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Figure 8-9

Public Utility Resource Schedules: High, Medium-High, Medium-Low, Low

draft plan urged the Council to indicate the
amount of resource development needed to
meet the high forecast and argued that show-
ing resource schedules which did not meet
the high understated the risk inherent in the
resource portfolio.

The Council agrees that there is certain infor-
mation value in providing illustrations of the
amounts and types of resources needed to
meet load in the high and has done so here.
However, the reader should be aware that,
given imperfect knowledge of load, a non-
zero probability of loads at or near the high,
and resource lead times approaching ten
years for some programs and generating
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resources, the only way the high forecast can
be met with certainty is to commit to resource
build decisions that would cover a high load
event, well in advance of any indication that
high loads would actually occur. The Council
wotld argue that a strategy that committed
resource decisions to cover the very low
probability event of a high load outcome is a
much riskier strategy than one that buildstoa
dynamic expected value of load (a 50 percent
build level). Building to the high would be
likely to lead to the kind of overbuilding that
led the region to the condition in which it finds
itself today: a 2,500 megawatt surplus, two
nuclear units on hold, and several others ter-
minated. The Council's analysis, as illus-

trated in Figure 8-7, shows that the policy of
building to the high (100 percent build level)
has an expected value penalty approaching
$1.7 billion,

For purposes of illustrating resource sched-
ules, the Council has used an assumption of
perfect knowledge of load. However, all of the
portfolio analysis and any sensitivity studies
use the more realistic assumption of imper-
fect knowledge of load and employ the 90
percent option and 50 percent build decision
rules.
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Figure 8-10

Nondiscretionary Conservation Program Energy
as a Function of Load Path
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Figure 8-11

Discretionary Conservation Program Energy
as a Function of Load Path

Figure 8-12

Hydropower Efficiency Energy as a Function of Load Path

The four specific scenarios just presented
are indications of resource development
actions should a particular load scenario
occur. In fact, the likelihood is extremely small
that any of these specific regional load paths,
and the associated resource actions, will
occur. The actual portfolio analysis is con-
ducted across a large number of load paths
and the resource schedules vary continu-
ously across the entire load range. A more
complete illustration of the portfolio’s impact
is illustrated in Figures 8-10 through 8-16.

These three-dimensional surfaces show the
timing and amount of energy additions for
each resource as a function of load.

Figure 8-10 shows the effect of the nondiscre-
tionary conservation programs through time.
This graph includes the effects of both the
residential and commercial model conserva-
tion standards as well as energy savings
from the water heater, refrigerator/freezer,
and manufactured home programs. The axis
going across the page is time, moving from

Figure 8-13

Combustion Turbine (Nonfirm) Energy as a Function of Load Path

1985 to 2005. The axis going into the page
represents the cumulative probability for load
and ranges from 0 to 1.0. A value on this axis
of 0 woulid represent the low load forecast,
and value of 1.0 would represent the high.
Finally, the vertical axis shows the average
megawatts of resource developed in the par-
ticular combination of future year and load
level. For readability, the data for these
graphics were developed based on only 20
load scenarios. Each line moving across the
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2005

Figure 8-14
Small Hydropower Energy as a Function of Load Path
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Figure 8-16
Coal Energy as a Function of Load Path
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Figure 8-15
Cogeneration Energy as a Function of Load Path

study period represents one of these sce-
narios. However, the actual portfolio analysis
is conducted across hundreds of different
load paths.

Because of the continuity of savings across
the load range, the graph of the model con-
servation standards is a relatively smooth
surface. The graph also illustrates the ability
of the standards to respond to load, providing
increased savings at higher loads and lesser
amounts of savings at the lower load levels.

Other resources, such as combustion tur-
bines and small hydropower (Figures 8-13
and 8-14), show different characteristics.
Because of their discretionary nature, they do
not automatically respond to load, but are
brought on line as triggered by forecast need.
Because of their lower position in the priority
list, they are generally scheduled either later
or only in the higher forecasts, as shown by
their position in the back right-hand corner of
the figures. This is especially pronounced in
the case of coal, as shown in Figure 8-16.

While the three-dimensional surfaces imply
that the resource priorities regarded to be
most cost effective are generally followed,
this does not necessarily mean that all of one
resource is exhausted before moving to the
next. For instance, limitations on conserva-
tion program development rates may mean
that small hydropower or nonfirm strategies
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have to be developed in parallel. Additionally,
to maintain an approximate load/resource
balance in periods of rapid load growth, lead
time considerations may require low priority
resources with short lead times to be devel-
oped ahead of higher priority resources with
longer lead times. The uneven surfaces for
small hydropower and cogeneration are due
partly to this, plus the relatively small
amounts of energy available for these
resources and the exaggerated scales on the
graphs.

Up to this point, the description of the port-
folio has focused primarily on the timing of
firm energy contributions that could be
expected from the various resources at differ-
ent load levels. Equally important are the
decision schedules required to achieve these
contributions.

Figure 8-17 illustrates the timing of discretion-
ary conservation program start-ups required
for both the region as a whole and for the
public utilities only. The start-ups are shown
as a function of the load path followed, with
high loads represented by a probability of 1.0
and low loads by a probability of 0. If regional
loads were to follow the high forecast, some
conservation programs would start up or
increase over current activity levels as early
as 1987. This start-up date slides to 1999 at
about a 10 percent load probability level. This
is the lowest point in the load range for which
any new conservation is required during the
planning horizon. The most probable time
period for regional need to increase activity in
conservation programs is the early 1990s.

For public utility needs only, the conservation
start-up dates are much later. If high loads
were to develop, the earliest start-up dates
would be around 1990. This date slides out
rapidly to 1995 at the 90 percent load proba-
bility level, indicating only a 10 percent
chance of a need for new conservation
activity in the public sector before 1995. No
new activity at all is required in the lower half
of the load range to meet public utility needs
within the planning horizon.

Information regarding the timing of initial
decision points for all the generating
resources is shown in Figures 8-18 through
8-23. These figures depict the first new
option and build decisions needed for both
the region as a whole and also for just the
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Figure 8-17

Conservation Program Start-ups
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Initial Decisions, Hydropower Efficiency Improvements
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Figure 8-19
Initial Decisions, Combustion Turbines (Nonfirm)
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Figure 8-20
Initial Decisions, Small Hydropower

public utilities. The information is again dis-
played as a function of load path, with low
loads represented by a probability of 0 and
high loads by a probability of 1. Figure 8-18
shows the timing of decisions on the highest
priority discretionary resource in the portfolio,
hydropower efficiency improvements. In a
high load case, the first option decisions
needed to meet regional load are made in
1987 and the first build decisions occur two
years laterin 1989. The initial option and build
decision dates move out to 1998 and 2000
respectively in the lowest load condition in
which hydropower efficiency improvements
are needed, a load probability of about 8
percent. Because hydropower efficiency is a
higher priority resource than any of the dis-
cretionary conservation programs, activity
extends slightly further down into the load
range than for conservation programs. For
the public utilities, the first option decisions
made under high load conditions occur as
early as 1990, with build decisions following
in 1992. These dates move out ten years to
2000 and 2002 at about a 50 percent load
probability level.
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Most of the other generating resources show
decision activity occurring several years later
than that on hydropower efficiency, and
across a narrower portion of the load range,
primarily because of their lower priority. Note
also that, for coal, if the region follows a load
path in the upper end of the load range,
option activity may be called for as early as
1989. Even though coal is the lowest priority
resource in the portfolio, the length of its lead
time may require decisions in the earier
years of the planning horizon.
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Initial Decisions, Cogeneration
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Initial Decisions, Licensed Coal
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Figure 8-23
Initial Decisions, Unlicensed Coal
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System Cost Distribution
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Section B: Portfolio
Uncertainty

As has been stated previously, the Council
believes that recognition of the large uncer-
tainties inherent in long range resource plan-
ning is imperative to producing an effective
and adaptable power plan. Most of the uncer-
tainty directly included in the analysis leading
to the final portfolio concerns future load and
the large impact it has on the types and
amounts of resources that might be needed.
Resource uncertainty has been included in
the analysis to the extent that conservation
and generating resource supply can vary
with the economics and demographics
across changing load forecasts (e.g., more
energy available from the model conserva-
tion standards in the high than in the low).
However, the planning models are determin-
istic for resource availability on a specific load
path. While the Council feels that the data
development process has produced reason-
able and balanced estimates of future
resource supply, there’s no question that a
range of uncertainty exists around these val-
ues as well.

Based on the public comment received on
the draft plan, the Council performed a
number of sensitivity analyses on the
resource portfolio. These studies were
designed primarily to investigate the impact
of differing levels of conservation supply than
projected in the final portfolio, or of having
less flexibility in development of resources.
Additional studies were performed to esti-
mate the impact of having more uncertainty
on direct service industry load than is
assumed in the base portfolio, the impact of
not being able to secure resource options,
and the consequences of failing to attain
regional cooperation on resource develop-
ment. These studies were all performed
using the Decision Model, and, except as
noted, used the same data, resource pri-
orities, and decision rules used in the final
resource portfolio. All studies were per-
formed using 100 load paths, with the same
set of load paths in each case. The param-
eters of interest in each study were the
changes in cost from the base portfolio and
the changes in the timing of resource
decisions.
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Figure 8-24 is a frequency distribution for
system cost present values under the base
portfolio assumptions, using 100 load paths.
It has has an expected value of nearly $30
billion, with a range from $0 to $72 billion.
The variation in system cost is driven pri-
marily by variation in load. Loads in the low
end of the load range will require very little
additional resource development, will have
relatively low production and purchase costs,
and will exhibit high levels of secondary reve-
nue. High loads require intensive resource
development and high levels of capital
expenditure, have high production costs, and
generate lesser amounts of secondary reve-
nue because of the shorter duration of the
surplus.

The impact on the frequency distribution of
initial unlicensed coal options was isclated
and used as an indicator of the impact on
timing of resource decisions. This is because
an option on a coal unit may be required in
the relatively near future (due to the length of
its lead time, as early or before option deci-
sions on most other generating resources —
see Figure 8-23), and because of the amount
of energy represented in the unit size of this
resource. Figure 8-25 shows a histogram for
the timing of the first options taken on
unlicensed coal units in the base portfolio
across the various load paths. Itis not based
on all the coal option decisions made in the
simulation; those histograms would have
more density toward the mid 1990s. It is
based only on the timing of the first coal
option taken, if any, in the load paths experi-
enced by the model. The last period in which
coal option decisions occur is 1995 because,
with a ten-year total lead time, decisions
made after this point would be targeted for
dates outside the planning horizon. The size
of the bar to the far right represents the prob-
ability that no coal options are taken in the
planning horizon, and shows that, in the base
portfolio, no options are needed on
unlicensed coal about one-third of the time.
The sum of the probabilities between 1986
and 1990 yield an estimate of the probability
that at least one coal option is needed by
1990. For the base case portfolio, that value
is about 30 percent.
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Figure 8-25
First Coal Options, Base Portfolio
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Figure 8-26
Cost Impact of One-Third Less Conservation
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First Coal Options, One-Third Less Conservation
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Figure 8-28
Cost Impact of Slower Conservation Ramp Rates

Impact of Less
Conservation Supply

One analysis was performed under the
assumption that one-third less energy would
be available in all of the conservation pro-
grams in the resource portfolio. The study
changed only the total energy supply, it did
not affect the cost effectiveness of individual
conservation programs. The results of the
analysis are shown in Figures 8-26 and 8-27.
Figure 8-26 shows the present value cost
impact of this reduction in conservation sup-
ply to have an expected value system cost
increase of $2 billion to the region, with the
possible cost penalty ranging from $0 to over
$3.6 billion. Figure 8-27 shows a frequency
distribution for the first unlicensed coal
options needed with one-third less conserva-
tion supply. The probability here that a coal
option will be needed by 1990 is about 65
percent, compared to about 30 percent for
the base portfolio.

Impact of Slower
Conservation Ramp Rates

The Council’s assumptions for the maximum
activity levels of conservation programs and
the rates at which the programs can be accel-
erated to those activity levels, yield an aver-
age of about ten years total development
time to capture the bulk of the energy in the
existing sector conservation programs. While
there is very little data available on this sub-
ject, some public comment indicated that this
was an optimistic assumption, and that total
lead times of 15 to 20 years were more rea-
sonable. A sensitivity analysis was con-
ducted by reducing the existing sector pro-
gram ramp rates by 50 percent, which would
yield total program lead times of about 20
years. The impact is shown in Figures 8-28
and 8-29. The cost impact ranges from $0 to
an increase of $1.5 billion, with a mean
increase of about $340 million. The distribu-
tion for first coal options is shown in Figure
8-29 and indicates a probability of about 50
percent that a coal option would be needed
by 1990.
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Impact of Less Conservation
Combined with Slower
Ramp Rates

The assumptions in the two previous sen-
sitivity analyses were combined to determine
the impact of having both one-third less con-
servation supply available and 20-year ramp
rates on the remaining conservation supply.
Impacts of the previous two sensitivities are
not directly additive, because in this case the
reduced ramp rates act on a reduced conser-
vation supply. The costand schedule impacts
are shownin Figures 8-30 and 8-31. The cost
impact shows an expected value increase of
about $2.25 billion, with a potential range
from $0 to over $4.2 billion. Probability of
need for a coal option by 1990 increases to
85 percent.
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Figure 8-29
First Coal Options, Slower Conservation Ramp Rates
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Figure 8-30
Cost Impact of Less Conservation and Slower Ramp Rates
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Percentage
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First Coal Options, Less Conservation and Slower Ramp Rates
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Figure 8-32

Cost Impact of One-Third More Conservation
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Impact of Higher
Conservation Supply

Itis also possible that the Council has under-
estimated the amounts of cost-effective con-
servation supply available over the study
horizon. A study was performed under the
assumption that one-third more energy was
available in each of the programs in the port-
folio, attheir current average cost. The results
are summarized in Figures 8-32 and 8-33.
The cost impact ranges from $0 to a cost
savings of $3.6 billion, with an expected
value savings of $1.71 billion. The probability
of need for a coal option by 1990 falls to under
5 percent.
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Impact of Delay in
Implementation of the MCS

The impact of delayed implementation of the
model conservation standards (MCS) was
investigated by assuming that no energy sav-
ings would be produced by either the resi-
dential or commercial MCS before Sep-
tember 1991. The interim energy savings
were treated as a lost opportunity resource,
and would be replaced by resources lower in
the portfolio priority list as needed across the
forecast range. The cost and schedule
impacts are represented in Figures 8-34 and
8-35. The cost impact ranges from a cost
reduction of $120 million to increased costs of
$600 million, with an expected value cost
increase of $175 million. Becausethe MCS is
a nondiscretionary resource, with energy
savings and costs accruing regardless of
need, delay of the MCS produces present
value cost reductions at the lower end of the
load range, where the regional surplus con-
tinues throughout the planning horizon and
there is no need for any MCS savings. How-
ever, the cost savings in low load conditions
are more than offset by the cost increases
occurring in medium and high load cases,
where the MCS energy lost during the delay
is replaced with more expensive resources.
Under the MCS delay assumptions, the
probability of need for a coal option by 1990 is
about the same as in the base case, approx-
imately 30 percent.
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Figure 8-33
First Coal Options, One-Third More Conservation
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Figure 8-34
Cost Impact of MCS Delay
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Figure 8-35
First Coal Options, MCS Delay
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Figure 8-36
Cost Impact of Losing the MCS

Impact of Losing the MCS

Another sensitivity was performed by com-
pletely eliminating both the residential and
commercial MCS from the portfolio. This
case is represented in Figures 8-36 and 8-37.
The cost impact ranges from $0 to a cost
increase of $1.8 billion, with an expected
value increase of about $620 million. This
gives an indication of the cost effectiveness
of the package of MCS measures to the
region. The likelihood of need for a coal
option by 1990 without the MCS is about 40
percent.

Impact of Not Being Able to
Option Generating Resources

One of the important attributes of the
resource portfolio is its reliance on the ability
to obtain resource options. The option pro-
cess provides the opportunity for two-stage
decision making on resources, enhances
flexibility and improves the ability to match
capital intensive generating resource con-
struction decisions to load growth. The ability
to option resources reliably should reduce
the probability and magnitude of errors likely
to occur inthe planning process. The Council
believes the optioning process can be a
workable and reliable one; however, the
option concept is still largely an unproven
one.

A sensitivity study was performed to evaluate
the impact of not being able to option
resources. This was done by setting the con-
struction lead times for the generating
resources in the portfolio equal to the sum of
their option and construction lead times inthe
base case, and eliminating the option lead
time. The effect is a commitment to build
decisions significantly earlier than would be
required in an option environment, resulting
in systems that show a higher variance in the
load/resource balance. The cost impact is
depicted in Figure 8-38. It ranges from $0 in
the cases where no generating resources are
required to a maximum cost increase of $3.6
billion. The expected value is a cost increase
of about $710 million over the base portfolio.




Chapter 8

The impact on the schedule of decisions can
be shown by comparing the initial resource
build decisions instead of the option deci-
sions as in the previous sensitivities. Figure
8-39 shows the differences in the distribution
of first coal build decisions between the no
options case and the base portfolio. The bars
moving from above the axis in the early
1990s to below the axis in the late 1990s
reflect movement in time of the build deci-
sions in the no options case. Simply because
of the longer lead times involved, the no
options case moves most of the probability
for builds into the early years of the study
horizon, even though the information about
where future loads will eventually lead is of
much poorer quality in that time period.

The analysis above is directed essentially at
the system cost impact of longer resource
lead times. It assumes that, if the option pro-
cess does not work, only one decision point
will exist for a resource, and that it will move
forward in time to the point where the option
decision would otherwise have been made.
The premise is that, without guaranteed
compensation for siting, licensing and
design, resource developers will move
directly into construction after completion of
these activities.
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First Coal Options, No MCS
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Cost Impact of Inability to Option
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Figure 8-40
Cost Impact of 100 Percent DSI Uncertainty

Another potential difficulty with the option
process is that siting agencies may not aflow
resource options to be heid idly in inventory
for long periods of time, and then moved
rapidly into construction upon indication of
need. Changes in technology or social or
political climate may require extensive review
of the resource before moving ahead with
construction. A possible scenario may be
that two-stage decisions still take place, but
that build decisions must occur immediately
after completion of siting, licensing, and
design or the options are lost. In effect, the
options would have a very short shelf life.
This would probably resultin the loss of many
options, but would retain the lead time and
better load knowledge advantage for those
options which actually moved into construc-
tion. An additional study was performed
under the assumption that there would only
be one opportunity for a build decision on all
resource options. This single build oppor-
tunity would come at the end of the option
process, with failure to build immediately
resulting in loss of the option.

The expected value cost impact of this sen-
sitivity was an increase of approximately
$100 million over the base portfolio. This
$100 million increase for zero shelf life, ver-
sus the $710 million increase for longer lead
times described above, implies that most of
the benefit in the optioning process results
from reductions in resource lead time, and
that any resource development process that
captures the advantages of reduced
resource lead time is likely to prove valuable
to the region.




Chapter 8

Impact of Increased Direct
Service Industry Uncertainty

As discussed earlier in this chapter, the
Council’'s base planning assumptions for
direct service industry (DSI) load are that at
least 50 percent of the DSIs will remain as
firm energy customers in the region through-
outthe planning horizon, with a uniform prob-
ability of occurrence applied to loads above
the 50 percent level. A sensitivity was con-
ducted with 100 percent of DSI load uncer-
tain, rather than only 50 percent uncertain,
with a uniform probability distribution applied
to the entire DSI load range. This has the
effect of changing the expected value of DSI
load remaining at the end of the study hori-
zon from 75 percent of maximum to 50 per-
cent of maximum and produces a significant
number of load cases where DSI loads are
much lower than in the base portfolio. The
system cost impact is depicted in Figures
8-40. The expected value impact is a reduc-
tion in system cost of about $5.8 billion, with a
range from $0 to about $14 billion. The values
at the upper end of the range result from
cases where regional non-DS! load is quite
high and DSI load is very low, allowing the
region to use the drop-off in DSl load to avoid
the need for new resources.

Note that these values are from a regional
generating system perspective. They do not
include any effects of short-term lost revenue
when DSl loads fall off and before other
regional loads can grow to replace them, or
any of the primary and secondary economic
effects due to the loss of jobs these industries
represent. The impact on timing of a coal
option is depicted in Figure 8-41. Under this
scenario, the probability of needing an option
by 1990 is about 10 percent.

Lack of Regional Cooperation

The portfolio development process
employed by the Council treats the region as
homogeneous, with no differentiation
between public and investor-owned utility
loads and resources. The methodology
makes the implicit assumption that the Bon-
neviile acquisition process will allow full
development of the region’s least expensive
conservation programs and generating
resources before having to turn to the more
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expensive thermal resources, regardless of
which customer groups lay.claim to the
resources or which groups exhibit needs.
Because the investor-owned utilities as a
group exhibit an earlier need for resources,
the Council’s regional perspective resulits in
public conservation program energy and
nonfirm potential being developed to meet
load growth in the investor-owned utility sec-
tors. This assumption of full cooperation in
resource development between the region’s
customer groups is an optimistic one, but is
important because it leads to the lowest cost
energy future for the region.

Studies were performed to determine the
value of regional cooperation. Using public
sector scheduling studies to determine

which resources the public utilities would
develop to meet only their own load growth
across the load range, new conservation and
generating resource data bases were devel-
oped that would not allow development of
public resources for investor-owned utility
needs. This causes the deferral of some con-
servation and nonfirm energy in a significant
portion of the load range, with subsequent
earlier and higher development of coal. The
assumption was also made that the investor-
owned utilities would not use the acquisition
process and would maintain a capital struc-
ture of 50/50 debt to equity rather than the
Council’s base assumption of 80/20. Portfolio
studies were then rerun with the new data
assumptions to determine the cost and
schedule impact on the portfolio.
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The cost impacts are summarized in Figure
8-42. Two components of the value of
regional cooperation were isolated. Cooper-
ation on conservation and renewable devel-
opment has an expected value benefit of
$1.28 billion. Because the cost of renewables
in the portfolio is close to that of coal, most of
this value derives from the conservation pro-
grams. The value of nonfirm cooperation
shows an expected value benefit of about
$280 million. This value is higher than the
$175 million benefit attributed to nonfirm in
Chapter 7, because here it competes with
new coal under a 50/50 debt-equity ratio for
the investor-owned utilities. The analysis
described in Chapter 7 used the Council’s
base assumption of an 80/20 debt-equity
ratio for new coal financing.

Figure 8-43 is a histogram of the combined
benefits of cooperation on conservation,
renewables, and nonfirm. This distribution
has a mean of $1.56 billion and a range from
$0 to over $3 billion. An important point,
although not discernible from the histogram,
is that a significant portion of the value to
cooperation comes from the relatively high
probability middle load range outcomes. This
resuits because very little resource develop-
ment is needed in the low load cases, and in
the higher load cases all of the utility groups
develop all of their resources with or without
cooperation. It's in the middle of the load
range, where the pubiic utilities have surplus
conservation and the investor-owned utilities
canuse it, that most of the benefits of cooper-
ation are derived.

Figure 8-44 is a histogram of the first coal
option decisions without regional coopera-
tion. The probability of need for an option by
1990 is about 65 percent.
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Section C: WNP-1 and
WNP-3 Cost
Effectiveness

The Council devoted a significant amount of
effort to study of the two unfinished Wash-
ington Public Power Supply System nuclear
plants, WNP-1 and WNP-3. A number of
issues regarding the economic and physical
characteristics of the units were examined
and numerous sensitivity analyses were per-
formed. This section provides the detailed
analysis of cost effectiveness supporting Vol-
ume |, Chapter 7.

Generally, both WNP-1and WNP-3 appearto
be cost-effective resources for the Pacific
Northwest as a region. Under the Council’s
base set of assumptions, maintaining both
units as options untit and if they are needed to
meet regional load has an estimated present
value benefit of $630 million. Most of the
sensitivity studies performed continued to
show present value benefits from these
plants; however, the range of potential out-
comes is very wide. The sensitivity analyses
show expected value outcomes ranging from
benefits of over $1.5 billion to losses of nearly
$1.3 billion. WNP-1 and WNP-3 are not
included as firm resources in the draft
resource portfolio. Instead, they are included
in the plan as potential options due to their
potential value to the region. As discussed in
Volume |, Chapter 7, their exclusion from the
portfolio is based on significant barriers to
their development, not on their cost effective-
ness. The rest of this section will be devoted
to description of the cost-effectiveness analy-
sis and results.

Methodology

All of the WNP-1 and 3 studies used the
Council's Decision Model. This model pro-
vides the capability to assess the impact of a
specific resource strategy or decision over a
wide range of load futures. It is particularty
well-suited for studies of this nature, where
issues such as plant shelf life or forced restart
are of interest. The Decision Model attempts
to simulate the resource decision process
and representative errors in the resource
planning process, estimating the conse-
quences of being wrong, and incorporating

Percentage Percentage Bar Chart
N
40 §
as N
N\
2 \
X\
20 S §
- § § Y § 8
S IXINDN ¢
\@9’6 ,\@q’g ,\900 ,\q°-’\ ,\@gq’ ,9‘”% ,\@gb‘ ,1900
Init-Opt Year Of Initial Option

Figure 8-44
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the impact of load uncertainty, resource lead
time, and unit size on the cost effectiveness
of a resource strategy. (See Section D for a
more complete description.)

The criterion used to compare alternatives in
all cases was the expected value of the pre-
sent value of incremental system cost. Under
the accounting methods used in the Decision
Model, this quantity consists of the produc-
tion costs associated with all existing and
new resources, revenue from secondary
sales to the Pacific Southwest, and the cost
of imports required to meet regional needs
when deficits and poor water conditions
occur simultaneously. Also included are the
capital costs for the optioning and construc-
tion of all new generating resources and con-
servation programs. To deal with end-effects
of the study, the method included the costs
associated with replacement resources to a
time beyond which all systems would be
identical.

Assumptions

The economic and physical assumptions
used for conservation programs and gener-
ating resources were consistent with those
described in Volume Ii, Chapters 5 and 6,
respectively. The base case cost assump-
tions for WNP-1 and 3 were as described in
Chapter 6, except as noted in the sensitivity
cases. The load assumptions and probability
distribution for load was consistent with that
discussed in Volume I, Chapter 3. In addition
there were a number of other assumptions
needed to perform the studies.

These included {any costs specified are in
January 1985 dollars):

1. Option Level: 90 percent
2. Build Level: 50 percent

3. Resource Priorities:
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Arrival Distribution of Second WNP Unit
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Analysis was performed to find the loca-
tion for WNP-1 and WNP-3 in the priority
order which would minimize system cost
(and maximize their benefit). These stud-
ies were conducted in the same manner
as those used to determine the priority
order for the resource portfolio. WNP-1
and WNP-3 were treated as separate
units, and allowed to compete with each
other as well as ali of the other conserva-
tion programs and generating resources
for priority order. The priority order for the
discretionary programs and resources
which produced the lowest expected value
portfolio cost was: hydropower efficiency
improvements, agriculture, existing com-
mercial, transmission and distribution effi-
ciency improvements, existing residential,
existing industrial, WNP-1, WNP-3, com-
bustion turbines, small hydropower,
cogeneration, licensed coal, and
unlicensed coal.

4. Cost of Out-of-Region Purchases:

15 cents per kilowatt-hour to meet firm
load.

2.5 cents per kilowatt-hour to meet non-
firm load.

5. Replacement Resource:

A 4.0 cent per kilowatt-hour load reduction
resource.

6. Number of Simulations: 300
7. Inflation: 5 percent
8. Real Discount Rate: 3 percent

Probability of Need for
WNP-1 and WNP-3

Figures 8-45 and 8-46 show the arrival dis-
tributions for WNP-1 and WNP-3 for a study
with 300 simulations. These arrival distribu-
tions for the plants would be the same for alt
studies, with the exception of the forced
restart and limited shelf life studies. It is
important to point out that, while for modeling
purposes the studies assume WNP-1 would
be restarted ahead of WNP-3, the levelized
cost estimates are nearly equal for both units.
The Council has adopted no position on
which of the units should be completed first.
The results of these studies would change
very little if the order were reversed.
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The height of the vertical bars in Figures 8-45
and 8-46 represents the percentage of time
that the unit arrives in-service in a particular
year. The bar at the far right represents the
probability that the unit is not needed within
the 20-year study horizon. The arrivals for the
first unit range from 1994 to 2005, with a
most likely arrival near 2000. With five-year
lead times, this would imply a most likely
construction restart in the mid 1990s. The
second unit’s arrival tends to lag the first unit
by two or three years. Its earliest arrival is
1995 or 1996, with a most likely arrival
around 2003. This implies a late 1990s
restart of construction for the second unit.
The probability that neither unit is needed
before 2006 is the same as the probability
that the first unit is not needed—about 35
percent.

Results

Option Value of WNP-1and WNP-3

The value of WNP-1 and 3 depends in parton
how long they can be preserved and still be
restarted. The shorter their shelf life, the less
likely that they will be available to meet
regional load when needed, and the more
likely that no return will be realized on pay-
ment of additional hold costs. Three studies
analyzed this issue, at five, ten and 15-year
shelf lives for each unit. (With a construction
lead time of five years, a 15-year shelf life
ensures that the plants will be available for
service anytime within the 20-year planning
horizon.) Additional studies were performed
including only one unit in the portfolio, to
isolate the relative value of each unit. The
results are summarized in Figure 8-47. The
ability to hold the plants for five years results
in a benefit of $330 miliion, a ten-year shelf
life yields benefits of $570 million, and a 15-
year sheif life benefits of $630 million. Of the
$630 million benefit produced by both plants,
$440 million is derived from the first unit and
$190 miliion from the second. This higher
marginal value for the first unit arises from the
fact that it is needed in more of the load paths,
and also that its total hold costs wilt generally
be less. The same type of pattern is seen in
the five and ten-year shelf life single unit
studies.
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The range of potential costs and benefits for
the individual units is shown in Figures 8-49
and 8-50. The means of these distributions
are $440 and $190 million for the first and
second units respectively, as shown in Figure
8-47. The first unit is built more frequently
than the second, shows a higher probability
of producing some benefit for the region, and
a lower probability that the investment in its
hold costs will be wasted.

The $630 million benefit of both units under a
15-year shelf life scenario is the Council's
estimate of the expected value of the benefit
across the entire load range. In reality, there
is a very wide range of potential outcomes for
the value of these units. inlow load cases, itis
likely that the units may never be needed and
may be held for a long period of time with
eventual termination. This would result in a
net loss to the region consisting primarily of
the hold costs. On the other hand, in the
event of higher load growth scenarios the
units may be held for a relatively short period
of time; successful restart and construction
would avoid the need for more expensive
coal units and could yield large benefits to the

region.

Figure 8-48 shows a frequency distribution
for the value to the region of being able to
hold WNP-1 and 3 for 15 years. its mean is
the $630 million benefit mentioned above,
and it shows a range anywhere from a loss of
$1.5 billion to benefits of $2.7 billion. The
spike at -$300 million represents the cases
where the units are not needed and the hold
costs become a wasted investment. The
larger negative values of $-1.2 to $-1.5 billion
are occurrences where loads begin to come
up, the plants are restarted and constructed,
loads fall back off and the plants are not
needed. These cases represent occurrences
of the kinds of resource planning errors the
Decision Model was designed to evaluate.
The higher load outcomes are represented at
the upper end of the benefits distribution.
Both WNP-1 and WNP-3 are built early, hold
costs are kept to a minimum, the units uiti-
mately displace high cost coal and produce
large regional benefits of approximately $2.7
billion.
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Impact of the Future Status of the

Direct Service Industries

Another issue which has considerable
impact on the value of WNP-1 and 3 is the
future of the aluminum industry in the North-
west. The aluminum industry uses large
amounts of electricity, and the industry’s
needs must be taken into account in long-
range resource planning. However, there is
currently significant uncertainty regarding
the long-term operating viability of a portion
of the Northwest aluminum industry. (See
Volume I, Chapter 2, for more discussion.)
This uncertainty should be taken into
account in the planning process. It would be
a poor economic outcome to embark on con-
struction of long lead time, large thermal
units such as WNP-1and 3, only to find out as
they near completion that a portion of the
load which justified their completion is gone.
Eventually, load growth may again produce a
need for the plants, but in the meantime the
region would have incurred significant costs
with little benefit.

The Council performed two studies to esti-
mate the impact of the future of the direct
service industries (the majority of which are
the aluminum producers) on WNP-1 and 3.
Both assumed all direct service industry
loads would fall to zero after 2001, the year
the current industry contracts expire. In the
first study, WNP-1 and 3 were used as
resources in the portfolio, with the arrival
schedules depicted in Figures 8-45 and 8-46,
even though frequently there would be little
need for the plants once they had arrived. In
the second study, the availability of a short-
term purchase was substituted for WNP-1
and 3. it was modeled as a revolving account
limited to a maximum of 1,600 average
megawatts (the energy capability of WNP-1
and 3), with a two-year negotiation lead time,
two-year contract duration, reservation costs
equal to the annual capital costs of combus-
tion turbines, and displaceable energy costs
of 6.5 cents per kilowatt-hour. This shart-term
purchase was more expensive than WNP-1
and 3 on an annual basis, but in most cases
would have been needed for only a short
period of time. Because of the two-year con-
tract life, such a resource would represent a
much more flexible strategy and would allow
the region to move back toward load resource
balance much more quickly after the direct
service industry load had fallen off.
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The results of these studies are shown in
Figure 8-51. The $630 miliion benefit is the
benefit of WNP-1 and 3 in the portfolio, if the
direct service industry loads remain after
2002. The remaining DSI load is a random
variable, but would average 75 percent
remaining across all load cases. The middie
bar represents the differences in costs
between using the short-term purchase strat-
egy and using WNP-1 and 3 in cases where
the direct service industries leave. In this
case, the short-term purchase strategy costs
the region about $1.3 billion less than using
WNP-1 and 3. As one additional comparison,
the bar to the right represents the value of
WNP-1 and 3 as options with 100 percent of
the DSI load remaining at the end of the
planning horizon, and shows a benefit to the
units of $880 million.

impact of Plant Operating Life

The Council's base assumption for WNP-1
and 3 operating life is 40 years. With shorter
operating lives the plants would produce less
benefit because the fuel savings would be
limited, and other, more expensive,
resources would be needed to replace them
more quickly. Conversely, with longer operat-
ing lives the plants would have more value.
Sensitivity studies were performed using 30
and 50-year operating lives for the plants.
The results are depicted in Figure 8-52. With
a 30-year life the plants have a benefit of
$260 million, and a 50-year life raises the
value to $910 million.

Sensitivity to Cost Assumptions

The value of WNP-1 and 3 will be influenced
not only by their cost to complete but also by
the costs of competing resources in the
resource portfolio. Three studies were per-
formed here. The first was a sensitivity on the
construction costs required to complete the
units. Arguments have been made that the
current Supply System budgets may under-
estimate costs to complete by as much as 25
percent. As shown in Figure 8-53, if remain-
ing construction costs were actually 25 per-
cent higher than current estimates, this
would reduce the value of the plants to $220
million.
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The second sensitivity was on hold costs for
the units. The analysis to this point has been
based on hold costs of $12 million per year
per plant. This also assumes that the hold
costs result in no earned value credit; that is,
future costs to complete are not reduced
through expenditure of the hoid costs. Cur
rent Supply System and Bonneville budgets
call for expenditures of approximately $24
million per year per plant, and its estimated
that this will result in earned value credit. A
pessimistic outcome would be that the $24
million would result in no earned value credit.
This case was examined and resulted in
lowering the benefit of the units to $390
million.

The third sensitivity investigated the value of
WNP-1 and WNP-3 if the construction and
operating costs of new coal units turned out
to be 25 percent higher than the the Council's
current estimates. This assumption
increases the combined value of both units to
$1.49 biilion.

Impact of Equivalent Availability

Because of the large unit size of WNP-1 and
3, the amount of time the plants are actually
available for operation once in service will
have a significant impact on their cost effec-
tiveness. The Council's base assumption for
equivalent availability for both WNP-1and 3is
65 percent. Lower equivalent availabilities
would reduce benefits from the plants
through more frequent operation of higher
variable cost resources or from losses in sec-
ondary revenues. Additionally, lower avail-
abilities may require the construction of other
resources to maintain system reliability.
Higher availabilities would have the opposite
effect. The Council performed two sensitivity
studies on equivalent availability for the
plants, one at 55 percent and the other at 75
percent. The results are portrayed in Figure
8-54, and show a loss to the units of $110
million at 55 percent availability, and a benefit
of $1.26 billion at 75 percent.

Value of Forced Restart

A set of studies concerning the economics of
forced restart was also performed. The term
“forced restart” as used here implies an
unconditional construction restart of a unit at
a specific date, regardless of load path or
anticipated need for the unit. These studies
evaluated a series of forced restart dates for
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Impact of Forced Restart

both units, to determine both the cost impact
of forced restart and to investigate the appro-
priate timing, if any, for a forced restart. The
first set of studies was performed by remov-
ing the second WPPSS unit from the portfolio
and forcing the first unit across a series of
system arrival dates ranging from 1992 to
2005. The second set was performed by forc-
ing the arrival of the first WPPSS unit in the
year 2000, and forcing the arrival of the sec-
ond unit in the years post-2000.

The results of these studies are shown in
Figure 8-55. The bars to the far right repre-
sent the value of the units if the restart date is
allowed to float; that is, the units are sched-
uled and built only in anticipation of future
need. These are the $440 and $190 million
values shown on Figure 8-47. The bars
labeled 1992 to 2005 represent the value of
forcing the first WPPSS unit into the system
at selected points across the study horizon.
The labels here represent the resource arrival
or in-service dates. Construction restart
dates would occur five years earlier.

Forcing an arrival of the first unit in 1992 has
an expected value loss over the base port-
folio of $5 million. Forcing it in 1994 produces
an expected benefit of about $90 million, and
this value siowly rises to a maximum of $120
million in the year 2000. However, this vaiue is
far below the $440 million benefit obtained
when the firstunit is scheduled in anticipation
of need. This occurs because forced con-
struction in the lower portion of the ioad
range causes unnecessary overbuilding,
and in the middie portion of the ioad ranges
causes displacement of more cost-effective
conservation program energy. This effect is
even more pronounced in the case of the
second unit. The second unit has an incre-
mental value of $190 million when both units
are allowed to float. However, when the first
unit has a forced arrival in 2000 and the sec-
ond unit is forced in 2002, its has a negative
value of $270 million.
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Summary

Using the Council’s base set of assumptions,
the inclusion of WNP-1 and 3 in the regional
resource portfolio reduces the present value
of portfolio costs by $630 million. In addition,
the cost effectiveness of these plants
appears to be fairly robust. While several of
the sensitivities performed here show nega-
tive value to maintaining the plants as
options, the majority of the studies continue
to show varying degrees of benefits to the
plants.

All of the sensitivity analyses described here
were performed by changing a single param-
eter at a time and comparing to the base
case to isolate the impact of the change in
only that parameter. Modest changes in
parameters such as equivalent availability,
operating life, capital costs, or costs in com-
peting resources can result in large shifts in
present vaiue benefits. Due to the interre-
lated nature of most of these parameters, the
reader is cautioned against direct addition of
the individual changes presented here to
estimate the impact of simultaneously
changing parameters.

While not presented formally here, another
important factor for the cost effectiveness of
WNP-1 and 3 is the nature of future load
uncertainty. These units derive most of their
benefit through the displacement of coal, and
to a lesser extent combustion turbines, small
hydropower and cogeneration. This happens
primarily in the higher load cases. If for some
reason the range of load forecasts were to
fall, or even simply narrow, the value of main-
taining WNP-1 and 3 would fall as well. Con-
versely, higher loads or a wider load range
would yield higher benefits.
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Section D:
Decision Model

introduction

One of the important attributes of the Coun-
cil's 1983 plan was the formal recognition of
regional load uncertainty and the incorpora-
tion of this uncertainty into the planning pro-
cess. This is evidenced by the range of load
forecasts used in the plan, the emphasis
placed on flexible, short lead time resources,
and development of the options concept.

During development of the 1983 plan, ana-
Iytical tools were available to the Council that
helped characterize the nature of the load
uncertainty faced by the region. In general,
these were the models contained within the
demand forecasting system. However, once
the analytical process moved over to the sup-
ply side and began the evaluation of resource
alternatives to meet future load growth, there
was limited analytical capability to assess the
effect of this newly defined load uncertainty
on the various alternatives.

The Council recognized this deficiency and,
in the 1983 Two-Year Action Plan ltem 29.1,
directed its staff to develop a model capable
of dealing with load uncertainty and its inter-
action with resource decisions. The Decision
Model is intended to be that tool. it has been
developed to date in a joint effort by indi-
viduals from Council staff, the Intercompany
Pool, the Pacific Northwest Utilities Con-
ference Committee, and Bonneville. The
model has also been influenced by activities
and discussions within the Council's Options
Evaluation Task Force. Council staff has
taken responsibility for coordination and
oversight.

The major benefit of the model lies in provid-
ing planners with the ability to assess the
load-related risks associated with particular
resource option or acquisition decisions. It
automatically evaluates the consequences of
errors that are likely to occur in the resource
planning process. It assists in determining
what types of long-term resource strategies
better enable the region to manage the risks
imposed by load uncertainty. The model
enhances strategic planning capability and
provides an information flow to the decision-
making process in an area which previously
had to rely largely on intuition and judgment.

The remainder of this section will outline
briefly some of the load-related shortcomings
of traditional analytical methods and indicate
how the Decision Model contributes to the
planning process. It will provide an overview
of the model, discuss some of the major fea-
tures within the model, and briefly describe
the major algorithms used in the modeling
process.

Background

The Council's 1983 plan included four differ-
ent load forecasts and, correspondingly, four
different resource schedules. The range of
forecasts acknowledged the highly uncertain
nature of the assumptions underlying the
forecast, and began to move away from the
idea of point forecasting and planning
resources to a specific load level with littie
consideration of other possible load out-
comes. It recognized the possibility of alter-
native futures and the large impact those
futures will have on the types and amounts of
resources that will need to be developed.

The 1983 plan aiso placed an emphasis on
flexible, short lead time resources. Itrelied on
the premise that the most efficient condition
for the region to maintain is one of approxi-
mate load resource balance. Shorter lead
time resources reduce the period over which
the need for new resources must be forecast,
and allow resource sponsors to move closer
to the point of actual need before committing
large amounts of capital for construction. The
less lead time needed for resource develop-
ment, the better that development can be
matched with load.

However, quantitative estimates of the eco-
nomic value of lead time are difficult to obtain
with the analytical methods used in the 1983
plan. The analytical process stopped short of
complete incorporation of future load uncer-
tainty. The major resource models used in
the first plan were designed to schedule or
evaluate resources under one specific load
condition or forecast, and load uncertainty
was in large part handled outside of the plan-
ning models.
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In developing the resource schedules for the
first plan, it became necessary to make the
assumption that after the first few years the
region would know which of the four load
paths it was on and would not deviate from
that path. Essentially, all of the load uncer-
tainty was resolved in the near term and had
little impact over the remainder of the plan-
ning horizon. This perfect knowledge of ioad
led to resource schedules which provided
virtually perfect load/resource balance in
each load case, once the surplus was
exhausted.

This type of study structure reflects none of
the benefits inherent in short lead time
resources. A study that assumes perfect
information on load will show no economic
difference between two resources that have
the same total cost, regardiess of any dif-
ferences in lead time.

It's very difficult to evaluate the effects of load
uncertainty and its impact on cost effective-
ness with single load path models. The
important effects to capture are the conse-
quences of being wrong. it would be possible
to manually set up studies which reflect
errors in the resource planning process,
resulting in systems that are out of ioad/
resource balance. However, it would be very
time consuming to set up and run enough
studies to be sure of a representative set of
wrong outcomes. Most of the planning stud-
ies performed in the region were done under
an assumption of perfect knowledge. It is
possible to model the single way of being
right. It is virtually impossible to model all the
different ways of being wrong. However, there
is little doubt that the prediction of future con-
ditions used to justify today’s planning deci-
sions will turn out to have some degree of
error.
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Decision Model Overview

An overview of the Decision Model and the
general modeling process is shown sche-
matically in Figure 8-56. The process starts
with the input of a load forecast range and the
probability distribution for that range. Analo-
gous to the Council's planning assumption
for the region, the actual load experienced
within the model might be anywhere in the
forecast range. Because it is now possible in
the model for the load to have wide variations
in outcomes, it is no Ionber possible to spec-
ify a fixed resource schedule to be imple-
mented regardless of load outcome. So,
instead of a fixed schedule, the user spec-
ifies a “resource strategy” that, in general
terms, defines the types of resources that
should be scheduled as a function of time
and load level.

The model then moves through the future
along a somewhat random load path, making
decisions as consistently as possible with the
resource strategy. It is essentially biind to the
future within the limits of the load forecast
range, and the predictions it uses for deci-
sions will generally turn out to have some
degree of error. How well the model can
match resources to load will depend in large
part on the size and lead time of resources
combined with the potential variation in load.

Costing routines are used to keep track of the
capital and production costs associated with
the particular load/resource configuration, as
well as secondary sales and need for pur-
chases. When the model has completed one
pass through the planning time horizon, it will
have simulated the effect of the resource
strategy under one set of future conditions.
Because of the large number of possible
alternative futures, it is necessary to make
many passes through the future to ensure
statistical reliability for the resuits.

A model of this nature is useful in answering
questions such as the following:

« How are today’s resource decisions
affected by load uncertainty?

» What is the value of reduced resource lead
time?

« What types of options should the region
pursue?

« What level of options inventory should the
region hold?

» Given the uncertainty in long-term ioad, to
what level of load should the region be pre-
pared to commit resources?

The overall modeling approach is one that
combines features of decision analysis and
simulation. Decision analysis is a branch of
operations research involving the evaluation
of a decision in light of the uncertainty that
confronts the decision maker. It allows
estimation of the conseguences of a decision
across a range of outcomes for uncertain
variables and, given the probabilities for
those outcomes, allows calculation of the
expected value of the decision. This is essen-
tially the problem to be solved here. What are
the expected cost consequences of a partic-
ular resource decision or set of decisions in
light of future load uncertainty?

It shouid be pointed out that the model is not
intended to be an optimizer. It does not
attempt independently to find the best
resource decision or decision strategy. The
decisions or strategies are user-defined
inputs to the model, and the modelis simply a
tool to allow the evaluation of the actions
represented in the input. By comparing the
results produced by one set of decisions ver-
sus another, it is possible to discern the
advantages of one over another.
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Major Features

Load Uncertainty

The uncertainty represented here is the one
inherent in the long-term load trend. Alter-
native load paths all start at the current load
level but may end up at any point between the
low and high forecasts. The user has control
over the size of the load range, the shape of
the distribution of ending load values, and the
amount of variation present in the individual
load paths. However, the model has little
knowledge about where a load path will
eventually lead. It has limited forecasting abil-
ity and continually updates forecasts as it
moves through time, but it is blind to the
future load within the limits of the forecast
range.

Two-Stage Resource Decisions

For any particular resource, decisions are
made in two steps: a decision to initiate an
option, and a decision to start construction or
build. Once an option decision is made, the
resource passes through an option period
before it moves into the option inventory.
Once in inventory, it becomes available to
build. If itis not built before the end of its shelf
life, it expires and is no longer available as a
regional resource.

Conservation Program Management
Conservation is generally thought of as a
very flexible, short lead time resource. How-
ever, in periods of rapid load growth and high
need, its fiexibility will be influenced by pro-
gram acceleration characteristics and the
maximum rates for program development.
Conversely, during periods of surplus, con-
servation flexibility is dependent on how
quickly programs can be decelerated, and
the minimum levels at which they can be run.
The model applies user-defined maximum
and minimum program development rates,
accelerations, and decelerations as con-
straints to manage program activity. In this
way the flexibility or limitations of program
scheduling characteristics can be valued in
cost-effectiveness analysis.

Major Decision Variables

The following are the major inputs available
to the user to control definition of studies.

+ Option Level: The level of load within the
forecast range for which options should be
secured.

Load
Selected
End Point
0 5 10 15 20
Years
Figure 8-57

Decision Model Load Selection

« Build Level: The level of load within the
forecast range for which resources should
be built.

« Resource Strategy: Specification of the
preferred conservation programs and gen-
erating resources as a function of time and
load level. Resource supply limits as a func-
tion of load can be used to differentiate
resource preferences across the load
range; e.g., build 1,000 megawatts of com-
bustion turbines in a high load case, but
build none in the low.

» Forced Option and Build Decisions:
Specific option and build decisions to be
made regardless of load level or need.

A Typical Model Simulation

This section will briefly describe a typical
Decision Model simulation, giving more
detail than the sections above. It describes
six general steps: load selection, option and
build requirements, resource choice, capital
costing, production costing and treatment of
end effects.

Load Selection

The first step the model takes is the selection
of a load. This process is shown on Figure
8-57. The model will choose a load end point
consisting of two components. It chooses
values separately for loads, exclusive of the
direct service industries, and direct service
industry loads. The model assumes inde-
pendence between non-direct service indus-
try and direct service industry loads.

The model then determines four five-year
trends to reflect the general time structure of
the forecast, which does not have constant
load growth rates over the entire planning
horizon, and the time pattern of the industry’s
activity reflected in the forecasts. Finally, the
model applies a load shape from one of three
sets to the five-year trends to give the load
actually observed by the model for planning
and costing. The three sets of load shapes
have low, medium and high volatility in their
deviations from the load trends. The user
selects the set from which to draw. The
Council’s studies have been done using
medium volatility. Figure 8-58 iilustrates
some examples of observed load paths gen-
erated by the model.
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Example Decision Model Load Paths
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Decision Model Option and Build Level

Option and Build Requirements

The selection of option and build require-
ments is depicted in Figures 8-59 and 8-60.
Figure 8-59 shows the use of the option and
build levels at a point part way through the
model's simulation. The model has followed a
varying load path from 1985 to the current
year. It still sees a forecast range as it looks
forward the length of the longest lead time of
the resources it has available to it. However,
the megawatt range is narrower than the orig-
inal range. The high growth rate still is
achievable, but since the model is now at a
middle point in the range it can never reach
the Council’s high load itself. The option level
and build level are selected by the user, and
the current Council values are shown.

Figure 8-60 repeats part of Figure 8-59 and
shows an example of the actual resource and
build decisions, given a set of previous deci-
sions. This diagram shows a set of existing
resources plus a set of build decisions that
were made in previous years. Since option
decisions were also made in previous years,
there are some resources now in the option
inventory from which to choose in making the
build decision. As shown in this example,
while there are sufficient options available to
build to the forecast 50 percent build level,
additional options will need to be acquired to
maintain the option level at 90 percent. The
model makes all these decisions, calculates
production costs and capital costs for the
current year at the observed load, then steps
forward another year, discovers a new load,
and repeats the process.

Resource Choice

Figure 8-61 is a simplified illustration of the
process of resource choice. Resources are
ranked in priority order in an input file. The
model only sees the priority order for its
option and build choices; these choices are
not made by the model on the basis of rela-
tive cost. The resource priority order is deter-
mined externally to the model by the user.
The Council determined the order through a
process using simple screening of levelized
cost, more complex comparison of resources
with the System Analysis Model, and multi-
ple trials of priority orders using the Decision
Model.
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Once this priority order is established, the
model attempts to choose the resources in
this order. In the example shown in Figure
8-61, energy from nondiscretionary conser-
vation programs or forced resource deci-
sions, represented by block A, would be
scheduled automatically. Energy from discre-
tionary conservation programs, represented
as block B, would be managed to meet
energy targets for the individual conservation
programs, subject to program penetration
constraints. Resource C, a generating
resource with a three-year lead time, has its
first point of need beyond its lead time, and
would require no decision other than to con-
tinue to hold in inventory. Resource D, how-
ever, is projected to be needed at its lead time
of six years, and a decision to initiate con-
struction would be made.

There can be occurrences where the
resource priority is not followed explicitly.
Events such as sudden spurts in load growth
may require scheduling resources with lower
priority, but shorter lead time, in order to
maintain balance with respect to the option
and build levels specified. It is also possible
that reductions in observed load growth may
cause options to expire before they can be
used, and may lead to resource choice out of
order.

Capital Costing

Figure 8-62 is a rough illustration of the pro-
cess of calculating capital costs in the Deci-
sion Model. The top portion of the figure
shows various important time points for the
capital costing of a resource: option decision,
option arrival, build decision, build arrival or
in-service date, and retirement. The lower
portion of the figure identifies the nominal
dollar capital revenue requirements that are
observed by the model in each year from the
option decision to retirement of the resource.
The figure is only to scale in a very general
sense.

Load
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Figure 8-60
Decision Model Option and Build Requirements
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Figure 8-61
Decision Model Build Decisions
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Timing Milestones
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Decision Model Process of Calculating Capital Costs

Figure 8-62 shows that revenue require-
ments for options begin at the end of the
option lead time; payments during that time
are assumed capitalized until then. The
option costs are put into revenue require-
ments over a period equal to the economic
life of the resource. If the resource is never
built, the remaining unrecovered option costs
are placed directly into revenue requirements
in the year the option is lost. Option revenue
requirements are calculated using a nominal
levelized fixed charge rate. (Chapter 4 of this
volume gives background on the concepts of
“nominal,” “real,” and “levelized.”) Hold costs
are put directly into revenue requirements
each year as they are incurred and are shown
as increasing in nominal terms because of
assumed inflation. Finally, construction costs
are capitalized to the in-service date of the
resource, and then converted to annual reve-
nue requirements over the economic life of
the resource using a nominal levelized fixed
charge rate, similar to the treatment of option
costs.
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The model will eventually have the ability to
convert levelized fixed charge rates to the
uneven pattern of actual nominal revenue
requirements (see Volume |1, Chapter 4), but
this capability has not been completed yet.

Production Costing

Production costing is based on a composite
system model similar to that used for sea-
sonal studies in the System Analysis Model.
Because of the dominance of energy issues
in Northwest power planning, it is an energy
model only; there is currently no treatment of
capacity. Simulation of hydropower system
operation is based on a one dam model in
which total hydro energy capability, natural
streamflow energy, reservoir draft, and limits
on draft and refill for the entire system are
specified as single values for the various sea-
sons and water conditions. Data for the
hydropower model are based on the resuit of
critical period studies and the 40-year hydro
regulation studies performed as part of the
Northwest Regional Forecast. To capture the
impact of streamflow variability, the model

uses complete enumeration of ten represen-
tative water conditions, and weights the
results in accordance with the 102-year water
record. Four discrete time periods are used
for evaluation within each operating year:
September-December, January-April, May,
and June-August. May is modeled sepa-
rately to provide better resolution on the sys-
tem impact of the spring fish flows.

Thermal units are modeled with deration for
equivalent availability and are shaped sea-
sonally according to specified maintenance
schedules. Nuclear units are treated as must
run; all other thermal operation is modeled
with economic dispatch against firm, inter-
ruptible, and secondary market load blocks,
as needed under the various hydro condi-
tions. The secondary market is modeled as a
four-tiered market with prices and seasonally
shaped demand blocks changing through
time. Conservation programs and renewable
generating resources are typically treated as
seasonally shaped load reduction resources.
Any firm load not met with regional resources
is assumed to be met with an out-of-region
purchase at a specifiable price. (The Council
currently uses 150 mills, or 15 cents, per kilo-
watt-hour.) Curtailments of interruptible ioad
are priced near interruptibie rates.

Treatment of End Effects

End effects are incurred in any model
because resources have different lives and,
in addition, many of them last beyond the
study horizon of the model. A resource that
costs the same amount but lasts twice as
long as another will be more valuable. But if
both resources retire outside the study hori-
zon of a model, the model will not be able to
tell. One means of dealing with this problem,
used in the end effects treatment for the Sys-
tem Analysis Model and in the Decision
Model, is to extend the simulation period in a
simplified way until all resources constructed
during the study horizon have retired. These
resources are all replaced by the same kind
of resource and the study is then truncated
after the only remaining resources are the
replacement resources. The use of constant
real levelized capital costs for these replace-
ment resources ensures that studies with
resources of different lifetimes are
comparable.
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There is an additional end effects problem to
be dealt with in the Decision Model. Since the
model options and builds resources under
load uncertainty, some simulations will end
up surplus at the end of the study horizon and
some simulations will end up deficit. This
distribution of ending load/resource balances
can be a function of the resource strategy
employed, i.e., the option and build levels,
the resource priorities, forced resource deci-
sions, and the amount of load variation
present.

While production and capital costing is car-
ried out beyond the study horizon (normaily
20 years), the forecasting and option and
build steps stop at the study horizon. To the
extent that strategies being tested have con-
sequences like persistent overbuilding or
underbuilding, the surpluses or deficits need
1o be carried beyond the study horizon to the
end of the terminal horizon. (This can be as
long as an additional 70 years to deal with the
issues mentioned in the previous para-
graph.) In some uses of the model, however,
the user may wish to ensure that a certain
level of load/resource balance is attained for
the post-study horizon period.

Because of these varying requirements,
there are three methods availabie to calculate
the terminal horizon load/resource balance.
The three methods are illustrated in Figure
8-63 for a simulation that varies from deficit to
surplus over the last five years of the study
horizon, but that ends in surplus.

The first method simply extends each simu-
lation's observed twentieth year surpius or
deficit to the terminal horizon for that simuia-
tion. This is illustrated in the top diagram in
Figure 8-63.

The second method adjusts each simuia-
tion's twentieth year surplus or deficit to an
input target load/resource balance. in this
case, the target was zero surplus or deficit. It
does this by building additional resources in
the twenty-first year if more resources are
needed, or by not replacing resources as
they retire if fewer resources are needed. The
latter process usually reaches the target
within ten years after the study horizon.
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Decision Model End Effects Treatments

The third method is an elaboration of the first.
Itis illustrated in the bottom diagram in Figure
8-63. This method calculates the average
surplus and the average deficit over the last
five years of the study horizon. (The number
of years is a user input; the Council uses
five.) It then conducts its production costing
twice for the terminal horizon period: once
using the average surplus and once the aver-
age deficit value. Finally, the model weights
the two results by the percent of time in the
last five years of the study. horizon that the
simulation was surplus and was deficit. While
this is a more precise calculation than the first
method, it has the disadvantage of requiring
substantially more computer time because of
the doubled terminal horizon production
costing for each simulation.

Section E: Lost
Opportunity Resources

A lost opportunity resource is a potential
electric power generating resource or a
potential electric power conservation mea-
sure which is currently available to the region
and which, if not acquired or otherwise
secured now, will no longer be available and
cost-effective to the region. If a lost oppor-
tunity resource is not secured, it will have to
be replaced in the future by a less cost-effec-
tive resource. A lost opportunity resource is
cost effective and should be secured if the
present value system cost of the investment
to secure and maintain the resource by the
region, as determined by the Council, is less
than the present value system cost of all
other resources inciuded in the Council's
resource portfolio that might have to replace
it. Avoided cost studies, regarding the eco-
nomics of lost opportunity resources and
their value during the current surplus, were
discussed in Volume |, Chapter 8. This sec-
tion presents a general description of the
various types of lost opportunity generating
resources.
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Table 8-4
Inventory of Potential Lost Opportunity Resources®

TYPE OF RESOURCE

ENERGY
(average megawatts)

Loss of Generation Potential®
Municipal water systems (28 projects)
Biomass incineration (2 projects)
Solid waste disposal (4 projects)
Cogeneration and misc. (5 projects)

Out-of-Region Sale
Coal (2 projects)

Hydropower (2 projects)

Loss of Development Rights
Licensed thermal sites (3 projects)

Loss of Development Incentives
(3 hydropower projects)

Generation in Lieu of Transmission
(1 project)

TOTAL

80.0
10.0¢
62.0
45.7¢

138.7¢
21.3¢

1,406.0

53.4¢

—C

1,817.1

aThe projects and energy listed in this table are taken from the Bonneviile preliminary inventory of lost
opportunity resources, and do not necessarily agree with current Council inventories of these

resources.

bNot included is 65 megawatts from the proposed Fast Flux Test Facility (FFTF) power addition
project, earlier evaluated by Bonneville as a potential lost opportunity resource. Uncertainties regard-
ing long-term Congressionai funding of the FFTF project are considered by Bonneville to be to great

to justify acquisition of this resource.

<The energy production of one or more projects within this category was not estimated; thus the actual

total would be greater than indicated.

Availability of Potential Lost
Opportunity Resources

The availability and cost effectiveness of
potential lost opportunity conservation
resources in the residential and commercial
sectors were well understood at the time of
the 1983 Power Plan, leading the Council to
call for the acquisition of these resources,
where cost effective, through implementation
of conservation standards. in contrast, the
extent and cost effectiveness of potential lost
opportunity generating resources remain
less well understood.

In order to gain additionai information on
potential lost opportunity resources, the
Council included Action Item 13.3in the 1983
Power Plan. This action item called upon
Bonneville to:
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Identify, by project, specific resources
which may be lost to the region if decisions
fo acquire an option or to acquire the
resources are not made. This inventory
should recognize each resource sponsor’s
requirements for keeping the resource avail-
able to the region.

In response to this action item, Bonnevilie
has compiled a preliminary inventory of
potential lost opportunity generation
resources. This inventory, summarized into
five classes of potential lost opportunities, is
shown in Table 8-4.

Loss of Generation Potential

The projects representing loss of generation
potential are related to scheduled non-power
developments that could be modified to pro-
duce electric power as a byproduct. These
projects include: 1) municipal and hatchery
water supply systems with an available water
head that could be used for hydropower gen-
eration; 2) proposed solid waste incinerators
that could be modified to recover energy for
power generation; 3) landfills that could be
provided with methane collection systems for
use in powering generation equipment; and
4) industrial facilities that could be modified to
accommodate cogeneration. Not included in
the present inventory are planned irrigation
projects with the potential for associated
hydropower development, building
cogeneration potential or planned transmis-
sion and generation projects with additional
system efficiency improvement potential.

Because the basic power source exists for
other purposes, the incremental lead time,
cost and environmental impact are poten-
tially less than for facilities constructed spe-
cifically for power generation. This gives proj-
ects in this category desirable planning
qualities, including short development lead
times, small increments of capacity, low cost
and modest incremental environmental
impact.

The power generation capability of these
projects can be secured by incorporating
design features during initial construction to
facilitate later addition of power generation
equipment. For example, taps could be pro-
vided in a new municipal water supply sys-
tem to accommodate later addition of tur-
bines. The power generation equipment can
be added when need-for-power dictates.

Out-of-Region Sales

Potential lost opportunities for out-of-region
sales include two types of projects. One type
is existing regional power generation
resources currently offered for sale as excess
to the needs of the current owners. All proj-
ects of this type on the current Bonneville
inventory are coal-fired power plants. The
capability of these plants may be sold out-
side, and potentially lost to the region.
Regional acquisition of the capability of these
projects would likely be cost effective if a sale
of power outside the region, incorporating
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callback provisions, could be arranged after
acquisition. With such an arrangement,
these resources would appear to be quite
valuable. Power could be made available to
the region with short lead time (the time
period negotiated in the callback provisions)
and in appropriate increments. Incremental
environmental impact within the region would
be negligible. Costs would be representative
of existing thermal plants.

A second type of out-of-region sale project is
proposed projects potentially qualifying for
sale under the provisions of the Public Utility
Regulatory Policies Act (PURPA). These
projects could be lost to the region if sales to
out-of-region purchasers were negotiated. All
such projects in the current inventory are
hydropower projects, although other qualify-
ing facilities, such as cogeneration, might
materialize. Acquisition of these projects is
advantageous to the region to the extent that
they are cost effective.

Loss of Development Rights

These opportunities consist of currently
undeveloped sites for which land rights, pre-
liminary engineering design, baseline
environmental data and licenses have been
partly or fully obtained. Currently there are
three thermal sites in the inventory: Creston,
Washington; Wyodak, Wyoming; and
Boardman, Oregon. Not included are the
Salem, Montana, thermal site or numerous
partially or fully licensed hydropower sites in
the region.

If the present value cost of acquisition and
maintenance of the development rights is
found to be less than the present value cost
of reacquisition of these assets, if and when
needed, the development rights should be
acquired and maintained as an option by the
region. In assessing the value of develop-
merit rights, consideration should be given to
the suitability of thermal sites for siting sec-
ondary hydropower firming resources such
as combustion turbines.

Loss of Development Incentives

These opportunities consist of several hydro-
power projects for which special incentives
may expire unless exercised. Securing this
type of lost opportunity would likely require
construction of the project. Because of this,
acquisition would likely be cost effective
under the present surplus only for very low-
cost projects.

Generation in Lieu of
Transmission

This opportunity presently includes one pro-
spective cogeneration project located in an
area needing transmission upgrade to serve
increased load. Construction of the project,
offsetting the transmission load, may be
more cost effective than the planned trans-
mission expansion. The reliability of the proj-
ect must be considered in assessing the cost
effectiveness of the project in comparison
with upgraded transmission.

Additional Resource Information

The current inventory, while adequate for ini-
tial identification of potential lost opportunity
generation resources, is not adeguate to
determine if specific resources should be
acquired. Additional information required
includes:

+ The timing and duration of the present “win-
dow of opportunity” for each resource.

» The nature and cost of actions that might be
taken to secure the resource.

« The cost, availability and shelf life of the
resource if actions are taken to secure the
resource or to extend the window of

opportunity.

» The cost, availability and sheif life of the
resource if actions are not taken to secure
the resource.

Bonneville should expand its efforts to
include the above information in the lost
opportunity data base.

The data base should be expanded to
include the following resource types:

+ Planned irrigation development with power
potential.

« Planned generation, transmission and dis-
tribution system upgrades with additional
system efficiency improvement potential.

« Hydropower development rights.
« Building cogeneration potential.

Lost opportunity resources are not, by defini-
tion, static. For this reason it is desirable to
periodically update the lost opportunity
resource data base.

Resource Evaluation and
Acquisition

Acquisition of certain lost opportunity
resources may be cost effective even during
the current period of surplus. Resources
would likely be cost effective if their acquisi-
tion results in a present value system cost
less than the forecast present value system
cost without acquisition. This determination
can be made using available system plan-
ning models. Certain resources may have
energy costs less than the value of surplus
energy. Immediate development of such a
resource may be cost effective. For example,
preliminary information on the cost of system
efficiency improvements indicates that the
cost of certain improvements of this type is
extremely low, with resuiting costs of energy
less than the value of surplus.

Because near-term acquisition of certain lost
opportunity resources may be cost effective,
actions should be taken to develop the
institutional mechanisms to acquire lost
opportunity resources. This will require a
methodology for the evaiuation of lost oppor-
tunity resources and adoption of a policy for
lost opportunity resource acquisition. The
policy should include consistent criteria for
determining when a lost opportunity
resource should be acquired. These
activities are called for in Volume |, Chapter 9.
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Appendix 8-A

Regional and Public Utility Resource Schedules

The tables in this appendix contain the data
supporting the resource portfolio graphics,
figures 8-8 and 8-9. Eight tables are included,
one for each of the four load forecasts for the
region as a whole, and for just the public
utility and direct service industry customers
of the Bonneville Power Administration. The
loads shown are firm loads only and have
been adjusted for transmission and distribu-
tion losses. The “existing resource” category

contains hydro Firm Energy Load Carrying
Capability (FELCC), existing thermal, mis-
cellaneous resources, and imports net of
exports. Values for existing resources were
derived based on the 1985 Northwest
Regional Forecast, compiled and published
by PNUCC.

The resource schedules shown here are
based on the assumption of perfect knowl-

Table 8-A-1
Regional High (1985-1995)

edge of load, and they attain load/resource
balance in all load conditions within the con-
straints of the current surplus and generating
resource unit size. Line item entries for con-
servation programs show cumulative energy
developed through time for each program.
Each line item entry for the generating
resource represents the energy associated
with a set of new additions.

System Summary: Observed Loads and Resources (Average Megawatts)

PERIOD 85-86 86-87 87-88 88-89 89-90 90-91 91-92 92-93 93-94 94-95
Observed Load 16,258 16,634 17262 17915 18592 19,117 19,614 20,157 20,726 21,380
Observed Rate 0.00% 231% 3.78% 3.78% 3.78% 282% 260% 277% 2.82% 3.16%
Resources:

Existing 18,824 18,834 18,605 18,555 18,531 18,522 18,461 18,415 18,006 18,011

Conservation Programs:

MCS Single Family 5 22 41 64 91 120 151 183 217 254
MCS Multifamily 1 3 6 8 12 15 19 23 27 31
MCS Commercial 0 15 36 57 78 98 118 139 161 183
Refrigerators/Freezers 0 0 0 0 0 0 10 26 49 72
Water Heat 0 0 0 0 0 0 11 29 53 79
Manufactured Homes 0 0 1 3 4 5 7 9 10 12
Agricultural 0 2 10 20 30 40 50 60 70 80
Existing Commercial 0 15 60 125 195 265 335 405 475 545
Trans & Distr Efficiency 0 1 4 8 13 18 23 28 33 34
Existing Space Heat 8 16 34 64 109 159 209 259 309 359
Existing Industrial 0 0 20 80 170 270 370 450 450 450

Subtotal 14 74 212 429 702 990 1,303 1,611 1,854 2,099

Generating Resources:

Hydropower Efficiency 0 0 0 0 0 60 60 60 60 60
Hydropower Efficiency 0 0 0 0 0 0 15 15 15 15
Hydropower Efficiency 0 0 0 0 0 0 0 10 10 10
Hydropower Efficiency 0 0 0 0 0 0 0 0 15 15
Hydropower Efficiency 0 0 0 0 0 0 0 0 0 10

Subtotal 0 0 0 0 0 60 75 85 100 110
Combustion Turbines 0 0 0 0 0 0 0 0 714 714

Subtotal 0 0 0 0 0 0 0 0 714 714
Small Hydropower 0 0 0 0 0 0 0 52 52 52
Small Hydropower 0 0 0 0 0 0 0 0 7 7
Small Hydropower 0 0 0 0 0 0 0 0 0 140

Subtotal 0 0 0 0 0 0 0 52 59 199

(tabie continued on next page)
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Table 8-A-1 (continued)
Regional High (1985-1995)
System Summary: Observed Loads and Resources (Average Megawatts)

PERIOD 85-86 86-87 87-88 88-89 89-90 90-91 91-92 92-93 93-94 94-95
Cogeneration 0 0 0 0 0 0 0 0 0 255
Cogeneration 0 0 0 0 0 0 0 0 0 0
Cogeneration 0 0 0 0 0 0 0 0 0 0
Cogeneration 0 0 0 0 0 0 0 0 0 0

Subtotal 0 0 0 0 0 0 0 0 0 255
Licensed Coal 0 0 0 0 0 0 0 0 0 0
Licensed Coal 0 0 0 0 0 0 0 0 0 0

Subtotal 0 0 0 0 0 0 0 0 0 0
Unlicensed Coal 0 0 0 0 0 0 0 0 0 0
Unlicensed Coal 0 0 0 0 0 0 0 0 0 0
Unlicensed Coal 0 0 0 0 0 0 0 0 0 0
Unlicensed Coal 0 0 0 0 0 0 0 0 0 0
Unlicensed Coal 0 0 0 0 0 0 0 0 0 0
Unlicensed Coal 0 0 0 0 0 0 0 0 0 0
Unlicensed Coal 0 0 0 0 0 0 0 0 0 0
Unlicensed Coal 0 0 0 0 0 0 0 0 0 0

Subtotal 0 0 0 0 0 0 0 0 0 0

Total Firm Resources 18,838 18,908 18,817 18,984 19,233 19,572 19,839 20,163 20,733 21,388

Load/Resource Balance 2,580 2,274 1,555 1,069 641 455 225 6 7 8

Regional High (1995-2005)
System Summary: Observed Loads and Resources (Average Megawatts)

PERIOD 95-96 96-97 97-98 98-99 99-00 00-01 01-02 02-03 03-04 04-05
Observed Load 22027 22,738 23388 24,033 24849 25375 26,045 26,746 27,485 28,260
Observed Rate 3.03% 3.23% 2.86% 2.76%  3.40% 212% 2.64% 269% 2.76% 2.82%
Resources:

Existing 17,991 18,012 17948 17916 17,784 17,796 17,780 17,740 17,643 17,790

Conservation Programs:

MCS Single Family 295 337 381 425 470 515 560 607 656 705
MCS Multifamily 36 42 47 53 58 64 69 75 81 87
MCS Commercial 206 229 253 277 303 328 354 380 392 398
Refrigerators/Freezers 97 122 148 176 204 233 261 291 321 352
Water Heat 106 135 165 196 227 259 292 326 361 396
Manufactured Homes 14 16 19 21 23 26 28 30 33 35
Agricultural 90 100 110 120 123 123 124 124 124 124
Existing Commercial 615 685 755 801 801 801 802 802 802 802
Trans & Distr Efficiency 34 34 34 34 34 34 34 34 34 34
Existing Space Heat 409 455 455 455 455 455 455 455 455 455
Existing Industrial 450 450 450 450 450 450 450 450 450 450

Subtotal 2,352 2,605 2,817 3,008 3,148 3,288 3,429 3,574 3,709 3,838

{1able continued on next page}
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Table 8-A-1(continued)
Regional High (1995-2005)
System Summary: Observed Loads and Resources (Average Megawatts)

PERIOD 95-96 96-97 97-98 98-99 99-00 00-01 01-02 02-03 03-04 04-05

Generating Resources:

Hydropower Efficiency 60 60 60 60 60 60 60 60 60 60
Hydropower Efficiency 15 15 15 15 15 15 15 15 15 15
Hydropower Efficiency 10 10 10 10 10 10 10 10 10 10
Hydropower Efficiency 15 15 15 15 15 15 15 15 15 15
Hydropower Efficiency 10 10 10 10 10 10 10 10 10 10
Subtotal 110 110 110 110 110 110 110 110 110 110
Combustion Turbines 714 714 714 714 714 714 714 714 714 714
Subtotal 714 714 714 714 714 714 714 714 714 714
Small Hydropower 52 52 52 52 52 52 52 52 52 52
Small Hydropower 7 7 7 7 7 7 7 7 7 7
Small Hydropower 140 140 140 140 140 140 140 140 140 140
Subtotal 199 199 199 199 199 199 199 199 199 199
Cogeneration 255 255 255 255 255 255 255 255 255 255
Cogeneration 0 0 5 5 5 5 5 5 5 5
Cogeneration 0 0 0 40 40 40 40 40 40 40
Cogeneration 0 0 0 0 0 0 0 20 20 20
Subtotal 255 255 260 300 300 300 300 320 320 320
Licensed Coal 452 452 452 452 452 452 452 452 452 452
Licensed Coal 0 452 452 452 452 452 452 452 452 452
Subtotal 452 904 904 904 904 904 904 904 904 904
Unlicensed Coal 0 0 452 452 452 452 452 452 452 452
Unlicensed Coal 0 0 0 452 452 452 452 452 452 452
Unlicensed Coal 0 0 0 0 904 904 904 904 904 904
Unlicensed Coal 0 0 0 0 0 452 452 452 452 452
Unlicensed Coal 0 0 0 0 0 0 452 452 452 452
Unlicensed Coal 0 0 0 0 0 0 0 452 452 452
Unlicensed Coal 0 0 0 0 0 0 0 0 904 904
Unlicensed Coal 0 0 0 0 0 0 0 0 0 452
Subtotal 0 0 452 904 1,808 2,260 2,712 3,164 4,068 4,520
Total Firm Resources 22,073 22,799 23,404 24,055 24,967 25571 26,148 26,725 27,667 28,395
Load/Resource Balance 46 61 16 22 118 196 103 -21 182 135
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Table 8-A-2
Regional Medium-High (1985-1995)
System Summary: Observed Loads and Resources (Average Megawatts)

PERIOD 85-86 86-87 87-88 88-89 89-90 90-91 91.92 92-93 93-94 94-95
Observed Load 16,258 16,466 16,833 17,208 17,591 17,969 18,345 18,727 19,108 19,580
Observed Rate 0.00% 1.28% 2.23% 223% 2.23% 215%  2.09% 2.08% 2.03% 247%
Resources:

Existing 18,824 18,834 18,605 18,555 18,531 18,522 18,461 18,415 18,006 18,011

Conservation Programs:

MCS Single Family 5 17 32 48 68 88 109 131 153 176
MCS Multifamily 1 3 6 10 14 18 22 26 31 35
MCS Commercial 0 7 17 28 39 50 61 73 85 96
Refrigerators/Freezers 0 0 0 0 0 0 10 25 47 69
Water Heat 0 0 0 0 0 0 10 27 49 72
Manufactured Homes 0 1 2 3 5 7 9 11 13 15
Agricultural 0 0 0 2 10 20 30 40 50 60
Existing Commercial 0 0 0 15 60 125 195 265 335 405
Trans & Distr Efficiency 0 0 0 4 8 13 18 23 28
Existing Space Heat 8 16 28 41 69 113 163 213 263 313
Existing Industrial 0 0 0 0 0 20 80 170 270 370

Subtotal 14 44 85 148 269 449 702 999 1,319 1,639

Generating Resources:

Hydropower Efficiency 0 0 0 0 0 0 0 0 55 55
Hydropower Efficiency 0 0 0 0 0 0 0 0 0 5
Hydropower Efficiency 0 0 0 0 0 0 0 0 0 0
Hydropower Efficiency 0 0 0 0 0 0 0 0 0 0
Hydropower Efficiency 0 0 0 0 0 0 0 0 0 0
Hydropower Efficiency 0 0 0 0 0 0 0 0 0 0
Hydropower Efficiency 0 0 0 0 0 0 0 0 0 0
Subtotal 0 0 0 0 0 0 0 0 55 60
Combustion Turbines 0 0 0 0 0 0 0 0 0 0
Combustion Turbines 0 0 0 0 0 0 0 0 0 0
Combustion Turbines 0 0 0 0 0 0 0 0 0 0
Subtotal 0 0 0 0 0 0 0 0 0 0
Small Hydropower 0 0 0 0 0 0 0 0 0 0
Small Hydropower 0 0 0 0 0 0 0 0 0 0
Small Hydropower 0 0 0 0 0 0 0 0 0 0
Small Hydropower 0 0 0 0 0 0 0 0 0 0
Small Hydropower 0 0 0 0 0 0 0 0 0 0
Small Hydropower 0 0 0 0 0 0 0 0 0 0
Subtotal 0 0 0 0 0 0 0 0 0 0
Cogeneration 0 0 0 0 0 0 0 0 0 0
Subtotal 0 0 0 0 0 0 0 0 0 0
Licensed Coal 0 0 0 0 0 0 0 0 0 0
Licensed Coal 0 0 0 0 0 0 0 0 0 0
Subtotal 0 0 0 0 0 0 0 0 0 0
Unlicensed Coal 0 0 0 0 0 0 0 0 0 0
Subtotal 0 0 0 0 0 0 0 0 0 0
Totai Firm Resources 18,838 18,878 18,690 18,703 18,800 18,971 19,163 19414 19,380 19,710
Load/Resource Balance 2,580 2,412 1,857 1,495 1,209 1,002 818 687 272 130
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Regional Medium-High (1995-2005)
System Summary: Observed Loads and Resources (Average Megawatts)

PERIOD 95-96 96-97 97-98 98-99 99-00 00-01 01-02 02-03 03-04 04-05
Observed Load 20,006 20,471 20,863 21,240 21,766 21,990 22,342 22,708 23,094 23,498
Observed Rate 218% 232% 191% 181% 248% 1.03% 1.60% 1.64% 1.70% 1.75%
Resources:

Existing 17,991 18,012 17948 17916 17,784 17,796 17,780 17,740 17,643 17,790

Conservation Programs:

MCS Single Family 199 223 246 269 290 310 329 348 368 387
MCS Muttifamily 40 45 49 54 59 63 67 72 76 81
MCS Commercial 108 120 131 143 155 167 178 189 194 195
Refrigerators/Freezers 91 114 137 161 184 207 228 250 272 293
Water Heat 95 120 145 171 196 222 247 273 299 324
Manufactured Homes 17 19 22 24 26 28 30 32 34 36
Agricultural 70 80 90 100 105 105 105 105 105 105
Existing Commercial 475 545 611 611 611 611 611 611 611 611
Trans & Distr Efficiency 33 34 34 34 34 34 34 34 34 34
Existing Space Heat 363 413 455 455 455 455 455 455 455 455
Existing Industrial 450 450 450 450 450 450 450 450 450 450

Subtotal 1,941 2,163 2,370 2,472 2,565 2,652 2,734 2,819 2,898 2,971

Generating Resources:

Hydropower Efficiency 55 55 55 55 55 55 55 55 55 55
Hydropower Efficiency 5 5 5 5 5 5 5 5 5 5
Hydropower Efficiency 10 10 10 10 10 10 10 10 10 10
Hydropower Efficiency 0 10 10 10 10 10 10 10 10 10
Hydropower Efficiency 0 0 10 10 10 10 10 10 10 10
Hydropower Efficiency 0 0 0 10 10 10 10 10 10 10
Hydropower Efficiency 0 0 0 0 10 10 10 10 10 10
Subtotal 70 80 90 100 110 110 110 110 110 110
Combustion Turbines 0 178 178 178 178 178 178 178 178 178
Combustion Turbines 0 0 178 178 178 178 178 178 178 178
Combustion Turbines 0 0 0 357 357 357 357 357 357 357
Subtotal 0 178 356 713 713 713 713 713 713 713
Small Hydropower 7 7 7 7 7 7 7 7 7 7
Small Hydropower 0 37 37 37 37 37 37 37 37 37
Small Hydropower 0 0 55 55 55 55 55 55 55 55
Small Hydropower 0 0 0 0 95 95 95 95 95 95
Small Hydropower 0 0 0 0 0 0 0 0 2 2
Small Hydropower 0 0 0 0 0 0 0 0 0 2
Subtotal 7 44 99 99 194 194 194 194 196 198
Cogeneration 0 0 0 0 210 210 210 210 210 210
Subtotal 0 0 0 0 210 210 210 210 210 210
Licensed Coal 0 0 0 0 0 452 452 452 452 452
Licensed Coal 0 0 0 0 0 0 0 452 452 452
Subtotal 0 0 0 0 0 452 452 904 904 904
Unlicensed Coal 0 0 0 0 0 0 0 0 452 452
Subtotal 0 0 0 0 0 0 0 0 452 452
Totai Firm Resources 20,009 20,477 20,863 21,300 21,576 22,127 22,193 22,690 23,126 23,348
Load/Resource Balance 3 6 0 60 -190 137 -149 -18 32 -150
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Table 8-A-3
Regional Medium-Low (1985-1995)
Systemn Summary: Observed Loads and Resources (Average Megawatts)

PERIOD 85-86 86-87 87-88 88-89 89-90 90-91 91-92 92-93 93-94 94-95
Observed Load 16,258 16,282 16,367 16,454 16,540 16,721 16,956 17,213 17,346 17,798
Observed Rate 0.00% 0.15% 0.52%  0.53% 0.52% 1.09% 1.41% 1.52% 0.77% 2.61%
Resources:

Existing 18,824 18,834 18605 18,555 18,531 18,522 18,461 18,415 18,006 18,011

Conservation Programs:

MCS Single Family 5 10 16 24 34 44 56 68 80 92
MCS Multifamily 1 3 5 8 12 16 20 24 28 33
MCS Commercial 0 2 5 10 14 20 25 31 37 44
Refrigerators/Freezers 0 0 0 0 0 0 7 19 35 51
Water Heat 0 0 0 0 0 0 8 21 39 57
Manufactured Homes 0 0 1 2 4 6 7 9 11 13
Agricultural 0 0 0 0 0 0 0 2 10 20
Existing Commercial 0 0 0 0 0 0 0 0 15 60
Trans & Distr Efficiency 0 0 0 0 0 0 0 0 1 4
Existing Space Heat 8 16 28 36 44 52 60 68 76 94
Existing Industrial 0 0 0 0 0 0 0 0 0 0
Subtotal 14 31 55 80 108 138 183 242 332 468
Generating Resources:
Hydropower Efficiency 0 0 0 0 0 0 0 0 0 0
Hydropower Efficiency 0 0 0 0 0 0 0 0 0 0
Hydropower Efficiency 0 0 0 0 0 0 0 0 0 0
Subtotal 0 0 0 0 0 0 0 0 0 0
Combustion Turbines 0 0 0 0 0 0 0 0 0 0
Subtotal 0 0 0 0 0 0 0 0 0 0
Small Hydropower 0 0 0 0 0 0 0 0 0 0
Small Hydropower 0 0 0 0 0 0 0 0 0 0
Subtotal 0 0 0 0 0 0 0 0 0 0
Total Firm Resources 18,838 18,865 18,660 18,635 18,639 18,660 18,644 18,657 18,338 18,479
Load/Resource Balance 2,580 2,583 2,293 2,181 2,099 1,939 1,688 1,444 992 681

(table continued on next page}
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Regional Medium-Low (1995-2005)
System Summary: Observed Loads and Resources (Average Megawatts)

PERIOD 95-96 96-97 97-98 98-99 99-00 00-01 01-02 02-03 03-04 04-05
Observed Load 18,158 18,489 18,773 19,047 19465 19612 19,899 20,197 20,503 20,811
Observed Rate 2.02% 182% 1.54% 1.46% 219% 0.76% 1.46% 1.50% 1.52% 1.50%
Resources:

Existing 17,991 18,012 17948 17916 17,784 17,796 17,780 17,740 17,643 17,790

Conservation Programs:

MCS Single Family 105 118 131 144 157 171 184 197 211 225
MCS Multifamily 37 41 46 50 55 60 65 70 75 80
MCS Commercial 50 57 64 71 78 85 92 99 104 109
Refrigerators/Freezers 68 84 101 118 135 153 170 188 206 224
Water Heat 76 96 116 136 157 179 200 222 244 266
Manufactured Homes 14 16 18 20 22 24 26 28 30 32
Agricultural 30 40 50 60 70 80 90 100 105 105
Existing Commercial 125 195 265 335 405 475 475 475 475 475
Trans & Distr Efficiency 8 13 18 23 28 33 34 34 34 34
Existing Space Heat 132 181 231 281 331 381 431 455 455 455
Existing Industrial 0 0 20 80 170 270 370 450 450 450

Subtotal 645 841 1,060 1,318 1,608 1,911 2,137 2,318 2,389 2,455

Generating Resources:

Hydropower Efficiency 0 0 80 80 80 80 80 80 80 80
Hydropower Efficiency 0 0 0 15 15 15 15 15 15 15
Hydropower Efficiency 0 0 0 0 15 15 15 15 15 15
Subtotal 0 0 80 95 110 110 110 110 110 110
Combustion Turbines 0 0 0 0 0 0 0 0 357 357
Subtotal 0 0 0 0 0 0 0 0 357 357

Small Hydropower 0 0 0 0 0 0 0 22 22 22
Small Hydropower 0 0 0 0 0 0 0 0 0 87
Subtotal 0 0 0 0 0 0 0 22 22 109

Total Firm Resources 18,636 18,853 19,088 19,329 19,502 19,817 20,027 20,190 20,521 20,821
Load/Resource Balance 478 364 315 282 37 205 128 -7 18 10
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Table 8-A-4
Regional Low (1985-1995)

Systern Summary: Observed Loads and Resources (Average Megawatts)

PERIOD 85-86 86-87 87-88 88-89 89-90 90-91 91-92 92-93 93-94 94-95
Observed Load 16,258 16,064 15826 15,591 15,360 15,285 15322 15367 15436 15,587
Observed Rate 0.00% -119% -1.48% -1.48% -148% -0.42% 0.18% 0.29% 0.45%  0.98%
Resources:

Existing 18,824 18,834 18,605 18,555 18,531 18,522 18,461 18,415 18,006 18,011

Conservation Programs:

MCS Single Family 5 6 6 7 10 13 18 22 27 32
MCS Multifamily 1 1 1 2 3 4 6 8 9 11
MCS Commercial 0 1 2 4 6 8 10 13 15 18
Refrigerators/Freezers 0 0 0 0 0 0 7 18 34 49
Water Heat 0 0 0 0 0 0 6 17 31 45
Manufactured Homes 0 0 0 0 0 1 2 2 3 4
Agricultural 0 0 0 0 0 0 0 0 0 0
Existing Commercial 0 0 0 0 0 0 0 0 0 0
Trans & Distr Efficiency 0 0 0 0 0 0 0 0 0 0
Existing Space Heat 8 16 28 36 44 52 60 68 76 84
Existing Industrial 0 0 0 0 0 ‘0 0 0 0 0
Subtotal 14 24 37 49 63 78 109 148 195 243

Total Firm Resources 18,838 18,858 18,642 18,604 18,594 18600 18570 18,563 18,201 18,254
Load/Resource Balance 2,580 2,794 2,816 3,013 3,234 3,305 3,248 3,196 2,765 2,667

Regional Low (1995-2005)
System Summary: Observed Loads and Resources (Average Megawatts)

PERIOD 95-96 96-97 97-98 98-99 99-00 00-01 01-02 02-03 03-04 04-05

Observed Load 15,604 15699 15,792 15894 16,153 16,149 16,290 16,443 16,601 16,775

Observed Rate 0.11% 0.61% 0.59%  0.65% 1.63% -0.02% 0.87% 0.94%  0.96% 1.05%

Resources:

Existing 17,991 18,012 17,948 17,916 17,784 17,796 17,780 17,740 17,643 17,790

Conservation Programs:

MCS Single Family 38 43 49 55 61 68 74 81 87 94
MCS Muitifamily 13 16 18 20 22 25 27 30 32 35
MCS Commercial 21 24 27 30 34 38 41 45 48 51
Refrigerators/Freezers 65 81 98 114 130 146 161 176 191 206
Water Heat 60 76 92 110 127 145 163 182 200 219
Manufactured Homes 4 5 6 7 8 9 10 11 12 13
Agricultural 0 0 0 0 0 0 0 0 0 0
Existing Commercial 0 0 0 0 0 0 0 0 0 0
Trans & Distr Efficiency 0 0 0 0 0 0 0 0 0 0
Existing Space Heat 92 100 108 116 124 132 140 148 156 164
Existing Industrial 0 0 0 0 0 0 0 0 0 0
Subtotal 293 345 398 452 506 563 616 673 726 782

Total Firm Resources 18,284 18,357 18,346 18,368 18,290 18,359 18,396 18,413 18,369 18,572
Load/Resource Balance 2,680 2,658 2,554 2,474 2,137 2,210 2,106 1,970 1,768 1,797
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Table 8-A-5
Public High (1985-1995)
System Summary: Observed Loads and Resources (Average Megawatts)

PERIOD 85-86 86-87 87-88 88-89 89-90 90-91 91.92 92-93 93-94 94-95
Observed Load 8,444 8,548 8,809 9,079 9,356 9,576 9,784 10,011 10,252 10,568
Observed Rate 0.00% 1.23% 3.05% 3.07% 3.05% 2.35% 217% 2.32% 241% 3.08%
Resources:

Existing 10,303 10,345 10,190 10,212 10,231 10,238 10,244 10,233 9,957 9,982

Conservation Programs:

MCS Single Family 2 9 18 28 39 52 64 78 92 108
MCS Multifamily 0 1 3 4 6 7 9 11 13 15
MCS Commercial 0 6 15 23 31 39 47 56 64 73
Refrigerators/Freezers 0 0 0 0 0 2 6 12 21 31
Water Heat 0 0 0 0 0 2 6 14 23 34
Manufactured Homes 0 1 1 2 3 4 5 6 7 8
Agricultural 0 0 0 0 1 4 8 12 16 20
Existing Commercial 0 0 0 0 6 24 50 78 106 134
Trans & Distr Efficiency 0 0 0 0 0 2 4 6 8 10
Existing Space Heat 4 8 13 16 19 26 41 61 81 101
Existing Industrial 0 0 0 0 0 0 0 0 0 15

Subtotal 6 25 50 73 105 162 240 334 431 549

Generating Resources:

Hydropower Efficiency 0 0 0 0 0 0 0 0 30 30
Hydropower Efficiency 0 0 0 0 0 0 0 0 0 40
Subtotal 0 0 0 0 0 0 0 0 30 70
Combustion Turbines 0 0 0 0 0 0 0 0 0 0
Combustion Turbines 0 0 0 0 0 0 0 0 0 0
Subtotal 0 0 0 0 0 0 0 0 0 0

Small Hydropower 0 0 0 0 0 0 0 0 0 0
Small Hydropower 0 0 0 0 0 0 0 0 0 0
Subtotal 0 0 0 0 0 0 0 0 0 0
Cogeneration 0 0 0 0 0 0 0 0 0 0
Cogeneration 0 0 0 0 0 0 0 0 0 0
Subtotal 0 0 0 0 0 0 0 0 0 0
Licensed Coal 0 0 0 0 0 0 0 0 0 0
Subtotal 0 0 0 0 0 0 0 0 0 0

Total Firm Resources 10,309 10,370 10,240 10,285 10,336 10,400 10,484 10,567 10,418 10,601
Load/Resource Balance 1,865 1,822 1,431 1,206 980 824 700 556 166 33

(table continued on next page)
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Public High (1995-2005)
System Summary: Observed Loads and Resources (Average Megawatts)

PERIOD 95-96 96-97 97-98 98-99 99-00 00-01 01-02 02-03 03-04 04-05
Observed Load 10,811 11,116 11,387 11,652 12,070 12,207 12479 12,761 13,057 13,364
Observed Rate 2.30% 2.82% 2.44% 2.33% 3.59% 1.14% 2.23% 2.26% 2.32% 2.35%
Resources:

Existing 10,063 10,367 10,364 10,351 10,315 10,340 10,364 10,351 10,290 10,296

Conservation Programs:

MCS Single Family 125 143 161 180 198 217 236 256 276 297
MCS Multifamily 18 20 23 25 28 31 33 36 39 42
MCS Commercial 82 91 101 111 121 131 141 152 156 168
Refrigerators/Freezers 40 51 61 72 84 95 107 119 131 143
Water Heat 45 57 69 82 95 108 121 135 149 164
Manufactured Homes 9 11 12 13 15 16 18 19 21 22
Agricultural 24 28 32 36 40 44 48 49 49 50
Existing Commercial 162 190 218 246 274 302 320 320 320 321
Trans & Distr Efficiency 12 14 14 14 14 14 14 14 14 14
Existing Space Heat 121 141 161 181 182 182 182 182 182 182
Existing Industrial 60 130 210 290 337 337 337 337 337 337

Subtotal 698 876 1,062 1,250 1,388 1,477 1,557 1,619 1,674 1,730

Generating Resources:

Hydropower Efficiency 30 30 30 30 30 30 30 30 30 30
Hydropower Efficiency 40 40 40 40 40 40 40 40 40 40
Subtotal 70 70 70 70 70 70 70 70 70 70
Combustion Turbines 0 0 0 0 357 357 357 357 357 357
Combustion Turbines 0 0 0 0 0 0 178 178 178 178
Subtotal 0 0 0 0 357 357 535 535 535 535

Small Hydropower 0 0 0 5 5 5 5 5 5 5
Small Hydropower 0 0 0 0 0 0 0 155 155 155
Subtotal 0 0 0 5 5 5 5 160 160 160
Cogeneration 0 0 0 0 0 0 0 60 60 60
Cogeneration 0 0 0 0 0 0 0 0 0 50
Subtotal 0 0 0 0 0 0 0 60 60 110
Licensed Coal 0 0 0 0 0 0 0 0 452 452
Subtotal 0 0 0 0 0 0 0 0 452 452

Total Firm Resources 10,831 11,313 11,496 11,676 12,135 12,249 12,531 12,795 13,241 13,353
Load/Resource Balance 20 197 109 24 65 42 52 34 184 -11
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Table 8-A-6
Public Medium-High (1985-1995)
Systemn Summary: Observed Loads and Resources (Average Megawatts)

PERIOD 85-86 86-87 87-88 88-89 89-90 90-91 91-92 92-93 93-94 94-95
Observed Load 8,444 8,473 8,618 8,766 8,916 9,071 9,230 9,391 9,554 9,795
Observed Rate 0.00% 034% 1.71% 1.72% 1.71% 1.74% 1.75% 1.74% 1.74% 2.52%
Resources:

Existing 10,303 10,345 10,180 10,212 10,231 10,238 10,244 10,233 9,957 9,982

Conservation Programs:

MCS Single Family 2 7 13 21 29 38 47 56 66 75
MCS Multifamily 0 1 3 5 7 8 10 12 15 17
MCS Commercial 0 3 7 12 16 21 25 30 35 40
Refrigerators/Freezers 0 0 0 0 0 2 6 12 21 29
Water Heat 0 0 0 0 0 2 6 13 22 31
Manufactured Homes 0 1 2 3 4 6 7 8 10 11
Agricultural 0 0 0 0 0 0 0 0 0 0
Existing Commercial 0 0 0 0 0 0 0 0 0 0
Trans & Distr Efficiency 0 0 0 0 0 0 0 0 0 0
Existing Space Heat 4 8 13 16 19 22 25 28 31 34
Existing Industrial 0 0 0 0 0 0 0 0 0 0

Subtotal 6 20 38 57 75 99 126 159 200 237

Generating Resources:

Hydropower Efficiency 0 0 0 0 0 0 0 0 0 0
Hydropower Efficiency 0 0 0 0 0 0 0 0 0 0
Subtotal 0 0 0 0 0 0 0 0 0 0

Total Firm Resources 10,309 10,365 10,228 10,269 10,306 10,337 10,370 10,392 10,157 10,219

Load/Resource Balance 1,865 1,892 1,610 1,503 1,390 1,266 1,140 1,001 603 424

(table continued on next page)
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Public Medium-High (1995-2005)

System Summary: Observed Loads and Resources (Average Megawatts)

PERIOD 95-96 96-97 97-98 98-99 99-00 00-01 01-02 02-03 03-04 04-05
Observed Load 9,948 10,154 10,322 10,480 10,784 10,803 10,955 11,113 11,279 11,450
Observed Rate 1.56% 2.07% 1.65% 1.53% 2.90% 0.18% 1.41% 1.44% 1.49% 1.52%
Resources:

Existing 10,063 10,367 10,364 10,351 10,315 10,340 10,364 10,351 10,290 10,296

Conservation Programs:

MCS Single Family 85 95 105 114 123 132 140 148 1566 164
MCS Muitifamily 19 21 24 26 28 30 33 35 37 39
MCS Commercial 44 49 54 58 63 68 72 77 78 79
Refrigerators/Freezers 38 48 57 67 76 85 94 103 112 121
Water Heat 41 51 61 72 83 93 104 114 125 136
Manufactured Homes 13 15 16 18 20 21 23 24 26 27
Agricultural 0 1 4 8 12 16 20 24 28 32
Existing Commercial 0 0 6 24 50 78 106 134 162 190
Trans & Distr Efficiency 0 0 0 2 4 6 8 10 12 14
Existing Space Heat 37 40 43 50 65 85 105 125 145 165
Existing Industrial 0 0 0 0 0 0 3 26 78 152
Subtotal 277 320 370 439 524 614 708 820 959 1,119

(table continued on next page)

Public Medium-High (1995-2005) (continued)
System Summary: Observed Loads and Resources (Average Megawatts)

PERIOD 95-96 96-97 97-98 98-99 99-00 00-01 01-02 02-03 03-04 04-05

Generating Resources:

Hydropower Efficiency 0 0 0 0 40 40 40 40 40 40
Hydropower Efficiency 0 0 0 0 0 0 30 30 30 30
Subtotal 0 0 0 0 40 40 70 70 70 70

Total Firm Resources 10,340 10,687 10,734 10,790 10,879 10,994 11,142 11,241 11,319 11,485

Load/Resource Balance 392 533 412 310 95 191 187 128 40 35
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Table 8-A-7
Public Medium-Low (1985-1995})
Systemn Summary: Observed Loads and Resources (Average Megawatts)

PERIOD 85-86 86-87 87-88 88-89 89-90 90-91 91-92 92-93 93-94 94-95
Observed Load 8,444 8,394 8,418 8,443 8,468 8,545 8,647 8,757 8,728 9,012
Observed Rate 0.00% -059% 029% 0.30% 0.30% 0.91% 1.19% 1.27% -0.33% 3.25%
Resources:

Existing 10,303 10,345 10,180 10,212 10,231 10,238 10,244 10,233 9,957 9,982

Conservation Programs:

MCS Single Family 2 4 7 11 16 22 27 32 37 42
MCS Multifamily 0 1 2 4 6 8 10 12 14 16
MCS Commercial 0 1 2 4 7 9 12 14 16 19
Refrigerators/Freezers 0 0 0 0 0 1 4 9 15 22
Water Heat 0 0 0 0 0 1 5 10 17 25
Manufactured Homes 0 1 1 2 3 5 6 7 8 10
Agricultural 0 0 0 0 0 0 0 0 0 0
Existing Commercial 0 0 0 0 0 0 0 0 0 0
Trans & Distr Efficiency 0 0 0 0 0 0 0 0 0 0
Existing Space Heat 4 8 13 16 19 22 25 28 31 34
Existing Industrial 0 0 0 0 0 0 0 0 0 0
Subtotal 6 15 25 37 51 68 89 112 138 168

Total Firm Resources 10,309 10,360 10,215 10,249 10,282 10,306 10,333 10,345 10,095 10,150
Load/Resource Balance 1,865 1,966 1,797 1,806 1,814 1,761 1,686 1,588 1,367 1,138

Public Medium-Low (1995-2005)
System Summary: Observed Loads and Resources (Average Megawatts)

PERIOD 95-96 96-97 97-98 98-99 99-00 00-01 01-02 02-03 03-04 04-05
Observed Load 9,195 9,352 9,475 9,590 9,847 9,833 9,955 10,082 10,210 10,337
Observed Rate 2.03% 1.71% 1.32% 1.21% 2.68% -0.14% 1.24% 1.28% 1.27% 1.24%
Resources:

Existing 10,063 10,367 10,364 10,351 10,315 10,340 10,364 10,351 10,290 10,296

Conservation Programs:

MCS Single Family 48 54 60 65 71 77 83 89 95 101
MCS Multtifamily 18 21 23 25 28 30 33 35 38 40
MCS Commercial 22 24 27 30 33 36 39 42 43 45
Refrigerators/Freezers 29 36 43 50 57 64 71 79 86 94
Water Heat 33 41 50 58 67 76 85 95 104 113
Manufactured Homes 11 12 14 15 17 18 20 21 23 24
Agricuttural 0 0 0 0 0 0 0 0 0 0
Existing Commercial 0 0 0 0 0 0 0 0 0 0
Trans & Distr Efficiency 0 0 0 0 0 0 0 0 0
Existing Space Heat 37 40 43 46 49 52 55 58 61 64
Existing Industrial 0 0 0 0 0 0 0 0 0 0
Subtotal 198 228 260 289 322 353 386 419 450 481

Total Firm Resources 10,261 10,595 10,624 10,640 10,637 10,693 10,750 10,770 10,740 10,777
Load/Resource Balance 1,066 1,243 1,149 1,050 790 860 795 688 530 440
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Table 8-A-8
Public Low (1985-1995)

System Summary: Observed Loads and Resources (Average Megawaltts)

PERIOD 85-86 86-87 87-88 88-89 89-90 90-91 91.92 92-93 93-94 94-95
Observed Load 8,444 8,283 8,142 8,005 7,869 7,832 7,849 7,876 7,917 8,037
Observed Rate 0.00% -191% -1.70% -1.68% -1.70% -047% 022% 034% 052% 1.52%
Resources:

Existing 10,303 10,345 10,190 10,212 10,231 10,238 10,244 10,233 9,957 9,982

Conservation Programs:

MCS Single Family 2 2 2 3 4 5 7 9 11 14
MCS Multifamily 0 0 0 1 1 2 3 4 4 5
MCS Commercial 0 0 1 1 2 3 4 5 6 7
Refrigerators/Freezers 0 0 0 0 0 1 4 9 15 21
Water Heat 0 0 0 0 0 1 4 8 14 19
Manufactured Homes 0 0 0 0 0 1 1 2 2 3
Agricultural 0 0 0 0 0 0 0 0 0 0
Existing Commercial 0 0 0 0 0 0 0 0 0 0
Trans & Distr Efficiency 0 0 0 0 0 0 0 0 0 0
Existing Space Heat 4 8 13 16 19 22 25 28 31 34
Existing Industrial 0 0 0 0 0 0 0 0 0 0
Subtotai 6 10 16 21 26 35 48 65 83 103

Total Firm Resources 10,309 10,355 10,206 10,233 10,257 10,273 10,292 10,298 10,040 10,085
Load/Resource Balance 1,865 2,072 2,064 2,228 2,388 2,441 2,443 2,422 2,123 2,048

Public Low (1995-2005)
System Summary: Observed Loads and Resources (Average Megawatts)

PERIOD 95-96 96-97 97-98 98-99 99-00 00-01 01-02 02-03 03-04 04-05
Observed Load 8,047 8,120 8,173 8,223 8,421 8,347 8,412 8,481 8,550 8,624
Observed Rate 0.12% 0.91% 0.65% 061% 241% -088% 0.78% 082% 081% 0.87%
Resources:

Existing 10,063 10,367 10,364 10,351 10,315 10,340 10,364 10,351 10,290 10,296

Conservation Programs:

MCS Single Family 16 19 21 24 26 29 32 34 37 40
MCS Multifamily 7 8 9 10 11 12 13 14 16 17
MCS Commercial 8 9 10 12 13 15 16 18 19 20
Refrigerators/Freezers 27 34 40 47 53 60 66 72 78 84
Water Heat 25 32 39 46 53 60 68 75 83 90
Manufactured Homes 4 4 5 5 6 7 7 8 9 10
Agricultural 0 0 0 0 0 0 0 0 0 0
Existing Commercial 0 0 0 0 0 0 0 0 0 0
Trans & Distr Efficiency 0 0 0 0 0 0 0 0 0 0
Existing Space Heat 37 40 43 46 49 52 55 58 61 64
Existing Industrial 0 0 0 0 0 0 0 0 0 0
Subtotal 124 146 167 190 211 235 257 279 303 325

Total Firm Resources 10,187 10,513 10,531 10,541 10,526 10,575 10,621 10,630 10,593 10,621
Load/Resource Balance 2,140 2,393 2,358 2,318 2,105 2,228 2,209 2,149 2,043 1,997
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Chapter 9

Consideration of Environmental Quality

and Fish and Wildlife

An essential element of the Northwest Power
Act is the careful balance between electrical
power planning and environmental and fish
and wildlife protection. The Act requires that
the Council give due consideration in its
power plan to environmental quality and the
protection, mitigation and enhancement of
fish and wildlife. The Council complied with
this mandate throughout development of its
1983 plan and this 1986 plan. The Act also
requires the Council to consider the com-
patibility of the planned resources with the
existing regional power system, to choose
the most cost-effective resources, and to fol-
low certain priorities in selecting those
resources. For this reason, selection of the
resource portfolio involved not only choosing
those resources that were most environmen-
fally sound or most protective of fish and
wildlife, but also balancing these concerns
with the other requirements. This balancing
means that, because of new overriding fac-
tors such as lost resource opportunities or
relative ease of project construction, some
resources may be chosen even if they lead to
some adverse environmental effects.

In addition, the Act requires that all resource
cost-effectiveness evaluations must include
quantification of environmental costs and
benefits. Costs for pollution abatement
equipment and fish and wildlife mitigation
required under state and federal regulations
were included in the Council’s estimates of
resource costs. The Act further specifies that
the Council must develop a method to be
used by Bonneville to quantify these environ-
mental costs and benefits in measuring the
cost effectiveness of specific resource
acquisition decisions. This method, devel-
oped by the Council, is presented as Appen-
dix II-A. The Council expects Bonneville to
use this method in evaluating each resource
and resource site prior to acquisition. This
chapter describes the process the Council
has used in giving due consideration to
environmental quality and fish and wildlife in
its selection of resources.

Environmental Quality
Due Consideration Process

When the Council drafted its first plan in
1983, it performed studies in support of the
plan to identify the potential environmental
and fish and wildlife effects of particular types
of resources. These studies and important
issues arising from them were subjected to
public review and comment and guided the
Council as it drafted its resource portfolio for
the 1983 plan. Additional public comment
was sought as the Council revised its
resource portfolio for this 1986 plan.

During the public comment period on the
1983 draft plan, many comments and consid-
erable data were received regarding the
environmental effects of the various
resources discussed in the plan. In particular,
many public commentors offered data docu-
menting the environmental effects of hydro-
power dams, coal-fired power plants, and
high-voltage transmission lines. In addition, a
public consuitation attended by represent-
atives of environmental groups, Indian tribes,
utilities, and an agricultural organization pre-
sented views and data which assisted the
Council in furthering its consideration of
environmental quality and fish and wildlife
concerns. All this information was carefully
considered by the Council in forming its origi-
nal plan and was reconsidered by the Council
in addition to comments and data which were
submitted during the public comment period
on the draft version of this power plan. No
resource is without its potential adverse
effects. In giving due consideration to
environmental quality, the Council examined
the relative magnitudes of various effects and
the practicality of mitigation.

Analysis and Resource
Alternatives

While selecting the individual components of
its resource portfolio, the Council assessed
all available energy technologies, including
their environmental benefits and impacts.
The Council also considered the amounts of
power to be expected from each resource
type, how effects on environmental quality
and fish and wildlife could be mitigated, and
how mitigation measures may affect energy
production. Although not included as major
components of the Council's plan at this time,
the environmental costs and benefits of alter-
native resources such as gecthermal, solar-
electric generation and wind resources were
considered. These alternative resources will
be closely monitored and assessed in the
future for their environmental effects as well
as for their increased cost effectiveness and
feasibility. As they become eligible for inclu-
sion in the Council's resource portfolio, these
resources again will be subject to environ-
mental considerations.

This section discusses some of the mitiga-
tion measures that the Council expects Bon-
neville to consider in any resource acquisi-
tion or other actions that are required by the
Act to be consistent with the plan. While the
Council has adopted specific standards only
for protection of fish and wildlife in hydro-
power development (see Appendix II-B), it is
expected that the implementing agencies will
be guided by all the considerations set forth
in this chapter.

During the course of developing this 1986
Power Plan, the Council considered estab-
lishing a general set of resource acquisition
criteria for nonhydropower resources. (See
December 12, 1984, staff issue paper,
“Environmental Criteria for Resource
Acquisition.”) However, the Council decided
to rely on existing federal, state and local
regulation of the development of non-
hydropower electrical generation resources
and to take no specific action relative to addi-
tional environmental controls other than the
evaluation of environmental effects inherent
in the development of the resource portfolio.
Among the reasons for the Council's decision
were concerns about the Council’s role in the
possible acquisition of nonmajor resources
and of resources not in the Council’s portfolio.
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The Council was also concerned about a
possible duplication of effort in regulatory
matters.

The analysis that foliows first discusses the
resources that are included in the 1986
Action Plan and then discusses the re-
sources identified in the Council’s portfolio for
acquisition in later years if higher growth
occurs.

Conservation

The Council expects that conservation will
contribute the largest share of energy to the
resource portfolio. To that end, the Action
Plan includes measures in the residential
sector to weatherize existing homes and to
build new homes to the model conservation
standards. The Action Plan calls for weath-
erization of existing homes at a reduced rate
because of the current energy surplus and
because efficiency standards for both new
homes and homes converting to electrical
space heating will save more energy than
weatherizing existing houses. In both the res-
idential and commercial sector, the Council
has emphasized the model conservation
standards for new buildings. The plan pro-
vides that programs for existing commerciai
buildings should be implemented only to
build the capability to acquire this resource
when it is needed by the region. The Action
Plan also calls for building capability in the
industrial and agricultural sectors to achieve
conservation savings. The Council recog-
nizes that the model conservation standards
and programs to build capability to acquire
conservation in the various sectors represent
important lost opportunity resources that if
not acquired now, may no longer be available
and cost-effective to the region. These con-
servation actions were developed by the
Council with full consideration of their poten-
tial environmental costs and benefits.

The environmental benefits of conservation
are substantial. First, reduction of electrical
demand due to conservation measures can
help the region avoid construction and opera-
tion of new energy resources with their
accompanying environmental impacts. Con-
servation “generates” electricity without
requiring transmission lines; without creating
significant air or water pollution, noise, solid
waste, or land use impacts; and without

creating the array of adverse impacts
imposed on fish and wildlife by hydropower
development and generation. In addition,
buildings containing conservation measures
tend to be more comfortable.

The environmental costs of conservation can
be negligible if appropriate provisions are
made for acceptable indoor air quality and
adequate ventilation in energy efficient build-
ings that have less air leakage than ordinary
buildings. In buildings with less natural air
leakage, the potential exists that there will be
higher concentrations of normally occurring
indoor air pollutants than would be the case
in buildings with ordinary levels of air
leakage.

Formaldehyde, radon, and combustion
byproducts such as benzo(a)pyrene are the
indoor air pollutants considered the major
potential health risks. Health effects of inhal-
ing higher than average concentrations of
these chemicals can range from headaches
and sore throats to increased chances of
incurring lung cancer. Moisture (i.e., humid-
ity) is also perceived as an indoor air pollutant
when it becomes excessive, contributing to
the growth of molds, mildews and fungi.

Pollutants can enter a home from a variety of
sources. These include the materials used to
build the home, the appliances and furnish-
ings within it, matenals smoked in the home,
chemicals brought into the home, cooking
and even the taking of showers. In general,
new energy efficient homes and new con-
ventional homes do not differ significantly in
their sources of pollutants.

The amount of pollution within a building
depends on three factors: the strength of the
source, the ventilation rate of the building and
the rate at which the pollutant is removed
from the air by chemical reaction or physical
processes. The source of the pollutant is a
very important factor. If there is no source in
the home to start with, there is no need to
remove it. Although some pollutant sources
are unavoidable, many pollutant sources can
be avoided or minimized at the time a build-
ing is constructed to meet the model conser-
vation standards. For example, formalde-
hyde off-gassing can be reduced through the
use of “10W fuming” formaldehyde wood
products rather than the use of ordinary
plywood and particle board.

Many studies have been undertaken during
the past five years, both in the United States
and Canada, to better understand the rela-
tionship between indoor air quality and
energy conservation. These studies are
showing that energy-efficient homes with
whole-house mechanical ventilation are no
more prone to indoor air quality problems
than non-energy-efficient homes. Further-
more, the studies are showing that very leaky
houses, with hourly air change rates (ACH)
of two can have indoor air pollution problems,
while relatively tight homes with .5 ACH can
have very low levels of pollutants. These find-
ings indicate that strong pollutant sources

~ can overwhelm ventilation. However, at lower

pollutant levels, ventilation is one important
means for pollution control.

To date, there are no widely accepted stan-
dards that establish a “bad” or unhealthy
level of indoor air pollutants. Proposed guide-
lines from the American Society of Heating,
Refrigerating and Air-Conditioning Engi-
neers (ASHRAE) and the Environmental
Protection Agency (EPA) standards are fre-
quently mentioned in discussions on indoor
air quality. Aithough the ASHRAE guidelines
were developed for assuring good indoor air
quality, they proved to be highly controversial
because provisions were lacking on how to
implement these guidelines.

ltis one thing to adopt a guideline of two pico
curies per liter for radon, but another matter
to use it. (The curie is the unit of measure for
radioactivity; a pico curie is one trillionth of a
curie.) Currently, the only way of knowing that
the guideline is being met is to monitor a
building for radon after it is buiit.

New houses constructed under the Uniform
Building Code are required to provide
mechanical ventilation in bathrooms and
kitchens, if windows are not present or oper-
ative. These fans are not sized to ventilate the
entire house, and, under current building
practice, whole-house ventilation depends
primarily on unreliable factors such as wind.
Current codes provide no assurance of either
sufficient ventilation or sound indoor air

quality.

To guard against worsening indoor air quality,
the Council has recommended that mechan-
ical ventilation be used in houses with tight
construction. Model conservation standard




Chapter 9

houses with this mechanical ventilation that
were built in the Residential Standards
Demonstration Program (RSDP) are being
monitored and compared to a control group
of houses built to current practice. The early
data from both the RSDP and from the Cana-
dian R-2000 program show no significant dif-
ferences in indoor air quality between houses
built to the level of energy efficient standards
and houses built to current practice. The
Council has designed a research program in
the Action Pian to address remaining con-
cerns about indoor air quality.

On June 20 and 21, 1985, Council staff and
some Council members were briefed on pos-
sible health impacts of the model conserva-
tion standards by five recognized indoor air
quality experts. Discussions at this meeting
supported the conclusion that pollutant
source strength is a primary determinant of
indoor air quality. However, both source
strength and ventilation rate are important,
and strategies to control poliutant levels
should focus on both factors. The group also
emphasized the need to design programs to
minimize source entry of poliutants and to
improve the reliability and performance of
heat recovery ventilators.

Though the production of conservation
devices (insulation, storm windows, etc.)
may have some environmental impacts, the
Council recognizes that the amount of elec-
tricity “produced” by conservation is more
environmentally acceptable than, for exam-
ple, the equivalent amount of energy gener-
ated by a coal-fired power plant or hydro-
power dam. The 3,920 average megawatts of
energy expected to be contributed by conser-
vation under the Councii's high growth fore-
cast is equivalent to the output of more than
eight coal-fired power plants that produce
452 average megawalts each (the size of
plants assumed by the Council if increments
of coal-fired generation are required). (See
Volume I, Chapter 6.)

On balance, conservation can be an environ-
mentally acceptable resource. The potential
for indoor air quality problems can be

reduced or mitigated through planning for
mechanical ventilation to control such pollu-
tants as carbon dioxide and moisture, and
through source control strategies for such
poliutants as radon and formaldehyde. The
energy conserved through energy-efficient
building design means thatthe need for addi-
tional generating facilities and transmission
lines will be reduced, thereby reducing the
effects on land, air, water, and fish and wildlife
resources.

Better Uses of the
Hydropower System

The Council's plan includes considerations
involving improved uses of the hydroelectric
system. Although the Council has not deline-
ated specific strategies at this time, some
strategies for increasing the region’s reliance
on nonfirm energy, such as using combus-
tion turbines to back up nonfirm energy, may
have effects on the environment.

Developing new uses for nonfirm energy
could affect the willingness of hydropower
system managers to provide flows and spill
for fish passage. The more the hydroelectric
system is put to high-valued uses such as
meeting firm loads or shutting down combus-
tion turbines, the greater the potential conflict
with its use for flows and spills needed for fish
passage. This is a concern that the Council
will monitor to assure consistency with its
plan and program. Environmental effects
resulting from hydropower development and
operation are discussed more fully below.

The plan includes combustion turbines as
one possible means of firming up nonfirm
hydropower supplies, in order to make possi-
ble more economical uses of the nonfirm
energy. The combustion turbines are not the
only means of backing up nonfirm energy,
but their costs provide an upper planning limit
for the costs of implementing firming strat-
egies on average. Over the long term, it is
expected that the combustion turbines would
only be operated at most 19 percent of the
year. Because of their flexibility, combustion
turbines can also be used as a “planning
hedge” against rapid growth.

Fueled by natural gas or oil, combustion tur-
bines are expected to emit certain air pollu-
tants. To date, the Council's data show that

emissions of natural gas-fired turbines are
minimal compared to those of oil-fired tur-
bines or coal plants. Combustion of natural
gas releases small amounts of nitrogen
oxides and about half the amount of carbon
dioxide emitted by coal plants. The Council’s
data have suggested that nitrogen oxides
from gas-fired turbines can be reduced to
comply with air quality regulations by reduc-
ing the temperature of combustion air, recir-
culating flue gas, or injecting demineralized
water.

Qil-fired turbines release larger amounts of
these pollutants, plus sulfur dioxide. Accord-
ing to Council studies, sulfur dioxide emis-
sions from oil-fired turbines can be minimized
by limiting the sulfur content of fuel oil used.
Noise impact may be mitigated by siting the
plants away from population centers, install-
ing mufflers, and developing buffer zones.

Use of combustion turbines fueled with natu-
ral gas or oil also raises certain environmen-
tal concerns in connection with exploration,
development and transportation of the fuel.
The Council notes that off-shore exploration
and development of fossil fuels can interfere
with commercial and recreational fishing and
could cause aesthetic impacts on shoreline
areas. On-shore exploration and develop-
ment can intrude on roadless areas and wild-
life habitat and affect the aesthetics of natural
areas. If reliance is placed on imports, there
also may be increased risk of oil spills from
tanker accidents. Transportation by pipeline
involves potential spills and can disrupt exist-
ing land uses and cause some aesthetic
impacts.

Combustion turbines are included as a
potentially low-cost option for firming sec-
ondary hydropower and as insurance to
meet unexpected load growth. Merely pre-
serving the potential for using these turbines
can postpone or avoid construction and oper-
ation of large-scale coal or nuclear facilities.
The Council chose combustion turbines as
one strategy for firming nonfirm hydropower
because they can be brought on-line quickly
and operated in harmony with the hydro-
power system. This flexibility and avoidance
of other impacts, in the Council’'s judgment,
outweighs the effects of combustion turbines
on environmental quality and fish and
wildlife.
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Hydropower Development

As with the 1983 plan, the Council’s 1986
Action Plan directs Bonneville to secure
options on hydropower projects at several
sites, although Bonneville is not to acquire
power from these sites at this time. The
development process for the Council's
Columbia River Basin Fish and Wildlife Pro-
gram, adopted November 15, 1982, and
amended October 10, 1984, provided a
wealth of information on the effects of hydro-
power deveiopment on fish and wildlife as
well as measures for mitigating those effects.
Those considerations have also been taken
into account in this plan to the extent they are
appropriate outside the Coiumbia Basin.
Some measures adopted by the Council for
the Columbia River Basin and the rest of the
region are more fully described in the discus-
sion of fish and wildiife impacts in a later
section of this chapter. For a more complete
description of the impacts and mitigation
measures applicable to the Columbia River
Basin, see the Councils Columbia River
Basin Fish and Wildlife Program.

The effects of hydropower generation are
limited generally to the stream and fisheries
affected by a dam. That is, no serious air
pollution or solid waste problems are raised
by hydropower projects, and they do not rely
on a finite fossil fuel. Dams can alter gravel
recruitment patterns, because they block
downstream movement of gravel and some
sediment. Loss of fish spawning ard rearing
habitat may occur. This effect can be miti-
gated somewhat by habitat restoration proj-
ects downstream.

Among the adverse impacts on migrating
and resident fish are turbine-related mortality,
migration barriers, dewatering of streams,
alteration of flows, inundation of habitat and
the effects of increased travel time. Although
they are not entirely effective or feasible in all
locations, mitigation measures include fish
screening and bypass systems, spill for pas-
sage, fish ladders, establishment of mini-
mum flows, and flow augmentation.
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Construction of a hydropower project may
also result in erosion and sedimentation near
the stream, causing increased water turbidity.
These effects can reduce the aesthetic qual-
ity of the stream as well as harm its value for
fish, wildlife, and recreational uses. Some-
times, these effects are limited to the period
of construction and are not considered signif-
icant enough by themselves to warrant fore-
going otherwise feasible hydropower sites.

In addition, the transformation of a river to a
deep, still reservoir can alter the temperature
of the water. Because of reduced flows,
increased temperatures, and the buildup of
sediment, many reservoirs become exces-
sively productive, sometimes turning
eutrophic. The use of special structures, res-
ervoir draft techniques, and control of
upstream nutrient sources through better
land management practices can mitigate
these effects.

Another impact is nitrogen supersaturation
caused by excessive spilling of water over the
dam. Though lethal to fish, it can be mitigated
with the use of devices that deflect spilled
water.

Altered water temperatures and nitrogen
supersaturation are generally limited to large
hydropower projects invoiving reservoirs,
while the Council expects many new hydro-
power projects will be small stream diver-
sions without reservoirs. These smaller proj-
ects are not necessarily benign. Their effects
can become cumulative when considered in
combination with other projects. (See
Columbia River Basin Fish and Wildlife Pro-
gram, Sections 1200-1204.)

Federal law prevents licensing hydropower
projects on or directly affecting wild and sce-
nic rivers, and special consideration is
required when Indian lands, indian fisheries,
historic or archaeological sites, national wild-
life refuges, national monuments, national
recreation areas, endangered species hab-
itat, or lands adjacent to wilderness are
involved. In estimating the amount of hydro-
power potential for the 1983 plan, the Council
accordingly eliminated such areas from con-
sideration. This estimate was reduced even
further for this 1986 plan, pending completion
of the Pacific Northwest Hydropower Assess-
ment Study being conducted by the Council

and Bonneville. The study will help rank
potential hydropower sites according to
impacts on fish and wildlife. With the excep-
tion of the hydropower options described ear-
lier, which will not be producing power under
the Action Plan, only hydropower from exist-
ing facilities is included in the 1986 resource
portfolio.

Installation of hydropower projects on a pre-
viously free-flowing stream also can reduce
or eliminate the stream’s value for kayaking,
rafting, and some types of fishing, as well as
reduce the forest land base and destroy
Indian religious sites through inundation.
Also, although the effects of particular proj-
ects may be relatively minor, the cumulative
effects of several hydropower dams on a sin-
gle stream or in a single basin, drainage or
subbasin, can be serious. As a result, this
plan includes measures to support future
hydropower development only at the least
sensitive locations and with minimum
environmental impact.

Because of these safeguards, the Council
believes needed additional hydropower
development can occur in an environmen-
tally sound manner. The first hydropower
inciuded in the plan would not be needed
until the early 1990s. This allows sufficient
time to study the impacts of hydropower and
to refine methods for alieviating those
impacts.

Industrial Cogeneration

The Council expects about 80 percent of the
available cogeneration to be fueled with bio-
mass such as wood waste. Particulates
would be emitted from combustion of wood
chips or other biomass fuel, but the effects of
these emissions could be controlled to a
large extent by pollution control technology.
Cyclone separators can remove larger parti-
cles, while wet scrubbers, electrostatic pre-
cipitators, and baghouses can remove
smaller ones. However, control technology
for cogeneration may not be as sophisticated
as it is for larger central station thermal
plants, and some residual effects may
remain. Also, cogeneration units are more
likely to be located near population centers.
Use of coal as a backup fuel would entail the
air quality impacts discussed below regard-
ing coal.
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Timber harvesting raises concerns regarding
erosion, sedimentation, aesthetic impacts,
and destruction of wildlife habitat. Because
biomass fuels are usually byproducts of
lumber processing, the Council believes
most of these effects would not be attributa-
ble to biomass electrical generation. None-
theless, if and when biomass harvesting
involves picking up fallen wood in forests, it
may independently cause the effects
described above.

Use of cogeneration to generate electricity
would reduce the need to construct coal-fired
or nuclear plants, which, for the reasons
stated below, may be less environmentally
sound. Some cogeneration projects may be
coal-fired and could thus have many, if not
more, of the environmental effects associ-
ated with coal-fired power plants, discussed
below. Nevertheless, cogeneration, even
coal-fired, can entail fewer environmental
risks than the separate production of elec-
tricity and process steam. Because
cogeneration depends largely upon existing
facilities, it normally does not include the
“boom town” impacts or major transmission
lines associated with larger thermal plants.
The Council also recognizes that, unlike fos-
sil fuel-fired generators, some cogeneration
has the advantage of using a renewable
resource.

Coal-Fired Power Plants

Coal-fired generation was the most contro-
versial resource included in the Council's
resource portfolio. As considered by the
Council, the environmental effects of coal-
fired generation span the entire fuel cycle.
Coal to fuel regional generators most likely
will come from strip-mines in eastern Mon-
tana or Wyoming. Exploration for coal can
include dnlling and blasting that risk con-
tamination of groundwater. Strip-mining coal
involves removing large amounts of soil and
other materials overlying the coalbeds.
Federal law requires reclamation of strip-
mined lands and includes procedures for
refilling and regrading, water protection, and
revegetation, as well as prohibitions against
mining sensitive lands, such as alluvial valley
floors and prime farm land. However, there is
some question whether these reclaimed
lands can sustain long-term productivity or
establish a diversity of species characteristic
of native range.

Because coalbeds often serve as aquifers,
their removal by mining often disrupts
groundwater and can dry up neighboring
wells used for domestic or stock water uses.
The resaturation of soils when mined pits are
refilled can degrade water quality. The Coun-
cil's data indicated that acid mine runoff can
contaminate local surface and groundwater,
and toxic materials exposed by mining can
both contaminate nearby water sources and
hamper later efforts to reclaim the land. In
addition, extraction of coal releases large
quantities of dust into the air, hindering
nearby livestock operations and decreasing
local visibility. Opening mines in rural com-
munities can disrupt the agricultural
economy.

Council studies have shown that transporta-
tion of coal to the generating plant incurs
various environmental effects, depending
upon the location of the generators. Plants
located where the coal is mined include fewer
transportation effects. However, they con-
centrate the effects of both mining and gener-
ation in one community and increase the
number of transmission lines required. Load-
center generation, where the coal is trans-
ported long distances from the mine for gen-
eration in the area where the electricity is
needed, somewhat eases the effects on the
community where the coal is mined but
increases transportation-related effects.
Most coal is transported via railroad, and in
some areas new mines require additional rail
spurs. These lines can disrupt local farms
and ranches by consuming valuable bottom
land, hindering drainage, increasing noise,
and bisecting fields and pastures. Use of unit
trains consisting of up to one hundred coal
cars can increase noise, coal dust pollution,
and railroad crossing accidents and traffic
tie-ups in the rural towns they pass through.

Coal slurry pipelines have been proposed to
carry crushed coal suspended in water from
the Great Plains coal fields to generating
plants in Washington and Oregon. Council
reports indicated that such pipelines would
require large quantities of water and could
pose serious water pollution problems at the
terminus where the water must be removed
from the coal. Also, the pumping systems
required for such pipelines would need large
amounts of energy to transport the coal sev-
eral hundred miles. Such pipelines would
require rights-of-way that could disrupt local
land uses and affect aesthetics.

Coal generation can also have air quality
impacts. Though federal and state laws
require pollution control, all coal plants emit
sulfur dioxide, nitrogen oxide, particulates
(small particles), carbon dioxide, and trace
elements. Sulfur dioxide has demonstrated
detrimental effects on some crops and is
known, in many instances, to be harmful to
human health. Along with nitrogen oxide, sul-
fur dioxide can react in the atmosphere to
form sulfates and nitrates, which in turn
cause acid rain downwind from coal-fired
generators. Acid rain appears to be capable
of harming fish, vegetation, soil, surface
water and other matenals. Particulates can
cause respiratory ailments in humans and
reduce the traditionally excellent visibility in
rural areas of the Great Plains. Sulfates can
also reduce visibility.

Although sulfur dioxide emissions can be
reduced through the use of flue gas
desulfurization equipment, these devices
may in turn produce large amounts of sludge
as a byproduct. This sulfur-laden sludge
poses a solid waste disposal problem
because it must be prevented from leaching
into local water supplies. Advanced combus-
tion technologies such as fluidized bed com-
bustion can reduce or eliminate production of
sludge. Also, fly ash left over from combus-
tion of coal contains various trace metals and
also must be disposed of in a safe manner.
Public comments from Montana suggested
that water demands for power plant cooling
could conflict with water needs for irrigation
and other purposes such as fish and wildlife
protection, and that ponds used to store cool-
ing water can alter local water tables.

As with coal strip-mining, construction and
operation of coal-fired generators in rural
communities can cause boom and bust
impacts. When the plant ceases operation, it
can cause rapid out-migration, unemploy-
ment and declining tax base.

Because coal plants are generally sited away
from load centers, electricity generated at
most coal-fired power plants must be trans-
ported long distances to load centers using
high-voltage transmission lines. Council
reports have indicated that siting these lines
can change local land use patterns, disrupt
agricultural operations, and cause aesthetic
impacts. Construction of lines through moun-
tainous areas can cause erosion as well as
interrupt wildlife habitat and recreational pur-
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suits, and clearing rights-of-way often
involves use of controversial herbicides detri-
mental to fish and wildiife. Transmission line
corridors may interfere with migratory pat-
terns of birds or big game. High-voltage
transmission lines may produce noise, inter-
ference with local television and radio recep-
tion, and risk of electrical shock.

The Council, in part because of its concern
for these effects of coal-fired generation, has
only included coal in the energy plan to meet
loads under the high growth scenano in 1995
and under the medium-high growth scenario
in the year 2000. Even in those cases, the
1986 plan calls for development of coal plants
at already-licensed sites first. This would
cause lower construction and mining
impacts, such as boom-town problems, than
starting from an undeveloped site.

Nuclear Power Plants

Although not included in the resource port-
folio, Washington Public Power Supply Sys-
tem Nuclear Plants 1 and 3 are retained as
potential resources in the 20-year power
plan. The environmental effects of nuclear
power, described in data analyzed by the
Council, also span the entire fuel cycle. Ura-
nium, the fuel source for nuclear generators,
is extracted by surface or open pit mining.
Exploration can involve drilling, blasting and
road building that may contaminate ground-
water and disrupt wildlife habitat. The Coun-
cil's data indicated that many of the same
water pollution, air pollution and reclamation
problems are encountered in uranium mining
as in coal mining; the scale of uranium mining
is substantially smaller, however, for a given
energy content in the fuel. Also, the radioac-
tive nature of uranium ore poses potential
health risks to miners and persons living near
uranium mines. Uranium ore processing
results in large amounts of tailings that con-
tain radioactive waste materials. These tail-
ings may raise human health concerns and
must be disposed of properly to avoid con-
tamination of water sources or transportation
by the wind.

Construction of a nuclear power plant is a
major undertaking and, because of large
plant sizes, can create more severe “boom
and bust” social and environmental effects
than coal plants. Significant local
socioeconomic impacts have already been
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experienced at Washington Nuclear Projects
(WNP) 1and 3. WNP-1is located, however, in
acommunity with a long-term commitment to
nuclear work, and mechanisms for adjusting
to economic fluctuations due to construction
may be better developed there than else-
where. Some central station power develop-
ments (including nuclear plants) require
high-voltage transmission lines and their
associated effects. Operation of nuclear
power plants may also require large amounts
of water for cooling. Council studies have
indicated that water intake structures have
the potential to harm fish, and any thermal
water discharges also have the potential to
be detimental to fish. Cooling systems can
also discharge chemical blowdown, which
may contaminate air and water.

Spent fuel and other radioactive wastes from
plant operations require safe disposal. Spent
fuel must either be reprocessed to recover
uranium and plutonium or it must be treated
as waste. Transport to disposal sites or
reprocessing plants raises concerns regard-
ing highway accidents, accidental spillage,
and theft.

Some radioactive wastes must be isolated for
thousands of years. Pursuant to federal stat-
ute, work is now underway to choose suitable
disposal sites for spent nuclear fuel and high-
level wastes. One method of decommission-
ing a nuclear plant requires the removal of all
fuel. Next, the plant is sealed and cooled for
ten years, during which time the site mustbe
monitored and isolated. The reactor building
is then covered to withstand natural forces for
200 years.

Other Resources

Other resource technologies, although not
included in the Council’s resource portfolio
because of their high-cost or technical
infeasibility at this time, were nonetheless
considered by the Council for their potentiat
impacts.

Geothermal Energy

Pursuant to the 1983 Action Plan, Bonneville
has designed an assessment and acquisition
program for geothermal power. The Bon-
neville-sponsored assessment by the com-
bined states highlights the potential of the
region’s geothermal resource, the paucity of
verified data pertaining to this resource, and

the general sequence required for geother-
mal exploration, discovery and development.
Federal agencies with responsibilities for
characterizing and verifying regional geo-
thermal resources are directing their atten-
tion to various parts of the region, with an
emphasis on the Cascade Mountains. Their
findings, coupled with new information from
other sources, will describe the geothermal
environment of specific drilling locales, and
also the general nature of hydrothermal res-
ervoirs associated with broader geologic
regimes. From this information, appropriate
conversion technologies can be determined
and related environmental issues will be
identified.

Council studies have indicated that electrical
generation from geothermal sources, where
either dry steam or flashed steam conversion
processes are used, can cause emission of a
variety of gases, including hydrogen sulfide.
At low concentrations, this pollutant causes
an offensive odor and can be harmful to the
human respiratory system and to local wild-
life. However, the Council's analysis suggests
that current pollution control technology can
achieve 90 percent hydrogen sulfide
removal. Even with this technology, there are
some residual effects from the use of geo-
thermal resources. Many of these are dis-
cussed above in the context of coal-fired

power plants.

Clearing of land and construction of roads
and pipelines required to tie the numerous
geothermal wells to central generators could
destroy wildlife habitat and create barriers to
wildlife migration. After geothermal water or
steam is used to generate electncity, it is
usually reinjected into the earth. Studies sug-
gest that the impacts of fluid disposal are site-
specific, depending largely upon the chem-
ical nature of the fluids. Though reinjection is
normally preferred, the Council's data noted
that other disposal techniques deserve study.

Venting of steam or water vapor can create
noise, having a potential impact on recrea-
tional areas and wildlife populations. Noise
can be controlled, however, by installation of
noise attenuation equipment and proper
operation. Some geothermal projects may
require large quantities of water for cooling,
although dry cooling can be used in water-
scarce areas. Extraction of geothermal
steam or water may cause the earth to settle.
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Also, geothermal development may disrupt
scenic and recreational areas and expose
workers to risk of injury while working near
steam or hot water.

Wind Power

The Council estimates that wind generators
would cause only minor environmental
effects. Though operation of some wind tur-
bines may create low-frequency noise, this
effect may be minor because generators will
likely be located far from population centers.
Future wind power studies should examine
these potential effects further, and mitigation
technigues should be identified. Wind tur-
bines may alter the aesthetics of shorelines,
mountains, gorges and other areas with typ-
ically high winds. Also, the need to avoid
obstructions around wind generators may
require restrictions on certain types of land
use. The Council recognizes that wind gener-
ators do not pollute the air, use water, create
solid waste, and probably would not cause
severe “boom town” effects. With proper con-
trol, erosion, siltation and water pollution can
be avoided. They do not affect free-flowing
rivers and can probably be sited with minimal
impact on wildlife habitat. When costs are
reduced, the Council expects wind power to
be a desired energy resource for the region.

Solar Power

Solar-electric generation is another resource
not yet included in the Council’s portfolio
because of present high costs and immature
technology. The Council's data indicated that
this technology also would have relatively
minor environmental impacts. Solar systems
using fluids to exchange heat raise a pos-
sibility of contamination of water and land,
albeit minor. A typical large-scale, solar-elec-
tric generation plant will require installation of
solar reflectors or cells on large land areas,
and could affect land use, wildlife habitat, and
aesthetics. However, because such plants
would not include major water or air pollution
or solid waste disposal problems, the Council
expects that the impacts of solar-electric gen-
eration would be minor compared to the wide
range of serious effects associated with
large-scale thermal-electric generation. As
this and other emerging technologies
mature, the Council will gather additional,
more detailed data concerning their environ-
mental effects, which will receive considera-
tion in all future Council decisions regarding
these resources. The Council welcomes
comments regarding the development of
these resources.

Additional Fish and
Wildlife Concerns

Due Consideration Process

The requirement of due consideration for fish
and wildlife is in addition to the Act's mandate
that the Council adopt a Columbia River
Basin Fish and Wildlife Program. That pro-
gram was adopted by the Council on
November 15, 1982, and amended on
October 10, 1984.

The fish and wildlife program is limited by law
to the Columbia River Basin. The power plan,
on the other hand, must cover the entire
region. Also, the plan covers all types of gen-
erating resources, while the fish and wildlife
program deals only with the effects of the
hydropower system. Under the Northwest
Power Act and the Council's power plan,
resource acquisitions by Bonneville gener-
ally must be consistent with the plan's
environmental and fish and wildlife provi-
sions. Those acquisitions proposed within
the Columbia River Basin must also be con-
sistent with the provisions of the Council’'s
fish and wildlife program.

The Council's consideration of the rela-
tionship between energy supply and devel-
opment and the protection of fish and wildlife
began with its development of the Columbia
River Basin Fish and Wildlife Program.
Federal hydropower project operators and
regulators (i.e., Bonneville, Bureau of Recla-
mation, Corps of Engineers and the Federal
Energy Regulatory Commission) must take
that program into account at each relevant
stage of decision making to the fullest extent
practicable. Also, Bonneville must use its
legal and financial powers to protect, mitigate
and enhance fish and wildlife consistently
with the program.

On December 16, 1982, the Council released
an “Environmental Document for the Colum-
bia River Basin Fish and Wildlife Program.”
That document described consideration of
the fish and wildlife and environmental
impacts of the Council's Columbia River
Basin Fish and Wildlife Program. It noted
that, while some minor environmental
impacts might result from implementation of
the Council's program, its overall effect was to
remedy environmental effects that had gone

largely unmitigated for decades. The docu-
ment noted numercus ways in which the
Council's program would benefit fish and
wildlife in the Columbia River Basin.

The effects of the Council’s fish and wildlife
program were considered as the Council
developed and revised its energy plan. For
example, annually 250-270 average mega-
watts of energy capability are estimated to be
lost due to use of the Council’s water budget
to provide adequate flows for migrating ana-
dromous fish. This was taken into accountin
the Council's estimate of the amount of
hydropower available to meet future
demands.

In addition, the costs of fish and wildlife miti-
gation and protection measures required in
the fish and wildlife program were included as
the Council estimated costs of various
resources. As previously noted, included in
the Council’s resource cost calculations were
the costs of pollution control technology
required by existing law. These measures will
benefit fish and wildlife by reducing or pre-
venting air and water pollution.

Analysis of the Fish and Wildlife
Impacts of Hydropower
Development

Hydropower development can have serious
effects on fish and wildlife. As noted in the
fish and wildlife program, hydropower proj-
ects can hinder migration of fish. Juvenile
anadromous fish passing downstream may
be slowed by the reservoirs or killed while
passing through the turbines. Successive
dams and reservoirs in a single drainage or
basin can eliminate the natural flushing of
migrating juvenile fish to the ocean during the
spring months. Without adequate passage
facilities, dams present barriers to upstream
migration as well. Water level fluctuations
above or below hydropower dams can dis-
rupt fish spawning and strand wildlife popula-
tions. Water impoundments caused by
hydropower dams can alter water tem-
peratures to the detriment of fish. Construc-
tion of dams may create reservoirs that inun-
date important wildlife habitat. However, as
previously noted, the Council expects many
of the new hydropower projects to be stream
diversion projects without reservoirs.
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Many comments from fish and wildlife agen-
cies, Indian tribes, and environmental groups
have expressed concern over the role of
hydropower in the Council’s resource port-
folio. Some have suggested that the
cumulative effects of many small hydropower
projects on certain stream reaches could be
catastrophic to both anadromous and resi-
dent fish, as well as other environmental and
cultural values.

Within the Columbia River Basin, the Coun-
cil's fish and wildlife program includes a water
budget for the Columbia and Snake rivers
designed to provide adequate flows for
downstream migration. The Council’s pro-
gram includes other specific measures to
assist fish migration. These measures incor-
porate provisions for flows, spill, structural
bypass systems, ladders and transportation.
The Councils program includes measures
applicable to the Columbia Basin to minimize
the harmful effects of water level fluctuations
and temperature control measures for spe-
cific Columbia Basin dams. The Council
recently completed rulemaking concerning
spill measures, which should provide interim
fish protection until permanent bypass facili-
ties are in place. In addition, the Electric
Power Research Institute (EPRI) is currently
funding projects in the areas of: 1) fish
screens, 2) minimum stream flow require-
ments, 3) downstream migration and 4) fish
passage through turbines.

9-8

All future hydropower projects within the
Columbia Basin will be subject to specific
provisions in the Council's program to avoid
or mitigate the above effects. The program
calls for consolidated review of all applica-
tions or proposals for hydropower develop-
ment in a single river drainage within the
Basin. The Council intends that such review
will assess cumulative effects of existing and
proposed hydropower development on fish
and wildlife. In conformance with the pro-
gram, Bonneville has funded a study, cur-
rently being performed by Argonne National
Laboratory, to propose criteria and methods
for assessing potential cumulative effects of
hydropower development.

The Council and Bonneville have undertaken
a study to help collect the information needed
for classifying and designating certain
streams and wildlife habitat in the basin for
protection from future hydropower develop-
ment, based upon their value for fish and
wildlife and their hydropower potential. As
part of its Pacific Northwest Hydropower
Assessment Study, the Council will study the
existing and potential productivity of stream
reaches for anadromous fish. The Pacific
Northwest Rivers Study, the portion of the
Hydropower Assessment Study conducted
by Bonneville, will study non-anadromous
values, including resident fish, wildlife, natu-
ral and cultural features, recreation, and
institutional constraints. In addition, the
Council will study Indian tribal and cultural
values. These studies will enable the Council

to designate stream reaches and wildlife hab-
itat within the Columbia Basin to be protected
from further hydropower development.
Finally, the program calls on the Federal
Energy Regulatory Commission to require all
license applicants within the Basin to demon-
strate how their proposed projects would
take the Council's program into account to
the fullest extent practicable at each relevant
stage of decision making.

The conditions for Bonneville’s support of
hydropower within the entire region (included
in Appendix |I-B) are designed to avoid or
mitigate the kinds of effects described above
when they occur outside the Columbia River
Basin. The Council's Hydropower Assess-
ment Study will also result in a ranking of
sites within the entire region in terms of their
relative fish and wildlife values.

Although hydropower development includes
serious risks to fish and wildlife, the Council
believes that the provisions of this plan will
minimize the effects of any future hydro-
power development.
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Public Involvement

One of the fundamental purposes of the
Northwest Power Act of 1980 was to provide
for the participation of the four Northwest
states, their local governments, consumers,
the Bonneville Power Administration's cus-
tomers, the users of the Columbia River sys-
tem (including Indian tribes and fish and wild-
life agencies), and the public in the
development of regional power policies. The
Northwest Power Planning Council plays a
crucial role in this process.

The Act specifically directs the Council to
inform the region’s publics about major
regional electrical energy issues, obtain their
views concerning those issues, and consult
with them. The Council fulfilled each of these
obligations in the development of the 1986
Power Plan and will continue its commitment
to involve and inform the public about
regional energy issues in the future.

From the time of its formation, the Council
has dedicated itself to an active public infor-
mation and involvement program. It does not
wait for people to come to it, but actively
seeks people out to involve them in its
process.

The Council's structure is built around this
commitment to involve the region in its work.
it meets in public every three weeks, rotating
among the Northwest states. These meet-
ings are announced in the Federal Register
and the Council newsletters, and are pro-
moted by an agenda sent to 11,000 people,
including the region's media. All decisions,
except those exempted under the “Govern-
ment in the Sunshine” portion of the Admin-
istrative Procedure Act, are made in these
meetings, with public comment opportunities
provided. A calendar of public meetings is
presented in Table 10-1.

Throughout development of the 1986 Power
Plan, the Council has held consultations with
the utility and industrial customers of Bon-
neville, consumer and environmental
groups, state and local governments, and the
Bonneville Power Administration. These
have involved both regionwide sessions as
well as state-level meetings in each of the
four Northwest States. Consultations have
included Council meetings with regional pol-
icymakers and other members of the public,
as well as staff-to-staff meetings between the
Council and other organizations.

In addition, beginning in the summer of 1984,
several advisory committees and task forces
were formed to examine and advise the
Council on specific issues related to drafting
the 1986 plan. Committee members were
chosen to represent a wide range of interests
as well as for their expertise. These 11 com-
mittees, along with several committees
focusing on fish and wildlife issues, make up
the Scientific and Statistical Advisory Com-
mittee called for in the Northwest Power Act.

Approximately 140 people sit on these com-
mittees. Subjects covered include conserva-
tion in all sectors, economic and demand
forecasting, and resource optioning.

Because support at the state level is crucial
for implementation of the plan, the views of
the state energy and regulatory agencies
must be considered in the plan’s develop-
ment. To ensure this involvement and to
improve ongoing communication, the Coun-
cil established a State Agency Advisory
Committee made up of members of the
Northwest states public utility commissions.

In developing its electrical demand forecast,
the Council requested projections of eco-
nomic growth from approximately 300 busi-
nesses and industries in the region. The
responses were used in developing and val-
idating the Council's economic and demo-
graphic projections, which are the backbone
of the Council’s electrical demand forecast.

The Council's newsletters are used to keep
people informed about the Council's work.
Northwest Energy News, a bimonthly 32-
page magazine, provides background infor-
mation to 15,000 people. It focuses on
regional energy and fish and wildlife news,
major issues and the Council's activities.

In November 1984, the newsletter Update!
was initiated to list reports and papers avail-
able from the Council, public involvement
opportunities, and upcoming meetings. It
also accompanies a synopsis of the previous
Council meeting and an agenda of the com-
ing meeting. More than 11,000 people
receive Update! every three weeks.

The November/December 1384 issue of
Northwest Energy News included a ques-
tionnaire designed to publicize the start of the
power plan process and gain insight on how
the public involvement program was per-
ceived by the region. Most of the respondents
felt the Council's information system kept
them well informed, but some had sug-
gestions for improvements and others were
not aware of all the opportunities available for
public involvement. Subsequently, every
issue of Energy News has carried informa-
tion about the power planning and fish and
wildlife processes, including opportunities for
involvement.

Both Update! and Northwest Energy News
were used to announce over 20 discussion
papers describing various issues relating to
the 1986 Power Plan. See Table 10-2 for a list
of papers published. These issue papers
were circulated widely in the region and to
interested parties in other states (a total of
over 4,000 people). Comments were solicited
and used by the Council in making prelimi-
nary decisions on the issues. All comments
were entered in the administrative record and
distributed to the appropriate staff and Coun-
cil members. Those people who sent in writ-
ten comment received verification that their
comment was being entered in the record.

Council “Backgrounders’ were developed to
supplement issue papers and help non-
technical readers understand the issues.
These Backgrounders were used as hand-
outs and were available at Council meetings.

The Council's preliminary decisions were
incorporated in the draft plan, adopted in
August and distributed for further public com-
ment. The comment period closed on
October 25, following hearings in each state.
Comments from over 150 groups and indi-
viduals were received. The final plan was
adopted in January 1986.

Early in 1985, an advertisement was runin 12
regional newspapers and magazines
announcing the 1985-86 power planning pro-
cess and opportunities for involvement in it.
Both Update! and the draft plan mailing lists
were expanded with 325 responses to these
ads. Two other advertisements were run in
the summer to publicize the availability of the
draft plan and to announce public hearings.
The latter was a full page ad.
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At the same time that the 1986 Power Plan
was being developed, the Council consid-
ered an amendment to the model conserva-
tion standards contained in the 1983 Power
Plan. This amendment was adopted at the
Council's December 4, 1985, meeting and
was incorporated into the 1986 plan.

In March 1985 an issue paper reviewing the
model conservation standards was released
for public comment. Subsequently, two
addenda to that paper were also released.
Qver 600 copies of the issue paper and
addenda were distributed. On July 11, 1985,
the Council voted to consider amending the
standards and initiated a public comment
period that ended on September 25, 1985.
Hearings were held in each state with over 20
groups testifying. Announcements describ-
ing the proposed amendment were sent to
more than 300 people. In addition,
announcements were published in the Coun-
cil's magazine, Northwest Energy News, and
newsletter, Update. Press releases, which
covered the amendment proceedings exten-
sively, were sent to the Northwest's media.

Based on the responses received, the Coun-
cil decided to revise the amendment and
reopen the comment period. Testimony was
again taken on the standards at the power
plan hearings in October 1985. In total, 150
groups and individuals commented on the
proposed amendments.

Throughout this entire process, Council
members and staff met frequently with local
governments, utilities, and other interested
parties to keep them informed on the Coun-
cil's decision process and to solicit their input.
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The Council's mailing list has been updated
and improved to better target specific groups
affected by the issues. For example, a spe-
cial mailing was sent to 1,600 members of the
region’s homebuilding industry to inform
them that the Council was reviewing the
model conservation standards and to invite
their comment and participation. To ensure
widespread participation in the planning pro-
cess, the Council hired a contractor to help
identify under-represented groups and set up
meetings between these groups and Council
members and staff.

To assure accurate media coverage of the
Council's activities, key media people were
briefed on the power plan process. At each
meeting, a press kit was distributed to attend-
ing media people and mailed to others.
Council issues generated a great deal of cov-
erage in the region’s newspapers and televi-
sion and radio stations. The Council main-
tains a newspaper clipping file of this
coverage, which is available for public review.

The Council is continuing its ongoing efforts
to work closely with the region’s local govern-
ments. Through its local govemment liaison,
the Council provides timely information on
the issues to the region’s local govemments
and consults with them individually and col-
lectively, working principally through the state
local govermment associations.

The Council maintains a public reading room
at its central office in Portland where the pub-
lic can review staff and contractors’ studies,
as well as comments received relating to the
development of the energy plan.

The Council also maintains toll-free tele-
phone lines (1-800-222-3355 for Idaho, Mon-
tana, and Washington and 1-800-452-2324
in Oregon) to encourage public access to the
Council.

With the development of the 1986 Power
Plan, the Council reaffirms its strong commit-
ment to an active public involvement and
information program. After adopting the plan
in January 1986, the Council has continued
to hold regular public meetings throughout
the region. These meetings are a forum for
the Council to discuss ideas and hear pro-
posals on major energy and fish and wildlife
issues from state and federal agencies,
Indian tribes, Bonneville and Bonneville cus-
tomers, local govemments, and the public.
Consultations are continuing with these inter-
ested parties on major issues.

Concurrently with publication of the Draft
Power Plan, the Council began the amend-
ment process for its Columbia Basin Fish and
Wildlife Program. Equivalent public involve-
ment activities are addressed in that

program.

The Council knows that this plan is not a
static document. As conditions change or if
resources do not perform as expected, revi-
sions to the plan may be needed. To encour-
age increased public involvement, the Coun-
cil will publicize widely its process for making
revisions to the power plan. The public will be
informed of proposed revisions through pub-
lished material and public briefing sessions.
Throughout this process, comments will be
solicited from the public on proposed
changes to the plan prior to Council
adoption.
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Table 10-1
Council and Advisory Committee Meetings
1986 Power Plan

November 28-29
November 30
December 3
December 11

December 11

December 18
December 19-20
January 9-10
January 15
January 15
January 18
January 24
January 30-31
February 13
February 13
February 14
February 14
February 14
February 19
February 20-21
March 7
March 7
March 8
March 13-14
March 26
March 27
March 28
March 28
April 1

April 2

April 2

April 3-4

April 18

April 22-23
April 24-25
April 29

April 30

April 30

Council Meeting, Portland, Oregon

Coal Options Task Force

Demand Forecasting Advisory Committee
Hydropower Assessment Steering Committee

Council Hearing on the Pacific Northwest/Southwest Intertie and Out-of-
region Sales, Portland, Oregon

Economic Forecasting Advisory Committee
Council Meeting, Boise, Idaho

Council Meeting, Portland, Oregon
Hydropower Assessment Steering Committee
Economic Forecasting Advisory Committee
Demand Forecasting Advisory Committee
Public Utility Commissions Task Force
Council Meeting, Seattle, Washington
Demand Forecasting Advisory Committee
Coal Options Task Force

Conservation Programs Task Force
Options Evaluation Task Force

Public Utility Commissions Task Force
Options Evaluation Task Force

Council Meeting, Boise, Idaho

Demand Forecasting Advisory Committee
Conservation Programs Task Force

Coal Options Task Force

Council Meeting, Portland, Oregon
Hydropower Assessment Advisory Committee
Conservation Programs Task Force

Public Utility Commissions Task Force
Demand Forecasting Advisory Committee
Model Conservation Standards Task Force
Economic Forecasting Advisory Committee
Coal Options Task Force

Council Meeting, Missoula, Montana

Coal Options Task Force

Conservation Programs Task Force
Council Meeting, Seattle, Washington
Options Evaluation Task Force

Demand Forecasting Advisory Committee

Losses and Goals Advisory Committee
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10-4

May 1

May 3

May 8

May 14

May 15-16
May 29

May 30

May 31

June 5-6
June 12
June 18
June 19
June 20
June 26-27
July 10-11
July 15

July 19

July 29
August 7-8
August 13
August 14
August 20
August 22
August 28-29
September 4
September 18-19
September 20
September 24
September 26
October 1
October 2
October 3
October 3
October 3
October 3
October 9-10
October 21
October 25
October 29
October 30
October 31

Resident Fish Substitutions Advisory Committee
Model Conservation Standards Task Force
Production Planning Advisory Committee

Hydro Assessment Steering Committee

Council Meeting, Portland, Oregon

Resident Fish Substitutions Advisory Committee
Options Evaluation Task Force

Losses and Goals Advisory Committee

Council Meeting, Portland, Oregon

Production Planning Advisory Committee
Hydropower Assessment Steering Committee
Resident Fish Substitution Advisory Committee
Losses and Goals Advisory Committee

Council Meeting, Seattle, Washington

Council Meeting, Missoula, Montana

Production Planning Advisory Committee
Resident Fish Substitutions Advisory Committee
Losses and Goals Advisory Committee

Council Meeting, Portland, Oregon

Hydropower Assessment Steering Committee
Production Planning Advisory Committee
Resident Fish Substitutions Advisory Committee
Losses and Goals Advisory Committee

Council Meeting, Coeur d’Alene, Idaho
Mainstem Passage Advisory Committee

Council Meeting, Portland, Oregon

Mainstem Passage Advisory Committee
Hydropower Assessment Steering Committee
Losses and Goals Advisory Committee
Resident Fish Substitutions Advisory Committee
Demand Forecasting Advisory Committee
Mainstem Passage Advisory Committee
Economic Forecasting Advisory Committee
State Agency Advisory Committee

Conservation Programs Task Force

Council Meeting, Missoula, Montana

Losses and Goals Advisory Committee
Mainstem Passage Advisory Committee
Production Planning Advisory Committee
Council Meeting, Boise, Idaho

Mainstem Passage Advisory Committee
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November 5
November 6-7
November 13-14
November 18
November 20-21
December 2
December 3
December 4-5
December 11-12
December 20
January 8-9
January 23

Resident Fish Substitutions Advisory Committee
Council Meeting, Portland, Oregon
Council Meeting, Portland, Oregon
Mainstem Passage Advisory Committee
Council Meeting, Portland, Oregon
Production Planning Advisory Committee
Mainstem Passage Advisory Committee
Council Meeting, Portland, Oregon
Council Meeting, Portland, Oregon
Losses and Goals Advisory Committee
Council Meeting, Portland, Oregon

Council Meeting, Portland, Oregon

Table 10-2
Issue Paper List for Draft Power Plan

+ 1985 Action Plan: Conservation Resources

« 1985 Action Plan: Generation Resources

« Assumptions for Financial Variables

+ Combustion Turbine Cost Effectiveness

+ Conservation Supply Curves

» Cost & Availability of Generation Resources

+ Cost of Delaying the Model Conservation Standards until 01/01/88
« Critical Water Planning

« Economic, Demographic & Fuel Price Assumptions

« Environmental Criteria for Resource Acquisition

+» Hood River, Eimhurst & ELCAP Projects

« intertie Access Policy

+ Long-Term Achievable Conservation Targets

+ Lost Opportunity Resources

+ Model Conservation Standards Review

« Out-of-Region Imports/Exports

« Preliminary Demand Forecasts

+ Research, Development & Demonstration of Promising Resources
+ Role of Power Institutions in the 1985 Power Plan

« Value of Additional Direct Service Industry Interruptibility
+ WNP-1 & WNP-3 Planning Assumptions
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Appendix lI-A

Method for Determining
Quantifiable Environmental Costs and Benefits

Priority is given in the plan to resources that
are cost effective. The Bonneville Power
Administrator is required to estimate all direct
costs of a resource or measure over its effec-
tive life in order to determine if a resource or
measure is cost effective. Quantifiable en-
vironmental costs and benefits are among
the direct costs of a resource or measure.
The Act requires the Council to include “a
methodology for determining quantifiable
environmental costs and benefits” in the
plan. This methodology will be used by the
Administrator to gquantify all environmental
costs and benefits directly attributable to a
measure Or resource.

Proposed Method

A. ldentify the characteristics (technical,
economic, environmental, and other) of
the resource or measure in question.
Quantify each identified environmental
effect in terms of the physical units
involved (e.g., acres of habitat, tons
of sulfur dioxide, change in water
temperature).

B. Identify ali potential environmental costs
and benefits (e.g., the economic value of
the effects of changes in the environment)
that will result from the resource or mea-
sure. Each one of the environmental stud-
ies previously completed by the Council
should be regularly subjected to public
review, comment, and improvement.
Research to identify the environmental
costs and benefits of each resource
should be continued by Bonneville in light
of advancing knowledge about environ-
mental impacts and of technical changes
in resources.

C. Screen the identified environmental costs
and benefits to determine whether a
meaningful economic evaluation can be
performed. In making this determination,
reference should be made to the work
products of the Council — Study Module
VI, Nero and Associates, Inc., Reports to
Council (Tasks 1-6) on Quantification of
Environmental Costs and Benefits, Con-
tract 82-020. In particular, consideration
should be given to whether economic
techniques are sufficiently developed to
allow for a meaningful analysis of the
environmental cost or benefit.

D. Determine whether environmental costs

and benefits which can be meaningfuily
evaluated in monetary terms will be so
analyzed. This determination should
include consideration of:

1. whether sufficient information exists or
can reasonably be obtained to aliow for
an analysis of the environmental cost
or benefit;

2. whether the relative cost effectiveness
of alternative resources is such that the
as yet unquantified environmental
costs and benefits would iikely affect
the decision on resource cost effective-
ness; and

3. whether significant costs or benefits
remain after considering the effect
state or local standards may have on
the environmental cost.

. For each environmental cost and benefit

that can be quantified, an information
base shouid be assembled by the Admin-
istrator that analyzes the amount of infor-
mation available to quantify each cost or
benefit and assesses the uncertainty
affecting the ultimate quantity estimates.
Federal, state, and local studies of such
environmental costs and benefits, schoi-
arly and professional quantifications, and
data obtained as a resulit of public com-
ment should be used to the extent
appropriate.

. A specific economic evaluation method

should then be selected by the Admin-
istrator based on the type of environmen-
tal cost or benefit, data available to char-
acterize the environmental effect and
related environmental cost or benefit,
experience with the method (e.g., has it
been successfully used in the past), and
type of uncertainties invoived. It is recog-
nized that the strengths and limitations of
the evaluation method will vary with each
environmental impact, and this should be
documented. More than one evaluation
method may be needed to cross check
and verify results.

. For those environmental costs and bene-

fits where it is not possible to develop
monetary values, key physical and bio-
logical parameters should be described
and, if possible, quantified.

H. The application of the evaluation methods

should then take place. A record should
be compiled that describes the resource,
indicates what impacts were identified
and which measurement methods were
selected, documents each aspect of the
calcuiation, and supports the final result.
Throughout this process, the Admin-
istrator should consult with the Council,
the resource sponsor, interested persons,
Bonneville customers, consumers,
states, and local political subdivisions.
The Administrator should involve the pub-
lic to the maximum extent appropriate.

Ail quantified environmental costs and
benefits should then be included in the
decision on resource cost effectiveness.
Where the environmental costs or bene-
fits have been quantified in other than
monetary terms, the Administrator should
make a decision about the cost effective-
ness of each resource or measure by
comparing the dollar cost of resources or
measures with such costs or benefits to
the dollar cost of competing resources or
measures. A determination should then
be made as to whether the quantifiable
but unpriceable costs or benefits are suffi-
cient to make an otherwise less expen-
sive resource or measure, with such
unpriceable environmental costs or bene-
fits, more “costly” than the next most
“costly” resource or measure.

. To the extent that no quantification on any

terms is possible, the environmental
costs and benefits should be identified
and described and an assessment should
be made on their probabie magnitude in
relative terms. The environmental costs
and benefits of a resource should be
given due consideration by the Admin-
istrator before the resource is acquired.
Such environmental costs and benefits
will be weighed in the decision to acquire.
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Appendix lI-A

In 1983 and 1984, Bonneville conducted
case studies on the environmental costs
and benefits of four existing individual
resources—a coal plant, a combustion tur-
bine, a nuclear plant and a hydroelectric
dam. These studies tested the feasibility of
trying to assess environmental costs, using
specific estimating techniques. The studies
made environmental cost and benefit esti-

II-A-2

mates for each of the four facilities. Generally,
the case studies showed that it should be
possible to establish costs for environmental
impacts.

In 1985, Bonneville undertook to estimate
environmental costs for various types of
resources on a generic basis. Bonneville
hired consultants and conducted a public

involvement process to develop generic
environmental costs for hydroelectric, geo-
thermal, cogeneration, biomass, wind and
solar resources. Draft reports have been
released, and additional public input is now
being sought. See BPA Issue Backgrounder,
June 1985, “Counting the Costs— How BPA
Performs Environmental Cost Analysis.”




Appendix lI-B

Condltlons for Bonneville Financial Assistance
To Hydropower Development in the Region

The Councilincludes the following conditions
inits plan in response to the Northwest Power
Act, which requires due consideration for pro-
tection, mitigation, and enhancement of fish
and wildlife and related spawning grounds
and habitat, including sufficient quantities
and qualities of flows for successful migra-
tion, survival, and propagation of ana-
dromous fish.

1. Protection,
mitigation, and
enhancement of fish:

Bonneville should not agree to acquire power
from, grant billing credits for, or take any other
actions under section 6 of the Act concerning
any hydropower development in the region
without providing for:

A. Consultation with interested fish and wild-
life agencies and tribes, state water man-
agement agencies, and the Council
throughout study, design, construction,
and operation of the project

B Specific plans for flows and fish facilities
prior to construction;

C. The best available means for aiding
downstream and upstream migration of
salmon and steelhead;

D. Flows and reservoir levels of sufficient
quantity and quality to protect spawning,
incubation, rearing, and migration,;

E. Full compensation for unavoidable fish or
fish habitat losses through habitat restora-
tion or replacement, appropriate propaga-
tion, or similar measures which give pref-
erence to natural propagation over
artificial production of fish;

F. Assurance that the project will not inun-
date the usual and accustomed fishing
and hunting piaces of any tribe;

G. Assurance that the project will not
degrade fish habitat or reduce numbers of
fish in such a way that the exercise of
treaty rights will be diminished; and

H. Assurance that all fish protection and miti-
gation measures will be fully operational
at the time the project commences.

2. Protection,
mitigation, and
enhancement of
wildlife:

Bonneville should not agree to acquire power
from, grant billing credits for, or take other
actions under section 6 of the Act concerning
any hydropower development in the region
without providing for:

A. Consultation with interested wildlife agen-
cies and tribes, state water management
agencies, and the Council throughout
study, design, construction, and operation
of the project;

B. Avoiding inundation of wildlife habitat,
such as winter range or migration routes
essential to sustain local or migratory
populations of significant wildlife species,
insofar as practical;

C. Timing construction activities, insofar as
practical, to reduce adverse effects on
nesting and wintering grounds;

D. Locating temporary access roads in areas
to be inundated;

E. Constructing subimpoundments and
using all suitable excavated material to
create islands, if appropriate, before the
reservoir is filled;

F. Avoiding all unnecessary or premature
clearing of all land before filling the
reservoir;

G. Providing artificial nest structures when
appropriate;

H. Avoiding construction, insofar as prac-
tical, within 250 meters of active raptor
nests;

l. Avoiding critical riparian habitat (as
defined in consultation with the wildlife
agencies and tribes) when clearing,
riprapping, dredging, disposing of spoils
and wastes, constructing diversions, and
relocating structures and facilities;

J. Replacing riparian vegetation if natural
revegetation is inadequate;

K. Creating subimpoundments by diking
backwater slough areas, creating islands,
level ditchings, and nesting structures and
areas;

L. Regulating water levels to reduce adverse
effects on wildlife during critical wildlife
periods (as defined in consultation with
the fish and wildlife agencies and tribes);

M. Improving the wildlife carrying capacity of
undisturbed portions of new project areas
(through such activities as managing veg-
etation, reducing disturbance, and sup-
plying food, cover, and water) as compen-
sation for otherwise unmitigated harm to
wildlife and habitat in other parts of the
project area;

N. Acquiring land or management rights
where necessary to compensate for lost
wildlife habitat at the same time other proj-
ect land is acquired and including the
associated costs in project cost
estimates;

O. Funding operation and management of
the acquired wildlife land for the life of the
project;

P. Granting management easement rights
on the acquired wildlife lands to appropri-
ate management entities; and

Q. Collecting data needed to monitor and
evaluate the resulis of the wildlife protec-
tion efforts.

3. All proposals for
Bonneville support
of hydropower
development should:

A. Take fully into account the resuits of the
Council's Hydropower Assessment Study
to ensure that future hydropower develop-
ment occurs only at the least sensitive
locations with minimum environmental
impact.

B. Expiain in detaii how these provisions will
be accomplished or, where exceptions are
allowed, the reasons why the provisions
cannot be incorporated into the project.
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