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SUMMARY 

With over 200 rivers around the world crossing international boundaries, internationally accepted 
treaties and agreements form the main framework for cross-border river development and operations. 
The Columbia River basin, in western North America, provides a significant example of effective 
cross-border river regulation.  The river system is the fourth largest in North America but is called the 
“most powerful” river system on the continent, with an installed hydroelectric generating capacity of 
about 35,000 MW.  The river originates in Canada and flows about 2,000 km to the Pacific Ocean in 
the United States. The river is operated under a treaty signed by the two countries in 1961, 13 years 
after a severe flood on the river that caused much damage in both countries. It was recognized that 
additional upstream storage regulation was needed to prevent similar flooding and that it would also 
help to improve power production at hydro plants in both countries. The Columbia River Treaty 
(CRT) is then an important planning and operations agreement to maximize benefits (multiple water 
uses) from the river for both countries. Under the CRT, Canada and US built storage regulation dams 
and agreed to operate the storage behind these dams in a coordinated manner to optimize for flood 
control and power needs.  The objective of this work is to describe and analyze the CRT and to discuss 
the increasing public awareness of social and environmental issues in both countries, which has 
resulted in increasing pressures to modify river operations to optimize for other values in addition to 
power and flood control. While it is often difficult to find compatibility between the different goals of 
multiple water use, the CRT partners have maintained a cooperative attitude to find many “win-win” 
supplemental agreements, which have improved non-power operations on both sides of the border 
while maintaining the integrity of the CRT.  Water resource conflict has long been discussed as one of 
the greatest threats to peace during the 21st century but early dialogue and earnest attempts to promote 
cooperation could, just as easily, turn such difficulties into a source of harmony rather than dispute. As 
will be seen, the CRT is a good example of such cooperation. 
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1. Introduction 

Many of the world’s most important rivers flow through several countries and so any intervention in 
their flow in one state can have a major impact upon people living a great distance downstream. By 
their very nature, dam projects can help to provide water supplies, fishing, recreation, navigation, 
flood control and hydropower for one country to the benefit or the detriment of the water requirements 
of other nations. Therefore, internationally accepted treaties and agreements form the main framework 
for cross-border water resources management. 

Throughout the world, a number of joint cross-border river operation schemes have encouraged 
international cooperation and integration and have ensured that maximum use is made of a river’s 
resources [1]. Interesting examples can be found on at least five of the world’s continents. In southeast 
Europe, several countries have joint arrangements in place, including the cross-border cooperation of 
Croatia, Serbia, Romania, and Bulgaria in the planned development of the Danube River in 
accordance with the EU standards of sustainability.  In Africa, the wider Nile river basin is a prime 
example of cooperation. The region’s rapid population growth and the scarcity of water have long 
been considered to be a possible trigger for conflict in the region and yet it appears that the 
vulnerability of all countries in the basin has persuaded them that cooperation, rather than conflict, is 
the best policy. As a result, the Nile Basin Initiative was formed as an organization to promote water 
resource cooperation in the valley and to ensure that as many countries as possible benefit from dam 
projects in any particular country. In Asia, the Mekong Basin is probably the most likely source of 
dispute on water use, given that the Mekong River flows through six independent countries: China 
(including Tibet), Myanmar, Cambodia, Laos, Thailand and Vietnam. The Mekong River Commission 
was set up to help settle resource disputes and coordinate regional developments. Finally, in South 
America, several agreements are in place: Argentina operates the 3,200 MW Yacyreta hydro dam with 
Paraguay and the 1,900 MW Salto Grande project with Uruguay, although most of the electricity 
produced from both ventures is sold within Argentina. Brazil operates the 14,000 MW Itaipu hydro 
dam with Paraguay on the Parana River, which is shared by both countries and Argentina. Such 
schemes have encouraged cross-border water management, power trading, and the process of power 
sector integration in South America. 

The Columbia River basin, in western US/Canada, provides a significant example of effective cross-
border river regulation in North America. The Columbia River and its tributaries cross the Canada-US 
border several times and the river has been operated in a cooperative manner through a well-
established treaty for more than 40 years. The Columbia River Treaty (CRT) [2] is an important 
planning and operations agreement to maximize the benefits of power generation and flood control 
from the river for both countries. The objective of this work is to describe and analyze this important 
cross-border agreement and to discuss the increasing public awareness of social and environmental 
issues in both countries, which has resulted in increasing pressures to modify river operations to 
optimize for other values than those originally considered. 

This work is organized as follows: Section 2 introduces the CRT and its historic context. Sections 3 
and 4 analyze its operating plans and flexibilities. Sections 5 and 6 assess impacts of the CRT 
operation, disputes and resolutions and Section 7 concludes and presents future challenges. 

2. The Columbia River Treaty 
The Columbia River has its headwaters in the Rocky Mountain Trench region of British Columbia 
(BC) in western Canada and travels about 2,000 km on its journey to the Pacific Ocean at Astoria, 
Oregon (United States). The river basin covers a drainage area of approximately 670,000 km2 in 
Canada and the U.S. The river system is the fourth largest (by annual discharge) in North America, 
with a mean annual discharge of 7300 m3/s, but is called the “most powerful” river in North America, 
with an installed hydroelectric capacity of about 35,000 MW.  Figure 2.1 presents an overview of the 
Columbia River basin. 
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The Columbia River 
drainage basin 
within Canada 
comprises only 15% 
of the total area but it 
is more mountainous 
and receives more 
precipitation, 
especially as snow 
during the winter. 
Hence, runoff 
produced by the 
Canadian portion of 
the basin averages 
30% to 40% of the 
total annual runoff, 
and it is estimated 
that 50% of the 
runoff during the 
highest floods originates in Canada. The Kootenay, Pend d’Oreille, and Snake rivers are the largest 
tributaries of the Columbia. 

In 1948, a very high snowmelt runoff event on the Columbia River caused flooding and much damage 
in communities in both countries. The downtown area of Trail, BC was flooded and the second-largest 
city in Oregon, Vanport (near Portland), was virtually wiped out, leaving about 60 people dead.  
Several storage dams had already been built in the Columbia River basin by then, the most notable 
being the Grand Coulee Dam on the U.S. section of the river, built in 1938-42.  While the regulation 
provided by these dams did serve to reduce flooding in both countries, the flood of 1948 caused people 
to realize that additional storage regulation was needed to minimize future flooding damage. 

At about the same time, demand for electricity in western North America was starting to grow rapidly 
due to the strong economy initiated by World War II. By 1948, there were 3 large hydroplants on the 
mainstem Columbia River in the U.S. as well as several smaller hydroplants on tributaries in both 
countries. It was recognized that upstream storage on the Columbia River system could be used to 
further regulate the river to improve power production at hydroelectric plants in both countries. In the 
1940’s and 1950’s, various proposals for the development of upstream storage sites were considered, 
as were various forms of ownership and financing, both public and private.  It became clear that some 
form of cooperative arrangement between the two countries would be beneficial to encourage: (1) the 

timely development of upstream storage, and, (2) 
the optimal development and operation of storage 
to maximize overall societal benefits.   

After several years of negotiations and studies of 
various possible configurations by the International 
Joint Commission (IJC, involving the two 
countries), the Columbia River Treaty (CRT) 
between Canada and the U.S. was signed in 1961 
and ratified on 15 Sept 1964. Under the CRT, 
Canada built three storage regulation dams on the 
Columbia River and its tributaries (see Figure 2.2). 
Mica Dam (Kinbasket Reservoir, with 8.6 km3 of 
CRT storage and a 1,805 MW powerplant) and 
Keenleyside Dam (Arrow Reservoir, with 8.8 km3 

of CRT storage and, eventually, a 185 MW powerplant) were built on the mainstem Columbia River.  
Duncan Dam (Duncan Reservoir, with 1.7 km3 of CRT storage and no powerplant) was built on the 
Duncan River, a tributary to Kootenay Lake. The CRT obliged Canada to operate these dams in 

Figure 2.2 CRT Storage Regulation

    Fig. 2.1 Columbia River Basin (courtesy, Corps of Engineers) 

US/Canada 

Area of the Columbia River Basin 



  3 

coordination with other downstream projects for flood control and power. The U.S. obtained the right, 
which it exercised immediately, to build and operate the Libby Dam (Koocanusa Reservoir, with 6.2 
km3 of storage and a 600 MW powerplant) on the Kootenai1 River in Montana. The Kootenay River 
starts in Canada, flows south into the cross-border Koocanusa Reservoir, and then west & north back 
into Canada into Kootenay Lake and from there west to its confluence with the Columbia River.  

Canada received a one-time payment equal to half of the expected reduction in U.S. flood control 
damages over the 60-year minimum life of the CRT. Canada also received the right to half of the 
increased energy and capacity capability at downstream U.S. powerplants provided by Canadian CRT 
storage (the “Canadian Entitlement”). Canada then sold the initial 30 years of Canadian Entitlement 
benefits to the U.S. in order to finance construction of the CRT dams. The downstream benefits from 
Libby belong to the country where they are generated. Either country may terminate the CRT after 60 
years with at least 10 years advance notice. Hence, the earliest date that the CRT can be terminated is 
2024, if notice is given in, or before, 2014. After 2024, as long as the projects exist, the US may 
request that Canada provide flood control for the US, but the US must pay for Canada’s operating 
costs and power losses. Finally, river diversions which would reduce CRT benefits for either country 
are not allowed, except for one specific Canadian diversion option which has not yet been exercised. 

Canada assigned all rights and obligations under the CRT to the Province of BC.  The CRT called for 
the establishment of Canadian and US entities to implement the CRT, so the Province designated BC 
Hydro, a provincial crown corporation and public electric utility, as the Canadian Entity.  The 
ownership of the Canadian Entitlement to energy and capacity remains with the Province of BC, but 
Powerex (a subsidiary of BC Hydro), was appointed to market this power. The U.S. Entity is 
comprised of staff from two federal agencies, the U.S. Army Corps of Engineers (the Corps) and the 
Bonneville Power Administration (BPA).  The Corps owns and operates several of the dams in the 
basin and has the responsibility for system-wide flood control.  BPA owns the federal transmission 
system in the U.S. Pacific NW region, and has the responsibility to deliver the Canadian Entitlement 
to Canada and to market all remaining power produced at U.S. federal hydroplants. Soon after the 
CRT was signed, the two Entities created the Operating Committee and the Hydrometeorological 
Committee, comprised of staff from the two Entities, to implement its operating requirements. 

The CRT also created an oversight body (Permanent Engineering Board, PEB) to monitor its 
implementation by the Entities and to report on this annually to the two federal governments.  The 
PEB is assisted in its work by the PEB Engineering Committee (PEBCOM). 

3. Treaty principles and operating plans 
The CRT obliges the two countries to jointly develop operating plans for CRT storage to meet the 
necessary flood control requirements and to maximize the electricity production capability for the 
coordinated generation system.  The Entities meet this requirement by developing several types of 
operating plans, each with a specific purpose (and described in subsequent sections).  One overarching 
principle for CRT operating plans, considering the numerous stakeholders on both sides of the border, 
is that of “transparency and reproducibility”.  While “optimality” is also an important goal, it is even 
more important that operating plans clearly specify rights and obligations for both countries. 

The CRT outlines regulation priorities for CRT storage as follows: consumptive uses (domestic 
consumption and irrigation) are considered to have top priority and are by no means restricted for 
either country. Flood control is the second priority and poses hard upper limits on reservoir levels.  
The third priority, not normally impacted by flood control, is energy production to meet specified firm 
energy requirements. Other priorities include “reservoir refill” by 31 July to maximize firm energy 
capability for the following year and secondary energy production (generation that cannot be 
guaranteed in all years).  At the time that the CRT was signed, flood control and power benefits under 

                                                      
1 “Kootenay” is the Canadian spelling and “Kootenai” is the U.S. spelling for the same river. 
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the CRT were estimated to be about 20% and 80%, respectively, of the total benefits.  However, while 
flood control benefits have been smaller than power benefits over the life of the CRT, the CRT makes 
it clear that, whenever there is a conflict between the two interests, flood control needs take priority 
over power production needs. 

3.1. Flood control objectives 

Flood control objectives for CRT projects are defined in the CRT Flood Control Operating Plan 
(FCOP).  The Corps develops the FCOP in consultation with the Canadian Entity, and is also charged 
with coordinating actual system flood control operations to meet the various goals across the 
Columbia basin.  During the development of the FCOP [3,4], as well as during actual flood control 
operations, consideration must be given to both system-wide flood control issues (i.e. protection of 
Portland, OR and other downstream points) and local flood control issues (e.g. Bonners Ferry, ID and 
communities within BC).  To date, there have been relatively few instances of conflict between 
system-wide and local flood control goals during actual project operations. 

The FCOP employs the use of Storage Reservation Diagrams (SRDs) for each reservoir during the 
storage drawdown period (October to 
April) to ensure that sufficient storage is 
evacuated prior to the start of the 
spring/summer snowmelt runoff.  As can 
be seen in Figure 3.1 (an example SRD 
for a Treaty Reservoir), the amount of 
storage that must be evacuated (Upper 
Rule Curve or Flood Control Curve, 
FCC) depends upon the runoff forecast – 
for a higher runoff forecast, a greater 
amount of storage must be emptied prior 
to the start of runoff.  For most 
reservoirs, reliable runoff forecasts have 
not been available until 1 January each winter – 
for this reason, storage reservation amounts typically vary with the runoff forecast only between 
January and April.  Between October and December, SRDs are calibrated to allow control of autumn 
and winter rainstorm floods and to position the reservoir for further draft if the 1 January runoff 
forecast is high.  

The period from May through July defines the storage refill period, during which the Corps employs 
daily runoff and reservoir routing models to determine how CRT, and other, system reservoirs may be 
refilled without compromising flood control objectives.  In all but the very largest of runoff years, 
flood control operations are completed by 31 July. In years of very high runoff, under certain 
conditions, the Corps has the right to ask Canada to evacuate additional “on-call” storage from CRT 
reservoirs – however, this provision has not yet been exercised. 

3.2. Power production objectives 

Power benefits resulting from the operation of CRT storage include both increases in the total amount 
of energy generated (i.e. reduced spill and increased head at powerplants) as well as improvements in 
the “usability” of generation (i.e. improved timing & flexibility).  For this reason, power objectives for 
CRT operating plans include both energy production and dependable (or “peak”) capacity within the 
operating year.  In addition, reservoir refill by the end of the operating year (31 July) is also an 
objective in order to sustain power objectives in future years.   

Energy production under the CRT is separated into firm and secondary energy.  The firm energy load 
carrying capability (FELCC) for the system, usually nominated in average MW (aMW), is defined as 
the maximum energy demand that can be supported by the system during all recorded hydrological 

Figure 3.1 Storage Reservation Diagram Example
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sequences, including the system’s “critical period” (drought sequence).  Calculation of the system 
FELCC is undertaken using a deterministic “perfect foresight” optimization model of Columbia River 
project operations, and assumes that system storage is drafted from full to empty during the critical 
period.  The timing and duration of the critical period may vary with the amount of system storage, the 
shape of system load, and many other factors.  In the latest studies, the critical period for the existing 
Columbia River system, including CRT storage, is the very dry 4-year period from 1928 to 1932.  
With less system storage, the critical period is shorter – for example, the critical period for the base 
U.S. system (the system that existed in 1961 prior to the CRT) is less than one year. 

“Secondary energy” is the system energy production that cannot be guaranteed in all hydrological 
sequences (difference between the system’s average energy production for the entire agreed-upon 
hydrologic period of record, and its firm energy).  In the development of optimal CRT operating plans, 
secondary energy is valued at about 2/3 of the value of firm energy. 

The concept of dependable capacity under the CRT is directly related to that of firm energy for the 
system.  The US Pacific Northwest (PNW) electric system has sufficient “machine capability” to meet 
instantaneous peak demands, but inadequate firm energy support to meet demand for all peak hours 
during specific low-flow winter conditions.  Therefore, when CRT storage is operated to increase the 
system firm energy, then the dependable capacity for the system is also increased.  The increase in 
system dependable capacity is defined as the increase in the critical period average rate of generation 
divided by the average system load factor. 

The CRT also outlines specific rules for determining the system power benefits from adding CRT 
storage. As discussed in [5], several approaches may apply in a cross-border agreement. The CRT 
adopted an incremental-based approach: Canadian CRT storage received “first added” status for the 
purpose of calculating downstream power benefits, meaning that Canada’s benefits are not eroded by 
U.S. storage added to the system since the signing of the CRT.  However, power benefits assigned to 
CRT storage do diminish as new thermal generation resources are needed to meet the increasing US 
PNW load. With more thermal resources, there is a reduced need for CRT storage to convert 
secondary hydro energy into firm energy (the CRT defines “usable energy” as firm energy plus 
secondary energy usable for thermal displacement plus 40% of the remaining secondary energy). In 
addition, while the spill-avoidance benefits provided by CRT storage are not diminished by 
subsequent storage additions, capacity additions at “base system” plants have reduced some of these 
benefits. Section 3.3 describes briefly the process for calculating CRT downstream power benefits. 

Finally, as noted earlier, a high likelihood of reservoir refill at the end of each operating year is one of 
the important power objectives under the CRT and provides the basis for sustainable system operation.  
This goal is accomplished at CRT projects using the mechanism of “Operating Refill Curves” (ORCs). 
The ORC for a reservoir is designed to assure a high (nominally 95%) probability of refill by 31 July 
when the reservoir is operated on or above its ORC.  A reservoir is allowed to draft below its ORC 
only for firm energy generation purposes, but not for secondary energy.  ORCs vary with the runoff 
volume forecast (higher-than-normal runoff volume forecasts results in lower ORC levels) and are 
calculated every month during the runoff-forecasting season (January to June). 

3.3. Achieving flood control and power benefits: the Assured Operating Plan 

The CRT obliges the two countries to jointly develop an assured operating plan (AOP) for CRT 
storage for each operating year. Each AOP is developed six years in advance of the actual operating 
year and must have flood control requirements and maximization of electricity production capability 
for the coordinated generation system as the only objectives (non-power requirements - e.g. fish and 
recreation - cannot be included in the AOP hydro-regulation studies). Once the two Entities have 
agreed to an AOP for a future operating year, it becomes the “default” operating plan for that year and 
will rule the actual operation of Canadian CRT storage, subjected to fine tuning deviations mutually 
agreed by the Entities at a later stage. The AOP is then reviewed by the PEB, who determine if it 
meets CRT objectives and reports back to the governments of Canada & US.  Optimal operating rules 
are judged based on the amount of firm and non-firm energy & capacity produced.   
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The Canadian Entitlement to CRT downstream benefits, both energy and capacity, are not based on 
actual storage and power operations, but instead on 30-year simulation studies undertaken as part of 
the AOP.  Canada is entitled to 50% of the expected additional capability (energy and capacity) at U.S. 
plants resulting from the operation of Canadian CRT storage.  The Entitlement amounts delivered to 
Canada are based on these AOP studies and are not adjusted to reflect the actual “after-the-fact” 
downstream benefits.  In order to determine the power benefits added by Canadian CRT storage, 
Columbia system regulation studies are done for three system configurations: 

(1) Step 1 System (the actual system, operated to maximize power and flood control benefits) - 
includes PNW resources forecast to be in place plus any additional generic thermal installations 
required to meet the PNW load forecast for the AOP study year. The thermal powerplant needs are 
determined in this step and used in the next two steps.   

(2) Step 2 System – the base (1961) PNW system with any capacity updates plus the thermal 
installations determined in the Step 1 study plus CRT storage 

(3) Step 3 System - Step 2 with no CRT storage. 

The benefit ascribed to Canadian CRT storage is calculated as the difference in usable energy 
production between the Step 2 and 3 studies (with and without Canadian CRT storage).  Canadian 
CRT storage is thus assured of getting credit for being “first added” to the base system. The benefits 
attributed to CRT storage are inversely related to the level of thermal resources needed in the Step 1 
study, which is, in turn, related to the forecast of PNW load for the AOP study year (6 years hence).  
Thus, it is important for both Entities that the PNW load forecasting process be unbiased and 
transparent, and not subject to “gaming” by either Entity.  For this reason, the two Entities have, for 
many years, adopted the annual BPA “White Book” load forecast, since this is a public forecast, has 
many uses across the region, and is open to scrutiny by all interested parties. 

Observe that PNW actual load will not be the same as forecasted and thus PNW parties may build 
more or less thermal resources than required for regional load-resource balance due to export/import 
opportunities. However, the Canadian Entitlements to CRT power benefits are not altered since these 
have been agreed to in the AOP.  

The following parameters are obtained from the AOP Step 1 studies: (1) FELCC for the critical 
period, (2) Critical Rule Curves for years 1 to 4 (CRC1 to CRC4) for each reservoir, defining the 
reservoir level trajectories through the 4-year critical period, and  (3) power discharge requirements 
and other parameters used to define the ORCs for each reservoir. Unless altered by mutual agreement, 
these parameters, along with actual and forecast hydrological inputs, are used in the Treaty Storage 
Regulation (TSR) study during the actual operating year to define storage and draft rights for actual 
CRT storage operation (discussed in Section 3.4).  

3.4. Detailed Operating Plan and Treaty Storage Regulation study 

Prior to the start of a new operating year, the Entities may develop and implement a Detailed 
Operating Plan (DOP) for the upcoming year that produces results more advantageous to both 
countries than the AOP prepared six years earlier in accordance with only power and flood control 
objectives.  The Entities have interpreted “more advantageous” to include fisheries, recreation, and 
other benefits.  However, all proposed changes to the operating parameters must be studied and their 
impacts on reservoir level and generation regimes evaluated.  Only those changes that are agreed to by 
both Entities are adopted in the DOP; otherwise the operating plan from the “default” AOP is adopted.  

During the actual operating year, the Entities’ storage and draft rights for Canadian CRT storage are 
defined in the Treaty Storage Regulation (TSR) study.  Study parameters that have been agreed to in 
the DOP or AOP, along with actual and forecast hydrologic inputs, are used in the TSR study to define 
these rights.  TSR studies are updated at least twice per month to reflect the latest actual and forecast 
runoff data.  A good discussion of runoff forecasting for the upper Columbia basin is found in [6]. 
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The TSR study employs the concept of “proportional draft between rule curves” to share any reservoir 
draft necessary for firm power amongst all of the reservoirs in the system.  For each reservoir, six rule 
curves, with priority on flood control, firm power, and reservoir refill, are defined.  The FCC and ORC 
vary with expected runoff, whereas the four critical curves do not.  For each time period, the TSR 
algorithm attempts to maintain each reservoir on its ORC curve.  If this regulation simulates energy 
generation equal to or greater than the required FELCC for the system, then no further iterations are 
required. Otherwise, then system reservoirs must draft below their ORCs to achieve system generation 
equal to the FELCC, and all coordinated reservoirs are drafted proportionally between rule curves.  
For example, if one reservoir is required to draft to a point half-way between its ORC and CRC1, then 
the TSR study drafts all reservoirs to the same relative position (although project limitations, such as 
minimum discharges, have a higher priority).  

4. Treaty operating flexibility 
As part of the original CRT negotiations, Canada obtained the right to operate its CRT storage “as a 
whole”. In each period, Canada must make an overall draft or refill of its storage for power purposes 
through a combination of storage operations at the three Canadian CRT projects. Only storage 
operations that are specifically for flood control must be made at the designated CRT reservoirs, since 
flood control storage at one reservoir may have a different value than flood control storage at another 
reservoir.  This CRT storage operating flexibility is quite valuable, since it allows Canada to make 
storage tradeoffs among CRT reservoirs to better coordinate with storage operations at its other 
reservoirs (e.g. Williston Reservoir on the Peace River) and/or to make tradeoffs which benefit other 
interests such as fisheries and recreation. 

The TSR study defines the U.S. rights to regulated discharges from Canadian CRT projects, and the 
U.S. obligation to deliver Canadian Entitlement benefits reflects the optimal U.S. use of this water for 
flood control and power production.  There is no obligation for the U.S. to actually operate its own 
reservoirs and powerplants optimally for U.S. power production. In fact, over the years, the U.S. 
Entity has altered its operations significantly to achieve an operation that is considered to be more 
beneficial for endangered fish species such as Pacific salmon and Kootenay white sturgeon.  

4.1. Supplemental operating agreements for multiple water usage 

The CRT was conceived at a time when environmental and social issues in the Columbia River basin 
had a relatively low importance compared to flood control and power goals.  However, other water 
management objectives, such as fisheries, recreation, and navigation, have become increasingly more 
important since the 1960’s, and often conflict with the two goals specified in the CRT.  Thus, while 
the TSR study establishes the Entities’ basic rights and obligations vis-à-vis composite CRT storage 
and releases, from time to time the Entities agree on a “supplemental operating agreement” (SOA) to 
vary from the TSR operation when benefits to both sides are expected.  

One of the most important SOAs is the Non-Power Uses Agreement (NPUA), which has been signed 
by the Entities every year since 1993 to help both countries meet fisheries and recreation objectives. In 
the absence of the NPUA, CRT storage releases during April would normally be higher than those in 
May-June.  Since rainbow trout in the Canadian Columbia River downstream of Keenleyside Dam lay 
their eggs primarily during April (with incubation during May-June), such a pattern of river flows 
would normally result in the dewatering and mortality of a large proportion of the spawn.  Although 
Canada has the right to substitute Duncan discharges for Keenleyside discharges and vice-versa (as 
long as project flood control curves are respected) this flexibility is not usually adequate to minimize 
the dewatering of the trout eggs downstream of Keenleyside. Similar needs are observed for mountain 
whitefish in the same river reach: without the NPUA, the normal pattern of CRT storage releases 
during January-March would result in the mortality of many whitefish eggs. 

While the Canadian Entity needs CRT reservoir discharge flexibility to meet Canadian fisheries goals, 
the U.S. Entity also needs to secure additional spring and summer releases from CRT reservoirs for 
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U.S. fisheries goals.  These 
additional releases (Flow 
Augmentation) assist salmon smolts 
in making their journey in the lower 
Columbia River to the Pacific 
Ocean as quickly as possible, 
increasing the smolt survival rate. 
The U.S. Entity also needs to secure 
some protection for incubating 
salmon eggs spawned just upstream 
of the Snake River confluence 
during the autumn months.  

Figure 4.1 illustrates the impacts of 
the changes in outflow from TSR 
operation during the 1999-2000 
operating year. In those infrequent 
cases where the goals of the two Entities 
conflict, the NPUA specifies that both countries “share the pain” of not meeting these goals.  

4.2. Actual operations and Energy deliveries 

The Entities hold a weekly conference call to discuss the upcoming week’s CRT storage discharge 
schedule and also agree on any variations to the TSR study operation, such as those authorized under 
any SOAs. During a flood control event, the Corps has the right to direct the operation of CRT 
projects on a daily basis if necessary, although this is a rare occurrence. The Entities have taken a very 
cooperative approach in actual day-to-day operations. CRT storage releases are normally made at a 
constant rate for the week. Requests for within-week shaping of the storage releases for specific 
reasons (fisheries studies, etc) are normally granted, as long as this is not harmful to the other Entity. 

The average annual Canadian Entitlement energy (determined in the AOP) is converted into a monthly 
energy amount and can be scheduled in hourly amounts up to the Entitlement capacity (also calculated 
in the AOP). For example, during the 2005-06 operating year the Canadian Entitlement amounts are 
535 aMW of energy and 1218 MW of capacity.  Depending on BC Hydro’s system needs and on 
market conditions, Powerex can take delivery of this Entitlement energy for BC Hydro or to another 
customer in Canada or the U.S. In all cases, the Province of BC receives a fair market price (related to 
the transparent Mid-C market index) for this energy. 

5. Assessment and Impacts of Treaty storage operation 
Reservoir storage operations under the CRT have produced much economic benefit within both 
Canada and the U.S. Flood protection has improved dramatically in both countries and has 
significantly reduced the amount of flood damage experienced from time to time.  For example, during 
the high-runoff year of 1997, operation of CRT storage reduced the peak discharge in the Columbia 
River at Birchbank (near Trail, BC) by almost 50%, from 8900 to 4500 m3/s, and avoided major 
flooding along the Columbia River within Canada. Similarly, the peak level of Kootenay Lake during 
that year was about 1.8 m lower than it would have been without the upstream flood control provided 
by CRT reservoirs. On the U.S. side, the Corps has estimated that CRT storage operation resulted in 
flood control benefits of about US$ 200 million in each of the years 1972, 1974, and 1997. 

Power generation benefits under the CRT have also been significant.  Canada’s 50% share of the CRT 
downstream benefits has been valued at approximately US$ 250 million for the 2005-06 operating 
year. Actual power benefits received by the U.S. vary yearly with actual water supply conditions and 
U.S. fisheries obligations. Reservoir operations under the CRT have also made it economic for both 
countries to build other hydro plants at-site and downstream of storage projects to benefit from the 

Figure 4.1 CRT discharges 1999-2000 (example) 
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CRT-regulated flow regime. These include the Revelstoke, Arrow Lakes, and Kootenay Canal projects 
within Canada as well as additional powerhouses at Grand Coulee and Bonneville within the U.S. 

There have also been negative impacts of the CRT and these have been written about extensively 
[7,8].  During the late 1960’s and early 1970’s many people in Canada, and some in the U.S., had their 
land expropriated to make way for the CRT reservoirs.  Some of this flooded land was good farmland 
that was permanently taken out of agricultural production. 

Opportunities for reservoir-based recreation have increased with the construction of the CRT dams 
and numerous boat ramps, campgrounds, and marinas have been constructed on the shores of CRT 
reservoirs. Stakeholder concerns about low reservoir levels are especially strong during a low-runoff 
year when the Columbia reservoir system is in “proportional draft”. While the Entities consult with 
stakeholders regularly, the desires for specific reservoir levels are not always met. CRT storage 
operations also impact fisheries, both within and downstream of the reservoirs. Supplemental 
operations agreements play an essential role in these cases and the Entities continue to work closely 
with their respective fisheries regulating agencies to find balanced reservoir operating strategies.  

Finally, between 2000 and 2004 BC Hydro undertook Water Use Planning (WUP), an extensive 
reservoir operations (Mica, Revelstoke, Arrow and Duncan) stakeholder consultation process. 
Consultative committees (CC), comprised of stakeholders representing a wide cross-section of 
interests, were set up and people who attended the CC sessions were given explanations and 
information about the costs and benefits of various reservoir and flow constraints. The CCs then 
discussed how they believed the reservoirs should be operated within the flexibility provided by the 
CRT and within the cost constraints laid out by the Province of BC.  The WUP CC recommendations 
were documented and BC Hydro now awaits direction from the Province regarding implementation. 

6. Treaty disputes and resolutions 
The CRT Entities have been successful at resolving most disputes through a process of discussion, 
joint study, and compromise whenever necessary. However, over the years, several disputes on 
substantive issues, such as the entitlement capacity credit limit and the critical period start date, have 
taken much time and effort to resolve. In these difficult cases, PEB and PEBCOM have provided 
useful advice to the Entities.  While the CRT contemplates that a major irresolvable dispute may be 
referred to the IJC, or, if necessary, to the World Court, this has not been necessary to date. 

In the early 1990’s a major dispute arose when the U.S. Entity began to operate the Libby Reservoir 
with higher discharges during the May-June period as required to meet U.S. fisheries laws under the 
Endangered Species Act (for Kootenai white sturgeon and downstream salmon). This revised 
operating regime was suboptimal for downstream Canadian power production on the Kootenay River, 
since much of the extra water released from Libby resulted in extra spill at Canadian Kootenay 
powerplants. Despite much discussion and research, the Operating Committee could not initially agree 
on the CRT rights and obligations regarding Libby operation and the resulting dispute prevented the 
Entities from signing AOPs for several years. After several years of intense discussion, the Entities 
came up with a unique solution to the dispute: the Libby Coordination Agreement (LCA). Under the 
LCA the Entities defined a new process in which the Libby operation was coordinated between the 
two countries in order to meet the specific requirements of one country in exchange for more operating 
flexibility for the other.  After the LCA was signed in 2000 the two Entities were once again able to 
resume full CRT business and sign AOPs which authorized CRT storage operations.  

Another potential dispute currently being explored by the Entities, but not yet resolved, involves the 
current proposal by the U.S.Entity to operate Libby Dam according to “Variable Flow”, or “VARQ”, 
flood control procedures. Under VARQ procedures, in some runoff conditions, Koocanusa Reservoir 
storage would be depleted less during the January-April period compared to operations under standard 
flood control procedures. While the operation is expected to be beneficial for fish, it would likely 
cause further power losses at Canadian Kootenay River powerplants and may increase the flooding 
risk at various locations within Canada. 
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7. Conclusions and Future Challenges 
Over 200 major rivers around the world cross an international boundary so the opportunities and 
challenges posed by multi-country multi-use water resource management are likely to be an important 
issue for a long time to come. The Columbia River Treaty fits in this context as an important planning 
and operations agreement between US and Canada to maximize benefits over multiple water uses for 
both countries in the Columbia River basin. Over the years, implementation of the CRT has been 
characterized by a spirit of cooperation, problem-solving, and goodwill. While staff from both 
countries ensures that their country’s interests are represented capably, they are also intent on 
following the principles (both the “letter” and the “spirit”) of the CRT in a fair and just manner.   

Other challenges over CRT interpretation and implementation will most certainly arise during its 
remaining life. In both countries, there has been an ever-increasing public awareness of social and 
environmental issues relating to reservoir operations, as well as shifts in public values. As a result, the 
need for public consultation on reservoir operations has increased. While the basic rules of the CRT do 
not consider values other than flood control and power, the Entities have responded by modifying 
reservoir and river operations whenever possible to improve non-power values. Ongoing and 
meaningful consultation with stakeholders must continue and increase over time. Finally, the Entities 
will have to deal with the possibility of CRT termination over the next two decades. In Canada, a 
decision whether or not to terminate the CRT will be made by the federal and provincial governments, 
who will, very likely, consult with stakeholders and agencies for guidance on this decision. In the 
U.S., the decision rests with the U.S. federal government. 

In summary, the Columbia River Treaty has provided significant flood control and power benefits 
within BC and the Pacific Northwest for almost four decades and will continue to do so until at least 
2024. While the default CRT reservoir operating rules do not consider all current public values, the 
operating rules are fairly transparent and reproducible, providing a starting point for mutually-
agreeable variations to improve non-power values. It will often be difficult to find compatibility 
between the goals of flood control, power production, and non-power issues. However, the CRT 
Entities have maintained a cooperative attitude and have worked together to find many “win-win” 
supplemental agreements, which have improved non-power values on both sides of the border while 
maintaining the integrity of the CRT. Water resource conflict has long been discussed as one of the 
greatest threats to peace during the 21st century but early dialogue and earnest attempts to promote 
cooperation could, just as easily, turn such difficulties into a source of harmony rather than dispute. As 
discussed in this work, the Columbia River Treaty is a good example of such cooperation. 
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