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January 20, 2004 

 
MEMORANDUM 
 
TO: Council Members  
 
FROM: John Fazio 
 
SUBJECT: Loss Of Fish-operations Probability (LOFP) 
 
During the 1990s, the annual demand/resource balance for the region gradually declined from a 
slight surplus to a growing deficit. By 1998, the expected firm energy deficit was projected to 
reach over 3,000 average megawatts. At that time, BPA asked the Council to study the situation 
and to develop a method of determining the adequacy and reliability of the Northwest power 
supply.  
 
The Council put together an ad-hoc advisory committee, made up of technical staff from inside 
and outside the region. The result of that effort was the creation of the GENESYS computer 
model, which estimates the reliability of the power system. At that time, it was determined that 
the power supply was likely inadequate and that the region had approximately a 24% likelihood 
of experiencing a significant outage over a winter period.  
 
Since then, the region experienced the power shortfall of 2000-01 and all of its consequences.  
Today, due to demand loss and new resource development, the region is about 1,000 average 
megawatts surplus. However, the question still remains as to how adequately the hydroelectric 
system provides fish and wildlife recovery operations. 
 
Fish and wildlife operations can be curtailed in emergency situations. However, how can fish and 
wildlife managers know that those operations are not being overly curtailed in lieu of having 
sufficient power resources? Back then, a subjective look at refill probabilities and bypass spill 
showed that impacts were small. But it was recognized that this issue should be studied in more 
detail and with more regional debate. Thus, this topic was added to the list of important issues 
that the Council should examine during the development of the next power plan. 
 
The presentation to the Council today unveils a proposed methodology for quantitatively 
estimating the adequacy of the power system to provide fish and wildlife operations. It is similar 
to the Loss Of Load Probability (LOLP) calculation that resulted from the 1999 advisory 
committee and the GENESYS model. It is a prototype metric and still needs an extensive 



regional debate and testing before it can be adopted as a viable method to assure the fish and 
wildlife managers that fish and wildlife operations are being provided adequately.  
 
 
______________________ 
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OutlineOutline

1. Purpose of this work
2. Exchange of information between 

fish managers and power planners
3. Creating a new metric
4. Implications for power planning
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1. Purpose1. Purpose
To develop a power planning develop a power planning 
methodologymethodology that will ensure the 
region an “adequate, efficient, 
economical and reliable” power 
supply…
… while at the same time provide 
mainstem hydroelectric operations 
that will “protect, mitigate and 
enhance” fish and wildlife 
populations.
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Two Questions to AddressTwo Questions to Address

1. Should power planning efforts influence 
the development of fish and wildlife 
operations and vice versa?                 
And if so, how?

2. How can the power community 
quantitatively show that fish and 
wildlife operations are being adequately 
provided?
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AnswersAnswers

1. Yes, there should be a flow of 
information between the power planning 
and fish and wildlife planning processes.

2. A metric can be developed that 
measures how often F&W operations* 
are provided (in planning analyses).

*Measures that affect the operation of the 
power system.
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2. Information Exchange2. Information Exchange
Power to F&WPower to F&W

Physical DataPhysical Data - Projected changes to 
river flows and reservoir elevations 
due to F&W measures. 
Economic DataEconomic Data – Projected changes 
to electricity generation and power-
system cost for each F&W measure.
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Use of Economic DataUse of Economic Data

1. Assist in determining how to spend 
biological research money.

2. Assist in developing a F&W 
operations curtailment policy in the 
event of a power emergency.

3. Assist in identifying cheaper F&W 
measures that provide the same 
biological benefits.
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F&W to PowerF&W to Power

Hydro Operating ConstraintsHydro Operating Constraints –
Obviously to be incorporated into 
the planning process but also to help 
identify more “fish-friendly” 
resources.
F&W Curtailment PrioritiesF&W Curtailment Priorities – Again, 
to be incorporated into planning but 
more importantly for in-season 
operations.
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3. Creating a Metric3. Creating a Metric
Create a metric (Loss Of Fish operations 
Probability or LOFP) that measures how 
often F&W operations are curtailed.
Establish a planning standard for the 
LOFP (similar to the 5% used for the 
power system Loss Of Load Probability, 
or LOLP).
Use both the LOLP and LOFP standards 
to plan for future power system 
expansion.
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Planning vs. OperationsPlanning vs. Operations
The LOFP metric is proposed for 
developing a long-term power plan.

It is not intended to be used for 
within-year operating decisions.
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ReviewReview
Fish and Wildlife Measures*Fish and Wildlife Measures*

Flow AugmentationFlow Augmentation – store water 
during winter and early spring for 
later release during the smolt 
migration season.
Bypass SpillBypass Spill – diverting flows 
around turbines to improve passage 
survival for outmigrating smolts 
during spring and summer months.

*That affect mainstem hydro operations.
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Counting Flow AugmentationCounting Flow Augmentation
CurtailmentsCurtailments

Flow objectives are not often achieved, 
especially in summer.
Reservoirs have insufficient storage to 
meet flow objectives all the time.
The real measure of success for flow 
augmentation is whether we provide the 
full volume of water for augmentation.
Thus, for planning purposes, a flow Thus, for planning purposes, a flow 
augmentation shortfall should be equated augmentation shortfall should be equated 
to refill failures.*to refill failures.*

*Unless of course flow objectives are met.
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Definition:Definition:
Loss of Fish Operations ProbabilityLoss of Fish Operations Probability

Simulated 300 seasons (April through August)

Out of 300 spring and summer seasons, 15 had some curtailment 
of fish and wildlife operations above the threshold. 
Loss Of Fish operations Probability (LOFP) = 15/300 = 5 percent
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4. Implications for Power Planning4. Implications for Power Planning

Begin with observations regarding the 
relationship between:

1. Resource adequacy
2. Use of hydro flexibility
3. Curtailment of Fish operations
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Hydro FlexibilityHydro Flexibility
Fish and wildlife operations are 
incorporated into the development of 
reservoir operating guidelines.
However, drafting below the operating 
guidelines to provide additional energy 
during power system emergencies is 
allowed, and is often referred to as 
hydro flexibilityhydro flexibility.
It must be replaced with imported or 
non-hydro energy as soon as possible.
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ObservationsObservations
Given a static set of non-hydro resources, the 
more hydro flex is used in winter, the lowerlower
the likelihood of winter power outages,
but the higherhigher the likelihood of curtailment of 
fish and wildlife operations in the spring and 
summer.
Without some kind of metric, it remains a Without some kind of metric, it remains a 
subjective process to tell if curtailment of subjective process to tell if curtailment of 
fish operations is being used instead of fish operations is being used instead of 
planning for an adequate power supply.planning for an adequate power supply.
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How Flex affects RefillHow Flex affects Refill

April 15th Refill Probability
(No Flex)
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ObservationsObservations

Refill probabilityRefill probability remains the same, 
however,
12%12% of the time, Flex was not 
replaced by April 15th.
8%8% of the time, Flex was missed by 
more than 200 Kaf.
4%4% of the time, Flex was missed by 
more than 400 Kaf.
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Observations (cont’d)Observations (cont’d)

In conjunction with F&W technical 
staff, assessed that impacts to 
F&W operations was tolerable, but
Recognized that this issue must be 
examined in more detail.
Put this on list of important issues 
for the 5th Power Plan.
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ImplicationsImplications

Hydro Flexibility should not be used in lieu of 
planning for an adequate power supply.  
The LOFP can be used to help set guidelines 
for how aggressively hydro flexibility should 
be used.
If using that level of flexibility yields too high 
an LOLP, then additional resources are called 
for in the power plan. 
These results are preliminary and further 
review of the model is called for.
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