canadian agreements were approved by 

the Operating Committee. The following tabulation indicates the dates they were signed. g ives 

descriptions of the agreements, and cites the authorities: 

Date Agreement 
Signed by Committee 
30 April 1996 

DescriPtion 
Columbia Treaty Operating Committee 
Agreement on Operation of Treaty 
Storage for Non-Power Uses for 
I January through 31 July 1996 
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Authority 
Letter of Delegation 
dated 3 August 1995 



Long Term Non-Treaty Storage Contract 

In accordance with the 9 July 1990 Entity Agreement which approved the contract between 

B.C. Hydro and BPA relating to the initial filling of non-Treaty storage, coordinated use of non-Treaty 

storage, and Mica and Arrow refill enhancement, the Operating Committee monitored the storage 

operations made under this Agreement throughout the operating year to insure that they did not adversely 

impact operation of Treaty storage required by the Detailed Operating Plan. 
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IV Weather and Streamflow 

Weather 

The 1996 Water Year was preceded by a cool. wet summer that reduced hydro-power and 

irrigation demands and left the Columbia Basin reservoirs with normal water contents by the end of 

September. As the new water year began, weather patterns continued the above normal rainfall 

conditions with varying wann and cool temperatures across the basin throughout most of the snow 

accumulation season of October - March (Charts 1 and 3). Snowpack accumulation started late as 

November and December saw above normal temperatures. but increased quickly throughout January and 

February. The latter month saw a decrease in snowpack early in the month due to heavy rainfaJl and high 

temperatures. but recovered. March saw a slow continuation of building snowpack as monthly 

precipitation was below normal (Chart 2). April and May saw an above normal building of the snowpack 

with wet cool weather during both months. This was followed by June, July, and August with below 

normal rainfall and normal [ 0 below nonnaJ temperatures (Charts 4 and 5). 

Weather systems this year were more typical in that during the winter a quasi-stationary low 

pressure system settled in the Gulf of Alaska, periodically sending storms into the Basin which deposited 

snow in the mountains and watered the lowlands. Occasionally this low pressure system would be 

replaced by a high pressure system; and as these pressure systems moved and stalled, diffe rent air masses 

(warm or cold, wet or dry) would be ushered into the region. During the summer, high pressure generally 

dominated the Gulf of Alaska, blocking formation or passage of most storms. 

This year the Columbia Basin was visited by six: flood producing storms (two of which were 

major floods) , six outbreaks of cold Arctic air, and three wann spells. Storms that resulted in heavy 

flood-producing rainfall were generated when three conditions occurred at the same time: ( I) a large, 

deep low pressure system established itself just north of Hawaii , south of the typical winter position in 

the Gulf of Alaska, (2) a very flat high pressure ridge was located over the Oregon, Washington, and 

British Columbia coasts, and (3) a slrongjet stream circled the low pressure system, picking up vast 

quantities of wann, moist air from near Hawaii that was then driven northeastward into cooler air in the 

Basin. The Arctic outbreaks of cold air generally occurred when a high pressure system established itself 

near the British Columbia coast and a low system was located over interior British Columbia. This 

pattern circulated cold air southward out of Alaska and northern Canada into the Basin. These periods 
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usually have either clear weather or, if the air flow extended over the ocean, light showers or sometimes 

snow showers. The warm spells occurred when high pressure dominated the coast, drawing warm air 

northward from California. 

Major storm conditions occurred this year at the end of November, mid-December. mid-January, 

early February. the latter part of April, and mid-May. All storms were three-component storms of 

varying duration and areal extent. The early February stonn had Significant snowmelt that contributed to 

the magnitude of the flood. For nearly ten days prior to the storm's onset, the region was enveloped in a 

cold air mass that was accompanied by snow, even at the lowest elevations. The effects of this storm 

extended from the coasts of southwest WaShington and northwest Oregon into central Idaho and 

southwestem Montana. The snowpacks in this area were virtually eliminated and no major stonn would 

replace the snowpack during the remainder of the year. 

Springtime snowmelt occurred in an orderly manner with no sustained warm spell to create a 

significant crest from the snowmelt runoff. 

The final monthly precipitation indices for the Columbia Basin above The Dalles are shown 

below for the 1996 Water Year. These indices are based on 60 stations and are computed at the end of 

each month after all the data are collected. Also shown in the table are the monthly indices as a percent 

of the 30-year average ( 1%1-199O). 

WY 96 Precipitation Indices 

Month Precipitation Month Precipitation 
finJ (!,1 illL1 (!,1 

Oct 95 2.57 157 Apr 96 2.64 165 
Nov 95 4.83 177 May 96 3.15 173 
Dec 95 3.28 109 Jun 96 1.26 69 
Jan 96 3.41 115 Jul96 0.61 56 
Feb 96 3.00 143 Aug 96 0.52 42 
Mar 96 1.43 76 Sep96 1.30 93 

Water Year 28.00 120 
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Streamflow 

The observed inflow and outflow hydrographs for the Treaty reservoirs for the period 1 July 

1995 through 31 July 1996 are shown on Charts 6 through 9 . Observed flows with the computed 

unregulated flow hydrographs for the same 13-month period for Kootenay Lake, Columbia River at 

Birchbank. Grand Coulee, and The Dalles are shown on Charts 10, 11. 12. and 13, respectively. Chart 

14 is a hydrograph of observed and two unregulated flows at The Dalles during the April through July 

1996 period. including a plot of flows occurring if regulated only by the Treaty reservoirs. 

Composite operating year unregulated streamflows in the basin above The Dalles were much 

higher than the past few years, although with a slow start as only August and September 1995 were 

below normal at 92%. December and February were the high months. being in the 240% of normal 

range. The August 1995 through July 1996 runoff for The Dalles was 182.5 maf, 143% of the 1961-90 

average. The peak: regulated discharge for the Columbia River at The Dalles was 455.700 cfs on 11 June 

1996. The 1995-96 monthly unregulated streamflows and their percent of the 1961-90 average monthly 

flows are shown in the following table for the Columbia River at Grand Coulee and at The Dalles. These 

flows have been corrected to exclude the effects of regulation provided by storage reservoirs. 
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Columbia River at Columbia River at 

Grand Coulee in cfs The Dalles in cfs 

Time Natural Percent of Natural Percent of 

&ri2Q .fl!lli Average Flow Average 

Aug 95 96,900 92 126,800 92 
Sep 95 59,900 93 88,700 92 
Oct 95 63,700 132 103,520 120 
Nov 95 92,360 190 167,430 183 
Dec 95 108,830 248 223,550 237 
Jan 96 60,860 148 140,580 143 
Feb 96 102,080 227 279,100 249 
Mar 96 70,880 120 201,890 143 
Apr 96 178,670 153 343,650 153 
May 96 260,260 99 443,220 105 
Jun% 381,080 116 578,490 116 
Jul96 255,330 133 326,450 127 

Operating 
Year 144,240 128 251,950 134 

Water 
Year 145,640 129 253,830 135 
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Seasonal Runoff Forecasts and Volumes 

Observed 1996 April through August runoff volumes, adjusted to ex:clude the effects of 

regulation of upsrream storage, are listed below for eight locations in the Columbia Basin: 

Location 
Libby Reservoir Inflow 
Duncan Reservoir Inflow 
Mica Reservoir Inflow 
Arrow Reservoir Inflow 
Columbia River at Birchbank 
Grand Coulee Reservoir Inflow 
Snake River at Lower Granite Dam 
Columbia River at The Dalles 

Volume In 
1000 Acre-Feet 

8,347 
2,347 

12,454 
25,436 
48,027 
71,951 
29,462 

111 ,080 

Percent of 
1961-90 Average 

131 
114 
108 
109 
118 
118 
128 
119 

Forecasts of seasonal runoff volume. based on precipitation and snowpack data, were prepared in 

1996 for a large number of locations in me Columbia River Basin and updated each month as the season 

advanced. Table lUsts the April through August volume inflow forecasts for Mica, Arrow, Duncan, and 

Libby projects, and for unregulated runoff for the Columbia River at The Dalles. Also shown in Table 1 

are the actual volumes for these five locations. The forecasts for Mica, Arrow, and Duncan inflow were 

prepared by B.C. Hydro, and those for the lower Columbia River and Libby inflows were prepared by the 

National Weather Service and River Forecast Center in cooperation with the Corps of Engineers, 

National Resource Conservation Service, Bureau of Reclamation and B.C. Hydro. The 1 April 1996 

forecast of January through July runoff for the Columbia River above The Dalles was 126.0 maf and the 

actual observed runoff was 139.3 maf. 
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The following tabulation summarizes monthly forecasts since 1970 of the January through July 

runoff for the Columbia River above The Dalles compared with the actual runoff measured in millions of 

acre· feet (maf). The average January·July runoff for the 1961·1990 period is 105.9 maf. 

The Dalles Volume Runoff Forecasts in maf (Jan-Jul) 

Year Jan Feb Mar Apr May lYM Actual 

1970 82.5 99.5 93.4 94.3 95.1 95.7 
1971 110.9 129.5 126.0 134.0 133.0 135.0 137.5 
1972 110.1 128.0 138.7 146.1 146.0 146.0 151.7 
1973 93.1 90.5 84.7 83.0 80.4 78.7 71.2 
1974 123.0 140.0 146.0 149.0 147.0 147.0 156.3 
1975 96.1 106.2 114.7 116.7 115.2 113.0 112.4 
1976 113.0 116.0 121.0 124.0 124.0 124.0 122.8 
1977 75.7 62.2 55.9 58.1 53.8 57.4 53.8 
1978 120.0 114.0 108.0 101.0 104.0 105.0 105.6 
1979 88.0 78.6 93.0 87.3 89.7 89.7 83 .1 
1980 88.9 88.9 88.9 89.7 90.6 97.7 95.8 
1981 106.0 84.7 84.5 81.9 83.2 95.9 103.4 
1982 110.0 120.0 126.0 130.0 131.0 128.0 129.9 
1983 110.0 108.0 113.0 121.0 121.0 119.0 118.7 
1984 113.0 103.0 97.6 102.0 107.0 114.0 119.1 
1985 131.0 109.0 105.0 98.6 98.6 100.0 87.7 
1986 96.8 93.3 103.0 106.0 108.0 108.0 108.3 
1987 88.9 81.9 78.0 80.0 76.7 75.8 76.5 
1988 79.2 74.8 72.7 74.0 76.1 75.0 73.7 
1989 101.0 102.0 94.2 99.5 98.6 96.9 90.6 
1990 86.5 101.0 104.0 96.0 96.0 99.5 99.7 
1991 116.0 110.0 107.0 106.0 106.0 104.0 107.1 
1992 92.6 89.1 83.5 71.2 71.2 67.8 70.4 
1993 92.6 86.5 77.3 76.6 81.9 86. 1 88.0 
1994 79.7 76.3 78.1 73.2 75.5 76.4 75.0 
1995 101.0 99.6 94.3 99.6 99.6 97.9 104.0 
1996 116.0 122.0 130.0 126.0 134.0 141.0 139.3 
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V Reservoir Operation 

General 

The 1995-% operating year was characterized by above, to much above nonnal precipitation 

except for August 1995. March 1996. and June-July 1996. Temperatures generally were below normal 

fo r most of the year, except for late November and early December when high temperatures retarded 

snowpack accumulation. During mid-February higher than normal temperatures resulted in low level 

melting of the snowpack:. Although the snowmelt season was generally characterized by below DOnnal 

conditions, high April and June precipitation, along with cold May temperatures, gave increased lale 

season snowpacks. July and August saw little precipitation and below DOnnal temperatures resulting in a 

slow, prolonged runoff. At The Dalles. the observed January-July runoff was 132 percent of average, 22 

percent higher than the January forecast, and 13 percent higher than the April forecast. 

The operating year began with the coordinated system reservoirs officially filling to 89.2 percent 

of storage capacity on 31 July 1995. As a result, first year firm energy load carrying capability (FELCC) 

was adopted for the 1995-96 operating year. The actual reservoir refill was 91 percent of full , slightly 

above the calculated AER; with the difference providing some operating room in the reservoirs. The 

system generally operated to the Operating Rule Curve or flood control for the entire period due to above 

nonnal stream flows throughout the year, 

The 1 January 1996 water supply forecast for The Dalles was 116.0 maffor the January-July 

period. or 110 percent of the 1961 -90 average. Subsequent forecasts through March reflected an 

increaSing trend to 130 percent, with the April forecast turning downward to 126 percent due to low 

March rainfall . May and June saw increasing amounts to 141 percent of normaL Actual runoff for 

January-July was 132 percent of nonnal. 

During the 10 April- 31 August salmon flow augmentation period. U.S. projects were used to 

augment flows at Lower Granite and McNary . The National Marine Fisheries Service's Biological 

Opinion, released in early March 1995, listed target flows that were variable based on runoff volume 

forecasts. The target flows were: 

- Lower Granite, 85,000-100,000 cfs during 10 April - 20 June. and 50.000-55.000 cfs 

during 21 June - 31 August; 
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~ McNary, 220.000-260,000 cfs during 20 April ~ 30 June. and 200,000 cfs during 

1 July~31 August. 

Provision for adjusting target flows based on runoff volume forecasts was based on a sliding 

scale with Lower Granite at 100,000 cfs and 53,500 cfs for the two periods. McNary was at 260,000 cfs 

for the first period. The second period is set at 200,000 cfs and does not vary with runoff forecasts. 

Daily flood control regulation was required twice during the 1995~ 1996 season. The first event 

occurred in late November into early December 1996. During this event B.C. Hydro participated by 

reducing Arrow outflow to natural flow of 25 kcfs. The maximum flow at The Dalles was 323,600 cfs on 

3 December 1995. Again in early February 1996 the system went on daily flood control operations. 

B.C. Hydro reduced flow from Arrow to natural flow of 15 kcfs. The peak flow at The Dalles during the 

flood event was held to 332,500 cfs on 8 February 1996. 

The system reached 99.4 percent of its full energy capacity in the Actual Energy Regulation 

(AER) on 31 July 1996. resulting in first-year FELCC being adopted for the 1996~97 operating year. 

The observed refill on 31 July 1996 was 97 percent of energy capacity, slightly below the calculated 

AER. The difference was due to adjustments in the AER because several reservoirs are required to be 

less than full in July. 

Mica Reservoir 

As shown in Chart 6, the Mica Reservoir (Kinbasket Lake) level was elevation 2463.6 feet, 

I 1 Atfeet below full pool level (elevation 2475 feet), on 31 July 1995. The reservoir continued to fill in 

early August, reaching its peak level for the year, elevation 2470.7 feet, on 21 August. The reservoir 

level remained above elevation 2460 feet until late November. 

Mica Treaty storage was 2751 ksfd (5.5 maf) or 78 percent of full on 31 July 1995. Mica Treaty 

storage cominued to fill during August, reaching a maximum of 3454 ksfd (6.9 maf) or 98 percent of full 

on 31 August. Actual Mica discharges were fairly high throughout the summer, and the Mica Treaty flex 

reached 402 ksfd on 31 August.. 

Mica powerhouse discharges during November and December averaged about 16 kcfs, and the 

reservoir drafted to elevation 2455.0 feet by 31 December 1995. Treaty storage on that date was 
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2420.1 ksfd (4.8 mat). Special operations were initiated to minimize flooding in the Portland, Oregon 

area during November. 

Temperatures in January 1996 were relatively mild throughout the region. This, with 

corresponding lower loads and heavy inflows in the Lower Columbia enabled B.C. Hydro to store water 

into its Non-Treaty Storage Agreement (NTSA) to take advantage of the reduced hIk at U.S. downstream 

projects. Mica powerhouse discharges for January averaged around 25 kcfs. Because of continuing high 

waler levels in the U,S., B.C. Hydro nearly filled its Non-Treaty Storage Agreement (NTSA) account by 

the end of February (1131 ksfd). The reservoir drafted to elevation 2427.4 feet by 28 February, with 

Treaty storage at 1187,2 ksfd and Mica Treaty flex at 350 ksfd on that date. 

The Mica Reservoir continued to draft during March-April and the reservoir reached its lowest 

level for the 1995-96 water year, elevation 2404.4 feet, on 18 May 1996. This level was 30 feet higher 

than the previous year's low level. Mica Treaty storage reached a minimum of 229.1 ksfd (0.5 mat) on I 

May with Mica flex reaching 364 ksfd. 

With the start of the spring freshet in early May, Mica discharges were reduced, and the reservoir 

refilled quickly . At the end of May. the Mica Treaty flex had been reduced to 6 ksfd , The Mica Treaty 

discharge was 10 kcfs for the months of May through July. allowing Treaty storage to refill to 3356.2 

ksfd (6.7 mat, 95% of full) by 31 July . Actual Mica discharges during May-July averaged 20 kcfs. 

increasing the Mica Treaty flex to 252 ksfd by the end of July, by which time the reservoir had refilled to 

elevation 2470.0 feet. 

The Mica Reservoir reached fuJI pool on 12 August. The reservoir was maintained near full 

during August, reaching a peak level for the year of elevation 2475.43 feet (.43 feet above full) on I 

September. The Mica Treaty flex reached a maximum of 481 ksfd on 18 September, this was reduced to 

478 ksfd by 30 September. 

Revelstoke Reservoir 

During the 1995-96 operating year, the Revelstoke project was operated generally as a run-of­

river plant, with the reservoir level maintained within 5.3 feet of its nonnal full pool level, elevation 1880 

feet. During the spring freshet, March through July, the reservoir was occasionally operated as low as 

elevation 1874.7 feet to provide additional operational space to control high local inflows, 
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Arrow Reservoir 

As shown in Chart 7, the maximum Arrow Reservoir level for 1995 was elevation 1442.8 feet on 

11 July 1995. Arrow Reservoir had drafted slightly to elevation 1438.3 feet by 31 July. On 31 July. the 

Arrow Treaty storage account was 3456 ksfd (6.9 mat) or 97 percent of full. The Arrow level was 

drafted slowly to elevation 1429.0 feet by the end of September. 

Keenleyside discharges increased over the autumn months from an average of 24 kcfs in October 

to an average of 50 kcfs in December. The winter discharge peaked at 56 kcfs in mid-December. Arrow 

Reservoir drafted to elevation 1430.9 feet by 31 December 1995 and Arrow Treaty storage on that date 

was 3489 ksfd (6.9 mat) or 98 percent of full. 

Special flood control operations were requested by the Corps of Engineers to alleviate flooding 

in the Portland. Oregon area during the months of November and December. Minimum actual discharge 

from Keenleyside for flood control in both November and December was 10 kcfs. 

In early January, B.C. Hydro requested that Arrow outflows be selectively reduced below Treaty 

requests to keep ri ver levels at acceptable and maintainable levels during Whitefish spawning and later 

emergence. BPA agreed to this change in exchange for a later Fall Flexibility Draft. The treaty requests 

were reduced and a total of 188 ksfd was held back. This storage was later returned and the Canadian 

Treaty Storage returned to TSR levels. 

Arrow Reservoir continued to draft during the January-March period. For most of this period, 

B.C. Hydro released Non-Treaty Storage water to augment Treaty releases in an attempt to maintain the 

viability of mountain whitefish eggs spawned downstream of Keenleyside. Due to the variability of 

outflows from Keenleyside in January and February, B.C. Hydro was unable to maintain the viability of 

mountain whitefish eggs spawned downstream of Keenleyside. However, due to the flood control 

emergency operations encountered during this season, the Canadian Department of Fisheries and Oceans 

was satisfied that the operation was appropriate for the conditions experienced. 

Arrow Reservoir reached its lowest level for the year, elevation 1395.1 feet, on 16 March 1996. 

Arrow Treaty storage reached its minimum of 890 ksfd (1.8 mat) or 25 percent of full, several days later 

on 20 March 1996. 
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Between 31 March and April 30, the Keenleyside discharge was kept to about 25 kcfs in an 

attempt to insure that rainbow trout would not spawn at higher river levels. Several trout redds, which 

were de-watered. were kept wetted for a limited time using a pump and sprinkler system. 

During April through June, Arrow was operated under the tenns of the agreement on "Non­

power Use of Canadian Treaty storage" between the entities. This agreement allowed the U.S. to store 

and release water which was above proportional draft levels in Canadian Treaty space, and spec ified non­

decreasing discharges from Arrow to avoid de-watering rainbow trout redds. With a 25 kcfs discharge 

throughout April, the Arrow Reservoir level rose to elevation 1407.2 feet by 30 April . 

With the start of the spring freshet, increasing discharges from the Kootenay River created a 

backwater effect at the Noms Creek Fan, a prime spawning location for rainbow trout. Discharge from 

Keenleyside was held at 35 kcfs for the last half of May and gradually increased throughout the month of 

June. Arrow reached a level of elevation 1439.2 feet by 30 June 1996. 

The Keenleyside discharge increased substantially in late June and July as Arrow Treaty storage 

neared full. The Arrow Reservoir reached its highest level for the year, elevation 1442.6 feet, on II July 

1996. The Arrow Treaty storage content continued to fill and reached its highest level for the year of 

3587 ksfd (7.1 mal) or 100% of full, on 30 July. 

With the increased KccnJeyside discharges in late July and August, the Arrow Reservoir drafted 

tn elevation 1437.6 feet by the end of August. The Keenleyside discharge peaked for the summer at 88 

kcfs in early August. By 30 September, the Arrow Reservoir level had drafted to elevation 1428.4 feel , 

with Treaty storage of 3043 ksfd (6.0 maf) or 85% of full. 

To minimize spill at the Kootenay River plants in Canada and maintain Koocanusa water levels 

in Canada, the Canadian and U.S . Entities agreed to a Libby-Arrow water transfer for the late summer of 

J 996. Under the agreement, Libby volume releases were reduced by a total of 200 ksfd through August, 

and an equal amount of water was released from Arrow Reservoir. This Arrow water effectively stored 

in Libby will be returned to Arrow Reservoir in the October to December period. 

Duncan Reservoir 

As shown in Chart 8, the Duncan reservoir level was elevation 1888.4 feet (3.6 feet below fu ll) 

on 31 July 1995. !be reservoir filled to e levation 1892.0 feet by 29 August 1995. 
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During the month of September and early October, Duncan discharged an average of 8 kcfs to 

mainlain the Kootenay Lake levels and Kootenay Lake flows. The project discharge was reduced to 

minimum in late October and remained at 100 cfs for most of November. Higher discharges in late 

December were necessary to again support Kootenay Lake levels and flows. The Duncan Reservoir level 

on 31 December 1995 was elevation 1867.2 feet (70% of full). During early November and early 

December project releases were reduced in an effort to assist in flood control efforts downstream in the 

U.S. The project also went to minimum in early December when Kootenay Lake temporarily exceeded 

the liC level. These operations contributed to later exceedance of the Duncan flood control curve. 

During January, the Duncan discharge increased to 10 kcfs. The reservoir was drafted 

throughout February and April, other than short reductions to low discharges (as low as 100 cfs) to meet 

Kootenay Lake lie levels. The Duncan reservoir exceeded its Treaty flood control curve in mid-January 

but, with the concurrence of the U.S. Entity and Corps of Engineers, remained above this curve (while 

continuing to draft) until late April. The Duncan reservoir reached its lowest level for the year, elevation 

1798.7 reet (4.5 reet above empty), on 2 May 1996. 

The Duncan discharge was reduced to minimum, 100 cfs, on I May to begin refilling the 

reservoir. The reservoir level reached elevation 1821.2 feet by 31 May and elevation 1865.4 feet by 30 

June. Duncan remained on minimum discharge until 12 July. At that time discharge was increased to 

slow the rate of reservoir refill. The Duncan reservoir reached elevation 1892.2 feet (0.2 feet above full) 

on 31 July 1996. 

Duncan passed inflow for the remainder of August to maintain the reservoir near full pool. On 

3 September, the Duncan discharge was increased to start drafting the reservoir and fill Kootenay Lake. 

Duncan had drafted to elevation 1883.7 feet by 30 September 1996. 
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Libby Reservoir 

As shown in Chart 9, Lake Koocanusa started the operating year at elevation 2456.6 feet, 12 feet 

higher than last year and 2.4 feet below full. The lake reached its peak summer level of elevation 

2456.90 reet on 25 October 1995. 

Libby started the operating year with an imposed maximum outflow limit of 20 kcfs. the 

hydraulic capacity of 4 units since Unit # 3 was expected to be out of service until November. Thi s limit 

was set by the State of Montana to prevent possible high Total Dissolved Gas (1DG) amounts caused by 

spillway use. The first 4 days of August saw a continuation of Libby release at 16 kcfs. along with an 

Arrow release of 4 kcfs. to complete the transfer of 194 ksfd of Arrow storage to Libby. with return 

callable by B.C. Hydro between Labor Day and 31 December 1995. The pool level on 4 August was 

elevation 2455.8 feet versus 2447.2 feet if the original 20 kefs limit had been released through the July­

August period. Libby outflows were maintained at 16 kcfs through 16 August, and then inflow for the 

remainder of the month . The month-end pool level was elevation 2454.2 feet or 8.0 feet above the AER 

level of 2446.2 feet. 

September and October saw selective releases of 4 kcfs for an on-going Montana Department of 

Fish, Wildlife, and Parks fishery study, boat ramp work. and bridge pier removal. On 27 October. the 

outflow was increased to 20 kcfs to begin drafting the lake to its 31 December flood control leve l of 

elevation 2411 feet. Thi s outflow was maintained until 27 November when the outflow was reduced to 

4 kcfs through to 5 December as the Columbia River system was on flood control to reduce possible 

flood stage forecast at Vancouver, Washington. On 6 December, outflows were again increased to 20 

kcfs to continue drafting to meet Libby flood control requirements. On 11 December, Unit # 3, which 

had been out of service since May 1993. was returned to service and outflows were increased to 26 kcfs. 

Due to the restrictive outflow capability and local stream flows respectively of 180% and 227% of 

normal in November and December, Libby' s 31 December pool level elevation 2420.7 feet or 9.1 feet 

above the flood control level and TSR level of2411 feet. Inflow during the October-December period 

was 169 percent of nonnal . 

With the January early bird water supply forecast being 115% of nonnal for the April to August 

outflow during January was near full load in order to draft to the flood control level of elevation 2358 
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feet by 31 January. As in previous months, high inflows and restrictive outflow resulted in an actual pool 

level of elevation 2385.5 feet by that date. 

February started out with 20-22 kcfs outflows as the above snowpack required heavy drafting of 

the lake. By 8 February, flood stage conditions in the Portland-Vancouver Harbor and Kootenay Lake 

exceedence its lie rule curve required reducing Libby outflow to near inflow of 7 kcfs. The last half of 

February saw outflows about 10 kcfs, as the Kootenay Lake DC draft continued. By 29 February, the 

pool was at elevation 2371.6 feet, 33.7 feet above the AER level of elevation 2337.9 feet and 63 .9 feet 

above the flood control pool of elevation 2307.7 feet. 

Outflows during the first week of March were maintained near 12 kcfs. From March 9 through 

April 9, Libby released inflow in the 4-6 kcfs range, as its flood control draft was limited by Kootenay 

Lake's DC level. By 31 March, Libby's level was at elevation 2366.0 feet or 79 feet above the 31 March 

flood control pool of elevation 2287 feet. 

Most of April saw flows in the 10 to 23 kcfs range to further draft for flood control. The April 

draft was restricted somewhat this year as the Kootenay Lake Board of Control made a ruling on the 

method to calculate lie. In previous years, observed inflow to Kootenay Lake was used to calculate the 

lowering formula. This year, the natural inflow was used, resulting in a lower allowable level of the lake 

early in the spring, then a higher level during the spring runoff period. Libby's pool by 30 April was 

elevation 2362.9 feet or 52 feet above the flood control level of elevation 2310.7 feet. The January-April 

runoff was 169% of normal. 

Because of the Tota1 Dissolved Gas concern based on spill at Libby, the May, June, and July 

operation to meet the sturgeon BiOp flows was held off during filling while inflows were above 25 kcfs. 

Because of changing volume forecasts during the July-August period, several proposals for increasing 

discharge were discussed and evaluated related to the 1996 Sturgeon spawning enhancement. These 

proposals were introduced by various groups, i.e., U.S. Fish & Wildlife Service (USF&W), Kootenay 

River Steering Committee, and the Technical Management Team. Outflows during the last half of May 

and during June were maintained at full powerhouse of near 25-28 kcfs because above normal runoff had 

the lake fiJling 1-3 feet per day . Late June saw the USF&W request a 5-day fluctuation of 25 kcfs to 

12 kcfs and back to 25 kcfs for sturgeon recruitment. Originally to be initiated by water temperature, this 

request was made based on sturgeon movement as water temperatures remained below the target values . 
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Initially the discharge in July was to be full load of25 kcfs as there was concern the project 

would not be able to provide flow pulsing flexibility for Sturgeon spawning while preventing the project 

from filling and spilling prior to the end of August. On 5 July, outflows were reduced to 14 kcfs to 

prepare for a puJse of 24 kcfs on 10- 12 July requested by the Kootenay River Steering Committee. This 

was followed by flows of near 10 kcfs 10 maintain II kcfs at Bonners Ferry . Libby refilled at month' s 

end, to elevation 2458.96 feet. 

The first 12 days of August saw Libby releasing 24 kcfs, reducing to 12-14 kcfs for the 

remainder of the month because of high water difficulties near Bonners Ferry. Libby did not release its 

full BiOp volume allocation due to the Arrow Libby swap of nearly 200 ksfd, and this water was 

delivered from Arrow Lakes instead. September outflows were in the 8- 12 kcfs range for an on-going 

Montana Fish, Wildlife & Parks fishery study. The observed pool level on 30 September 1996 was 

elevation 2448.7 feet, while the proportional draft point (PDP) was elevation 2432.3 feet. The April­

August seasonal runoff was 131 percent of normal. 

Kootenay Lake 

As shown in Chart 10. the level of Kootenay Lake at Queens Bay was e levation 1743.2 feet on 

31tJuly 1995, and the level at Nelson was already below the late summer DC maximum level of 

elevation 1743.32 feet. Discharges were adjusted to pass inflow during August. 

For the month of September, the Kootenay Lake discharge was adjusted to keep the downstream 

Brilliant plant at full load without spill, approximately 19 kcfs. The lake level dropped to a low of 

elevation 1742.7 feet (2.6 fee t below the liC level) on 30 October. For the rest of November and early 

December the lake was refilled. 

The lake exceeded the IJC level by 0.2 feet on I December, 1995 and outflows from Duncan 

were reduced to minimum at this time to lower the lake level. Both Libby and Duncan reduced 

discharges to control the Kootenay Lake level. By 31 December 1995 the lake was at near full pool at 

elevation 1744.9 feet (0.4 feet from full pool) . 

Beginning in January, Kootenay Lake was drafted to avoid violating the UC Order. The lake did 

again exceed the IJC order level on 10 February 1996. reaching compliance with the order several days 

later. Duncan di scharges were reduced to assist in drafting the lake below the DC level. Local inflows 
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into Kootenay Lake at this time peaked at 58.5 kcfs. The lake then continued to draft. reaching its lowest 

level for the year, elevation 1739.1 feet, on 7 April 1996. The lake level exceeded the threshold UC 

level, elevation 1739.32 feet, on 9 April, 1996 and began filling. 

Inflows to Kootenay Lake increased throughout May, and the lake reached its peak level for the 

year, elevation 1751.9 feet, on 10 June. With receding runoff in the latter part of June and reduced Libby 

discharges in July, Kootenay Lake drafted, with the lowest summer lake elevation occurring on 29 

August with a level of elevation 1743.8 feet. The Nelson gauge level dropped below the DC summer 

level of elevation 1743.32 feet on 25 August 1996. Lake discharges were adjusted to keep the Nelson 

gauge level below elevation 1743.32 feet until the end of August. During September, lake discharges 

were set to avoid spill at Brilliant, and the lake refilled to elevation 1744.9 feet by 30 September 1996. 

During 1996, an interpretation on the UC order was requested from the Board of Control by the 

U.S. Army Corps of Engineers. The past interpretation had been that the regulated inflows (equal to or 

less than the natural flows) into Kootenay Lake should be used for the calculation of the IJC level. The 

Board of Control ruled that the natural (unregulated) flows are to be used in the calculation. 

Storage Transfer Agreements 

In the 1995-96 operating year, the Canadian and U.S. Entities entered into a storage transfer 

agreement for the summer of 1996 in which increased releases from Canadian Treaty projects were used 

to reduce the outflow from Libby. This operation resulted in about 200 ksfd less water being released 

from Libby during August, reducing the amount of spill at Canadian power plants on the Kootenay River, 

and maintaining higher Lake Koocanusa levels in Canada and the U.S. than would otherwise have 

resulted/occurred, thus improving recreation. The additional water taken out of Columbia River Treaty 

Storage will be returned by 31 December 1996. 
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VI Power and Flood Control Accomplishments 

General 

During the period covered by this report, Duncan, Arrow. and Mica reservoirs were operated in 

accordance with the Columbia River Treaty. Specifically. the operation of the reservoirs was governed 

by the : 

I . "Detailed Operating Plan for Columbia River Treaty Storage - t August 1995 
through 31 July 1996," dated August 1995. 

2 . "Detailed Operating Plan for Columbia River Treaty Storage - I August 1996 
through 31 July 1997," dated I August 1996. 

3. "Columbia River Treaty Flood Control Operating Plan," dated October 1972. 

4. "Columbia River Treaty Entity Agreement On Operation of Treaty Storage for Non­
Power Uses for January I, 1996 through July 31. 1997," dated 30 April 1996. 

Consistent with all Detailed Operating Plans (DOP) prepared since the installation of generation 

at Mica, the 1995-96 DOP was designed to achieve optimum power generation at-site in Canada and 

downstream in Canada and the United States, in accordance with paragraph 7 of Annex A of the Treaty. 

As contemplated in the March 1991 Entity Agreement on "Options for the Development of the Detailed 

Operating Plan for Operating Year 1995-96", the 1995-96 Options for Development of the Detailed 

Operating Plan, prepared in January 1991, was used as the basis for the preparation ofthe 1995-96 DOP. 

During the period covered by this report, Libby reservoir was operated in accordance with the 

1972 "Columbia River Treaty Flood Control Operating Plan," as amended by the U.S. Army Corps of 

Engineers (ACE) "Review of Flood Control, Columbia River Basin, Columbia River & Tribumries 

Study, CRT-63", dated June 1981. During the operating year, Libby operated for storage and releases 

required for endangered White Sturgeon and Salmon as required by both the U.S. Fish and Wildlife 

Service and the National Marine Fishery Service Biological Opinions. The Canadian Entity has given 

notice that it considers the BiOp fishery operation to be inconsistent with the OQP and Columbia River 

Treaty. 
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Power Deliveries 

The Canadian Entitlement to downstream power benefits from Duncan, Arrow and Mica for the 

1995-96 operating year had been purchased in 1964 by the Columbia Storage Power Exchange (CSPE). 

In accordance with the Canadian Entitlement Exchange Agreement dated 13 August 1964. the U.S. 

Entity delivered capacity and energy to the CSPE participants. The generation at downstream projects in 

the United States, delivered under the Canadian Entitlement Exchange, was 268 average megawatts from 

1 August 1995 through 31 March 1996 and 254 average megawatts frorp. I April through 3 1 July 1996. 

Capacity deliveries were up to 576 megawatts from 1 August 1995 through 31 March 1996 and 

486trnegawaus from 1 April through 31 July 1996. 

In accordance with the Entity Agreement on the Determination of Downstream Power Benefits 

for Operating Year 1995-96, the Canadian Entity delivered to the U.S. Entity 2.0 average megawans of 

annual energy and no dependable capacity during the period J August 1995 through 3 1 March J 996. In 

accordance with the Entity Agreement on the Detennination of Downstream Power Benefits for 

Operating Year 1996-97. the Canadian Entity delivered to the U.S. Entity 0.9 average megawatts of 

annual energy and no dependable capacity during the period 1 April 1996 through 31 July 1996. These 

energy deliveries were required by Section 7 of the August 1964 Canadian Entitlement Purchase 

Agreement. 

In accordance with the 1995-96 DOP, and as required in the March 1991Entity Agreement on 

"Options for Development of the Detailed Operating Plan for Operating Year 1995-96", the U.S. Entity 

delivered to the Canadian Entity 20.9 megawatts of average annual energy, minus 3 percent losses, and 

no dependable capacity, during the period I August 1995 through 31 July 1996. This energy represents 

the increase in the purchases portion of tbe Canadian Entitlement resulting from including the effect of 

finn energy shifting in the Assured Operating Plan. 

Power Operations 

The Coordinated System storage level at the beginning of the 1995-96 operating year was 

89.2 percent full which resulted in the System adopting a lst-year firm energy load carrying capabi lity 

(FELCC) from the critical period sLUdies. Due to above average stream flows throughout the year, the 

system generally operated to Operating Rule Curve (ORC) or flood control for the entire period, 
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producing large amounts of surplus energy. The system storage energy reached 99.4 percent full on 31 

July 1996, and the system adopted 1st-year FELCC from the 1996-97 PNCA Final Regulation study. 

The following table shows the status of the energy stored in Coordinated System reservoirs at the 

end of each month in the 1995196 operating year compared to the ORC (or proportioned draft points were 

applicable). Nonnal full Coordinated System reservoir storage energy is approximately 63.7 thousand 

(K-MW-Mo). 

END OF PERIOD ENERGY STORAGE 

51 .9 56.3 4.4 20.5 20.2 -0.3 
51.1 54.2 3.1 20.9 20.1 -0.8 
50.7 55.5 4.8 19.7 20.1 0.4 
48.3 51.9 3 .6 17.7 18.5 0.8 
34.0 41.2 7.2 10.0 12.8 2.8 
28.1 35.4 7.3 5.4 7.9 2.5 
21 .6 23.5 1.9 4.2 5.0 0.8 
23.5 25.8 2.3 3.3 5.4 2.1 
32.6 35.3 2.7 5.5 8.6 3.1 
55.9 52.3 -3.6 17.0 15.9 -1 .1 

As of 30 September 1995, the sum of Canadian Treaty storage was positioned 194 ksfd be low the 

AER srudy storage total as per terms of the 1995 Libby-Arrow water transfer agreement. The two 

Entities agreed to return Treaty storage to the AER study level such that half of the difference (97 ksfd) 

would be filled during the U.S. Vernita Bar spawning season, with the other half being fi lled during the 

Canadian whitefish spawning season. 

Treaty operations during the period December 1995 through April 1996 were planned to 

facilitate meeting fisheries objectives in Canada and the U.S. These objectives covered mountain 

whitefish and rainbow trout spawning in Canada between Keenleyside Dam and the border, and Vernita 

Bar, and Row Augmentation storage of up to J rna[ (subject to flood control limits) for U.S. salmon 

objectives. 
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In order to keep Keenleyside discharges as low as possible during the mountain whitefish 

spawning period, B.C. Hydro and BPA agreed that BPA would forego their Treaty provisional draft right 

of 5 kcfs during the peak spawning season in return for "in lieu" energy during the same period. 

Rather than being obligated to return the in-lieu energy to B.C. Hydro after the spawning period, 

BPA decided to "pre-store" this energy with BC Hydro during light load hours (LLH) in the latter pan of 

October 1995. B.C. Hydro made 50% of ilS LLH import capability during late October available for 

these in-lieu pre-storage deliveries. and BPA stored 77.2 GWb. 

It was intended that the energy be returned to BPA in LLH during the peak mountain whitefish 

spawning period in lieu of provisional draft water releases. All of the pre-stored energy was to have been 

returned to BPA by 31 December 1995. However, with a warm and wet December, this energy , if 

returned to BPA, would have been spilled. Therefore, S .c. Hydro agreed to extend the energy return 

date to 31 March 1996. 

In January, the Keenleyside Treaty discharge was reduced from 85 kcfs to 60 kcfs for 

approximately one week to keep mountain whitefish spawning at the lowest practical river levels. In 

return, the U.S. received the right to an equivalent flexibility draft below AER ( 188 ksfd) on Treaty 

storage between Labor Day 1996 and the start of the mountain whitefish spawning period (nominally I 

December 1996). The flexibility draft is to be returned by 30 April 1997, excluding March to avoid 

reducing whitefish incubation flows. 

During the January through July 1996 period, water was retained in Arrow above its PDP under 

terms of the 1995-96 Entity Agreement on the Operation of Treaty Storage for Non-Power uses and the 

flood control requirements for the February flood event. By 30 April 1996, the Arrow Treaty elevation 

was approximately 1.5 maf above PDP elevation. During the May through July period, this water was 

released to augment lower Columbia River stream flows for salmon migration in the U.S. in a manner 

consistent with Canadian needs for trout spawning and progressive Arrow re fill. Considering the higher 

than normal stream flows and unusua1 hydrologic events, U.S. and Canadian fisheries objecti ves were 

satisfied to the extent possible. 

Higher than nonnal stream flows coupled with BPA load reductions produced substantial surplus 

throughout the 1995-96 operating year. The following table is a summary of non-firm and surplus firm 
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sales to Northwest and Southwest utilities (in MW-months) and federal purchases during August 1995 

through July 1996. 

BPA PURCHASES WITH NON-FIRM AND SURPLUS FIRM SALES 

(MW-Months) 

397 
Sep95 105 47 16 119 460 
Oc195 992 597 308 763 761 
Nov 95 869 519 702 1365 791 
Dec 95 484 1522 1095 2247 759 
Jan 96 335 650 1706 1847 1662 
Feb 96 189 869 1719 512 1637 
Mar96 200 2028 762 1105 1020 
Apr 96 138 1063 1014 1528 1602 
May 96 0 1110 1075 703 2369 
Jun 96 0 38 16 0 0 

Flood Control 
The Columbia River Basin reservoir system, including the Columbia River Treaty projects, was 

operated for flood control twice during the winter of J 995-96. In both instances, most of the flood 

contribution came from the Willamette River and lower Columbia River tributaries. 

Treaty projects' outflows were reduced to alleviate flooding conditions in the Portland­

Vancouver harbor during both of these high water events as upper Basin projects were drafting heavily in 

preparation fo r the spring runoff. Rood control operation consisted of reducing draft flows to near 

inflow, hence a hydrograph for this period is not included in this report. Regulated flows at The Dalles 

were 323,600 cfs on 3 December 1995 and 376,400 cfs on 10 February 1996. The unregulated flows 

were 446,000 cfs on 2 December 1995 and 483,000 cfs on II February 1996. 

With a flood stage at Vancouver of 16 feet, the observed peak stage on I December 1995 was 

18.5 feet. A significantly higher stage occurred during the February high water with a peak stage of 

27.2 feet on 9 February 1996. The unregulated stages for these two events would have been 22.8 feet on 

3 December 1995 and 29.0 feet on II February 1996, respectively. 
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Slightly below flood stage conditions at Vancouver, Washington occurred during the spring 

runoff with significant flood control provided by Treaty projects. The observed and unregulated 

hydrographs for the Columbia River at The Dalles between 1 April 1996 and 31 July 1996 are shown on 

Chart 14. The unregulated peak flow at The Dalles would have been 718,480 cfs on 11 June 1996 and it 

was controlled to a maximum of 455,700 cfs on 11 June 1996. 

The observed peak Slage at Vancouver, Washington was 14.9 feet on 13 June 1996 and the 

unregulated stage would have been 24.4 feet on 12 June 1996. Chart 15 documents the relative filling of 

Arrow and Grand Coulee during the principal filling period, and compares the regu lation of these two 

reservoirs to guidelines in the Treaty Rood Control Operating Plan. Because of earlier minimum fishery 

releases and this year's runoff pattern, drafting of Arrow lakes prior to the spring runoff resulted with no 

flood control operation at Arrow after 30 April 1995 as the curve on Chart 15 did not guide the operation 

after that date. 

Computations of the Initial Controlled Flow (lCF) for system flood control operation were made 

in accordance with the Treaty Aood Control Operating Plan. Computed Initial Controlled Rows at The 

Dalles were 387,000 cfs on 1 January 1996,407,000 cfs on 1 February, 400,000 cfs on I March, 

365,OOOtcfs on I April. and 396,000 cfs on 1 May. As mentioned earlier. the observed peak flow at The 

Dalles was 455,700 cfs. Data for the I May ICF computation are given in Table 6. 
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Table 1 
Unregulated RunolTVolume Forecasts 

Million of Acre-Feet 
1996 

Columbia River at 
Duncan dIwl' Mi>l! l..ifu The Dalles. Qreeon 

Most Mosl Most Most Most 
Forecast Probable Probable Probable Probable Probable 

Date· I April- I April- I April - I April- 1 April-

.illli 31 August 31 August 31 August 31 August 31 August 

January 2.4 26.2 13.3 7.6 102.0 

February 2.3 26.5 13.5 7.7 105.0 

March 2.3 26.0 13.0 8.0 105.0 

April 2.2 25.7 12.9 7.7 97.1 

May 2.2 26.3 13.1 8.0 108.0 

June 2.3 26.2 12.8 8.6 115.0 

Actual 2.3 25.4 12.5 8.3 1I1.1 

NOTE: These data were used in actual operations. Subsequent revisions have been made in 
some cases. 

37 



TABLE 2 
1996 V.ri.ble ReruJ Curve 
Mica Reservoir ~ "''' ~, M ... RI ,N' M ... YI IUS I 

"I'IlOilASLE O ... TE.lllUl..'l INFLOW, KAI'" ,~, 1119.0.9 lil:lllJ IOlol(i.l \11170.2 71lOJ 
"I'IlOI!IASL£ O"'~11Ul.. Y 1Nl'LDW. UFIr Hlf .• -.• ,,.., 51 ".3 U7B 39U .1 
"'mIol'ORfCAST flUlOR I'OR IMTE. KSFIr ~, 55U 5Il.' 

_. _. 
' 70,5 

_ CON!' llATE.lllUl.. Y ~R.OW. OFlr " • .,1.7 -, <717.1 -.• «)U .m 

·ASSUMED FEII I.JUUIINfU)W,"OI' VOL' 100,0 
·ASSUMED I'EBI .JIIUI INfl.Ol". KSFD' • ' '''.1 
·FEB MINIMUM R.OW ~EQlIIREMENT.t:1'5 '3/ 

_. 
'MIN FEIIl.JULJ1 00Tf'L0W. I(.SFO" • 216S.0 
'MIN IAtilll RES£Il.VOI~ 0»I19lT. KSFIr 51 ." ·ML .. IAN31 RESIlIlVOIR cosn;NT. FEI!r • 2",,-0 
·IANII EO::. FT " 2.,0.1 
·BASE EO::. FT 1'10.1 
'LOWER LIMIT. I'J" -, 
·ASSUMEDMAll·lUUIINFLOW,"OFVOL" "' "' • ... SSUMWMARI.JUUllNfl.OW. KSFIT • "~, q/H 
'M,U MINIMUM fl.OW IlEQUlKEMENT.CI'S"lI -.• -.• 
-MIN MAA 1·lUUI 00Tf'L0W, KSHT • lOlUl 

_. 
'MIN FE112& RESIlIlVOIR CON'TENT. KSFIr , 1167.1 6ll.6 
"MIN FE112& RESEJlVOIR CI»(TDIT. FEET' • 2-0 " .5 -, 
-FEllS EO::. I'J" " ~ ""' "AS!! EO::. FT ""' 'LOWEIl UMIT. I'J" ~, 

·ASSUMEDAPltI·lUUIINFLOW."OI'VOL· ." ., "' . 
• ... SSUMED APIt I_IUUI l .. fl.OW, ItSf'() " • ~., =, _7.' 
• ... Pft MI1'I1MUM now REQU1IlEME'<T.CFS" II ,-, IOIXIO.O 100000.O 
'MIN ... I1lI-JUUI 0I.lTF\.0W. K3H)' • I~.O ,ro, I~.O 

'MIN MAItJI RESISRVOIR <;'ON'1CNT. UFD" II m, _. 
~ -'MIN MAIOI RESISRVOUI. <;'ON'1CNT. FEET" 6/ 2-O1l.1 -, 2014.1 

'MARll EiCC.1'J" " llI1.1 =, =, 
"AS.!! EiCC. FT "n, 
"LOWEll LIMIT. I'J" ""' 
·ASSUMEDMA'lI ·nJUl INfl.OW ... OPVOI...· ~. •• .M ".-
·AS$UMIDMA'lI.J\lUI L'IFLOW. URl" • '11J.9 -- o m «,2.1 
....... 'l MJ."lMUM fl.OW REQUIIlEMENT.CfS"lI ,-, 10000.0 ,-, lOOX1,O 
'MIN 101 ... Yl.JIJI.Jl 00Tf'L0W. UFO" • 1615.0 I6IH 16$5.0 'W, 
'MIN AI'ItlO RESDVOII COI'lTENT. KSFD" , m, 610.0 ~, ." -MIN ... 11llO RESEItVOIl COI'lTENT. FEET" • 2011.6 -, 1' 11.1 1011.0 
• APIUO ECC. PT" " ~, ""., -, ""., 
'BASI! EiCC. FT -, 
'ASSUMED lllt<l.JUU1 lSfl.OW."OF VOl.' no n.. 14.1 ... ., 
• ... SSUMmIUN1.JtJUllNf'LOW. UFO" • ,=, -, ]112.1 1111.1 l~,' 
'JUN MINIMUM IUlWREQlIIREMENT.CFS· II 

_. _. _. -, -.. 
'MIN JUNI·!UUI OUTFLOW. KSf1T , Il".O 13".0 117'1.0 1]11.0 1)71,0 
'MIN MA'lll RESERVOIR CONTENT. KSm- II IK1.9 ,~, 11l2.1 ,~ 1)07.1 
'MIN M"''lll RESERVQlR CONTENT. FEET" • 202&.1 "= 1026,' 2O~J l<~,l 

'MAnl EO::. FT " ""., ""' ""., ~., ""' 'BASI! f.OC. Fr ""., 
·ASSUMEDlULl·1UU111>'1UlW."OI'VOL· 3l.1 ll.9 ~, 37.1 lU ., 
• ... SSUMEDJULI.JUUl lNFl.OW. ~. • 17~1 .1 Inll 11$6.9 mO.l ,~, I7lU 
'IULMINIMUM f'LOW REQUIREME.'IT. CFS' • -, _. -.• -, -.• ,~, 
' MIN Jl.I1.I .1UU1 OUTFLOW, UfD" • m,o m .o n" 7H.O 7nO 715,0 
' MIN IlIt.')[I RESISRVOIR tDN'ttNT, KSFD" , ~ .• 107H ~" ~}o.O lIOl.7 ~1l.9 

'MIN IUN» RESISRVOIII. cot<TE.'IT. f'EEr • ~., -, 24$0.6 24~.1 1O'lIl.6 201J.J 
-JUNlO BCC. PT" " ~., ""' -, D~' 1J96,9 2l96.9 
·B ... SE fCC. Fr ,-, 
·JU1.31 ECC. I'T -.. _. 

2_,1 
_. ---.. 

•• fI:lRECAST sr ... UD ... TEIS IFEII OR LA'reR. OIISUVEDINIUlW !'ROt.IU ...... ·IMTE lSSUBTllACTED. 
/1 1'It0BAllL£ INI'l.OW MINUS 195' EJlltOR 0\ JANI-IMTE INFt.OW~ 11 11l~ UNE TIMES II. 
II POWER OISOU.~OE ~EQIAA~ tI CllIof\IlATl\lE MINIt.CUM OllTFUlW FROM lI.., ... TE ro filLY.' 
II ruuC()t;rEt<T (J!29.l Orol PLUS ... Mll'o'(}S t2. 61 ELEV FROIoIli. OODJ'FllSTOllAGECO~T"'BL£.AIW 
71 LOWER OP EUN. FROM 6/OR. BASEEa:.: DETEt.\l1NED PIUOIl TO YII (1/<o"Tl.). BUT NOT L£SS TlV.N LOIVE/! UMIT. 
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TABLE 3 
1996 Variable Refill Curve INTTIAL JAN 1 FEB 1 MAR 1 APR 1 MAY IJUN 1 
Arrow Reservoir Lo<>I Loal LoaJ LoaJ LoaJ LoaJ 

'PROBABLE DATE-31JULY INA...OW, KAP 12079.1 12206.5 11 762.0 11166.7 10414.0 7957.9 
& INKSFD •• 6089.9 6154.1 5930.0 5629.9 5250.4 4012.1 

"95'1> FORECAST ERROR FOR DATE IN KSFD" 822.5 651.0 572.3 474.5 457.7 508.1 
"95% CONFDATE-3IJULY INA..OW, KSFD" 11 5261.4 5503.1 5357.7 5155.4 4792.7 3504.0 

"ASSUMED FE81-1ULJ I INR..OW. 'l> OF VOL: 100.0 
"ASSUMED FEBI·JULJIINFLOW, KSFD" ')j 5267.4 
"MIN FEBI-JULJI OUTFLOW, KSFD" 31 2970.0 

:~:~~~~~~~~~~~~~~FD· ~ 3793.0 
-2510.8 

"MIN JAN31 RESERVOIR OONTENT, FEEr 61 1)77.9 
"JAN)l ECC. FT" 71 1392.1 
"BASE ECC, fT" \412.6 
"LOWER LIMIT, FT" \392. 1 

"ASSUMED MARI-JUL31 INFLOW,'l>OFVOL: 97.0 97.0 
"ASSUMED MARI-IUL3IINfLOW, KSFD" ')j 5109.4 5338.0 
"MIN MAR I·JULJI OUTfLOW, KSm" 31 2825.0 2825.0 
"MICA REAll. REQUIREMENTS. KSFD ' 41 3126.0 3178.5 
"MIN FEB28 RESERVOIR CON1'E'(f. KSFD" 51 -1830.8 -2 111 .9 
"MIN FEB28 RESERVOIR CONTENT. FEET' 61 ]377.9 ]311.9 
"FES28 Ecc. Fr 71 ]383.8 1383.8 
"SASE ECC. Fr 1391.8 
"LOWER UMIT, Fr 1383.8 

"ASSUMED APRI-JUL3IINFlDW, ,*,OFVOL." 93.7 93.7 'M 
"ASSUMEDAPR I-JUU] lNfl..OW. KSm" ')j 4935.6 S ISM 5115.5 
"MlN APR]-JUL3 1 OUTFLOW. Ksm" 31 2610.0 2610.0 2670.0 
"MICA REFILL REQUIREMENTS, KSm" 41 2444.0 2496.5 2444.0 
"MIN MAR31 RESERVOIR CONTENT. KSm"S/ -1130.0 -1403.3 -]369.9 
"MIN MAR3] RESERVOIR CONTENT. FEET "6/ 1317.9 1377.9 1377.9 
"MAR31 ECC, fT" 71 1382.3 1382.3 1382.3 
"BASE ECC. Fr" 1401.2 
"LOWER UMIT, Fr" 1382.3 

"ASSUMED MAY1 -.JUL3IINFLOW .... QFVOL." 85.5 85.5 88.1 91.2 
"ASSUMEDMAY I-JUL3IINFLOW, KSm" ')j 4503.6 4705.2 4720.1 4701.1 
"MIN MAY]-JUL31 OUTFLOW. KSFD" 31 2445.0 2445.0 2445.0 2445.0 
"MICA REFILL REQUIREMENTS, KSFD" 41 1664.0 1718.5 1664.0 1827.0 
"MIN APR30 RESERVOIR CONTENT, KSFD" 51 -143.0 -399.1 -359.5 -504. 1 
"MIN APRJO RESERVOIR CONTENT. FEET" 61 1377.9 1377.9 1377.9 1377.9 
" APR30 ECC. Fr" 71 1317.9 1377.9 1377.9 1377.9 
"BASE ECC. Fr" 1403.8 

"ASSUMEDJUN1 -JUU IINFLOW.% OF VOL." 61.2 61.2 63.1 65.3 71.6 
"ASSUMEDJUNI-JUL3 IINFLOW.KSFD" ')j 3223.6 3361.9 3380.7 3366.5 3431.6 
"MIN JUN I-JULlI OUTFLOW, KSFD" 31 2135.0 2135.0 2135.0 2135.0 2135.0 
"M ICA REFILL REQUIREMENTS. KSFD" 41 1354.0 1406.6 1354.0 1317.0 1354.0 
"MIN MA Y31 RESERVOIR CONTENT.KSm"SI 1137.0 940. 1 979.9 1031.1 929.0 
"MIN MA Y31 RESERVOIR CONTENT, FEET "6/ 1402.4 1398.6 1399.3 1400.4 1398.3 
"MAY31 ECC.Fr" 71 1402.4 1398.6 1399.3 1400.4 1398.3 
"BASE ECC. Fr 1418. 1 

"ASSUMED JULI-JULJIINFLOW .... OF VOL. " 25.' 25.' 26.4 27.4 30.0 41.9 
"ASSUMED JULI -JUL31INFLOW. KSFD" ')j 1348.5 1408.8 1414.4 1412.6 1431.8 1468.2 
"MIN JULI-JUL31 OUTFLOW, KSFD~ 31 1085.0 1085.0 1085.0 IOSS.O J08S.0 J08S.0 
"MICA REFILL REQUIREMENTS, KSFD " 41 1054.0 1106.5 1054.0 1017.0 1054.0 922.4 
"MIN JUN30 RESERVOIR CONTENT.KSFD" 51 2262.1 2149.3 2196.2 2235.0 2172.8 2274.0 
"MIN JUN30 RESERVOIR CONTENT,FEET" 6/ 1422.8 142().9 1421.7 1422.4 1421.3 1423.0 
"JUN30 ECC. Fr" 71 1422.8 1420.9 1421.1 1422.4 1421.3 1423.0 
"BASE ECC, Fr" 1436.7 
"JUL31 ECC.fL 1444.0 1444.0 1444.0 1444.0 1444.0 1444.0 
.. FORECAST START DATE IS I FEB OR LATER. OBSERVED INFLOW FROM \JAN-DATE IS SUBTRACTED. 
II PROBABLE INFLOW MINUS (95% ERROR &JANI-DATE INFLOW). 2IPRECEEDING LINE TIMES If. 
31 COMMULATIVE MINIMUM 01JTFLQW FROM DATE TO JUL Y_ USING POWER DISCHARGE REQUIREMENTS" 
41 UPSTREAM DISCHARGE REQUIREMENT. 51 FlJll aJNTENT (3S19.6 KSFD) MINUS 21 PLUS 31 MINUS 4. 
61 ELEV. FROM 51.INTERP. FROM STORAGE CONTENT TABLF11 LOWER OFELEV. FROM 6/0R ELEV DETERMINED PRIOR TO 
YEAR (INTIAL), BUT NOT LESS THAN LOWER UMIT." 
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TABLE 4 
1996 Variable Refill Curve 
Duncan Reservoir INTI1AL JAN I FEB I MARl APR I MAY ! JUN I 

' PROBABLE DATE-3 JJULY INA..OW, KAF" 2032.3 1988.4 1951.1 183 1.7 1734.S 1360.3 
&: IN KSFD" .. 1024.6 1002.S 983.7 923.5 874.5 685.8 

"9S'lI FORECAST ERROR FOR DATE,lN KSfD~ 112.4 97.8 93.4 91.9 84.' " .7 
"95'" CONFDA TE-J IJUL Y INFLOW, KSFD" 1/ 912.2 904.7 .... 3 831.6 789.7 600.1 

'ASSUMED FEBl -JUL3IINFLOW,'lI OF VOl.." 100,0 
"ASSUMED FEB I-JUU I INFLOW, KSFD" 11 9 12.2 
' FEB MINIMUM A.Ow REQUtREMENT.CFS "3/ 10110 
"M IN FEB I-JUL3 I OUlR.OW, KSFD" 41 18.2 
"M IN JANJ I RESERVOIR CONTENT. KSFD" 51 - 188.2 
'MIN JAN3! RESERVOIR CONTENT. FEET'" 6/ 1794.2 
"JANJI ECC. fT" 71 1794.5 
"BASE ECC, fT" 1838.8 
"LOWER LIMIT, Pr 1794.S 

"ASSUMEDMARI-JUU1 INFLOW ... OFVOL: 97.9 97.9 
'ASSUMED MARI-JUl31 INFLOW, KSFD" 11 893.0 8SS.7 
"MAR MINlMUM FLOW REQUlREMENT,CFS" 31 100.0 100.0 
"M INMAR 1·JUL31 OlITFLOW. KSFD" 41 15.3 15.3 
"MIN FEB2S RESERVOIR CONTENT.KSFO" " -171.9 -164.6 
"MIN FEB28 RESERVOIR CONTENT.FEET'" 6/ 1794.2 1794.2 
"FEB28 ECC, FT" 71 1794.6 1794.6 
"BASE ECC, FT" 1838.5 
"LOWER UMIT, FT" 1794.6 

"ASSUMED APR I-JUlJIINA..OW,'k OF VOL" 95.4 95.4 ." 
"ASSUMED APRI-JULJIINFLOW, Ksm" 11 870.2 863. 1 .... 0 
"APR MINIMUM FLOW REQUIREMENT.CFS" 31 100.0 100.0 100.0 
"M IN APR I·JUL31 OUTFLOW. KSfD" 41 12.2 12.2 1>2 
"MIN MARlI RESERVOIR CONTENT.KSFO" " -152.2 -145.1 -150.0 
"MIN MAR31 RESERVOIR CONTENT.FEET" 6/ 1794.2 1794.2 1794.2 
"MAR31 ECC. FT" 71 1794.4 1794.4 1794.4 
"BASE ECC. Fr 1838.8 
"LOWER UMIT. FT" 1794.4 

"ASSUMED MA YI -JULJ I INfU>W.'1. OF VOL." 89.5 89.5 9L5 93.8 
"ASSUMEDMAYI-JULJIINfU>w.KSm" 11 816.4 809.7 814.6 780.0 
"MAY MINIMUM FLOW REQUlREMENT.CFS "3I 100.0 100.0 100.0 100.0 
"MIN MAYI-IULJI OlTl1'1...OW. KSm" " ' .2 ' .2 92 ' .2 
"MIN APR30 RESERVOIR CONTENT.KSFD" " - lOl A ·94.7 -99.6 -65.0 
"MIN APR30 RESERVOIR CONTENT.FEET" 6/ 1794.2 1794.2 1794.2 1794.2 
"APR30 ECC. FT" 71 1794.2 1794.2 1794.2 1794.2 
· BASE ECC. FT" IS37.1 

"ASSUMED JUN I·JULJIINA..OW.'*'OFVOL." 6S.7 68.7 70.2 72.0 76.7 
"ASSUMED JUN I-JULJIINFl.OW. KSFD" 11 626.7 621.5 625.0 598.8 605.7 
"JUN MINIMUM FLOW REQUIREMENT,CFS" 3/ 100.0 100.0 100.0 100.0 100.0 
"MIN IUNI-JULJ I OUTFLOW. KSFD" 41 6.1 6.1 6.1 6.1 6.1 
· MIN MAYJ I RESERVOIR CONTENT.KSFD" " 85.2 90.' 86.' 113.1 106.2 
"MIN MAY3 1 RESERVOIRCONTENT,FEET' 6/ 1811.2 1812.1 1811.5 1815.8 1814.7 
"MAY31 ECC. FT" 71 1811.2 1812.1 181 1.5 1815.8 18 14.7 
"BASE ECC. FT" 1850.6 

"ASSUMED IUL1-JUL3 1INFl.OW,% OF VOL." 32.1 32.1 32.8 33.7 35.9 46.8 
"ASSUMEDJULI·JULJllNFLOW, KSm" 11 292.8 290.' 29~0 280.2 ,." 280.8 
"JUL MINIMUM R.OW REQUJREMENT.CFS· 31 100.0 100.0 100.0 100.0 100.0 100.0 
"MIN IULI .IULlI OUTFLOW. KSm " 41 3. 1 3.1 3. 1 3.1 3.1 3.1 
"MIN JUN30 RESERVOIR CONTENT. KSFD" " 4\6.1 418.5 416.9 428.7 425.4 428.1 
"MIN JUNJO RESERVOIR Com»(f, FEET" 6/ 1857.8 1858.1 1857.9 1859 .• 1859.0 1859.3 
"JUNJO ECC. FT" 71 1857.8 1&58.1 IS57.9 1859.4 1859.0 1859.3 
"BASE ECC. fT" 1873.0 
"JUL31 ECc.FT ......... .. ....... • 1892.0 \892.0 1892.0 1892.0 \892.0 1892.0 
.. R)RECAST START DATE IS IfEB OR LATER. OBSERVED INFlDW FROM \JAN·DATE IS SUBTRACTED. 
II PROBABLE INFLOW MINUS (95" ERROR &. JAN I·DA TE lNA..OW). 2IPRECEEDING LINE llMES I f. 
"31 POWER DISCHARGE REQUIREMENt'S. 41 CUMUlATIVE MINIMUM OU1R.OW FROM 31,DATE TO JULY: 
"Sf FUll. CONn:NT (7OS.8 KSFD) PLUS 41 MINUS fl. 6/ £lEV FROM 51. ImERP FROM STORAGE CONTENT TABLE. "·71 LOWER 
OF ElEV. FROM 61 OR BASE ECC OETERMINED PRIOR TO YEAR (INTlAL).BUT NOT LESS THAN LOWER LIMIT." 
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TABLES 
1996 Variable Refill Curve 
Libby Reservoir INmAL J .... N I FEB I MAR I APR I MAY I JUN I 

'PROBABLE DATE-3iJULY INFtDW, KAF" 7534.0 77 17.0 8138.0 1924.0 8239.0 8770.0 
'PROBABLE DATE-JIJULY INFLOW. KSfD" 3798.4 3890.7 4102.9 3995.0 4153.8 4421.5 
"OBSERVEDJANI· DATE INFLOW,IN KSFO" ..... 606.4 552.5 533.4 474.5 367.5 
"9S,*, fORECAST ERROR FOR DATE, ){SFD" 0.0 157.8 324.2 48.5.0 933.2 1740.4 

"95% CONF.DATE·3IJULY 1Nf1..()W, KSFO" II 2911.6 3126.4 3226.2 2976.6 2746.1 2313.7 

"ASSUMEDfEBl-IUL3 I INFLOW,%OFVOL" 07.1 
"ASSUMED FEB I-JUL..31 lNfLQW, KSFD" 11 2828.3 
"FEB MINIMUM FLOW REQUlREMENT,CFS"]I 4000.0 
"MIN FE8J-JULJ I OUTfLOW, KSFD" " 724.0 
"MIN JAN)! RESERVOIR CONTENT,KSFD" " .... , 
"MIN JAN)! RESERVOIR CONTENT.FEET' " 2331.5 
"JAN)] ECC, Fr 71 2333.3 
"BASE ECC, FT" 2416.6 
"LOWER UMIT. FT" 2333.3 

· ASSllMEDMARI·JUL31lNfLOW .... OFVOl..: .. , 97.3 
"ASSUMEDMARI ·JULJ I INFLOW, KSFD" 11 2750.6 30'0.5 
"MAR MlNlMUM FLOW REQUJREMENT,CFS"31 4000.0 4000.0 
"MIN MAR I-JULJl OUTfLOW, KSFO" " 6 12.0 612.0 
"MIN FEB28 RESERVOIR CONTENT, KSFD" 51 171.9 82,0 
"MIN FEB28 RESERVOIR CONTENT, FEET " " 2328.3 2297.3 
"fEB28 ECC. fT" 71 23283 2322.3 
"BASE ECC. IT' 2,413.8 
"WWER LIMIT. Fr 2322.3 

"ASSUMED APR I-IULJI INf1..OW .... OF VOL" 91.2 93.9 96.' 
"ASSUMEDAPRI -JULJIINR..OW. KSFD" 11 26.56.6 2936.4 31 15.9 
"APR MINIMUM R..OW REQUlREMENT,CFS" 31 4000.0 4000.0 4000.0 
"MIN APR I-JULJ I OUTfLOW, KSFD" " 488.0 48&.0 488.0 
"MIN MAR31 RESERVOIR CONTENT, KSFD" 51 41.9 62.1 - 117.4 
"MIN MAR31 RESERVOIR CONTENT. FEET" 61 2325.4 2294.8 226Q.9 
"MAR31 ECC. FT" 71 2325.4 2294.8 2292.9 
"BASE ECC. FT" 2411..5 
"WWER LIMIT. FT" ".>9 

"ASSUMEDMAY I-JULJ I INR..OW,"'OFVOl.." 83.2 85.7 88.1 " .0 
"ASSUMEDMAYI-JULJIINR..OW,KSFD" 11 2422.8 26n.8 2841.6 2798.9 
"MAY MINIMUM flOW REQUlREMENT.crs"3/ 4000.0 4000.0 4000.0 4000.0 
"MIN MAYI-JUL..31 OUTR..OW. KSFD" " 368.0 368.0 368.0 368.0 
"MIN APRJO RESERVOIR CONTENT, KSro" " 455.7 200.7 36.' 79.6 
"MIN APR30 RESERVOIR CONTENT, FEEr " 2336.0 2310.9 2291.6 2297.0 
" APR30 Ecc. fT" 71 2336.0 231Q.9 2291.6 2297.0 
"BASE ECC. fT" 2411.0 

"ASSUMED JUNI-JUL..3 1 INflOw .... OF VOL" 56.9 57.5 59.1 63.1 67.1 
"ASSUMEDJUNI-JUUIlNflOW, KSFD" 11 1655,5 1797.7 1907.7 1878.8 1843..5 
"JUN MINIMUM R..OW REQUlREMENT,CFS" 3/ 4000.0 4000.0 ...... 0 """.0 4000.0 
"MIN JUNI-JUUI OUTfLOW, KSFD" " 244.0 244.0 244.0 244.0 244.0 
'~UN MAY31 RESERVOIR CON"TfNT, KSFD" 51 1099.0 9.56.8 ..... 875.7 911.0 
"MIN MA Y31 RESERVOIR CONTENT, FEET" 61 2386.3 2376.4 2368.' 2370.5 2.373.1 
"MAY31 ECC. FT" 71 2386.3 2376.4 2368.4 2370.5 2.373.1 
"BASE ECC. fT" 2432.8 

"ASSUMEDJULJ-JUL..3IINR..OW.'A>OFVOL" 19.4 20.0 20' 21.9 ' 33 34.7 
"ASSUMEDJULI-JULJ I INFLOW, KSFD" 11 .565.1 624.7 662.7 652.8 ..... 803.8 
"JUL MINIMUM f1...OW REQUIREMEI'IT.O'S" 31 4000.0 4000.0 4000.0 4000.0 4000.0 <1000.0 
-MIN JULI -JUL..3 1 OUTFLOW, KSFD" " 124.0 124.0 124.0 124.0 124.0 124.0 
"MIN JUN30 RESERVOIR CONTENT. KSFD" " 2069.' 2009.8 1971.8 1981.7 1994. 1 1830.7 
"MIN JUN30 RESERVOIR CONTENT. FEET" " 2439.4 2436.5 2434.7 2435.2 2435.8 2427.9 
"JUN30 ECC. IT" 71 2439.4 2436.5 24.34.7 243!1.2 243!1.8 2427.9 
"BASE ECC. fT" 2451.9 
"JUL l l ECC. IT' 2459.0 2459.0 2459.0 2459.0 2459.0 2459.0 
"JANI ·JUL..31 RJRECAST,-EARLYBIRD.MAF" 81 122.0 121.0 121.0 127.0 130.0 138.0 
If PROBABLE INFLOW MINUS (95% ERROR &.JANI-DATE 1Nf1...OW) MINUS OBSERVED INR..OW. 2/PRECEEDINQ UNE TIMES 
II . II POWER DISCHARGE REQUlREMEm'S. 4/ CUMULATIVE MINIMUM OUTFLOW FROM 31,DATE TO JULY." 51 FULL 
CONTENT (25 10..5 KSFD) PLUS 4/ MINUS fl . 61 ELEV FROM 51, INTI;RP FROM STORAGE CONTENT TABLE.A 143" 71 LOWER 
OF EJ..EV. FROM 6J OR BASE ECC DETERMINED PRIOR TO YEAR (lNTIA.L).BUT NOT LESS THAN LOWER LIMIT. 81 USED TO 
CALCULATE TIiE POWER DISCHARGE REQUIREMENTS RJR 31. 
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Table 6 

Computation or Initial ControUed Flow 
Columbia River at The Danes 
1 May 1996 

1 May FotfIC8St 01 May-Auguat U,.....1f;Md 
FWd Volume. mat 

"'CA 
ARROW 

O\JNCAN 

UBBY 

UBBY .. DUNCAN UNO€A ORAFT 

HUNGRY HORSE 

FLATHEAD LAKE 

NOXON RAPIOS 

PEND OAEIl..LE LAKt 

GRANO COUlEE 

""OWNUE 

OWOASHAK 

JOHNOAY 

TOTAl. 

' .300 
'.000 

,.'" 
.. "" 
· ,.537 

UW. 

0.500 

0.000 

.. '" .. "" ..... ..... 
""'" ",., 

Forecaat 01 Adjusted Anldual Runoll Volume, ma' 

Computed Initial Con1tOHed Flow l rom Chlrt 1 of Flood 

Control Operaling Plan, 1,000 eft 

42 

157.15 

,., 
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26.0811 

61.431 
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Chart 1 
Seasonal Prec ipitation 
Columbia River Bas in 
October 1994 - March 1995 
Percent of 1961 -1985 Average 
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_ Precipitation very high and more than 150% 01 average 
_ Precipital1011 h>gh and mcxe !hall 120% 01 aV9/ags 

c::::l Proclpitatlon near normal and more than 80% of average 
~ Preclplta!lon very low and more than 50% 01 average 

_ Preclpotatlon very low arid less than 50% of average 
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Chart 2 
Columbia Basin Snowpack 
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WINTER SEASON CHART 3 
TEMPERATURE AND PRECIPITION INDEX 1995- 1996 
COLUWBIA RIVER BASIN ABOVE THE DALLES. OR 
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CHART 7 
REGULATION or ARROW 
I JULY 1995 - 31 JULY 1996 

,, \ i"--, '/ 

O
• ,. " """" "'",,,. "\ \ " 1L.~~+-~_-JY'--/ ~-l---I 

CRITICAL RULE cUii've "': 

ApyRCO R,rIU C/JRVE 

~ 'no VARIABLe R( ( la WRV! -+--1:=-+ \ --jfC-I---1I---1 
... nOOD CONTROt RULl CURvl '1 

~ ".0 

"]0 
NORrL lOj I ELI' 1Jnt_---'L---'L---'_---'_---'_---'_J_-' 

~ 
8",~--+_~1_~--4_--1_-+--~--1-__1--~--+___1--~ ~ 

~ -"1--+--I--+--i 
~ ,.' ;'"~ru~£~C~T~'.~'~'~O~.~~ ~ ~MCT OVTFLOW 

~~+--+--I--+--I--+--I--+--1--+---1-.~ 
~ 

I , 
• o 
~ 

JVt AUG S£P ocr NOV oce JAN FEB WAR ... ~ UAl" JUH JUl 
/995 111116 

" 



'" 
, 

'" 
, 

~ 11111 , 

.~ " "6 
, 

, 
• ~ 184 , , 
~ 1111 , 
" § 
...... UIO , o 

'" , 

". , 

1"-.. 
"-

'\ 

./ -\t 
~\ 

CHART B 
REGULATION 
1 JULY 1995 -

OF DUNCAN 
31 JULY 1996 

" I NORMAL FULL POOL [ LEV. 189:/.0 -PJ.. 

~ L r; 
./ 'II 

1\ iZJ 
\ \ 

NORMAL lOW POOL ELEv. 1794.2 

'~222 '2 ~ rR2~ Ril" ~IIR V! I I I I I 
QU'R~'~ ,,,VArI2 1t' "I~~~~ .1" "'1 ' I.!RV, 
C.I'mc .. , ' vIC CUllv!" YA/lIA8Lf RWU ' I/RV( 

_J _ I I I 

~ ,.j_--_t----f_--1---_j----i----t---je---t---_t----f_---Hf_-lf_f_ 
~ PROJECT INFLO W 

~ "i----I---+---~--~ 

~ ,, -~----_r--_j----j_--_t---lf---_r--_j----f_--_r--_j---­

~ 

I , 
• o 
~ 

JUL AUG Sf:P ocr NOV DEC JAN Ff:8 MAR APR MAY JUN JUL 
1995 11196 

.. 



'" 
, 

• 
, 

• 
, 

'" 
, 

oesrJ1~cp C"VArl"~ 

'Rm,~ ~ "11'" 'Il.tv[ 
AU"~fP Rl"'l CVItV( 

VA" .... lf len" cUl/ve 

H900 rp ..... o!. !VI' (u.Y' 
I I I 

CHART 9 
REGULATION Of LIBBY 
1 JULY 1995 - 31 JULY 1996 
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CHART 10 
REGULATION OF KOOTENAY LAKE 
1 JULY 1995 - 31 JULY 1996 
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CHART 11 
COLUMBIA RIVER AT BIRCHBANK 
I JULY 1995 - 31 JULY 1996 
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CHART 12 
REGULATION Of GRAND COULEE 
I JULY 1995 - 31 JULY 1996 • 
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Chart 13 
Columbia River at The Dalles 

1 July 1995 - 31 July 1996 
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NOTES: 

T. PERIOD OF RECORD FOR SUMMARY; 1878~ 1965. 

2. OBSERVED AND UNREGULATED DISCHARGE 
SHOWN FOR COMPARISON. 

3, PLOTTED POINTS ARE THE MAXIMUM DAILY 
QfSCHARGE FOR THE WATER YEAR. 

4. THE 10, 25. 50. 75 AND 90% LINES REPRESENT 
PERCENTAGE OF TIME THE FLOW IS EQUALLED 
OR EXCEEDED ON THATPARTICULAR DAY. 
THESE LINES ARE BASED ON TEN DAY MEAN 
VALUES. 
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CHART 14 
COLUMBIA RIVER AT THE OALLES 
I APRIL 1996 - 31 JULY 1996 
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CHART 15 
1996 RnATIVE FILLINC 
ARROW AND GRAND COULEE 

"" R.lotive fi'ling qUidelinn bosed Ion active s~orQ8e COP~i~ 01 Gr~ r>d Coul .. 
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