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Balancing Reliability, Fish and Dollars --
An Initial Analysis of the Challenge for 2001

Introduction
The situation this year -- the collision of poor hydro conditions, tight power supplies generally and
extremely high wholesale power market prices -- confronts the Northwest with the necessity for an
extremely difficult balancing act.  The elements that must be balanced are the reliability of the
region's power supply; the targets for reservoir levels, flows and spill established to further the
recovery of threatened and endangered species of salmon and other fish stocks; and the cost to the
region's utilities and ultimately, consumers.  This paper is intended to begin to explore that balance.

The most immediate questions are whether the Northwest power supply is likely to be adequate
over the balance of the winter.  The answer to that question has implications for the power system,
reservoir levels and stream flows later in the spring and early summer.  Subsequently, operations
during the spring and summer, particularly related to spill, have implications for salmon recovery
efforts, the financial health of Bonneville and other utilities in the region, and reservoir levels
entering into the 2002 water year.  This paper describes an initial analysis completed in early
February with a primary focus on balance-of-winter reliability.  Subsequent papers will extend this
analysis to consider the tradeoffs affecting fish and wildlife and the financial condition of the power
system and the implications for reliability going into the next winter.

Summary
The results of this analysis can be summarized as follows:

• Without the use of "emergency" hydro, the region would face a very high probability of
experiencing an energy shortfall in February and March.  Emergency hydro is defined as
the additional energy capability derived from temporarily violating non-power
constraints on the operation of the hydro system.  Typically this means drafting
reservoirs deeper at the risk of not being able to meet reservoir content and flow targets
established for salmon later in the spring and summer.

• Even with the use of emergency hydro there is a small chance of significant energy
shortfalls in those months.

• Runoff conditions this year are such that April 15th reservoir refill targets are unlikely to
be met even without the use of emergency hydro.  Use of emergency hydro results in
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even lower reservoir levels.  These lower levels result in a 3 to 4 percent reduction in
spring flows in the lower Columbia.

• Similarly, use of emergency hydro will result in lower reservoir contents at the end of
June, with the effect of a 15 percent reduction in summer flows in the Columbia.

• Purchase of available out-of-region imports during the off-peak periods during the spring
would significantly improve end-of-June reservoir contents and summer flows, although
purchases would not get contents and flows completely back to the "no emergency
hydro" levels.  At expected market prices, these purchases could cost of several hundred
million dollars.

• Reducing spill could have a major effect.  Reducing spill by 35 to 40 percent would
result in the equivalent of approximately 800 average megawatts (MWa) additional
energy for the April through August period.  This energy could have a very large value
at expected market prices.

Analytical Approach
To address the questions of the tradeoffs among reliability, reservoir levels and flows, the Council
uses a computer model, GENESYS, that simulates the operation of the Northwest power system in
detail. This model was used in the Council's Power Supply Adequacy/Reliability Study that was
released last winter and is described in detail in that report.1  In this model, important variables like
hydro conditions, temperatures and, therefore, electricity loads, and forced outages of power plants
are treated probabilistically. Several hundred simulations or "games" of the model are run where the
water conditions, temperature conditions and forced outages are sampled according to their
probability of occurrence.  By analyzing the results of these hundreds of games we can estimate the
probabilities of load-resource imbalances and meeting reservoir elevation and river flow targets.

This model has the capability to temporarily violate non-power (i.e. fish) constraints on the hydro
system to extract additional energy from the system in an emergency if necessary to meet electricity
demands.  This typically means drafting reservoirs deeper than they would otherwise be drafted.   In
the simulation, this "emergency hydro" is used as a last resort, after all available thermal resources
and out-of-region energy imports are used.   The water is subsequently replaced, to the extent
possible, by running thermal units harder and by purchasing imports when available.  In this year,
however, it appears that the ability to import is limited and the cost may be very high.

GENESYS treats the region as a whole, but does simulate the transmission constraints between the
Eastern and Western parts of the Northwest.  Individual utilities or control areas are not modeled.
The region modeled was expanded beyond the "region" defined in the Northwest Power Act to
include all of Eastern Montana so that results could be directly compared with information from the
Northwest Power Pool.  Regional loads were reduced to account for the recent reduction in  Direct
Service Industrial (DSI) load.  It was assumed that there was approximately 1100 MW of DSI load
still operating.  Further reductions in DSI load are likely.  In addition, there are some additional
industrial closures that are not reflected in the analysis.  The potential for imports from outside the
region – British Columbia, California and the Desert Southwest is represented by seasonal supply
curves that are estimated from available data and consultations with informed persons in the
affected regions.

                                                
1 Northwest Power Supply Adequacy/Relaibility Study Phase I Report, Council Document 2000-4. March 6, 2000.
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Hydro Conditions
For this analysis we started reservoirs at their February 1 contents.  Hydro conditions were based on
a reduced set (10) of historical water years that would most likely reflect observed conditions for
this year.  The January-through-July runoff volumes (measured at The Dalles Dam) for these 10
years range from 65 to 79 million acre-feet (Maf).  At the time of this analysis, the runoff forecast
for this year was 71.9 Maf.  The runoff volumes for these 10 historical water conditions are
compared with the 60 year average (approximately 105.6 Maf) on Figure 1.

Figure 1

Stream Flow Volume at the Dalles
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The average monthly energy corresponding to the 50 year (1928 -- 1978) water record compared
with the average monthly energy correspond to the ten years used in this analysis is shown on
Figure 2.
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Figure 2
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For the February through August period the difference in average energy between  the 50 year
average and the 10 years used in this analysis is almost 4000 MWa.  Subsequent to this analysis, the
latest January-July run-off forecast has been reduced to 63 Maf or about 59 percent of normal.  This
would further reduce the energy production and somewhat worsen the results presented here.

Temperature-driven Loads
Temperatures are the second major stochastic variable in the analysis.  GENESYS incorporates a
load model that estimates regional hourly loads on the basis of a weighted average daily
temperature calculated for Seattle, Portland, Spokane and Boise.  This model was calibrated against
recent recorded loads for the states of Washington, Oregon, Idaho and Montana obtained from the
Northwest Power Pool.  Normally, daily temperatures are sampled from a 68-year historical record.
However, by February we have passed the most likely times for episodes of extreme weather that
impose very high loads on the power system.  In addition, At the time this analysis was being
prepared, we had weather forecasts extending through the first 2 weeks of February.  Consequently,
we wanted to construct a narrower range of weather possibilities for the first 14 days of February
that was consistent with those forecasts.

In consultation with a Bonneville meteorologist2, we selected a set of years where the early
February temperatures corresponded to the expected distribution of temperatures about the forecast
temperatures for early February.  The result was a synthetic distribution of daily temps for Feb 1-14
that had a median average temperature of 1.5 degrees below normal, and a relatively narrow range
compared to history (no years with average temperatures below 6 degrees below normal or above 2
degrees above normal).  The entire temperature record was used after Feb. 15.

                                                
2 Teleconference with Chris N Karafotias, Bonneville Power Administration meteorologist, January 31, 2001



5

Imports
The results of a survey of control areas by the Northwest Power Pool suggest that some entities
have secured contracts for imports for February.  There is, however, some uncertainty associated
with those estimates.  Given the situation in California at present, we have assumed that imports
would not be available in February beyond those already incorporated in existing long-term
contracts.  Based on conversations with the California ISO, we have estimated that purchases would
be available in the off-peak period beginning in March and extending through early June.  We chose
to do our base analysis without imports.  The sensitivity of the results to imports was evaluated
subsequently.

Results

Winter Reliability

Operating to Meet Biological Opinion Targets
The analysis found that IF the hydro system is operated to meet the Biological Opinion (BiOp), the
region would face significant probabilities of energy shortages during the balance of this winter.
Figure 3 shows the cumulative probability of being unable to meet electricity needs at some level
for the February-March 2001 period.  This chart can be interpreted as saying that in 100 percent of
the 300 periods analyzed, there was an average energy deficit across the two months of 400 Mwa or
greater.  In 50 percent of the periods the deficit was 1,200 MWa or greater and in 10 percent, the
deficit was 1,700 MWa or greater.

Figure 3
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Unfortunately, Figure 3 obscures the possible severity of the problems that could be encountered.
This is because the energy shortfall is averaged over the entire two-month period where, in reality,
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it would occur over a much short time.  Figure 4 looks at the cumulative probability of daily short
falls in February.  What this chart says is that out of the 8,400 February days examined (28 days
times 300 simulations), slightly over 80 percent had a deficiency of some level.  Fifty percent had
daily energy deficits of approximately 1,250 MWa or greater, and 10 percent had daily energy
deficits of approximately 3,500 MWa or greater.  A small percentage of the days had deficits of
more than 6,000 MWa.

Figure 4

Daily Reliability Duration
Curve February 2001
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Use of "Emergency" Hydro
Emergency hydro is the energy generated by drafting reservoirs below their projected elevations
based on the BiOp operation.  In these simulations, this translates into drafting storage reservoirs
higher in the system (e.g. Libby, Hungry Horse, and Coulee) up to their physical limits if necessary,
that is, without forcing them to exceed their turbine capacities (forced spill).  Dworshak is allowed
to exceed its turbine capacity so that the additional water released can generate at downstream
projects.  A comparison of the daily reliability duration curve for February, with and without the use
of emergency hydro is shown on Figure 5.
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Figure 5
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As Figure 5 shows, the reliabilty of the system with the use of emergency hydro is dramatically
better, in terms of both probability and magnitude of a shortfall.  However, across the February-
March period there is still approximately a 30 percent chance of a shortfall of some amount.  And as
can be seen in the chart on the right side of Figure 5, there is a small chance of events resulting in
some significant deficits even with the use of emergency hydro.  Figure 6 illustrates one such event.

Figure 6
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Figure 6 shows the results of one simulation or game for the month of February.  The top line shows
the electricity loads in the region.  The daily variation in loads is clearly evident as are the reduced
loads over weekend periods.  At the beginning of the third week of the month, there is a cold snap
that results in higher loads on the system, lasting for most of the week.

The next line down shows the operation of the hydro system as it tries to follow load.  The third line
shows the output of thermal and miscellaneous units on the system.  They are essentially being run
“flat-out.”  The valleys in this line represent forced outages of thermal units.

The line at the bottom represents net imports, which in this case are negative, or exports from the
region.  Much of the export is return of the Canadian entitlement that is shaped into peak periods.

The remaining curve is unserved demand.  As the figure shows, when that cold snap hits, the system
is unable to keep up with demand.  The shortfall is initially approximately 2,500 MW, tailing off
through the week until there is a forced outage of a large thermal unit, which causes unserved
demand to increase again.

Effect on Reservoir Contents and Flows
Figure 7 illustrates the effect on April 15 reservoir contents relative to the level required for flood
control.  Even without the use of emergency hydro, the poor hydro conditions of this year will mean
a very large probability that reservoir contents will be well below flood control on April 15.  From
the left-hand chart in Figure 5, only Dworshak has a chance of being at its flood control elevation
by April 15th (about a 15 percent chance).  Even without the use of emergency hydro, Hungry
Horse, Libby and Coulee reservoirs are not expected to get to their flood control elevations.  As
expected, use of emergency hydro means the reservoirs will be even lower by April 15th.

Figure 7
Effect of Use of Emergency Hydro On April 15 Contents Relative to Flood Control
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On average, these four reservoirs will be about 1 million acre-feet (Maf) lower.  This translates into
about a 3 or 4 percent reduction in spring flows in the lower Columbia River.

Figure 8 provides the reservoir content probability curves for these four projects for the end of June.
Using emergency hydro, without the ability to import energy to replace the additionally drafted
water, leaves these reservoirs over 2 Maf lower on average.  Resulting summer flows in the
Columbia River could be more than 15 percent lower than without the use of emergency hydro.

Figure 8
June 30 Reservoir Contents
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We have not attempted to optimize the use of the emergency hydro from a fish standpoint.  It might
be that it would be desirable, for example, to hold Dworshak at higher levels to provide summer
flows and hold down temperatures in the Snake.  This would, however, come at the expense of
content at other projects.

Effect of Imports
One way of mitigating the impact on reservoir levels is to restore water through use of imports.  In
consultation with representatives of the California ISO, it was estimated that imports would be
available in significant quantities during off-peak periods beginning in March and carrying through
early summer.  The effect of imports on June 30 contents is shown on Figure 9.  As this shows,
imports can significantly improve June 30 reservoir contents.  The level of imports is approximately
1000 MWa across the months of March through June or about 730,000 megawatt-hours (MW-Hr)
per month.  The cost of these purchases would be approximately $73 million per month if the cost
of off peak power were $100/MW-Hr or almost $300 million for the three month period.  Recent
experience suggests that $100/MW-Hr is on the low end of the range.  Prices of $200 and
$300/MW-Hr are possible.  Of course, the additional water that can be stored has value for both fish
and power.  From the standpoint of the power system, these off-peak purchases could make sense if
they permit sales and/or avoided purchases at much higher rates later in the summer.
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Figure 9
Effect of Imports on June 30 Contents
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Spill
Spill is a significant component of the Biological Opinion.  Spill, however, comes at the expense of
power production.  We have made an estimate of the amount of energy associated with an
approximate 35 to 40 percent reduction in spill.  This energy is shown on Figure 10.

Figure 10
Monthly Energy Associated with 35 to 40 Percent Reduction in Spill
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As figure 10 shows, the power impact of spill is quite significant.  Moreover, given the potential for
high power costs this summer, the dollar value will be very large.  However, spill is part of the
Biological Opinion because many biologists believe that spill is more effective in moving juvenile
salmon downstream than passing them through the turbines.  Thus the dilemma facing the region.

Reservoir elevations can be restored to nearly their biological opinion levels by the end of summer
by importing out-of-region energy or by reducing spill or some combination of both.  In addition,
any other action that will either provide more energy or reduce demand can help.  Even if sufficient
imports were available, the cost of those imports may well exceed the region's capability to
purchase them.  Operating decisions will have to balance the cost of imports or load reduction with
the benefits of spill and flow augmentation for fish.

Next Steps
• Investigate tradeoffs between spring purchases and summer power and fish operations.
• Evaluate alternative spill scenarios for impacts on power system and salmon recovery goals
• Assess possible reservoir levels beginning the 2002 water year and the implications for

power system reliability in the fall and winter.

________________________________________

q:\dw\ww\2001actionplan\power supply outlook2.doc


