APPENDI X B
DOCUMENT AND METHODOLOGY REVI EW

B.1 | NTRODUCTI ON

Thi s appendi x contains a review of resource planning tools,
nodel s, net hodol ogi es, and rel evant background i nformation,
i ncluding recent resource planning studies utilizing these
pl anni ng tools. Recent nodeling efforts conpleted by and
for Wstern and Reclamation were reviewed, as were
nmet hodol ogies and nodels in current use and comonly
accepted within the electric utility industry. Perti nent
integrated resource plans (IRPs) conpleted by wutilities
wWithin the Western region were also reviewed, primarily for
nodel i ng nmethodol ogies and tools, and secondarily for
information provided on other topics relevant to the
Repl acenent Resources Process.

Many reports, articles, studies, and anal yses were revi ewed
as part of the background research for this report. In
addition, conparative reviews and analyses of resource
pl anning tools conducted by others were utilized. A
listing of the primary reference docunents for this study
is included in Appendix C to this report. The summary
comments provided below represent a limted discussion of
the area of resource planning techniques and tools,
focusing on the nodels which were determned to be nost
likely candidates for use by Wstern, and the principal
resource pl anni ng docunents revi ewed.

B. 2 G.EN CanyoN Dam StuD ES

A summary of the power nodeling techniques used in the npst
recent planning efforts in support of environmental studies
on GCD is provided bel ow. The two studies discussed are
Western’s Salt Lake City Area Integrated Projects Electric
Power Marketing Environmental Inpact Statement (EPMEIS),
and the Operation of den Canyon Dam Final Environnmenta

| npact Statenment (GCD-EIS) by the Bureau of Reclamation
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B.2.1 WESTERN SLCA/ | P ELECTRI C PONER MARKETI NG EI S

Argonne National Laboratory (Argonne) prepared the analysis
for the EPMEIS primarily by using existing nodeling tools
whi ch were custom zed, as required, to nodel the specific
issues related to the analysis. Individual descriptions of
the nodels used are provided bel ow under the headi ng Mddels
and Anal ytical Tools.

The utility systens that Argonne nodel ed enconpassed all of
Western’s long-term firm custoners, plus five large

investor-owned utilities that are interconnected to
Western’s long-term firm custoners and purchase a
significant amount of non-firm energy from Western. To

sinmplify the nodeling requirenents, only the five investor-
owned utilities and Wstern's 12 largest long-term firm
custoners, which account for nore than 85% of Wstern' s
total |load, were nodeled in detail. Western's remai ni ng
smal l er custoners were represented through a process of
scaling the information for the |arge custoners.

The power output from the Colorado River Storage Project
was projected using Reclamation’s Col orado River Sinulation
nodel (CRSS) and Western’s geonetric algorithm CRSS was
used to estimate the nonthly maxi num capacity and energy
for each hydroelectric facility, and the geonetric
algorithm was then used to refine these estimates to
account for hourly and daily ranp rates. The nodel used 85
traces (sequences of  historical water <conditions) to
devel op nont hl'y capacity and ener gy probability
di stributions.

The nmonthly capacity and energy for the Collbran and R o
Grande projects were estimted based on an average of
hi storical data. This treatnent of the smaller projects
did not account for changes in future generation |evels;
however, Argonne determined that since the two projects
represent only 3% of the total SLCA/IP resources, the
errors introduced fromthis nethodol ogy would be relatively
smal | .

Argonne nodeled Wstern's long-term firm energy and
capacity purchase requirenents, which Wstern uses to
suppl enent its hydroel ectric generation, W th t wo
relatively sinple equations. These equations Dbal ance
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Western’s load and control area obligations with Western’s
resources, adjusting appropriately for project use and
| osses. Argonne noted that this sinplified nethodol ogy nay
result in an apparent m smatch between capacity and energy
pur chases; however, they felt that the additional tinme and
effort required to enhance the nodeling would not result in
significantly different conclusions for the analysis.

When Western’'s proj ect ed power suppl y resour ces
significantly exceed its | oad obligations, Wstern markets
the surplus through short-term (seasonal or nonthly) firm
capacity and energy sales. Based on a review of Wstern's
hi storical marketing of short-term firm sales, Argonne
decided to nodel only short-term firm energy sales (i.e.
not include short-termfirmcapacity sales), and assign the
short-term energy sales to Western's custoners based on
each custoner’s allocation of long-termfirm energy.

Argonne nodel ed Western’s spot-nmarket activities using both
the Hydro LP nodel and the Spot-Market Network nodel. The
Spot - Mar ket Networ k nodel represented Western' s sal es-for-
resale activities. The Hydro LP was then used to nodel
Western’s activity in the spot-market, including shifting
of f - peak hydroelectric energy to on-peak periods, based on
mar gi nal cost curves derived using | CARUS.

To evaluate the inpact of the power marketing alternatives,
Argonne prepared | east-cost expansion plans for each of the
12 large long-term firm custoners and the five selected
i nvestor-owned utilities, wusing Argonne’s PACE series of
nodel s.

B.2.2 G.EN CANYON DAM EI S

The EGEAS nodel devel oped by EPRI was the principal tool
used to simulate operations of the regional interconnected
power system and to quantify the inpacts of operational
changes at GCD, in the GCD-EIS prepared by Reclamation.
The EGEAS nodel is discussed in nore detail later in this
secti on.

The base case alternative to which all other alternatives
were conpared represented utilities’ operations and
expansion over tinme, wth GCD operating under average
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conditions just prior to the adoption of the interim flow
regul ations (according to the post-89 marketing criteria).
The change cases exam ned changes in operating criteria
that affect GCD's ability to generate power, including the
preferred (nodified |low fluctuating flow) alternative. The

SLCA/IP marketable resource is different for each
alternative, as resource-based marketing is assuned. The
study period enconpassed a 50 year tinme frame conmencing in
1991. The year 1991 was used instead of 1995 to be

consistent with other analyses in the GCD EIS.

The study area enconpassed essentially the entire regiona
power market receiving GCD power fromthe SLCA/IP. Uility
systens were analyzed in two categori es:

» Large systens, which represent about one-half of the
SLCA/ | P power market, were anal yzed usi ng ECEAS.

 Small systens, many of which do not own generation
resources, were analyzed using a sinple spreadsheet
nodel that assuned the costs of purchasing repl acenent
power would be the rate of the current wholesale
supplier, or the avoided costs of the selling utility.

The Environmental Defense Fund's Electric Utility Financial
and Production Costs Mddel (Elfin) was also used to verify
t he production cost and econonmic dispatch results from the
ECGEAS nodel .

B.3 MOXDELS AND ANALYTI CAL ToOLS

B.3.1 SCREEN NG TOOLS

Screening tools are used in the resource eval uati on process
to reduce the nunmber of alternatives to be examined in a
detail ed eval uation. There are several nethodol ogies and
techni ques available to develop screening tools. The
Electric Power Research Institute (EPRI) identifies the
nost common screening technique as the levelized busbar
revenue requirenment nmethod. The Northwest Public Power
Council also uses levelized costs, based on a resource’s

! EPRI Techni cal Assessnent Guide, Volunme 1:Rev 6, Septenber 1989.
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capital and operating costs, as a prelimnary screening
t ool . £

The devel opnent of |evelized busbar costs for a resource
i nvol ves iﬁﬂculating the annual revenue requirenent over

the period, producing an equivalent annual stream of
costs, and dividing thﬁ]costs by the energy to determne a
| evel i zed busbar cost. This information can then be used

to devel op a screening tool, which would consist of a table
that ranks the alternatives based on the |evelized busbar
costs. This technique does not consider the affects of
variations in capacity factor on cost. To account for
alternative capacity factors, the process can be repeated
for different capacity factors. The results can then be
used to develop a screening diagram or graph, that
identifies the levelized cost as a function of capacity
factor. Resource options that have a higher cost under al
capacity factors can then be screened out (assumng for
this exanple that cost is the sole screening criteria).
The analysis can be further expanded to include
consideration of other input variables which affect cost,
such as alternative fuel price projections.

Additionally, evaluation criteria specific to the analysis
being conducted can be developed and then used as a

screening tool. Resource alternatives that do not neet the
evaluation <criteria wwuld be elimnated from further
eval uati on. For exanple, if an evaluation criteria is
“ select only mature technol ogies” , a resource option that

is a devel oping technol ogy would be elimnated from further
anal ysi s.

There are several techniques available to devel op screening
tools and the selection of the approach depends on the

2 1991 Northwest Conservation and Electric Power Plan, Volume |1 - Part
1.

The period can be set at the book life of the resource. Alternatively,
a set period can be defined for an analysis to ensure that the resources
are evaluated over simlar periods. This may require replacing a
resource with a shorter life or accounting for end-effects if the
resource |ife extends beyond the defined period.

Levelizing costs is a process that converts a non-uniform series of
costs into a uniform series of costs that has the sane present val ue as
the original stream of costs. The levelized cost of a $10 paynent that
remai ns constant each year is $10. The levelized cost of a paynent
that begins at $10 but escalates at 5 percent per year thereafter is
$17. 27 over a 40-year period, assunmng a 7% di scount rate.
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particul ar evaluation; however, it 1is critical that a
consi stent approach is adopted and applied to each
resource.

B.3.2 HYDROLOGY MODELS

B.3.2.1 CoorApO RIVER SI MULATI ON MDEL ( CRSS)

The CRSS is a series of conputer progranms and databases
devel oped by Reclamation to sinmulate the operation and

hydrol ogy of the Colorado River system It is used for
long-term planning and operational studies by water
resource nmanagers. It can be used to evaluate such issues
as flood control, irrigation, municipal and industrial

wat er use, hydroelectric capacity and energy, water quality
(salinity), recreation, and fish and wldlife wunder a
vari ety of hydrol ogic conditions.

Devel opnent of the CRSS began in 1970; after 10 years of
devel opnment and initial testing the CRSS began receiving
wi despread use and acceptance in the early 1980’ s. It is
currently the standard nodel used by Reclamation to plan
its operation of the system and is used by Reclamation to
prepare the Annual Operating Plan for the Colorado River
reservoirs.

The CRSS is a nonthly average water accounting nodel which
originally ran only on a mainframe conmputer, but there is

now a PC version of the nodel avail able. The CRSS uses
initial reservoir conditions; anticipated water depletions
due to nunicipal, i ndustri al, and irrigation usage;
schedul ed generator outages; and historical hydrology to
pr oj ect monthly reservoir wat er rel eases, reservoir
el evation | evel s, salinity, maxi mum hydr oel ectric
generating capacity, and hydroelectric energy generation.
The nodel also incorporates all the relevant “ laws of the
river” and conpacts that govern the operation of the

Col orado River system These include the Colorado River
Conpact, Upper Basin Colorado R ver Conpact, and the
Mexi can Water Treaty.

The CRSS is the nobst conprehensive and accepted system
nodel for projecting reservoir water releases on a nonthly
basi s. Its current ability to accurately project
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hydroel ectric generation is nore approxinmate. Generation
is based on the total reservoir release for the nonth and
the average nonthly generating head, while generating
efficiency is based on average nonthly hydroelectric
equi prent efficiencies. The generating capacity estimate
is the instantaneous maxi mum generating capability based on
the average nmonthly reservoir head. Head | osses are al so
based on average conditions.

The nodel does not currently sinmulate the effects of daily
and hourly operating restrictions such as mninmm rel eases
and generating ranp rates on power generation. The effects
of these restrictions could be approximted by nodifying
the CRSS to incorporate algorithns such as the geonetric
al gorithm (di scussed bel ow). The effects would, however
still be approximate since the CRSS does not perform any
hydroel ectric power dispatch sinulation to projected |oad
curves.

The CRSS is typically run by Reclamation using a series of
hydrol ogic traces to represent differing potential future
runof f conditions over the planning horizon. Recl amat i on
has standardi zed a nethod called the index sequential index
met hod for generating the hydrologic traces based on the
historic hydrol ogic sequence. A lag of one year is

typically used for wapping to the end of the historic
sequence of years.

The CRSS is considered to be the “ standard” Col or ado
Ri ver Model. It is well documented and tested. It is also
the official planning nodel used by Reclamation and ot her
entities.

B.3.2.2 PRYSM
PRYSM is a new hydrol ogic nodel being developed by the

CADSWES of the University of Colorado at Boul der. A
version of this nodel is being devel oped for Reclamation

It appears that the nodel will primarily be a water routing
nodel with |limted hydroelectric generation and dispatch

nodeling abilities. Eventually, this nodel may be used by
Recl amati on as a replacenent for the CRSS.

B. 3.3 HYDROELECTRI C GENERATI ON DI SPATCH

B.3.3.1 VALCRAGUA

VALORAGUA is a nodel for the optinmal operating strategy of
m xed hydro-thermal generating systens developed by the
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International Atomic Energy Agency in 1992 It was
devel oped for the Electricidade de Portugal (EDP) primarily
for planning of EDP s power generating system The goal of
VALORAGUA is to determne the optimal operational strategy
for a fixed power system configuration, taking into account
the nost inportant constraints and uncertainties that
characterize the operation of a hydro-thermal system  The
nodel is a nonthly nodel and determ nes the value of water
in terms of energy val ue. The nodel is only designed to
optim ze the current power system operation and not future
i nvestnments in power generation. The nodel optinzes water
releases over a year wusing input and output of the
hydroel ectric generating units in the system taking into
account the costs of operating the thermal power system

B.3.3.2 HybrO LP

Argonne devel oped and used Hydro LP for the EPMEIS to
simulate the ability of Wstern's SLCA/IP hydroelectric
generation facilities to serve firm and project use | oads
and estimate Western's participation in the spot-market.
The nodel is a custom nodel developed for Western. It
i ncorporates spot-market prices determned by the Spot-
Mar ket Networ k Mddel discussed bel ow. M crosoft FoxPro is
used as the primary programmng tool; the nodel also
i ncludes custom C-code and requires Industrial Strength
LINDO as its linear optim zation package.

The Hydro LP nodel is designed to mnimze Wstern s net
operating costs considering spot-market purchases, supply
source energy costs, and revenues from spot-nmarket sales.
Hydro LP incorporates the discharge restrictions placed on
GCD. Operational restrictions include mninmm and maxi num
di scharge restrictions, and hourly and daily ranmp rate
restrictions at GCD and Flam ng Gorge. Hydro LP also
includes a mninum transaction margin that is required for
shifting hydroelectric generation between on and off-peak
periods, area load control services, and |PP spinning
reserve requirenents.

Hydro LP is a nodel for simulating short-term operations

It runs on a weekly basis to estimate hydroelectric
generation operations and inports spot-market activities
for each hour of the week from the SWN nodel . Because of
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ranp rate restrictions and nonthly mandated water rel eases
at each dam which are determ ned externally by the CRSS
nodel , each hour of the sinulated week depends on all other
hours in the week. Monthly results are extrapol ated based
on one simul ated week per nonth.

Required input data for Hydro LP includes:

* Hourly long-termfirmand short-termfirmdemand to be
met by the SLCA/IP hydroel ectric generation system

e (perational restrictions inposed at each dam and on
Crystal Reservoir

* Mnthly water releases at each dam and an associ ated
power conversion factor

* Side flows into the hydrol ogi c network
* Inland Power Pool (I1PP) reserve requirenents
* Area load control requirenents

e Hourly spot-market price estimates for the week (from
SMN nodel )

* Variable operation and nmaintenance costs for each
hydroel ectric facility

» Hydroelectric generation shifting price margin
Model out put i ncl udes:

* Hourly operations at each dam including discharge,
reservoir level, and generation

* Purchased power costs
+ Sal es revenue
 Spot-market hourly purchases

e Spot-nmarket hourly sales

B. 3. 3.3 WATERWAY

WaterWay is a generali zed, short-term hydroelectric
sinmul ation and optim zati on nodel designed to represent the
hourly operation of a network of hydroelectric stations.
The nodel is commercially available from The Sinulation
Goup (TSG, and can be integrated into the use of TSG s
production-costing nodels, which use the same input fornmat
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and grammar, MJILTISYM and PROSYM WaterWay allows the

nodeler to represent the engineering level detail of a
hydroel ectric system this allows for accurate simulation
of the hourly operations. The nodel uses an hourly tine
step but can nodel nmulti-year operations. Hydroel ectric
generation is optimzed over 168-hour weeks. The nodel is
designed to handle |arge problens. It is driven strictly

by user input.

WaterWay is designed to run in either a stand-al one node or

in conjunction wth MILTISYM PROSYM When wused in
conjunction with the production-costing nodel, WaterWy
al l ows detailed sinulation of a hydro-thermal power system
In t he i nt egrated node of operation, Wat er Wy’ s
optim zation routine will nmaximze the econom c benefits of
hydr oel ectric production. This can be acconplished by
using either the electric system load or the electric
system increnental cost as the optimzation target. VWhen

the load is used as the optim zation target, a peak-shaving
solution is obtained. Wen the increnental cost is used as

the target, the optimzation considers tinme-of-day,
hydroel ectric generati on, and t her mal system unit
commi t nent costs. In stand-al one node, the optimzation

target is the time differentiated generation values, that
is, static price signals that vary by tine of day.

The following details of the hydroelectric system can be
speci fi ed:

* hourly level operation

» cascaded and branched projects

e tine delays in water travel down river reaches
e up to 30 storage reservoirs

e evaporation

* seepage frominpoundnents

« tine varying rel ease requirenments

* natural inflows fromup to 30 gages

* nultiple operating nodes for storage facilities

 multiple types of ranp rate constraints
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e nulti-point turbine efficiency curves
e multi-point head | oss functions

e mninmmturbine operating requirenents
« flexible tailwater representation

* punp-back facilities

Since WaterWay operates on a weekly optim zation basis, it
currently has no way to automatically | ook back and adjust
constraints based on past operating results. When an
entire hydroelectric generating station is being sinmulated
as a single node, WaterWay conbi nes the individual turbine-
generator wunits and treats them as one via the conposite
efficiency function. Individual penstocks are also treated
as bei ng conbi ned. For nultiple penstocks, the head |oss
function needs to be fornmulated to represent the conbined
| osses of a multiple penstock system

Variables wthin WterWay that constrain hydroelectric
operations can be varied by the user on an hourly basis.
These include river rel eases, diversions, control settings,

and inflows to the reservoirs. Power generation is
cal cul ated hourly. WaterWay allows the user to sinulate
t he operation of each reservoir within the systemin one of
five different nodes. These nodes include 1) using set

rel eases or storage elevation control functions, 2) flow
optim zed node where elevation effects are not significant,
3) flow and head optim zed when el evation changes within a
week are significant, 4) unit conmtnment where units are
cycled to make best use of available water, and 5) m xed
optimzed and non-optimzed nodes wthin the reservoir
net wor k.

In the set release node, the user can specify the rel ease
pattern along with the storage operating constraints and
t he di schar ge constraints. Wat er Way per f or s uni t
comm tnent respecting the constraints inposed on the node.

In the storage elevation control nodes, WaterWay operates
t he reservoir to stay within t he user-specified

el evati on/ st orage constrai nt and ot her operating
constraints. This node is used for automatic peaking
operation.
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In WaterWay, flow rel eases are optim zed using convex cost,
network flow progranmng to non-linear optim zation
targets. Unit commtnment is perforned using increnental
dynam c programming on a node-by-node basis. Di schar ges
affected by enforcenment of operating constraints are
rescheduled using the network flow progranmng routine.
Ful |l detailed power calculations are made on an hour-by-
hour basi s.

B. 3. 3.4 HYDROELECTRI C LoaD/ DI SPATCH TooLS

Envi ronnent al Def ense Fund Hydroel ectric Peak Shavi ng Model

This nodel sinmulates the dispatch of a single hydroelectric
station consi dering hourly operating restrictions.
Dispatch is based on the assunption that hydroelectric
generation is nost valuable during periods when the | oads
are highest, and thus the shape generated 1is |oad
dependent . Wthin the <constraints related to water
availability, available reservoir storage, and operating
constraints such as ranp rates and mninum generation
| evel s, the nodel dispatches the hydroelectric generation
to mnimze peak | oad.

Western’s Geonetric/ Trapezoi dal Mbde

The CRSS nodel provides information on a nonthly level. The
algorithmis a sinple approximation to an hourly dispatch
nodel and could be incorporated into a variety of nodels.
It does not include any actual generation dispatch against
system | oad curves. The geonetric algorithmis strictly an
al gorithm for approximating hydroelectric generation and is
not a sinulation nodel , but nerely a geonetric
approxi mati on  of dam perfornmance, given operational
restrictions and an assuned daily peak | oad duration.

For the EPMEIS, the nonthly capacity and energy
information was further refined to account for operationa

constraints such as hourly and daily up and down ranp
rates, mninmm and maxi num di scharges, and maxi nrum daily
di scharge fluctuations. A trapezoidal /geonetric algorithm
was used to estimate the maxi num generation |evel that can
be achieved for a specified time for each peak day in a
nonth based on the discharge restrictions at a particular
dam The al gorithm recogni zes weekend off-peak periods and
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accounts for the total nonthly generation. The geonetric
algorithm uses a rectangle to represent the mninmm flow
requirement and a trapezoid to represent the amount of
energy that can be used for peak-load shaving. For the
EPMEIS, it was assunmed that peak generation |levels were to
be maintained for four hours during the tinme of system peak
| oad.

B.3.4 ELECTRI C PRODUCTI ON COST/ ECONOM C DI SPATCH

B.3.4.1 MUWLTISYM

MULTI SYM is a chronol ogi cal production costing sinulation
nodel designed specifically for nodeling multiple-areas
i ncl uding power pools, dispersed nmulti-utility operations,
shared transmission I|ines, and exchange contracts wth
transmssion limts. MILTISYM is a commercially availabuj
nodel devel oped and supported by the Sinulation G oup.

The CRSP CSO of Western currently is a licensed user of
MULTI SYM

The basic tinme-unit in MILTISYMis one hour. The Loadfarm
nodul e of MIULTISYM is used to generate hourly | oads for the
projected period based on representative historical hourly
| oads, and a projection of capacity and energy.

The chronol ogi cal nature of MJILTISYM allows for nodeling
alnost all types of technologies, and allows for t he
explicit consideration of ranp rates and other tinme-
dependent paraneters. Several types of purchases and sal es
can be nodeled including firm non-firm variable, and
fixed. Resources can be defined with up to five capacity

bl ocks. The *“ existence |ogic” included in the nodel
provides the capability to link jointly owned units, and to
accurately nodel the heat-rate curve of all generating
units, including separate operating configurations for
conbi ned-cycl e units. The hydroel ectric resource

di spatching capabilities of MJLTISYM are enhanced through
integrating the nodel with the WaterWay nodel discussed
above.

5

MULTI SYM is an expanded version of PROSYM which was al so devel oped by
The Simul ati on G oup/ Henwood Energy Servi ces.
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Mai nt enance schedules can be entered for each resource.
Al ternatively, the distributed nmaintenance scheduling
option, which attenpts to levelize the loss of |oad
probability, can be used. Forced outages are represented
with the Mnte Carlo method which includes random draws
froma probability distribution. Units can be forced out
from one hour to one week.

The | oads and resources are assigned to transm ssion areas

which are connected via explicitly-defined I|inks. These
transm ssion areas can represent different utility systens
or sub-sections of a single utility. Transm ssion |ine
| osses, capacity constraints, and wheeling charges can be
defined for each direction of the transm ssion |[inks.
Transm ssion |ine outages can be represented using the
“ existence logic” provided in the nodel. Both primry
and secondary spinning reserve can be defined for a
transm ssion area. Additionally, the transm ssion areas

can be assigned to control areas to honor control area
sSpi nni ng reserve requirenents.

B. 3. 4.2 PRrobucTi ON AND CAPACI TY EXxPANSI ON ( PACE)

Argonne devel oped the PACE expansi on planning system which
consi sts of a series of nodels including the production
costing nodule |ICARUS and the expansion planning nodule
BU LD . The annual costs for alternative inventories of
units are developed in the I CARUS nodul e. The BUI LD nodul e
then conpiles “ snapshots” of the results from | CARUS to
determ ne the | owest cost expansion plan. The PACE system
of nodels is a proprietary product of Argonne.

B.3.4.3 Spor- MARKET NETWORK MoDEL ( SMN)

The SMN nodel is linear program devel oped by Argonne, that
simulates the non-firm energy transactions over a
transm ssi on networKk. The SMN nodel wuses a network of
nodes connected by links to represent the spot-narket
system The nodes represent |oads, generating resources,
and distribution substations; and the links represent the
transm ssion paths connecting nodes. The objective
function for the Ilinear program is to mnimze the
production costs for the network including supply costs,
wheel ing costs, and profit margins.
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The type of nodes include variable-supply/fixed-demand,
fi xed-suppl y/ demand, and sub-station. The vari abl e-
suppl y/fi xed-demand node represents a single generating
resource or a group of interconnected units. The dermand at
the node can be zero or set equal to the load used in the
| CARUS and PACE nodul es. The generating resources are
represented as piece-w se |linear marginal cost curves. The
curves can be devel oped by the user, if the node represents
a single generating unit, or the APEX nodel of the | CARUS
production costing nodel can be used to generate cost
curves representing a system The effects of forced
out ages can be included through the cost curve devel oped by
APEX. Al ternatively, the capacity of the generating unit
can be derat ed.

Fi xed-suppl y/ demand nodes represent fixed generating units
with fixed |ocal denands. The sub-station nodes are used
to reroute power flow The total power flow entering a
substati on node nust equal the total power flow exiting the
node.

Transm ssion |lines are represented as links which can
i nclude associated wheeling costs, |osses, transm ssion
constraints, and line rights. The maxi mum transfer is
based on the net transfer, i.e., the schedule in one

direction can exceed the maxi num capacity if an opposite
schedul e, or back-schedul e, occurs at the sanme tine.

A value is defined at each node to represent the m nimum
profit margin that a supply source nust receive before it
will sell to the grid.

B.3.4.4 | CARUS

The ICARUS nodule is a production costing nodel that
estimtes system costs, generation by wunit, and system
reliability, and is also a proprietary product of Argonne.
I CARUS is a probabilistic algorithmthat uses |oad duration

curves to estimate block-level capacity factors. Each
| oad duration curve is represented by forty-two data
poi nt s. Load duration curves can be developed for

different periods, for the EPMEIS, |oad duration curves
wer e devel oped for 26 periods for each year.
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Power supply resources can be nodeled in ICARUS with a
maxi mum of two capacity blocks, a base block and a peak
bl ock. These resources can be thermal generating units as
wel | as purchases between utilities. To nodel jointly
owned units, the unit is split into two or nore units based
on ownership fractions. The user then nodels the physica
characteristics of these jointly owned units, i.e.
equi valent forced outage rate and heat rate curves, on a
consi stent basis. The operating and maintenance costs and
the fuel cost characteristics can be entered separately for
each owner.

The maintenance schedule for units can be specified
conpletely by the wuser, partially by the user, or
conpletely determned by the nodel. Wth the 26 period
definition used in the EPMEIS, if a wunit is out any
portion of the two-week period it is out the entire period.
Therefore, units requiring three weeks of maintenance woul d
be out for four weeks. (In the EPMEIS, Argonne adjusted
for this by alternating the maintenance schedule of any
unit with an odd nunmber of outage weeks by scheduling the
mai nt enance for one year one-week short and the next year
one-week 1ong.) To determ ne the schedul e of naintenance
for units without a fixed maintenance schedule, the node
uses the expected reserve margin to evaluate the effect of
the maintenance schedule on the system and schedules
mai nt enance to mnimze this effect.

The generating dispatch logic used in ICARUS is based on
the Bal aeri aux-Booth nethod in which the effect of wunit
forced outages are represented by additional |oad that nust
be served by other units creating an equivalent |oad curve.
This process of convolving each unit into the equival ent
load curve provides estimates of system reliability
parameters including |oss-of-load probability, expected
unserved energy, and | oss-of-energy probability.

The order in which units are |oaded is based on the user
defined order, economcs, or spinning reserves. A unit is
assuned to contribute to spinning reserve only when it is
| oaded at a capacity |level equal to its first bl ock.

The capacity of energy limted resources, hydroelectric
generation, or limted contracts, is represented with a
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base or run-of-river portion and a peak portion. The peak
portion is then |oaded to neet the specified energy
generation in the period.

B.3.4.5 ELECTR C GENERATI ON EXPANSI ON ANALYSI S SYSTEM ( EGEAS)

The EGEAS nodel was devel oped by Electric Power Research

Institute (EPRI) to eval uate expansi on pl anni ng
alternatives for a single electric utility or a pool of
utilities. The nodel includes optimzation, production

costing, and reliability analysis. Additionally, the node

provides five capacity expansion options ranging from a
basi c screening analysis to a detailed dynam c programm ng
algorithm The EGEAS nodel is a proprietary nodel of EPRI,
al though it can be l|licensed by others through arrangenents
with EPRI.

The ECGEAS nodel contains a pre-processor that converts
hourly loads to |oad duration curves for a year, which can
be further refined to seasons and sub-seasons. Thi s
pr epr ocessor also shapes the generation from non-
di spat chabl e resources to the appropriate time-period.

ECEAS i s capable of nodeling several types of technol ogies.
Each resource can be defined with up to five capacity
bl ocks. The rmaintenance schedule for a resource is
defined in terns of weeks per year. Forced outage rates
can be defined for the unit or for each block of capacity.
Four different reliability neasurements are reported to
eval uate systemreliability; including reserve margin, |oss
of load probability, relative reliability, and unserved
energy.

The | oads and resources of a utility can be linked to other
utilities to nodel reserve sharing and spot-nmarket
activities. The wutilities are linked via defined tie-
l'ines. Transm ssion constraints are nodel ed based on the
maxi mum anount of energy transfer allowed across the tie-
line based on the transmi ssion capacity |imt, capacity
factor, and the energy in the period.

ECEAS contains four capacity analysis options, ranging from
prelimnary analysis tools based on screening curves to
sophi sticated non-Ilinear analysis tools utilizing a
general i zed benders deconposition algorithm and a dynamc
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pr ogr amm ng al gorithm A st and- al one, detail ed
probabi listic production costing algorithm is al so
avai l abl e for production costing and reliability analysis.

B. 3.5 COVBI NED GENERATI ON AND TRANSM SSI ON SI MULATI ON

B.3.5.1 MWLTI- AREA PRODUCTI ON SI MULATI ON ( MAPS)

The MAPS nodel incorporates generation and transm ssion
syst em expansi on pl anni ng, production costing, and margi nal
energy costing. The nodel sinulates the econonmi c operation

of a power pool or coordinated group of wutilities. MAPS
was devel oped by Ceneral Electric and is primarily used to
eval uate transm ssion expansion options. The nodel is
currently commercially available for an annual |icense fee
of $85, 000.

Two nethods are provided to sinulate power exchanges anong
utilities. The transportation algorithm provides a |ess

detail ed approach. Al ternatively, the MAFLOW nodul e uses
di stribution factors, derived from an ac power flow, to
monitor the flows on the key transmssion lines in the
system Thi s nmet hodol ogy al | ows si mul t aneous
consi derations of both pre- and post-contingency conditions
of the transmssion system resulting in a *“ secure”
di spat ch.

The MAFLOW approach uses a transm ssion-constrained
production sinulation nodel. Separate dispatches of the
i nterconnected system and individual conmpany |oads and
generation can be performed to determne the economc
i nterchange of energy between interconnected conpanies.
Loads are nodel ed chronol ogically based on all hours in the
year, and can be separated down to the individual bus |evel
if desired. Both Monte Carlo and probabilistic simulation
nodes are available. Thermal generating units can also be
nodel ed on a detail ed basis.

Because of the detailed electrical representation of the

transm ssion system in MAPS, it’'s strength is nodeling
transm ssion-related configurations such as transm ssion
access, wheeling costs, bottlenecks, and |oop flow At

present, output is in binary format, requiring custom zed
report formatting at a later date.
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Wth regard to transmi ssion system nodeling, when a new
unit is added the existing transm ssion system is used to
transmt the power to the |oad centers. If an overload
occurs the information can be stored and used for planning
pur poses, alternatively, the system can be re-dispatched to
prevent overl oads recording the increased production costs,
and allow ng | oss of | oad.

B.3.5.2 TOPS

The Transmission Oliented Production Simulation (TOPS)
nodel is a production cost nodel i ng program under
devel opment by Power Technol ogies, Inc. (PTl). TOPS will
be a production cost nodeling program that also includes
transm ssion system nodeling capabilities, making it
simlar in concept to the GE MAPS program Western and
several other wutilities are funding devel opnment of TOPS,
and wll have licenses to use the program when it is
conpl et ed. Since the nodel is wunder developnent, and
Western has a confidentiality agreenent with PTlI during the
devel opment phase, details of the programis features and
capabilities are not yet avail able. Western is currently
eval uating a beta version of TOPS.

B. 4 RENEWABLE RESOURCES

Renewabl e resources are those generating resources which
utilize fuel sources which are not depleted through use

(hence “ renewable” ). Exanpl es are solar, W nd,
hydroel ectric, and certain “ waste-fuel” sources such as
MSW and bi onass. Renewabl e technol ogi es have been nost

frequently used to date in the follow ng circunstances:

* to increase the fuel source diversity of utilities
with a | arge pool of generating resources;

* in situations where the alternative energy cost is
hi gh;

* in renote |locations where distributed generation is
required; and

* in cases where special economc incentives are
of f er ed.
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Wth respect to the last item the Energy Policy Act of
1992, Section 121, established a 15 mlIl (1.5 cents) per
kil owatt-hour Renewabl e Energy Production Incentive (REPI)
to be paid to owners or operators of renewable energy
production facilities. This may be a significant aid to
renewabl e resource devel opment and conpetitiveness in the
mar ket pl ace. Currently, taxable entities can claimthe 1.5
cent paynent as a tax credit, but funding sources for
payments of the REPI to non-taxable entities are |ess
certain at present.

B.4.1 EVALUATI ON OF RENEWABLE RESOURCES

In determning the suitability of a particular resource
alternative to given load requirenents, it is wuseful to
consider many factors, including resource availability and
cost, status of technology, environnental inpacts, capita
and operating cost, and inplenentation schedule. Pressures
on the regulated utility market to keep near-term rates as
| ow as possible inplicitly defers the risk associated with
uncertain future events. The difficulty of evaluating and
wei ghing such risk factors as fuel price risk, fue
availability risk, and environmental inpact risk makes
technol ogy conparisons conpl ex, and can disadvant age
renewabl e el ectric technol ogi es.

Renewabl e resources have different characteristics from
conventional supply-side technologies in nmany cases. Care
nmust be taken to ensure that capacity, availability,
| ocation, and risk are properly accounted for when
eval uati ng renewabl e resources.

As previously nment i oned, resource type, | ocati on,
reliability, dispatchability, environnental inpact, and
fuel cost and availability are all inportant factors to be
considered in resource evaluation. Many of these factors

are especially inportant to consider wth respect to
renewabl e resources, as their characteristics in these
areas often differ greatly from those of “ conventional”
suppl y-si de resources.
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B.4.1.1 RESOURCE TECHNOLOGY

Resource type, for exanple, includes the stage of
t echnol ogy devel opnent, which can vary from mature to the
pilot or denonstration stage for sonme renewables. Sone
renewabl e technologies are in a relatively early stage of
commerci al devel opnment conpared with common fossil fuel-
fired technol ogies, and have little operating history from
which to judge commercial cost and reliability. O course,
this risk also exists with newer fossil fuel technol ogies
such as coal gasification, and with sone newer em Ssions
control technol ogies used on fossil fuel-fired facilities.

In addition, the devel opnent stage can change quickly in
some of the rapidly advancing areas of technology Iike
solar, fuel <cells, and w nd generation. A traditional
source for this type of information is EPRI's Technol ogy
Assessnment Qui de (TAG .

B.4.1.2 RESOURCE LOCATI ON

Sol ar, geothermal and wi nd resources are limted to certain
wel | -defined geographic areas wthin Wstern s service
territory, where the energy resource (or the renewable
energy “ fuel” ) exists in sufficient quantities to allow
cost-effective renewabl e resource facility devel opnent.

B.4.1.3 RESOURCE DI SPATCHABI LI TY

The time- and climate-dependent characteristics of wind and
solar energy are clear exanples of the direct affect on
generating unit availability and ability to serve peak
| oads when needed. Wnd and solar energy are intermttent
resources because capacity is not necessarily available at
any given tine. Sol ar energy generally peaks on summer
afternoons, which is coincident with sumrer peaks due to
air conditioning demand in the areas of the southwestern
United States where insolation is highest. This is not the
case for wnd energy, which nmay be both seasonally and

ti me-of -day dependent. Studi es have been done on the
correlation between wind resource and utility daily |oad
curve. It is generally true that the better the wnd

resource, the higher the resource capacity factor, reducing
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the inportance of the daily coincidence between system peak
and peak wi nd availability.

B.4.1.4 FUEL R sK

Renewabl e resources generally carry lower risks than
conventional fossil fuel resources with respect to fuel
availability and the potential for future fuel price
i ncreases.

B.4.1.5 ENVIRONVENTAL | MPACT RISk

Al so, risks associated with current and future cost and
availability inpacts on generating facilities associated
with air quality, water quality, hazardous waste disposa
and other environmental regulations can vary greatly

bet ween technol ogi es. The difficulty from a planning and
eval uation standpoint is that risks nust be quantified to
some  extent to be incorporated into a neaningful

evaluation, and this can be a difficult and somewhat
subj ective process.

B. 5 ENERGY EFFI Cl ENCY

Energy efficiency (“ EE" ), or demand-side nmanagenent
(DSM, entails activities which involve actions on the
customer side (demand-side) of the electric neter.
Activities of this type could potentially be considered a

resource in the Resource Replacenent Process. DSM EE
progranms could reduce the need for capacity and energy, and
thereby “ replace” a portion of the power previously

provi ded by GCD.

DSM EE activities are wusually either directly caused or
indirectly stimulated by the actions of the utility or a

particul ar custoner. These actions can be as sinple as
providing information to custonmers on |owering energy
consunpti on. DSM EE i nvol ves del i berate utility

intervention in the marketplace to change the configuration
or magnitude of the end-use custoner’s demand and energy
requirenments. Through DSM EE, the wutility inpacts the
demand of the custonmers, which in turn inpacts the
utility's | oad shape.
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DSM EE prograns can be categorized into four general
categories of activities:

B.5.1

West ern

Load managenent. Shifting load from high cost on-
peak periods to | ower cost off-peak peri ods.

Strategi c conservati on. Reduci ng electric usage
regardl ess of the tine period.

El ectrification. Repl aci ng non-el ectric equi pnent
or processes with electric uses.

Strategic grow h. Del i berately increasing a
utility's market share.

CURRENT WESTERN ENERGY EFFI Cl ENCY PROGRAMS

currently has several progranms for increasing

internal energy efficiency at its facilities, including:

The DOE has an agency-wide goal to reduce the
overall energy usage for its facilities by 20
percent (conpared to 1985 usage) by 2005 in
response to the EPAct. An Executive Order signed
by President Cdinton set a goal of saving 30
percent by 2005. As a part of achieving these
goals, Western is conplying with federal “ Energy
Star” regulations requiring the purchase of energy
efficient conmputer equi pnent.

Western has joined the EPA's “ Geen Lights”

program to I ncrease lighting efficiency at
Western’s facilities. Specifically, Wstern s CRSP
CSC had an instrunental role in a program
undertaken by the building mnager of Western’s
| eased office space in Salt Lake Gity. The
exi sting of fice l'ighting was repl aced with
efficient fluorescent |anps, electronic ballasts,
and motion sensing light swtches, not just in

Western’s | eased space, but throughout the 13 story
bui | di ng.

Western is preparing a building master plan for all
West er n- owned CRSP bui | di ngs (adm ni strative
bui | di ngs, substation control buildings, storage
garages, warehouses, etc.). Part of the building
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master plan addresses energy efficiency at each
bui | di ng and identifies needed efficiency
i mprovenents.

VWhenever Western designs a transmi ssion system

addi ti on, upgr ade, or repl acenent, ener gy
efficiency S factored into t he desi gn.
Transm ssion system wupgrades or additions are
designed with power |osses in mnd. Subst ati on
i mpr ovenent proj ects consi dered include nore
efficient substation lighting, building HVAC and
['ighting i nprovenents, power t r ansf or ner
efficiency, and station service |oads. Finally,

transm ssion |ine and power transforner |osses are
valued at the cost of new replacenent generation
rather than the current firm power rate.

B.5.2 EVALUATI ON OF ENERGY EFFI CI ENCY

VWhen

considering demand-side neasures as a potential

repl acenent resource, four principal areas should be
consi dered, as foll ows:

Per f or mance. The DSM EE program should influence
the demand for electricity. There should be a
direct action or outcone from the utility's
efforts.

Sel ected objectives. The DSM EE program should
achieve a selected objective: for exanple, reduce
overall energy costs, reduce peak demand purchases,
or improve reliability. Suppl y-side options
usually have a stated objective, such as delivery
of baseload anounts of energy, or provision of
peaki ng power during high |oad periods. Demand-
si de resour ces shoul d al so have t ar get ed
obj ectives, such as reducing the peak demand on the
system or shifting |load to | ower cost peri ods.

Eval uati on versus non- DSM The concept of demand-
side managenent as a resource also neans that it
nmust be selected for econom c reasons and conpared
to alternative resources, including traditiona
suppl y-si de resources. The resource should be
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eval uated based on its costs and benefits, and only
those DSM EE which make economic sense should be
devel oped as a resource.

* Response of custonmers. A demand-side resource nust
i nvol ve desired changes of the custoner's demand
and must ultimately inmpact the utility's |oad shape
and influence the total costs of the utility.

B.5.2.1 Cost EFFECTI VENESS TESTS

There are several cost effectiveness tests available to
eval uate DSM EE prograns, as descri bed bel ow

. The Utility Cost Per specti ve. The utility
perspective only looks at the costs that the
utility incurs; consequently, it neasures if a

programis "good" fromthe utility's point of view

. The Participant Perspective. Fromthe participant's
Vi ew, only their out - of - pocket expenses are
consi der ed. This test nmeasures if the DSMEE
program is "good" for a participant. I ncentives
fromthe utility act to reduce a participant's out-
of - pocket expense. Any noney spent by the utility
for marketing or admnistration is not considered in
this cost-effectiveness test.

. The Ratepayer Perspective. Not all custoners are
participants in a DSMEE program These non-
participants |ook at <costs differently than the
partici pants. The Ratepayer |npact Measure (RM
test explores the costs to the ratepayers based on
the inpact of the DSMEE program on the utility's
revenue requirenments and rates. This test neasures
if a programis "good" for all the ratepayers based
on rate inpacts.

. Tot al Resource Cost Per specti ve. The Total
Resource Cost (TRC) Test examines the total cost of
i npl enenting the neasure, wthout regard to who
pays the cost. It does not consider rebates or
other transfer paynents between the utility and the
entity inplenenting the program but only the
actual cost required to inplenent the program
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. The Soci et al Per specti ve. Sone inpacts from
el ectric generation, such as unmtigated pollution
are not captured in the marketplace, yet are stil
costs to society. The Societal Test extends the
Total Resource Cost Test, which includes all costs,
from what ever perspective, to include external costs
of environnmental danage. Al though this test is
designed to neasure if a DSM program is "good" for
society, the subjective nature of this measurenent
has made it difficult to date to standardize
externality costs.

B. 6 RESOURCE EXPANSI ON PLANS AND | RPs

The resource plans of several wutilities located in the
region of Western's service territory were reviewed. The
primary purpose of the review was to identify the nodeling
nmet hodol ogi es, tools, and evaluation criteria used by the
utilities in their resource planning.

B.6.1 SALT Rl VER PRQJECT
BALANCED STRATEGY REPORT, 1992 and FORECAST COF LOADS AND
RESOURCES, 1994

Salt River Project (SRP) is the nation’s third-Iargest
public power utility, and Arizona s |argest water supplier.
SRP consists of two organizations, the Salt River Valley
Water Users’ Association and the Salt R ver Project
Agricul tural |nprovenent and Power District. SRP describes
its power planning process as a “ balanced strategy” that
attenpts to strike an effective balance between nmultiple
and often, conpeting objectives. The goals of the twenty-
year plan are to:

* ensure the future adequacy and reliability of service
to electric custoners;

* provide for an econom cal |l y efficient and
environnmental |y responsible utilization of resources;

e maintain the financial and operational integrity of
SRP; and

e mnimze risks associated wth planning for an
uncertain future.

B-26 Western Area Power Adm nistration August 1997



Docunent and Met hodol ogy Revi ew APPENDI X B

SRP planning horizon in its 1994 Forecast of Loads and
Resources included fiscal years 1993 through 2013. In this
forecast, SRP planned to neet its projected short-term | oad
growh wth purchases, and its projected long-term |oad
gromh with a total of 1188 negawatts of new resources
including 900 negawatts of gas-fired resources, 50
megawatts of alternative/renewabl e resources, 236 negawatts
of a diversity exchange, and a 2 negawatt-Watt fuel cell.

SRP uses a wde-variety of nodels for various planning
efforts. In its next planning efforts, SRP will probably
use the M DAS nodel which includes decision analysis to
nodel uncertainty. Econony energy purchases represent such
a small portion of SRP's total system that they are not
nodel ed in detail. SRP will nodel econony energy sales
wi th the nethodol ogy provided in M DAS.

B. 6.2 PUBLIC SERVI CE COVPANY OF COLORADO
| NTEGRATED RESOURCE PLAN, 1993 and | NTEGRATED RESOURCE
PLAN ANNUAL PROGRESS REPORT OCTOBER, 1994

The Public Service Conpany of Colorado (PSCO is an
i nvestor-owned electric utility with a service territory
t hat covers approximtely 10% of the state of Col orado and
i ncl udes 80% of the total state population. PSCOs |IRP was
devel oped to bal ance the foll ow ng objectives:

* mnimze the total resource costs;

e mnimze inpacts on electricity prices;

e muintain systemreliability;

* mnimze inpacts on the environnent;

e ensure flexibility for responding to future unknowns;

e muintain the financial health of the conpany;

* use a diverse mx of resources and technol ogi es;

e utilize resource efficiently;

* use renewabl e energy sources where appropri ate;

e contribute favorably to |ocal and state econom es; and

» devel op a sustainable plan.
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PSCO plans to nmeet its projected load growh wth demand-

si de managenent savi ngs of 549 nmegawatts (approximtely 10%
of total demand) and over 1500 negawatts of capacity
addi ti ons i ncl udi ng conbusti on t ur bi nes, coal -fired
generation, repowering of an existing unit, and two snall

renewabl e energy denonstration projects; a wnd project and
a photovol taic project.

PSCO used COWPASS to prepare the detailed evaluation of
alternative DSM programs. An initial screening of supply-
si de options was prepared based on the calcul ated | evelized
ownership costs. The supply-side options were further
refined with PROSCREEN. The PROVI EW PROSCREEN nodel s were
then used to integrate and optim ze the supply-side and DSM
options and develop alternative plans including sensitivity
anal ysi s. MAI NPLAN was used to develop the maintenance
schedul es for the alternative resource plans. MJLTI SYM was
used to determ ne production costs and evaluate system
reliability. The corporate financial nodel was used to
determine the rate inpacts of the options. The anal ysis
resulted in a preferred plan for the 20-year planning
hori zon.

As part of its IRP process, PSCO issued a request for
information (RFlI) for generation options. The bids were
first screened using a static screening analysis (i.e.,
| evel i zed cost analysis). PROVIEW was then wused to
determine if the options reduced the cost of the base
resource plan. The | owest-cost alternatives were further
eval uated w th PROVI EW PROSCREEN. A system needs analysis
and a feasibility analysis was prepared to determne
potentially feasible options. These options were then
i ncluded as part of the devel opnent of the proposed plan.

B. 6.3 BONNEVI LLE POAER ADM NI STRATI ON

1992 RESOURCE PROGRAM 1996 | NI TI AL RATE PROPOSAL DI RECT
TESTI MONY SPONSORI NG THE LOADS AND RESOURCES STUDY AND
DOCUMENTATI ON, and 1996 | NI TI AL RATE PROPOSAL LQOADS AND
RESOURCES STUDY

BPA prepares, on a biannual basis, a plan of resource
prograns to neet future loads in a manner consistent wth
the Northwest Power Plan adopted by the Northwest Power
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Pl anni ng Counci | . The analysis for the 1992 Resource
Program was prepared using |SAAC for a 50-year study
period. This information was then used to devel op the ten-
year resource program which consisted of cost-effective
conservation, new resource acquisitions, and purchases.

The process that BPA used to develop the 1996 Load and
Resource Study includes the follow ng major steps:

* Regional |oad forecasts were devel oped
* Resources were evaluated for their expected out put

* Load and resource bal ances were prepared for each of
the magjor utilities in the region

* BPA's system resources were conpared to firmloads to
determ ne the Federal firmsurplus or deficit

BPA devel oped two types of regional |oad forecasts (1) a
“ price effects” forecast that projects the |oads assum ng
no new DSM progranms, and (2) a *“ sales” forecast that
includes both the effects future DSM prograns and the
estimated |oad that will no | onger be served by BPA

To determine the firm and non-firm hydroel ectric
generation, BPA used a regional hydroelectric regulation
nodel that sinulates the operation of the Pacific Northwest
el ectric power generation system The nodel includes
consideration of historical stream flow record, nonthly
| oads, thermal and other non-hydroelectric resources,
hydroel ectric plant data for each ©project, and the
constraints Ilimting each project’s operation. These
constraints included the findings from the National Marine
Fisheries Service's Biological Opinion, dated March 2,
1995. Incorporating the Biological Option restrictions
changed the critical period from the 42-nonth period
Septenber 1, 1928 through February 29, 1932 to the 8-nonth
period of historical stream flows that occurred from
Septenber 1, 1936 through April 30, 1937. Thi s
determnation of a critical period that is less than one
year elimnated the ability to shift firm energy between
water years, which sinplified the nodeling process. The
projection of firm and non-firm energy generation were
determined directly by sinmulating the 1997 through 2001
|l evels of load and resource developnent with the 50-year
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hydroel ectric regulation study, and the previous iterative
process was not required.

The projection of the generation fromthe non-hydroel ectric
generating resources owned by other utilities in the
Nort hwest was provided each utility. For each of the mmjor
utilities in the Northwest, a nonthly |load and resource
bal ance was developed to determne the if the utility had

sufficient firm resources to serve firm |oad. The firm
deficits for the public wutilities in the Northwest
represent the firm load for BPA Firm hydroelectric

generation was then conpared to the firm BPA loads to
determne if BPA has sufficient firm generation to neet
| oads.

B.6.4 TRI-STATE GENERATI ON AND TRANSM SSI ON ASSOCI ATI ON
I NC.

| NTEGRATED RESOURCE PLAN OCTOBER 1993, and POWER

REQUI REMENTS STUDY, 1992

Tri-State Generation and Transm ssion Association (Tri-
State) is a nmenber-owned generation and transm ssion
cooperative. Tri-State provides whol esale power to its 34
menbers | ocated in Col orado, Nebraska, and Wom ng. The
objectives for Tri-State’s |RP were to:

* Refine Tri-State’s Pl anning Process;

* Muximze Efficient Life of Resources;

« Enhance Rol e as Menber Pl anni ng Resource;
» Devel op In-house Expertise; and

* Devel op Meani ngful Action Plan.

Tri-State uses the EGEAS nodel to perform production cost
nodel i ng and expansi on pl ani ng. At the time the IRP was
prepared, Tri-State had adequate power resources avail able
to neet its obligations for the next 20 years. This IRP
provides the framework for the IRP process to be used when
new resources are required.
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B.6.5 NEVADA POAER COMPANY
REFI LED 1994 RESOURCE PLAN EXECUTI VE SUMVARY AND ACTI ON
PLAN

Nevada Power Conpany (NPC) is an investor owned electric
utility that serves a popul ation of over 998,000 people in
Sout hern Nevada. NPC s plan was developed to neet the
foll owi ng objectives:

* create a conpany-w de plan which draws upon expertise
both inside and outside the conpany;

* inplement strategies to guide resource planning
efforts and decisions which conply with applicable
| aws and regul ations, and allow flexibility and quick
responses to changi ng conditions; and

“

e create a plan that is reader friendly” and
encour ages under standi ng of the process.

NPC s service territory is experiencing significant growth
due primarily to the gamng industry. NPC plans to neet
approximately four percent of its projected load growth
with DSM and neet the balance of its projected
requi rements through purchase power.

NPC utilized a conpetitive bidding process for new demand-
si de managenent prograns that resulted in contracts wth
three energy service conpanies to provide new services for
commerci al custoners. Because of the current relatively
| ow- cost surplus power available, NPC is reevaluating its
ot her existing and planned DSM prograns and anticipates an
overall reduction in its DSM prograns.

NPC s plan also includes inprovenents in its transm ssion
system to nmamintain adequate transfer capability |evels.
These i nprovenents include the construction of a new 230-kV
transm ssion project from the Arden Substation in t he
sout heast part of the Las Vegas Valley to a substation in
the northwest part of the valley, called the Northwest
Substation. Additionally, NPCis planning to construct two
new 230-kV switching stations in the Las Vegas Valley, the
G bson station and the Lake Mead/ Eastern stati on.

The Action Plan section of NPC s Plan includes a detailed
description of the conpetitive bidding process wth a
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public request for proposals that the conpany went through
to fill the conpany’s future power supply requirenents.
The bids were first screened with PROVIEW and then further
eval uated w th PROMOD/ PROSCREEN. NPC di scovered a problem
with the way that PROMOD 111 nodel ed punped storage units.
PROMOD 111 did not allow punped storage units to use
econony energy to punp. NPC and the affected bidder agreed
to have EMA and Henwood Energy Systens, Inc. evaluate the
problem EMA used PROMOD IV which allows econony energy to
be wused for punping purposes and Henwood used MILTI SYM
which also allows econony energy to be used for punping
purposes. The results from both nodels were conparable. A
total of fifteen expansion plans were developed with the
short-1i st of proposals and short-term firm power
pur chases. The |owest cost option relied on short-term
firm purchases to neet the conpany’s increnmental capacity
needs through 1998 rather than any of +the proposed
proj ect s. Al though NPC s study horizon extended through
2013, NPC s plan is based on the short-term

NPC plans to enhance its nodeling capability by upgrading
to the nulti-area version of PROMOD. In addition, NPC s
Action Plan includes the request to hire a consultant to
prepare a 10-year price and availability forecast of short-
termfirmand non-firm power purchases.

B.6.6 PACI FI CORP
PCSI TI ONI NG FOR COVPETI TI ON AND UNCERTAI NTY, RESOURCE AND
MARKET PLANNI NG PROGRAM ( RAMPP-3), APRIL 1994

Paci fi Corp, an investor-owned electric utility, provides
energy services to custonmers in seven Wstern states
through its Pacific Power and U ah Power divisions. The
primary considerations used to devel op RAMPP-3 i ncl ude:

* Reduce long-termtotal resource costs;
* Achieve equity anmong custoners;

* Meet increasing conpetition in the electric industry;
and

e Reduce environmental em ssions.

In its third RAMPP, PacifiCorp used the nulti-attribute
trade-of f analysis (MATO approach to integrated resource
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pl anning. Pacifi Corp defines the MATO approach as testing
many possible resource strategies against many possible
futures. Resource strategies are defined by assigning
restrictions to certain resource acquisition activities,
e.g., the cost-effective level for demand-side nmanagenent
prograns or exclude coal-fired resources. The possible
futures these resource strategies are evaluated over
include alternative levels of Jload growh, and also
alternative fuel price projections. A set of strategies
conbined with a set of futures define a unique case; and a
resource plan is devel oped for each case.

To perform the detailed analysis for the integrated
resource planning, PacifiCorp selected Integrated Pl anning
Model (IPM by ICF Resources, Inc. IPM is a linear
programm ng nodel that is capable of nopdeling a utility
with several discrete regions and associated transm ssion
constraints, and also capable of nodeling hydroelectric
resources in a limted manner. The system was nodel ed
usi ng si x geographic areas. PacifiCorp mnimze costs over
a 50-year period, to capture the end effects of a 20-year
pl anning period. The detailed resource selection analysis
was prepared for 14 of the 20 years. The annual utility
costs were then calculated for each year of the study
period based on the resource selection for the closest
years.

The nodeling recognizes the non-firm purchase and sales
activities Pacific Northwest, the Desert Southwest, and
California. Historical trends for price and power
availability was used to determine the price, seasonally
and by tinme-of-day, and the quantity of power available.
The price was assunmed to escalate at the gas price
escal ation used in the particular run.

The environnental analysis was prepared using two different
nmet hodol ogi es: t he MATO approach defined above, and
envi ronment al adders. Paci fi Corp found that bot h
nmet hodol ogi es provi ded useful information. The Pacifi Corp
plans to refine its MATO approach in its next plan.

Paci fi Corp recognized the followwing limtations with the
nodel ing effort wusing IPM (1) transm ssion network
representation is sinplified, (2) tinme-period increnent is
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limted to four seasons per year rather than hourly, and
(3) expansion planning is limted to one user defined
season and does not capture the imredi ate sunmer needs for
the utility.

B.6.7 PLATTE R VER POAER AUTHORI TY,
RESOURCE | NTEGRATI ON STUDY, 1994

Platte Ri ver Power Authority (PRPA), a joint action agency,
generates and transmts electricity for the Colorado Cities
of Estes Park, Fort Collins, Longnont and Lovel and. PRPA
has existing resources sufficient to neet the requirenents
of its menber cities for the next twenty years.

A major issue addressed in this IRP is the potential |oss
of peaking capacity from GCD, along with correspondi ng cost
increases for their allocation of SLCA/IP power from

West er n. The results of the IRP show that denmand-side
managenent prograns which will reduce system peak, along
with a natural gas-fired peaking unit, will likely be the

nost econom cal replacenent options for GCD peaki ng power.

Details of the software and nodeling techniques used in
this study are not provided in the study, although
traditional power supply cost screening techni ques appear
to have been used.

Tradi tional power supply planning production cost analysis
was used to determne the npbst cost-effective options.
Costs were not assigned to externalities in this study, and
PRPA explains that the lead of the Colorado Public
Utilities Comrission was followed in this respect.

B. 7 Reviewor REG onaL RFPs

During the past several years, Wstern has actively tracked
sel ected regional electric utility planning activities and
public solicitations of bids for power supply resources.
These public solicitations have included both supply-side
and demand-side requests for proposals (RFPs), general
requests for renewabl e resources, and targeted requests for
renewabl e technol ogi es, such as sol ar power.

Approxi mately 20 RFPs were analyzed for the purpose of
identifying “ representative” request conponents. These

B-34 Western Area Power Adm nistration August 1997



Docunent and Met hodol ogy Revi ew APPENDI X B

RFPs provide val uable background information to Western,
and were relied on in determ ning reconmended “ standard”
components for future seasonal, md-term and |ong-term
requests for proposals by Wstern. By understanding the
RFPs used by regional wutilities, Wstern can inprove and
refine its future requests to potential regional suppliers.

Table B.6-1 contains a listing of the 20 selected regional
RFPs that were analyzed. Table B.6-2 contains the listing
of the all conmponents which were included in these RFPs,
i ncl udi ng those conponents which requested basic bid source
i nformation. Finally, Table B.6-3 is a tabulation of al
RFP components contained in each separate request for
proposal s.
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