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PREFACE

This report, the second of two volumes prepared within the Utility Applica-
tions and Policy Branch of SERI for the Department of Energy's Wind Energy
Systems Division under Subtask 3532.15, is a user's guide to the computer pro-
grams used to determine the value of wind energy conversion systems to
electric utilities. Volume I describes the value determination methodology
and gives detailed discussion on each computer program available from SERI.
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Ob jective:

The objective of this two-volume report is to describe a method developed by
the Solar Energy Research Institute (SERI) for determining the value of Wind
Energy Conversion Systems (WECS) to electric utilities. The method involves
using a package of computer models available from SERI. These models vary in
sophistication and may be used with most utility planning models. Only mini-
mal effort should be required to make the programs operational on hardware
other than the Control Data Corporation CDC hardware on which the programs
were developed and used. :

Discussion:

) ]
The first volume of this report describes the value determination method and
gives detailed discussion on each computer program avallable from SERI. The
second volume 1is a user's guide for these computer programs. ‘

'The value determination process begins with the processing of weather data by
computer programs WIP or WEIBUL to produce hourly wind speed data or wind
probability distributions, respectively. These data are then provided as
input to the program ROSEW, which estimates wind-derived electricity
production. ~ '

The results from ROSEW, which can provide probabilities of certain WECS power
levels being produced, are next input to the program ULMOD so that the utility
load forecast may be modified to incorporate the WECS generation. These
results, which are for as many years as desired, are provided to the utility
planning models. The expansion planning model develops an optimal scenario of
conventional generating unit additions. This number of conventional units is
given to a3 production cost model to develop a more accurate estimate of the
variable operating costs needed for the conventional generating system. This
cort. information and the conventional capacity information from the expansion
model for the base case (zero WECS) and for all the change cases (varying WECS
capacity) are provided to FINAM. This final routine determines the break-even
cost of each WECS penetration ($/rated kW) and the WECS marginal value
($/rated kW), where value is the utility's present worth savings of reduced
operating costs and modified capital additions. These values may be combined
with total WECS cost to determine the maximum amount of WECS capacity that can
be economically justified for addition to the utility system.

‘If the WFCS value obtained exceeds the amount for which WECS may be purchased,
the utility planner might next perform a financial analysis by the utility's
corporate model to determine effects on cash flow, debt requirements, etc.

While the analysis was primarily developed for utility-owned and controlled
- WECS, it easily could be applied to nonutility-owned WECS with proper
treatment of WECS availability.
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Conclusions and Recommendations :A

A planning group interested in this wind value determination method should
obtain copies of the SERI-developed computer programs (WTP, WEIBUL, ROSEW,
ULMOD, and FINAM) along with Volumes I and II of this report. The utility
expansion planning and production cost models are currently used by many util-
{ties and are not available through SERI. The utility may also prefer to use
its own financial model instead of FINAM in the last step of the method.

This group of programs and associated materials are identified by the name
WECS. The SERI codes are available through two. sources. Qualifying organiza-
tions may use the SERI Solar Energy Information Data Bank (SEIDB) network,
which houses these computer models. To determine qualification status, con-
tact: Rafael Ubico, SEIDB Coordinator, SERI, 1617 (nle Blvd., Golden, CO
80401; 303-231-1032 (FTS-327-1032). These models are also available through
National Energy Software Center, Argonne National Laboratory, 9700 S. Cass
Ave., Argonne, IL 60439.

vi
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SECTIOR 1.0

INTRODUCTION

This volume 1is intended for ‘those who will be utilizing the computer programs
available from SERI to determine the value of intermittent power generation
sources, specifically Wind Energy Conversion Systems (WECS). Reference should
be made to Volume I: A Methodology. for a complete description of how the var-
ious routines may be used together and how each routine performs its tasks.
All programs are written 1in the FORTRAN IV language and are presently
installed on Control Data Corporation (CDC) hardware. The CDC compiler cur-
rently in use is the FTN compiler. Some knowledge of the FORTRAN will be
needed to use this guide. There is a separate section for each computer pro- .
gram (WTP, WEIBUL, ROSEW, ULMOD, and FINAM). Each section includes, where
.appropriate, a description of: (1) features and peculiarities required for
installation at SERI, (2) all manually created (or card-type) input data
required, (3) computer data file inputs, (4) printed results, and (5) program-
created data file results. Samples are provided for inputs, outputs, and a
CDC runstream for each routine.
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SECTION 2.0

WIP - WEATHER TAPE PREPROCESSOR

As explained in Vol. I, WTP 1is the starting point 1in the analysis if the
Weibull option is not chosen. WTP's basic job 1s to process any one of four
types of raw weather data. WTP reads only the necessary data, replaces miss-
ing or faulty data by interpolation, converts to the proper units, and finally
outputs the data in an acceptable format. This output proceeds to ROSEW for
hourly power or typical day operation. Volume I, Sec. 3.0, provides much more
detail on WTP.

2.1 FACILITY SPECIFICS

Since WTP was designed to run on a CDC system, two program specifics may cause
problems on other systems. First, a PROGRAM card is required at the beginning
of the code on the CDC system and may not be required -for other systems.
Second, two hexidecimal constants, 000072B and 000066B, exist at the end of
subroutine BLOCK DATA. For normal CDC systems, these represent a zero
overstruck with a plus and a zero overstruck with a minus. When using other
systems, these must be changed to the proper representation for the overstrike
characters.

2.2 WTP INPUT DATA
WTP requires a small amount of manually created input data for execution.
Each input type is identified in the first two columns of the card; with the

types as follow:

WA--Header card
WB--Title cards
' WC--Weather card

2.2.1 WA--Header Card

One card is required, placed first in the input deck.

FORMAT (A2,2X,10A4,312)

CRDTYP -- WA )

USER =-- Name of user, 40 characters
IMONTH — Month of run

IDAY -- Day of run

IYEAR - Year of run
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Three cards are required,'placed after the WA card. Each has a 40-character
title.

‘FORMAT (A2,2X,10A4)

CRDTYP -- WB
TITLE -- 40-character title

2.2.3 WC--Weather Cards

One card is required, placed after the third WB card.

FORMAT (A2,3X,I1,15,14,2F5.1,12,F4.1,5A4)

CRDTYP — WC '
ISOURC -- Weather data source:
1 = TDF-14
2 = Aerospace
3 = SOLMET
4 = TMY
NWSTAT -- National Climatic Center weather station number;

Must match number on weather tape

NWYEAR ~- Weather year desired; .
Must be four digits and match year on weather tape

"WSLAT -- Latitude of station, degrees;
- North is positive, south is negative

WSLONG -- Longtitudé of station, degrees;
’ West is positive, no negatives allowed

NTZWS -- Time zone of weather station:

5 = Eastern

6 = Central

- 7 = Mountaln

8 = Pacific
HIWIND -- Height of wind recorder (m)
WSNAME — Weather station name;

20-character 1deuLIEICation ‘

This completes the card input data requirements. These data are expected on
"TAPE5" as shown in the sample control card sequence of Sec. 2.6. Figure 2-1
gives a data sample.
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2.3 WIP INPUT WEATHER DATA
As described previously, one year of any of four types of weather data can be
selected for WTP input: TDF-14, Aerospace, SOLMET, or TMY. One of these

tapes must be provided to WTP as "TAPElO " as shown in the sample runstream in
Sec. 2.6. 4

2.4 WIP PRINTED OUTPUT

For visual inspection, WTP outputs a file containing the input data and a
missing data summary. A sample of this output is given in Fig. 2-2. This
file is output on "TAPE6" of the sample control card deck of Sec. 2.6. '
2.5 WIP OUTPUT FILE

The WTP output file for use by ROSEW contains a header line followed by 8760
(365 x 24) lines of hourly weather data (8784 in leap year) ‘
2.5.1 Header

FORMAT (I5,1X,12,1X,11,1X,F5.1,1X,F5.1,1X,12,1X,5A4,
6X,1I1,1X,F4.1,1X,Fb.2,1X,F5.3,1X,711)

Column v : A Variable
1-5- . Weather station number
7-8 : : Weather year, 2 digit
10 . A - . : Leap year; 1 = yes, 0 = no
12=16 ‘ Weather station latitude; degrees
18-22 _ Weather station longitude; degrees
24-25 . , Weather station time zone:
S "05 = Eastern
06 = Central
07 = Mountain
08 = Pacific »
- -27-46 Weather station name
53 ' Weather data source
| 1 = TDF-14
2 = Aerospace
3 = SOLMET
4 = TMY '
55-58 ' R Height of wind speed recorder (m)
60-63 . ~ Ground reflectivity at station;
Fractional
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65-69

71

72
73
74
75
76
77

Terrain factor at station;
Range: O-l1.

Dry-bulb temperature code

Barometric pressure code
Relative humidity code
Wind speed code

Opaque sky cover code
Direct insolation code

Total insolation code

(Codes are 0 = not provided, 1 = provided)

2.5.2

A sample of this output file is given in Fig. 2-3.
"TAPE11" in the sample runstream in Sec. 6.0.

2.6 WTP SAMPLE CONTROL CARD SEQUENCE

Weather Data

FORMAT (I4,1X,12,1X,12,1X,12,2X,F5.1,1X,F6.4,1X,F5.3,

Column

1-4
6-7
9-10
12-13
16=20
22-27
29-33
35-39
41-45
47-51
53-57

1X,F5.1,1X,F5.3,1X,F5.3, 1X,F5.3)

Variable

Hour of year

Month of year

Day of month

Hour of day

vry-bulb temperature (*U)
Barometric pressure; bars
Relative humidity; fractional
Wind speed (m/s)

Opaque sky cover; fractional
Direct insolation; kW/m2
Total insolation; kW/m2

The file 1s represented by

A sample control card sequence for a standard CDC-SCOPE system is shown in

Fig.

2-40
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WA SAMPLE PROELEM - ALRUQUERQUE, N.M. 120480
WR xX¥ ALBUQUERQUE, N.M.~ TMY TAPE

WE x%Xx TAPE OEBTAINED FROM NCC T

WE XX TAPE ALSO RESIDES ON SERI DISKPACK

we 4230501999 '35.0107.0 711.9 ALBUQUERQUE N M.

" Figure 2-1. WTP Manually Created Input Data

w



CORELATE = COST € RELIABILITY ANALYSTS * ¢ ¢ STONE & WEBSTER ENG!NEES!NG_CDPPOOLTIiN L 127 1/80

MTP - WEATHER VAPE PREFIOCESSOR ' . ~==SAMPLE PROBLER - ALLUQUERQUE, N.N, — . PAGE 1
POEIEEIIIDIEOOEOEIENOILIEIIOICOEEEIERODIE OIS OGN PEESOOTENICICEPA0GEP0OCOOTISECTINEINNSEI0DTHOCI0CINNIELOO0OCININNOINIEER0SSO0

(444444 000200 RQRPPRR " EEEEEEEE Le As mIrrrry EEEEFEEE

ceceecece Joco2000 RACRMRAR EEEEEEEE L ARAA B ARARARA EEEEEEEE
cc cc 0 on RR PR EE (X AL AA LA EE

cC J0 00 RR PR EEEEEE S LY L1 1 EEEEEE
cc 20 ap PRRRRRR EEEEEY w AABAAAAA T EEEEEE
44 cc J0 (o) RRRRER EE L AAAAAAAL T EE
cecceccee J000 X300 R L * EEEEEEEE Lot [ 1) Ad T EEEEEEEE

cclcec 000300 RR . Re EEEEEFEE Lottt (1} AM ia ! EEEEEEEE

¢¢k  ALBUQUERQULEs N.M.— THMY TAPE -
¢¢F  TAPE OBTAINED FROM NCC
*¢8  TAPE ALSO RESIDES ON SERI DISKPACK

Figure 2-2. WTP Printed Qutput
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COPELATE - COST € RELTARILETY ANALYSIS 9 ¢ ¢ STONF & WEBSTER ENGINEERING CORPORATION ¢ o & 127 17060

WTP = WEATHE® TAPE PREPROCESSOR -—=SAMPLE PROBLEM -~ ALOBUQUEPQUE,» N.NW, - PAGE 2
S$000050060F000URPIVOSIOINNOIRLSS0000SR00000CERCESIPRERCOPRSEBI0PPERIGEOINNE0CEC0R0R OIS0 N0CRO000IR0CPRCEOONPRCIRVOISCINFIOSCPITECOECIOITSS

INPUT DATA

SOUPCE DATA FORMAT = & — NATIONAL CLIMATIC CENTER -~ T¥mY TAPE FORNAY

MEATHER STATION ND, 23050 = . ALSUQUERQUEsN.M.

WEATHER YEAP - TYPICAL

LCCATION
LtAVITUDE - 35.0° DEGREFS
LONGITUDE - 107.0 DEGPEES
TIME IONE - 7 (MOUNTALY)

HEIGHT OF wIND SEEEN RECORDER =~ 11,9

CORELATE -~ COSY € !Ftllﬂltl"_lNlLVSIS
WTP - wEATHER TAPE PREPPOCESSOR

0000200000000 000000000000000000¢0000RCSC0COENIRERT000000000000000CC0VEIN0000000CER00000000000000000C800080000¢0¢E00000000080¢000¢0

“ETERS

¢ ¢ ¢ STONE € JEBSTER ENGiNEERlNG CORPORATION ¢ ¢ o

~==SAMPLE PROBLEM = ALBUOUEROUE, NoM,

" MISSING DATA SUMMARY

NUNBER OF HOURS

PARAMETER . "DATA WAS. MISSING
‘ ‘DRY 3ULR TEMPERATURE - - Lo e
' BBROMETRIC PRESSUPE °
WIND SPEED °
PERCENT OPAQUE SKY COVER 2432
DTRECT INSCLATICN -0
TOTAL INSOLSTION ‘ °

Figure 2-2. WTP Printed Output (Concluded)

127 1780
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SEQI (@1 TR~-604

35.0 107.0 7 ALBUQUERQUE,N.M.

23050 99 0 4 14.9 0.00 143 1101414
1 1 1 1 -3.3 .8459 0.000 2.4 0.000 0.000 0.600
2 1 1 2 —-4.4 8459 0.000 0.0 0.000 0.000 0.000
3 1 1 3 -5.0 .8459 0.000 0.0 0.0060 0.000 0.000
4 & 1 4 -4.4 8456 0.000 3.1 0.000 0.000 0.000
5 4 & S -56 .8456 0.000 3.6 0.000 0.000 0.000
6 1 1 4 -6.7 RAB? 0.000 3.4 N NOD 0.000 v.uwUU
7 1 1 7 -7.8 .8463 0.000 3.4 0.000 0.uus V.0O0O
g + 1 8 ~-6.4 .8469%9 0.000 3.4 0.000 .2iS .043.
9 1 & 9 -S5.6 .8473 0.000 0.0 .400 .49% .182
10 1 1 10 -3.3 .8473 0.000 2.4 .100 .838 .354
i1 1 1 it -1.14 .8473 0.000 0.0 .100 .970 . .499
8759 12 31 23 0.0 .8358 0.000 1.5 .300 0.000 0.000
8760 12 3% 24 0.0 .8358 0.000 1.5 .300 0.000 0.000

Figure 2-3. WTP Oufpuﬁ File

10|
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WTP,T100, YD1 . :
COMMENT. FILE,TAPEL0,RT=F,FL=163,ET=K,RE=24 ,MBL=3912,CM=YES.
COMMENT. ABOVE FOR SOLMET. KELOW FOR TMY.

FILE, TAPEL0,RT=F,FL=432,ET=K,RE=24, MEL=3168,CM=YES .
FILE,TAPE11.

FILE,TAPES,FL=80.

FILE,TAPE6,FL=80.

FILE,WTP,FL=80.

GETPF,WTP, ID=UID.

GETPF,TAPES,ID=UID.

COMMENT. REQUEST,WTPX,XPF .

FTN, I=WTP,B=WTPX,R=0,L=0,ER.

COMMENT. CATALOG,WTPX,ID=UID.

COMMENT. VUSN-S00183=TMY, VUSN-S00035=ALBQ SOLMET.
STAGE, TAPE10,PRE,VSN=500183,PE,NT,EB.
LDSET,FILES=TAPE10.

UTPX.

REWIND, TAPES .

COPYSEF , TAPES ,OUTPUT .

REWIND, TAPES.

COPYSEF , TAPE &, OUTPUT .

REWIND, TAPEL{ .

SAVEPF, TAPE11 , SAVEF, ID=UID,

EXIT.

(Lines beginning in “COMMENT."” are inactive, but removing the “COMMENT."” will activate
the command.) .

o

_Figure 2-4. WTP Sample Runstream

11
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SECTION 3.0

WEIBUL WIND DISTRIBUTION

WEIBUL's objective is to create Weibull wind speed probability distributioms,
given weather data as input. Multiyear data from any of the four weather-data
types previously discussed can be used. A Weibull distribution is created for
each hour of a monthly typical day, with these 288 distributions available to
ROSEW for Weibull option execution. . In Vol. I, Sec. 4.0, the WEIBUL
methodology is discussed. '

3.1 FACILITY SPECIFICS

Since WEIBUL was created by strongly modifying WTP, the two specifics men-
tioned for WTP also apply. These give consideration of the PROGRAM statement
and the code required to represent the overstruck characters at the end of
subroutine BLOCK DATA.

3.2 WEIBUL INPUT DATA

Like WTP, the manually created input data required by WEIBUL are identified by
the card's first two columns. The types are:

WA-~-Header Card
WB--Title Cards
WC--Weather Card

WD—-quve Paraméter Card

3.2.1 WA--Header Card

One card is required at the beginning of the data.

FORMAT (A2, 2X,10A4,312)

CRDTYP — WA

USER ~=— Name of user; 40 characters
IMONTH — Month of run

IDAY —= Day of run

"IYEAR — Year of run

3.2.2 WB--Title Cards

Three cards are required, placed after the WA card. Each is a 40-character
title.

13
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FORMAT (A2, 2X,10A4)

CRDTYP -- WB
TITLE -- 40-character title

3.2.3 WC—Weather Card

One card is required, placed after the third WB card.

FORMAT (A2,1X,11,1X,15,1X,I4,1X,14,1X,F4.1,1X,5A4)

CRDTYP -— WC
ISOURCE -- Weather data source:
1 = TDF-14 -
2 = Aerospace
3 = SOLMET
4 = TMY

NWSTAT ~— National Climatic Center weather station number{
Must match number on weather tape

NWYEAR ~-- First weather year desired in the wind speed probability
distribution development;
Must be four digits and match year on weather tape

LASTYR ~-- Last weather year desired;
If only 1 year of data desired, enter same year as NWYEAR

HIWIND — Height of wind recorder (m)

WSNAME -— Weather station name;
20-character identification

3.2.4 WD--Curve Parameter Card

One card is required, placed after the WC card.
FORMAT (A2,1X,I1,1X,13,1X,r5.2,1X,F5,2)

CRNTYP — WD

10PT -- Calculation option, (see Vol. I, Secs 4.0):
0 = maximum likelihood technique
1 = ordinary least squares technique

IBINS — Number of wind bins (divisions between cut-in and maximum wind
- speed) for calculation purposes;
Range: 1-100
Racommendation: As 1large as possible for accuracy's sake--
tradeoff with CPU time (see Vol. I, Sec. 4.0)

WSMAX == Maximum wind speed expected [m/s (see Vol. 1, Sec. 4.0)]

14
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WSCUTIN —— Wind machine cut-in wind speed (m/s) at height of wind data
recordings. The following hand calculation 1is required to
determine the proper input value:

= a
WSCUTIN = Woy(H,/Hp)

where:

Wer = wind machine cut-in wind speed at machine hub height
(m/s). If more than one wind machine is to be
analyzed, then the smallest cut-in value of all the
wind machines should be entered (see Vol. I,

Sec. 4.0).

H, = height of wind-speed recorder used to collect
data (m).

Hy, = hub height of wind machine (m). The machine with
the smallest cut—-in velocity should again be used.

a = terrain factor to be input to ROSEW (see
Sec. 4-2.5). .

Only wind speeds above this value are used to create a Weibull
distribution.

This completes the card input requirements. This data is to be input on
"TAPE5" in the sample runstream in Sec. 6.0. A sample of this data is given
in Fig. 3-1. '

3.3 WEIBUL INPUT WEATHER DATA

Multiyear weather data from TDF-14, Aerospace, SOLMET, or TMY must be made
available to WEIBUL. The sample control card sequence of Sec. 3.6 shows this
data entering as "TAPE1O0.”

3.4 WEIBUL PRINTED QUTPUT

WEIBUL outputs a file for visual inspection on "TAPE6" of the sample run-
stream. This file includes input data, a missing data summary, and some
interesting Weibull output parameters for each hour of the month's typical
days. A sample of this output, -shown in Fig. 3-2, is generally printed on
paper.

3.5 WEIBUL OUTPUT FILE

Important results are output to a file identified for later input to ROSEW.
These results contain one line of header information and 288 (24 x 12) lines

of Weibull information--each line describing one hour of a monthly typical
day. '

15
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3.5.1  Header C

3 ] Lr

FORMAT (15,1X,14,1X,14,1X,11,16X,5A4,1%,11,
1X,F5:2,1X,13, 1X,F5.2,1X,F5.2)

Column ' Variable
l 1-5 _. o Weather station number
_ 7-10 .. ' First weather year; 2 digits
g 12-15 - Last weather year; 2 digits
17 . Leap yearj 1 = yes, 0 = no
’ 34-53 ’ " Wecather atation name
55 Weather data source
' 1 = TDF-14
2 = Aerospace
3 = SOLMET
4 = TMY
' 57-61 ' Height of wind speed recorder (m)
63-65 Number of calculation bins
‘ 67-71 B Maximum expected wind speed
73-77 Cut-in wind speed input on WD card

3.5.2 Results : : .

FORMAT (2I2,2F5.2,4F7.3,2X,F6.4)

Column Description
1-2 Month
3=4 Hour of monthly typical day
5-9 : - K = Weibull shape parameter
L ;_; 10-14 _ C - Welbull scale parametet
. f .15=21 Average pressure; bars
22-28 Average temperature (°C)
29-35 Average relative humidity; fractional
36-42 Average wind speed (m/s)

45-50 ) Probability of the wind being below
: ' cut-in wind speed

A sample of this output file is shown in Fig. 3-3. The file is identified as
"TAPE]11"” in the following sample runstream. :

16
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S=RI '.
3.6 WEIBUL SAMPLE CONTROL CARD SEQUENCB

Figure 3-4 gives a sample control card sequence for a normal CDC-SCOPE
operating system.

17
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wa TEST RUNAF’OR CALCULATION COMPARISON 120480
WR  TMY - ALEUGUERGQUE ,NM ‘
WE  MAXIMUM LIKELIHOOD TECHNIGUE

WE )
WC 4 23050 1999 1999 11.9 THMY ALRUQUERQUE

Wh 0 100 40, 0.00

_Figure 3-1. WEIBUL Manually Created Input Data

18
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® ¢ ¢ SOLAR ENERGY RESEARCH INSTITUTE o e o

WEIBUL -vEIBULL WIND OISTRIBUTION -==TEST RUN FOR CALCULATION COMPARESON

CO0000SIP0ISO00000 00 0003020800 SEICIETICIICIBROIOELINRNINOSCCS0000COEOBECERER40IICISONOPCOROCOI000CO0SC000R000E0000G000000000S00000

INPUT 0ATA

SOURCE DATA FORMAT = & =~ NATIONAL CLIMATIC CENTER = TMY TAPE FORMAT

WEATHER STATION NO. 23050 - THY ALBUQUERQUE

: TYPICAL “ETEOPLGGICAL YEAR IS USFD — Tuy

o THE MAKIMUP LIFLIYODD TECHNIOUE HAS BEEN CHOSEN YO CALCULATE THE WEIBULL PARAMETERS

HETGHT OF WIND SPECD RECOPDFR - 11,6 METERS
NUMBER DF DAYS OF DATA USED IN WwEIBUL CALCULATION - 365
WSMAKX = 40,000 METERS/SEC TOTAL BINS = 100 WSDIVS = .40000

CUTIN VIND SPEED AT _ANEMOMETER HEIGHT @ 5.030 METERS/SEC

NUMSER OF ITERATIONSe ] o
1 1 1.211 1.931 .638 -.701 0.000 3.077
NUMBER DF ITERATIONS= 6
1 2 980 1.262 .838 ~1.181 0.000 2.839
NUMBER OF ITERATIONSe 3
1 3 1.026 1.406 .838 -1.688 0.000 3,008
NUNBER OF ITERATIONSe - '
1 4 1.200 1.770 .838 -1.777 0.000 2,943
NUMBER OF ITERATIONSe 10
1. s .. =941 «859 +838 ~2.201 0.000 2.832
NUNBER OF ITERATIONS=
1 6 1,493 «667 <838 -2.7119 0.000 2.742
NUMBER OF ITERATIONSe . ] ) .
1 7 1.274 1,781 <639 -3,006 . 0,000 2,577
NUMBER OF [TERATIONSs 2
L8 500 ..1.800 «839 -2.919 0.000 2,361
NUMBER OF ITERATIONSe 7
1 9 1.675 2.902 .860 ~1.445 0.000 2.310
NUMBER OF ITERATIONSe 4 . o
1 10 1.278 1.647 «840 .738 0,000 2.742
NUMBER OF ITERATIONSe 9
1. 1. 1.162 1.556 .040 2.258 0.000 2.632
NUMBER OF 1TERATICNSe .
1 1 1.029 1.170 © .839 4,396 0.000 2.8068
[ ]
-
L ]
L

Flgure 3-2. WEIBUL Printed Output ,

«800
o774
«839
«903
+871
933
«903
933
«939
«903
«839
«T42

} RES
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® € ¢ SOLAR ENERGY RESEARCH INSTIWUTE ¢ o o - 127 «/00

WEIBUL -WEIBULL WIND OTSTRIAUTION ~==TEST RUN FOR CALCULATION COMPARISON — ’ PAGE 2
T R L L LA T T T LA DL DL YR AL LS S LA L L A L AR L A T DRI A DA AT A L S S T I T YA T 2 DL LD LT TR T PR e Y

RISSING DATA SURMARY

» NUMBER OF HDURS
FLRAMENER DATA WAS WISSING

ORY BULE TEYFERATURE 0
3ARIMEVSIC PGESSURE °
WIN) SFEED e

Figure 3-2. WEIBUL Printed Output (Concluded).
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[T N

e R A RN N R R A N e T

050 1999 1999

.21 1.
.94
i.
i.20
.94
.49
.27
.50
.67

?3

.24
.41
.77
.87
.67
.78
.80
.90
.65

.838
.838
.838
.838
.838
.838
.839
.839
. 8490
.840
.840
.839
.838

.837
.837
.837
.837
.838
.838
.838
.B38
.838
.838
.838
.838
.838

- . 841

- Figure 3-3. WEIBUL Output File

PR WANT NN DN

.7814
L1614
. 645
.777

.2814
.749
.006
.919
. 445
.73S
.258
. 394
.83¢9
.503
. 090
. 935
. 739
.103
. 029
.268
.742
Li16
. 455
.258
.004
.200
.407

EE - - - - T T - T waary

TMY
. 000
.000
.000
.000
. 000
000
009
.000
L0090
.000
000
000
. 000
.000
.000
.000
.000
.000
.000
.000
.000
.600
.000
.000
.000
.000
. 000

.000

.810

21

AL BUQUERQUE

3.077  .8065
2,839 .7742
3.068 8387
2.945 9032
2.832  .8710
2.742 9355
2.577  .9032
2.361  .9355
2.310 9355
2.742  .9032
2.632 .8387
2.868  .7419
3.200 .8065
3.435 7742
4.074 7097
4.429 6129
4.384 5484
3.700 6774
3.929 7419
'3.532 7449
3.748 7097
2.816  .B06S
3.084 .8710
3.287 .8387
2.846  .8929
3.257  .B574
3.179 .8571
2 L9032

4 11.90 100 40.00

5.03
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WEE,YDi,YL1.
COMMENT. FILE,TAPE40,RT=F,FL=163,BT=K,RE=24 ,MEL=3912,CM=YES.
COMMENT. ABOVE FOR SOLMET. KELOW FOR TMY.
FILE,TAPE1i0,RT=F,FL=132,BT=K,RB=24,MEL=3168,CM=YES .
FILE,TAPEi1 ,FL=80. _

FILE,TAPES,FL=80.

GETPF,TAPES, WERDAT , ID=UID.

COMMENT. PURGE ,WEIEX,ID=UID.

COMMENT. REQUEST,WELEX,%PF.

FILE,WEIRUL,FL=80.

GETPF,WEIBUL, TY=G,ST=CNS.
FTN,I=WEIRUL , B=WEIEX,Rm0,L=0,ER .

COMMENT. CATALOG,WEIBX,ID=UID,XR=UID.

COMMENT. USN-$00483=TMY, VUSN-S00035=ALBQ SOLMET.
STAGE, TAPE10,PRE,VSN=500183,PE,NT,EE, ST=CNS.
LDSET,FILES=TAPEL0.

WETEX.

REWIND, TAPES.

COPYSEF , TAPES , OUTPUT .

REWIND,TAPES. ‘

COPYSEF , TAPE& ,OUTPUT .

REWIND,TAPE41 .

SAVEPF,TAPE11 , SAVEF , ID=UID.

EXIT.

(Lines beginning in “COMMENT."” are inactive, but removing the “COMMENT.” will activate

the command.)

Figure 3-4. WEIBUL Sample Runstream

22
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SECTION 4.0

ROSEW-REPRESENTATION OF SOLAR ELECTRIC—WIND

As Vol. I, Sec. 5.0 indicates, ROSEW's basic responsibility is to calculate
the amount of wind-derived electric power available. Input to ROSEW includes
a data set to describe the wind machines, plus an output file from either WTP
or WEIBUL. WTP's results are to be used if the hourly power option or typical
day option are chosen, and WEIBUL's results are used with the Weibull option
(see Vol. I, Sec. 5.0). ROSEW's output varies with the type of option chosen;
each type 1is treated in this section. This output is sent to ULMOD for
utility load modification. .

4.1 FACILITY SPECIFICS

Since ROSEW was designed to run on a CDC system, two characteristics of the
program may require modification for use on other systems. First, the PROGRAM
card required at the beginning of the code for CDC systems may not be needed
for other systems. The second problem concerns the free-formatted inputs that
are used, with only a comma or space needed to separate the user input data.
If another system does not recognize a statement of the form READ (5,*) as a
free format, then the appropriate corrections must be made to each READ state-
ment of this kind. Corresponding formatted read statements for each instance
have been left in the code but commented out. Thus, the user may comment out
the free-formatted READ statements and remove the comment from the formatted
READs (and associated FORMATs) if this trouble arises.

4.2 ROSEW INPUT DATA

ROSEW requires user selected values to éontrol certain execution options and
to describe the wind machines. Each manually created input data card type is
identified in the first two or three columns as:

RA--Header Card

RB--Title Card

RC--Control Card’

RD--Time Period Card

RF=-Wind Enhancements CardA

RJA--Design Label Card

RIJB--Design Parameters Card

RJC--Gear Box Efficiency Table

RID--Generator Efficiency Table

RJE--Transformer Efficiency Table

RJF=-Aerodynamic Efficiency Table

23
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4.2.1 RA--Header Card

One card is required, placed first in the input deck.

CRDTYP -
USER -
IMONTH —
IDAY -
IYEAR -

FORMAT (A2,2X,10A4,312)

RA-

Name of user
Month of run
Day of run

Year of run

Three cards are required, placed after the RA " card. Each c¢ontains a
40-character title. ‘ .

CRDTYP -—-
TITLE -

FORMAT (A?,2X,10A4)

RB

40-character title

One card is required, placed after the last RB card.

FORMAT (FREF)

This free format means that only a space or comma is necessary to separate the
data. Zeros must be included if the value is zero ({.e., no blanks). Alpha-
numeric (A) format data must be enclosed in quotes. See previous section on
facility specifics for possible problems if used on a non-CDC system.

CRDTYP --
IWBLOP
IFOROP -—-

RC
weibull option; 1 = on, 0 = off

Forced outage rate optionj;

0 = WECS power outputs modified by the foreed ocutage ralg,

NFER ==

NDESIN

1 The probabilities (of certain power outputs) are modified
by the forced outage rate;

This must be zero if IWBLOP equals zero since probability
information exists only with the Weibull option.

Number of time periods;
Range: 1-52, but normally 12;
Can be input as zero if IWBLOP = 1

Total number of wind-machine designs;
Range: 1-9 :

24
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RAIR — Gas constant for dry air; bar 3/kg°K'

If zero is input, the program defaults to the value O. 00287
RVAP — Gas constant for water vapor; bar m3/kg°K;

If zero is input, the program defaults to the value 0.0046

INTER —— Number of intervals between VCUTIN and VRATED for Weibull
computation purposes; ;
Enter a zero if IWBLOP = O;
Range: 1-25, default = 5 1f O entered and IWBLOP
Will be the same for all wind-machine designs
See Vol. I, Sec. 5.2.1.2 for more details.

[
—
e

NSLOTS -- Number of divisions for each interval above;
Enter a zero if IWBLOP = 0;
Range: 1-10, default = 5 if 0 entered and IWBLOP
See Vol. I, Sec. 5.2.1.2 for more details.

]
—

One card is required for each time period (see NPER on RC card); all placed in
sequence after the RC card. These cards are not to be input if IWBLOP = 1.

FORMAT (FREE)

CRDTYP RD

IP ~~ Time period index,
Range: 1-52, usually 1-12;
RD cards must be in order according to this field

JTPER — Time period (month) label;
Any four-character description to describe the month;
Must have characters inside quotation marks

IUBEG =- First time unit (hour of the year) for this month;
Range: 1-8784

IUEND -- Last time unit (hour of the year) for this month;
Range: 1-8784

NUPF —— Number of time units (hours) per frame (day);
Usually 24

NTDAY —— Number of typical days;
Range: 0-3;

If 0, then straight hourly powers are output

NFDAY1 -~ Number of values to make up first typical day's averages
(see Vol. I, Sec. 5.0);
Zero 1f IWBLOP = 1 or NTDAY = O

NFDAY2 -- Number of values to make up second typical day's averages;
Zero if IWBLOP = 1 or NTDAY = O

NFDAY3 -- Number of values to make up third typical day's averages;

Zero if IWBLOP =A1 or NTDAY = 0
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4.2.5 RE—-Weather Station Card

One card is required, following RD card (or RC if no RD)
FORMAT (FREE)

CRDTYP -- RE

MWSTAT —— Desired weather station number;
Must match number on weather or WEIBUL input

MWYEAR ~-- Desired weather year, four digits;
Must match year on weather or WEIBUL input file

STTERR -- Terrain factor (power law exponent for vertical projection);
Range: 0-0.7
Note: This value should be 0.0 if IALOPT on RF card is 1

4.2.6  RP--Wind Enhancements Card

One card is required; placed after RE card. See Vol. I, Sec. 5.0 for details
on each variable.

FORMAT (FREE)

CRDTYP — RF

TIALOPT —- Alpha (terrain factor) calculation option;
0 - off; 1 = on

IWOPT —= Enhancements option;

0 = off, 1 = on;
If 0, all following values on this card should be zeros

SIGS — Gust-power correction factor;
Generally = 0.2

SIGTHE —— Anemometer theta correction factor;
Generally =~ 0.2 A

SIGW —— Anemometer vertical gust correction factor;
Generally = 0.2

SIGU —— Anemometer longitude gust factor;

Generally # 0.2

ISHRUPT — Shear correction option;
0 =off, 1 = on

4.2.7 RJA-—-Design Label Card

One card is required for each wind-machine design and follows the RF card.
This RJA card should be followed by RJIB-RJH cards for the specific design,
with this package followed by another wind-machine design package if more than
one design is considered.
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CRDTYP
JDESIN

TR-604

INNOV(D)

PLNTLB

FORMAT (A3,1X,I1,1X,TI1,1X,5A4)

— RJA

Design number of this specific wind-machine design;
Range: 1-—NDESIN on RC card

Innovative design flag for design D;

If 1, then a velocity-power table 1is wused for
calculations;

If 0, then the standard power calculations are used

— Wind-machine label; .
20-character description of wind-machine design

1
|

4.2.8 RIJB——-Design Parameters Card

One card required for each design, placed behind RJA card.

FORMAT (FREE)

power

If INNOV(D) on the RJA card is zero (no power table), then the input is:

CRDTYP
DROTOR

FORWGU
'HUBHT
RPMROT
VCUTIN
VRATED

VCUTUT

RJB

Wind-turbine rotor diameter (m);
Range: 1-200.0

Forced outage rate of a single unit, fractional;
Range: 0-0.9999

Hub height (m);

Range: 1. 0"100.0

RPM of rotor;
Range: 1.0-500.0

Cut-in velocity at hub height, (m/s);
Range: 0-20.0
Rated velocity at hub height, (m/s);
Range: 0-30.0

Cut-out velocity at hub height, (m/s);
Range: 0-50.0

If INNOV(D) on RJA card is one (power table desired), then the following is
input instead of the previously mentioned parameters:

FORMAT (FREE)

CRDTYP — RJB
FORWGU -- Forced outage rate of a single unit, fractional;

HUBHT

Range: 0-0.9999

calculations, meters;
Range: 0-100.0

-- Representative centerline height of wind turbine for power
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VCUTIN Cut-in velocity at hub height, (m/s);

Range: 0-20.0

VRATED — Rated velocity at hub height, (m/s);
"Range: 0-30.0

VCUTUT -- Cut-out velocity at hub height, (m/s);
Range: 0-50.0
HGTINN -- Wind-speed recorder heigﬁt that velocity values in the velocity-

power table are based upon, meters;
Range: 0-200.0

4.2.9 RIC~~-Number of Gunerators Card

One card is required fur each design, placed behind RIB card.

FORMAT (FREE)

CRDTYP -- RJC

NWGU(M) —- Number of wind generators of this design for month M;
Range: 0-999

NWGU(M+1) -- Same for next month, continue wuntil all months are
represented

4.2.10 RJD-RJB--Tabular Input Cards

If INNOV on the RJA card is zero, then the RID card is not needed and the RJE-
RJH cards enter gearbox, generator, transformer, and aerodynamic efficiencies
as functions of an independent variable. Tf INNOV is one, the RID card inputs
the wind-generator power output as a functinn of wind velocity alL a certain
heighet, and the RJE-RJH cards are not needed. Either way, the program takes
this set of independent variables (range: 2-25 points) and an equal. number of
dependent variables and, in effect, plots a curve of one variable versus the
other. Linear interpolation between these known points determines intermedi-
ate values, and points outside the range are asaigned the value of the clusest
knowu point (first or last). Values of the independent variable must be input
in ascending order with no two values the same. The table is input in free
format as follows:

o The initial input on the first card indicates the number of points,
followed by the first 10 values of the independent variable. If less
than 10 points are to be input, zeros should be input in order to have
10 values on the card. If more than 10 points are needed, a second
card should be used. For 21 to 25 points, a third card is required.

o After the entire independent array has been input, the dependent array
is similarly input on one, two, or three cards. The number of points
is not to be input on the first dependent variable card.

If a constant dependent variable value is desired, only two points of
that value need to be input.
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RID--Power Table Cards (INNOV = 1). Two to six cards are required, as
described, placed after the RJC card. If INNOV = 1, then the RJD cards
replace the RJE-RJH cards. If INNOV = O, no RJD cards are included.

FORMAT (FREE)

CRDTYP — RJD . ) 4
NVELP -- Number of points;

Range: 2-25 . .
XVEL -- Independent variable, wind velocity (m/s);

Range: 0-~100.

XPOW Dependent variable, wind-turbine:power output, MW;

Range: 0-10.

RJE--Gearbox Efficiency Table Cards (INNOV = 0). Two to six cards are
required, as described, and are placed after the RJC card. If INNOV = 0, then
the RJE-RJH cards are required.

FORMAT (FREE)

CRDTYP -- RJE
NEFFGB -- Number of points;
Range: 2-25 ’ _
EFFGBX -- Independent variable, power input to gearbox, MW;
Range: 0.0-999.9 N : _ r
EFFGB ~-- Dependent variable, gearbox efficiency;

Range: 0-1.0

RJF--Generator Efficiency Table Cards. Two to six cards are required, placed
after the last' RJF card. These are needed only if INNOV = 0." '

FORMAT (FREE)

CRDTYP — RJF

NEFFGN -- Number of points; B
Range: 2-25
"EFFGNX -- Power input to generator, MW;
; © Range: 0-999.9
EFFGN -- Generator efficiency;

Range: 0-1.0

RJG--Transformer Efficiency Table Cards. Two to six cards are required,
placed after the last RJF card. These are needed only if INNOV = O.
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FORMAT (FREE)

CRDTYP — RJG

NEFFTN —- Number of points;
Range: 2-25

EFFTFX -- Power input to transformer, MW;
Range: 0-999.9

EFFTF -- Transformer efficiency;

Range: 0-1.00

RJB-—Aerodynamic Efficiency Table Cards. Two to six cards are required,
placed after the last RJG card. These are needed only if INNOV = O.

FORMAT (FREE)

CRDTYP -- RJH

NEFFAD -- Number of points;
Range: 2-25

EFFADX -- Tip speed ratio;

Range: 0-999.9

EFFAD —- Aerodynamic efficiency;
Range: 0-1.00

That completes the input requirements for ROSEW. Recall that if more than one
wind—-generator design is used, the second design deck of RJA-RJF cards is
placed at the end, followed by a third design, etc.

For clarification, several examples of ROSEW input data are presented. Fig-
ure 4-1 gives data for a Weibull option with two wind-machine designs and no
wind enhancements. Figure 4-2 supplies data for hourly power outputs with one
wind-machine design and wind enhancements.

4.3 ROSEW FILE INPUTS

If the Weibull option is chosen, then the WEIBUL-created output file must be
provided as input to ROSEW. The hourly power and typical day options require
WTP's output file as input. These two files have been previously discussed
and are identified as "TAPE1O0"” 1in the sample control card sequence of
Sec. 4.6. -

4.4 ROSEW PRINTED OUTPUT

For visual inspection and easy reference, ROSEW creates a file for printed
output. In a convenient format, this file exhibits input data, execution
options, and useful calculation values. A sample portion of this output is
given in Fig. 4-3. This output 1is 1identified as "TAPE6" in the sample
runstream.
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4.5 ROSEW OUTPUT FILE

ROSEW's main output file is saved for input to ULMOD. The file's contents
will be different for each of the three execution options (Weibull, hourly
power, or typical day).

4.5.1 Weibull Option

This option's output file contains a header card, a comment card, and power-
probability results for each hour of the monthly typical day.

4.5.1.1 Header Card

FORMAT("PP", 1X,15,1X,14,1X,14,1X,5A4,1X,11,1X,
12,1X,F5.2,1X,12,1X,12,1X%,11,1X,11,1X,1I1,1X,I1)

Column . Variable
1_2 ' "PP"
4-8 Weather station number
10-13 First weather year
15-18 ' Last weather year
20-39 Weather station name
41 Weather data source;
1 = TDF-14
2 = Aerospace .
3 = SOLMET
4 = TMY
43-44 _ Number of bins in Weibull calculation
46-50 Maximum wind speed expected in
Weibull calculation
52-53 ) ' Number of intervals between VCUTLN
and VRATED for calculation purposes
55-56 Number of slots in each interval
58 Height projection calculation option;
1 = on, 0 = off
60 Wind enhancements option,
1 =on, 0 = off
62 Forced outage option;
1 =on, 0= off
64 Number of wind-machine designs
considered
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4.5.1.2 Comment Card.

One 20-character plant description (PLNTLB' variable) 1is included for each
wind-machine design.

4.5.1.3 Results

For each hour of the month's typical day, general results, along with results
for each interval between cut-in and rated wind speeds, are given for each
design.

General Results

FORMAT (312,2X,F10.4,2X,F10.4,2X,F10.4)

Column ' Variable
1-2 ‘ Number of wind-machine designs;
Range: 1-9
3=4 - Menth
5-6 ' : Hour of month's typical day

9-18 Pfobability of zero power output from
wind machine; }
Range: 0-1.0

21-30 Rated power output of this design, MW
33-42 , Probability of rated power being
: produced;

Range: 0-1

Interval Results
For each interval between. VCUTIN and VRATED, the output is:
FORMAT (I2,2X,F10.4,2X,F10.4)

Column | . Variable

1-2 ' Interval numher

5-14 ’ Representative power of this
wind-speed interval, MW "

17-26 Probability of the wind being in this

wind-speed interval;
Range: 0-1.0

A sample of this output filé is shown in Fig. &4-4.
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4.5.2 Hourly Power Option

This type of output file contains a header card, a commént card, and output
results.

4.5.2.1 Header Card

FORMAT ("HR",1X,15,1X,14,1X,14,1X,5A4,1X,11,16X,11,

1X,11,3X,1I1)
Column Variable .
1-2 III{RII
4-8 Weather station number
10-13 ' Weather year
15-18 . Weather year repeated
20-39 Weather station name;
20 characters
41 = Weather data source:
1 = TDF-14
2 = Aerospace
3 = SOLMET
4 = TMY
58 ' Height projection calculation option;
1l = on, 0 = off
60 Wind enhancements option;
_ 1 = on, 0 = off
64 A Number of wind-machine designs
considered;

4.5.2.2 Comment Card

One 20-character plant description (PLNTLB variable) is included for each
wind-machine design. :

4.5.2.3 Results

Hourly average power values are output on two lines for each day of the year:

FORMAT (312, "1X ", 1Il1," HR ENGY ", 12F5.1,/,312, "2 ",I1,
" HR ENGY ", 12F5.1)
Column : Variable
1-2 ' Month
3-4 Day
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5-6 Weather year
10 : Machine design number;
Range:- 1-9
21-80 First 12 hourly average powers, MW

The above procedure i1s repeated once more for the second 12 hourly average
powers of the day.

An example of this output i1s shown in Fig. 4-5.

4.5.3 Typical Days Option

As described in Vol. I, either one, two, or three "typical days"” can be
selected. All choices have output containing a header card, a comment card,
and the typical day results.

4.5.3.1 Beader Card

FORMAT ("T",Il1,1X%,15,1X%,14,1X,T4,1X,5A4,1X,T),16¥%,T1,1X

11,3X,11)
Column Variable
1 A T
2 Number of typical days;
: Range: 1-3
4-8 Weather station number
10-13 Weather year
15-18 ' Weathcr year repeated
20-39 - Weather station name
41 Weather data source;
1 = TDF-14
2 = Aerospace
3 = SOLMET
| 4 = TMY
58 Height projection calculation option;
1l =on, 0= off
60 , Number of wind-machine designs
considered

4.5.3.2 Comment Card

One 20-character plant description (PLNTLB variable) is included for each
wind-machine design. '
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4.5.3.3 Results

As discussed, the typical day results are average hourly power values for one,
two, or three monthly typical days.

FORMAT (12,2X,12,"1 “,I1,' Tl ',12,2X,12F5.1,/,

12,2x,12," ",I1'2 T1 ',I2,X2X,12F5.1)
Column Variable
1-2 Month
5-6 Year :
10 Machine design number;
Range: 1-9
17-18 Number of days wused for typical

day 1. (If only 1 typical day is
selected, this will equal days in
month)

21-80 . First 12 hourly powers, MW

The above procedure 1s repeated once more for the second 12 hourly average
powers for the first typical day.

If two typical days are selected, the same results will be output for day two;
Tl in the above FORMAT will change to T2. 1If three typical days are selected,
all three days will have the same type output. The third typical day will be
identified by a T3 in the FORMAT statement. Sample output for all three
typical day cases is shown in Fig. 4-6. :

4.6 SAMPLE CONTROL CARD SEQUENCE

A sample control card sequence for each of the three options is given in
Fig. 4-7. These runstreams utilize the CDC-SCOPE operating system.
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RA SAMPLE PROEBLEM - ALBURUERGQUE, N.M. 120180

RB X TMY DATA - ALBUQUERQUE, N.M.

RE X 25 MOD-2 AND S0 MOD-1 WIND TURBINES

RB % WEIRUL PROBABILITY EXECUTION

"RC" 4 1 12 2 0 0SS

"RE" 23050 1999 0.143

"RF" 0 0 0. 0. 0..0. 0

RJA 1 1 MOD-2 WIND GENERATOR

"RJIB" 0.08 60.96 6.355 12.52 20.52 60.96

"RIC" 25 25 2% 2% 25 25 a5 25 2% 25 25 a5 ‘

"RID" 4A 6.35 6,7 7,49 7.6 8. 058 58 2 9.4 .84 40.3

“RJD" 10.7 414.2 . 11.6 121 12.5 20.5 A
"RID" .419 .26% .39 .528 .665 .812 41.01i6 1.203 4.395 1.582
"RID" $.776 1.974 2.455 2.339 2.5 2.5

RJA 2 0 MOD-1 WIND GENERATOR

"RIE" 60.0 .4 40. .35. 7. 15. 20. _

"RJC" S0 S0 S0 S0 S0 S0 S0 S0 S0 S0 S0 S0

"RJE" 12 0.0 084 447 454 204 .302 .436 .620 .824 1.038

"RJE" 1.390 1.67S ,

"RJE" 0.0 456 .565 .639 .713 .787 .849 893 918 .935

“RJE 954 .960

"RJF" 44 0.0 -..064 .096 .443 461 .257 .434 .S63 .965 1.318
. "RJF" 1.608 . :

“RIF" 0.0 874 .717 .785 .838 .885 .920 .930 .945 .948

"RJ'F n . 947

"RIG" 11 0.0 062 092 .408 .453 245 443 .S36 .914 1.249

"RIG" 1.523 - -

"RJG" 0.0 975 .975 .97S5 .980 ..980 .980 .980 .985 .98S

"RIG" .985 '

"RJH" 12 0.0 4.0 4.0 &.0 80 9.0 40.0 42.0 4£4.0 16,0

"RJIH" £8.0 20.0

"R IH" 019 020 .133 324 424 448 4SS 440 397 320

"RIH" 240 0.0

Figure 4-1. ROSEW Manually Created Input Data
Weilbull Qption — 2 Designs

36



< ' TR-604
S=RI % ~ ;

RA SAMPLE PROEBLEM - ALEBUQUERQUE, N.M. 1204180
RE X TMY DATA - ALBUQUERQUE, N.M.

RE X 25 MOD-2 WIND TUREBINES - POWER TABLE

RE % HOURLY POWER OPTION

"RC" 0 0 $2 ¢ 0 000

"RD" 1 “"JAN" 1 744 24 0 0 0 0
"RD" 2 "FER" 745 1416 24 0 0 0 O
"RD" 3 "MAR" 1417 2160 24 0 0 0 O
"RD" 4 “"APR" . 2164 2880 24 0 0 0 0
“RD" S "MAY" - 2884 3624 24 00 0 O
"RD" 6 "JUNE" - 3625 4344 24 0 0 0 O
"RD" 7 "JuLY" 4345 5088 24 00 0 O
“RD" 8 "AUG" 9089 5832 24 0 0 0 O
"RD" 9 "SEPT" 5833 6552 24 00 0 0
"RD" 10 "OCT" 6553 7296 24 0 0 0 O
"RD" 141 "NOVU" 7297 8046 24 0 0 0 0
"RD" 12 "DEC" 8017 8760 24 0 0 0 0

“RE" 23050 1999 0.143

“RF"™ {4 .2 .2 .2 .2 1%

RJA 1 1 MOD-2 WIND GENERATOR

"RJIB" 0.08 60.96 6.35 12 52 20.52 60.96

"RIC" 25 285 2% a5 25 25 8% 25 25 285 2% a5

"RID" 18 6.349 6.35 6.7 7.15 7.6 8.05 8.5 8.94 9.39 9.84
"RID" 10.28 10.73 11 .18 11.63 12.07 {2.52 20.52 20.%21
"RID" 0. .419 .261 .39 .528 .665 .812 1.016 1.203 1.395
"RIJD" 1.582 1.776 1.974 2.155 2.339 2.5 2.5 0.

Figure 4-2. ROSEW Manually Created Input Data
Hourly Option — 1 Design
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PEPRESENTATION OF SOLAR FLECTRIC--WIND € ¢ ¢ SCLAR ENERGY RESEARCE INSTITUTE # ¢ o 127 1480

--~SANMPLE PPDORLEM ~ ALBUCUFRQUE, W,.m, -— . PAGE 1)
000.00000tot-00looooo“ou“t.tt00‘0tO‘ot.t’oooo0ottotc‘tooot.oo.t.t‘000Qttoootooo-o..o.o'.Q‘.Qoc..m:o‘Q..go.0.:..............;..;...

¢ TMY DATA ~ ALBUQUEROQUE, N,.N,
® 25 MOD-2 AND 50 MOD-1 VIND TURBINES
* WEIBUL PROBABILITY EXECUTION

REPPESENTATINN OF SDLAR ELECTRIC--JIND ® ¢ ¢ SOLAR ENERGY RESEARCH INSTITUTE o ¢ o 127 14180
~~~SAMPLE PRIRLEM - ALBUGUERQUE), N M, -—— PAGE 2
A MMM A AR A A AR AL AL A A A A A A A A A A A A T T Y T N L L L LT T T T rrrrre e oeeppes

INPUT DATA
THIS RUN ENCOMPASSES
12 TIME PEPIODS Z WGEN DESTGNS
VEIBUL DOTION - 1
CAS CONSTANTS
DRY AfIP - LOD2ET0 8AP vae3s(KG K)
WATER VEPOR =  ,004E0D 9AZ “*+41/(XG K)

FCRCED CUTAGE DPTIDN -}

wEIPUL INTEPLALS = 5
wFIRUL SLOTS PFR® INTERVAL ‘x5

SITE AND PLANT PARAMETERS

DATA FRON WEATHER STATION 23950
WEATHER YEAR - 1999
SITE TERRAIN FACTOR o ,1430

#¢ MODIFICATIONS FOR GUST, ANEMOMETER READINGS, AND SHEAR EFFECT NOV UTILIZED =¢

Figure 4-3. ROSEW Printed Output

R_RES

‘alke
R, 2

%0941



6¢

KEPRESENTATION OF SOLAR ELECTRIC--wIND ¢ & & SOULAR FNERGY RESEARCH INSTITUTE ¢ ¢ o 12/ 1780
~--SAMPLE PROBLEM ~ ALBUOUEROUEs N.M, — PAGE 3
".........0Q'....".’."‘...““..‘.Q.O.".“"‘.".“.“‘....Q...."...“.......‘.‘.." “...‘.‘"‘Q‘.‘.....‘.............‘.‘....‘..
PLANT DESIGN 1 ~ MND-2 WIND GENEPATOR

THIS DESIGN USES AN INPUT TABLE OF VELOCITY ¥S. POWER FDOR ITS CALCULATIONS

FORCED OUTAGE RATE - .080

CUT IN VELOCITY (M/S) - 6,355

SAYED VELOCITY (MFS) - 12,520

CUT DUT VELDCITY KM/S)- 20,520

#ECORDE® HEIGHT wIND SPEED TASLE IS BASED IN - 60.96C M

MUMRER NF WIND MACHINES OF THIS DFSIGN FI° rFafy TINE PEFON:

2° 25 2% 25 25 25 2° 25 25 25
2y 25
TPOWER? CUlPuy Yaare
»T5D vELTICITY 64350 he720 7.150 7.500 8.050 8.500 B8.900 9,400 9.840 10.30C
12.730 11.2c0 11.50C 12.100 12,500 20,500
PO~TR JUTPUT «119 «261 «290 «528 «665 «812 1.01¢ 1.203 1.395% 1.582
1.772 1,374 2.15¢% 2.339 2.500 2.500

* Figure 4-3. ROSEW Printed Output (Continued)
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PZPRESENTATION NF SOLAR ECECTR

IC—vIND

~-=SAMPLE PROBLER - ALBUQLEPOUZs N.N.

PLANT DESIGN 2 = MCO-1 WDND G

ENERATOR

¢ ¢ & SOLAR ENERGY RESEARCH INSTITUTE ¢ o

«151

<639

.113

-785

«108 °

«97%

6.000

«32¢

DIAMETER OF ROTOR (M) 60.000 CJIT IN VELOCITY (M/S)
FORCED OUTAGE RATE «100 RAFED VELOCITY :m/S)
HUB HEIGHT (n) 40,000 CJ¥-0UT VELOCETY (msSY
RPN OF ROYORS 35.000
NUMBER OF WIND “uCHINES _OF THIS DESIGN FOR EAZ4 TUME PERIDD:
50 50 50 50 50 s0 50 5 S0 50
50 50
GEAR 80X EFFICIENCY A L1843
POwER TO GEAR ROC (v} 0,000 <88 <117
1. 390 1.67%
GEA&R 30Y EFFICIERCY 0.000 %6 «565
. . 951 T 960
GENERATOR EFFICIEINCY . TaBLE
POWER TO GENERATOR (Mu) 0.000 .Cte .096
1.608
GENERATOR EFFICIENCY 0.000 .51 N7
967
TRANSFORMER EFFICIENCY  TABLE
POVER TO TRAMGFORNER (MWD 0.000 « 002 2092
1.523
TRANSFORMER EFFICIENCY 0.000 995 975
. +985
AERODYNAMIC EFFICIENCY  TABLE
TIP SPEED RATIO 0.000  1.040 _ %.000
18,000 20,000
AERDDVNAHIC_!F?!CIENCV <019 020 «133
.210 6.000
DESIGN= 1 MON= 1 “®- 1 HOURLY CF- ,0637
DESIGN- 2 NON- 1 WP~ I HOURLY CF- .0252
DESIGN= L MON= 1 MR- 2 HOURQY CF- 0567
DESIGN- 2 MON- 1 HR- 2 HWOURSY CF- ,0177
DESIGN- 1 MON- 1 MR- 3 HCURIY CF- 0436 -
DESIGN- 2 MON~ 1 MR- 3 HOURLY CF— ,0143
DESIGN- 1 MON- 1 WR- & HOURLY CF— .0306
DESIGN-_ 2 MON- 1 WR=-_& WOURLY CF— ,0111
DESIGN~ 1 MOM~ 1 ®2- 3 MOURLY CF— ,0251
DESIEN- 2 MON—- 1 AR- 1 HOURLY CF~ .0056
DESIGN- 1 MON- 1 H2= 6 MOURALY CF=- .0098-
DESIGN- 2 MON- 1 H?= € HDURLY CF- .0010
DESIGN= 1 MON- 1 H2= T HOURLY CF- ,0304.
DESI6N- 2 MON- 1 HR— T MOURLY CF-_ ,0110
DESTGN- 1 MON- 1 we-"8 HOURLY CF- ,0202
DESIGN- 2 MON- 1 FR- B8 HOURLY CF- ,0096
Figure 4-3.

+201

«713

.16l

«153

+980

8.000

<424

7.000
15.000

302

+787

257

-885

o243

«980

9.000

<448

«436

«B49

434

920

o613

+980

10.000

458

ROSEW Printed Output (Concluded)

+620

»893

«563

«930

«536

«930

12,080

<440

624

918

965

« 945

<914

«985

14.000

o307

12/ 1780
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1 1 14
i 2.
2 18.
3 30
4 43 .
S S6.
2114
i 9.
2 21
3 38.
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9039
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.875%0

6198
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0196
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L7924
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?958
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0564
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1265

62.5000

L0564
L0572
. 03514
L0175
.007%

89 . 4320

.0723
. 0349
.0427
. 0038
.0010

62.5000

L1144
. 0563
.0:241

89.1009

0469
L0000
0000
L0000
0000

4 100 40.0

L0043

.0003

L0023

0000

Figure 4-4. ROSEW Output File — Welbull
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_ Figure 4-5. ROSEW Output File — Hourly
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23050 1999 1999 ALBURUERQUE,N.M. 4 i1
MOD~-2 WIND GENERATOR

994 4 T4 S 6.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
P92 41 T4 S 6.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
994 4 T2 21 i i 0 0 0 0.0 0.0 0.0
992 1 T2 24 2 3 6 6 .2 e a2 2
994 41 T3 5 1.5 1.4 1.4 1.0 6 K4 7 8
9?22 1 T3 S 2.1 23 2.3 1.9 1.9 2414 2.1 2.1
994 4 T4 S 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
992 1 T4 S 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
9914 14 T2 18 i i i 0.0 2 i i i
P91 1 T2 18 i i i 0.0 2 i i i
P92 1 T2 18 S 7 8 1.2 9 7 8 4
991 {1 T3 ) 1.3 4.0 2.4 1.7 2.2 1.3 1.4 2.0
992 T3 S 18 1.6 2.5 2.3 2.0 1.9 1.7 1.2

Figure 4-6. ROSEW Output File — 3 Typical Days
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SURSG, TS0 . '
REQUEST ,ROSEWX , XPF . :
FILE, TAPE?7,RT=Z.

FILE, TAPES,FL=80.

'FILE,TAPEL6,FL=80.

COMMENT. FILE,TAPE{0,FL=80.

ATTACH,ROSEWX , ID=UID.
. GETPF , TAPES,ROSDAT, ID=UID.

GETPF,TAPEL6, WTHRDAT, ID=UID. -
COMMENT. TAPE16~-WEIBULL, TAPEL0O-CORELATE FROM WTP
COMMENT . GETPF , TAPE40,WTHRDAT, ID=UID.

COMMENT . PURGE,ROSEWX,ID=UID.

COMMENT . REQUEST,ROSEWX ,%PF .

COMMENT. FILE,ROSEW,FL=80.
COMMENT . GETPF ,ROSEW, ID=UID.

COMMENT. FTN,I=ROSEW,E=ROSEWX,R=0,L=0,ER.

COMMENT . CATAL.OG,ROSEWX,ID=UID.

ROSEWX . .

REWIND, TAPE&.

COPY, TAPE& ,OUTPUT.

REWIND, TAPE7.

SAVEPF , TAPE7 , SAVEF , ID=UID.

EXIT.

Figure 4-7. ROSEW Sample Ruhsirehm
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SECTION 5.0

ULMOD - UTILITY-LOAD MODIFICATION

The purpose of ULMOD is to subtract the estimated electrical output of alter-
native generation sources, such as WECS, from forecasted utility loads and to
model the variability in utility load forecasting. Refer to Vol. I, Sec. 6.0
for a description of the specific calculations performed in ULMOD.

5.1 FACILITY SPECIFICS

ULMOD utilizes the CDC Sort/Merge package for the development of all load
duration curves. The necessary CDC calls are contained in the subroutine
CDCSRT. Any other sort routine could be utilized by the replacement of
CDCSRT. The comments within CDCSRT should assist making the substitution.

ULMOD uses a LEVEL 2 statement within several of the routines. This command
designates that specific data are to reside in the large central memory of a
CDC 7600 computer. For use on other computers, delete all the LEVEL 2
commands and the preceding comment cards. Also, CDC equipment requires a
PROGRAM card before the main routine. If you are not using CDC hardware, this
card may not be needed.

Like most of the other routines, ULMOD uses a free format or list-directed
input data. Most versions of FORTRAN have an equivalent input capability.
The CDC version uses an * in place of a format number in the READ command.
This means that the data do not have to reside in specific fields on the cards
but that each value needs to be separated by only a space or comma. Each free
formatted data card type is wusually preceded by a single, user-provided
comment card that has no operational effect. Its purpose is to assist the
user in making modifications to a data set.

5.2 ULMOD INPUT DATA
Figure 5-1 is a listing of a sample set of manually created card type data

required by ULMOD.

5.2.1 Title (Card Type A)

FORMAT (20A4)

The title of this ULMOD execution has a maximum of 80 characters. This card
is always required.
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S5.2.2 Options (Card Type B)

FORMAT (FREE)

Must be preceded by a comment card.

IULFG

ISOLFG

IVARFG

NSECTM
NSECTA

IDESGN

Flag on what amount of hourly utility loads is to be input:

1 = A typical week per month

2 = A whole month

Note: Utility loads should be in local Standard Time and not
shifted for Daylight Savings Time.

Flag what type of alternative generation is to be input:
= None

Power—probability sets for a monthly typical day

A whole month of hourly values

A typical day per month

= 2 typical days per month

3 typical days per month

n Pty — 0O
1]

Flag whether to incorporate the variability in utility-load
forecasting:

< 0 = Do not consider variahility

> 1 Consider variability

Number of large sections to divide the final monthly load dura-
tion curves into. A legal value less than or equal to 15 must
be entered.

Number of large sections to divide the final annual load dura-
tion curves into. A legal value less than or equal to 15 must
be entered.

Specific alternative generation design to be used in this
execution;
Must be consistent with ROSEW design numhaering

5.2.3 Print Flags 1-6 (Card Type C)

FORMAT (FREE)

These flags, which must be preceded by a comment card, indicate whether or not
the specified input data or results are to be printed:

Print if 2 1
Do not print if < O

IP1 --
IP2 -—-
IP3 —
IP4 -
IP5 --
IP6 --

Input utility loads

Input alternative generation

Resulting residual loads; probabilities if appropriate

Load duration curve of residuals; probabilities if appropriate

Sectionalized LDC; both monthly and annual
Annual LDC
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5.2.4 Print Flags 7-10 (Card Type D)

FORMAT (FREE)

These flags, which must be preceded by a comment card, indicate whether or not
the specified input data or results are to be printed:

Print if > 1
Do not print 1f < 0

IP7 -- Expected value of chronological loads

IP8 - Load duration curve made from these expected values

IP9 -- Accumulated load duration curve made from the power-probability
data

IP10 —— Estimated chronological 1loads made from the accumulated 1load

duration curve

5.2.5 File Output Flags 1-6 (Card Type E)

FORMAT (FREE)

These flags, which must be preceded by a comment card, indicate whether or not
the specified input data or results are to be sent to a computer data file
(TAPE1l) for possible use by other routines such as utility expansion or
production cost models:

Write if flag > 1
Do not write if flag < O

I01 -- Input utility loads
I02 -- Input alternative generation
I03 -- Resulting residual loads; probabilities if appropriate
. 104 -- Load duration curve of the residuals; probabilities if appropriate
I05 -- Sectionalized load duration curve; both monthly and annual
106 -- Annual LDC

5.2.6 File Output Flags 7-10 (Card Type F)

FORMAT (FREE)

These flags, which must be preceded by a comment card, indicate whether or not
the specified input data or results are to be sent to a computer data file

(TAPE1l) for possible use by other routines such as utility expansion or
production cost models:

Write if flag > 1
Do not write if flag < O
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- Expected-value chronological loads
108 -- LDC made from these expected values
109 -- Accumulated LDC made from the power-probability data
1010 -- Estimated chronological loads made from the accumulated LDC

5.2.7 Monthly Sectionalized LDC (Card Type G)

FORMAT (FREE)

One comment card must precede this group of data cards. One data card is
required for each LDC section indicated by NSECTM on the type B card. If sec-
tioning is not desired (both IP5 and I05 < 0), do not provide any type G cards
or the preceding comment card.’

PSECM(I) -- Percentage of the monthly load duration curve that Section I
will cover; I=1,NSECTM;
Assumes data are provided from top of LDC down. If the sum
of all PSECM does not equal 100, a message will be printed
and all PSECM will be scaled as needed to yield 100,

NPIECM(I) —— The number of smaller and equally spaced segments this sec-
tion will be divided into ‘

5.2.8 Annual Sectionalized LDC (Card Type H)
FORMAT (FREE)

One comment card must precede this group of cards. One data card is required
for each LDC section indicated by NSECTA on the type B card. If sectioning is
not desired (both IP5 and 105 < 0), do not provide any type H cards or the
preceding comment card.

PSECA(I) -- Percentage of the monthly load duration curve that Section I
will cover; I=1,NSECTA;
Assumes data are provided from top of LDC. If thc aum of all
PSECA does not equal 100, a message will be printed and all
PEECA will be scaled as needed Lo yleld 100.

NPIECA(I) —- The number of smaller and equally spaced segments this sec-
tion will be divided into

5.2.9 Load Forecast Uncertainty Data (Card Type I)

One comment card must precede this group of data cards. Two or three data
cards (I1,12,I3) are required as a group for each month (I=1,12). If no
uncertainty analysis 1s desired (IVARFG < O on the type B card), then no
type I cards or the preceding comment should be provided. If the desired
uncertainty analysis is to apply the same uncertainty to all portions of the
LDC, then only card types Il and I2 may be provided by the user. If the
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uncertainty is to be different for the upper and lower portions of the LDC,
then a group of Il, I2, and I3 cards is required for each month. If uncer-
tainty is being investigated, either flags I109,1010,IP9, or IP10 should be
activated in order to get results.

Il. Month, Split Top to Bottom, and Taper Oﬁtion

FORMAT (FREE)

Required for all months

I2.

I3.

IMO L -—-
VARTOP(I,1)

IVARTF(I) -

NB -

Current input'data month

Percent of time for Month I that uncertainty will be
applied to the top of the load duration

A flag on whether the MW modification amounts are to be
applied to all parts of the LDC ("F") or taper from the
input maximums to near zero ("T"). Flag "N 1indicates
uncertainty analysis not desired this month.

Desired number of uncertainty intervals for top portion of
LDC (< 5)

Desired number of uncertainty intervals for bottom portion
of LDC (< 5)

Top of LDC Uncertainty

VARTOP(I,2) —-

VARTOP(I, 3)

VARTOP(I,J)

Bottom of LDC

FORMAT (FREE)

MW variation from the forecast mean points for the first
uncertainty interval applied to top portion of LDC. Posi-
tive value for increase above mean points, negative value
for below mean points

Probability, represented as a percent, of actual 1load
occurring within the first interval

Same descriptions as J = 2 and 3 for the second, third,
fourth, and, fifth intervals (up to NT); J =4 to 11 in
pairs. May input zero MW variation and/or probability for
any interval :

Uncertainty

FORMAT (FREE)

Card type I3 must not be given for any month where VARTOP(I,I).is greater than
or equal to 100.

VARROT(I,1) --

I3 cards immediately follow I2 cards.

Percent of time for month I that uncertainty will be
applied to the bottom of the load duration curve.
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VARBOT(I,2) —— MW variation from the forecast mean points for the first
uncertainty interval applied to the bottom portion of
LDC. Positive value for increase above mean points, nega-
tive value for below mean points

VARBOT(I,3) =- Probability, represented as a percent, of actual load
occurring within the first interval

VARBOT(I,J) — Same descriptions as J = 2 and 3 for the second, third,
fourth, and fifth intervals (up to NB); J =4 to 11 in
pairs. May input zero MW variation and/or probability for
any interval

5.3 DATA FILE INPUTS

5.3.1 Intermittent Generation

These program-created data will be read from "TAPE9" or unit number 9. A
complete description of this file for wind generation is provided in Sec. 4.0
under the ROSEW output file subheading.

5.3.2 Utility Load Data

These data will be read from "TAPE10Q" or unit number 10. Note that all
utility-load data should be 1in accordance with local Standard Time and not
shifted for Daylight Savings Time.

FORMAT (312,11,13X,1215)

Each column includes:

Column : Variable
1-2 Month (e.g., November = 11)
3-4 Day of month
5-6 Year (e.g., 1977 = 77)
7 Sequence--one for hours 1 through 12;
two for hours 13 through 24
8-20 Not used
21-80 " Twelve hourly MW load values with 5
positions/values

Using this format, two cards are required for each day of utility loads.

There are two possible groupings of these data, and the program knows which to
expect by the 1initial 1input variable TIULFG (Card Type B). Both input
possibilities utilize the standard EEI format for utility-load data. The
difference between the two is the number of days of hourly data provided each
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month. If IULFG = 1, then a typical week (seven days) of hourly loads is
provided per month. If IULFG = 2, then each month will include as many days
of hourly loads as exist in the month. Unlike the data read from "TAPES,"
none of the utility-load data is preceded by a comment card.

5.4 PRINTED OUTPUTS

ULMOD printed outputs begin with two pages that report all the data input via
cards types (Fig. 5-2). There can be up to ten additional types of printed
output generated. These outputs correspond to the print flags given on input
card types C and D. Since probability information is needed to perform
certain calculations, not all of these outputs are available if the particular
execution data do not contain power-probability, if two or three typical days
of intermittent generation have been chosen, or if wvariability i1is not
needed. An example of each possible output 1is presented in a separate
figure. These are discussed briefly below and correspond to the print flags
IP1 through IP10: :

IPl Figure 5-3 -- The utility-load data as echoed by ULMOD;
Always available;
Example shows 31 days, could be 7 if IULFG =1

IP2 Figure 5-4 —-- The intermittent generation data as echoed by ULMOD;
Available if ISOLFG # O;
Appropriate probability information included if needed

IP3 Figure 5-5 ~—- Calculated residual loads;
Available if ISOLFG # O0;
Appropriate probability information included if needed

IP4  Figure 5-6 —— Load duration curve developed from the residuals;
: Available if ISOLFG # O;
Probability or duration of each point 1is included if
appropriate

IP5 Figure 5-7 =-- Monthly sectionalized LDC made from the residual 1loads
if ISOLFG = 0, 2, or 3 and variability not desired;
Made fram aceomnlated TN far all other canditions;
Always available

IP6 Figure 5-8 —— Annual LDC;
Made from all residual loads {if ISOLFG = 0, 2, or 3 and
variability not desired;
Made from accumulated whole hour points for all other
conditions;
Always available

IP7 Figure 5-9 -- Expected chronnlogical residual loads;
Available 1if ISOLFG = 1, 4, or 5, or if variability
desired for any ISOLFG

IP8 Figure 5-10 -~ LDC made from the expected chronological residual loads;
Available if ISOLFG = 1, 4, or 5, or if wvariability
desired for any ISOLFG
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IP9 Figure 5-11-— Accumulated whole . hour ©LDC made from the full
power—-probability data;
Available if ISOLFG = 1, 4, or 5, or if variability
desired for any ISOLFG

IP10 Figure 5-12-- Estimated chronological order created from the
accumulated residuals; \
Available if ISOLFG = 1, 4, or 5, or if variability
desired for any ISOLFG

5.5 DATA FILE OUTPUTS

The data file written to by ULMOD is "TAPEl1l"” or unit 1l. The first record is
the input TITLE written in FORMAT (5X, 20A4). Since this file might be used
as direct input to a utility model, the output file is in EEI format, where
possible, but preceded by a single line title the same as those printed and
shown in the previous subheading's figures. The standard EEI format is:

EEI FORMAT (312,I1,13X,1215)

Each column includes:

Column i Variable
1-2 ] Month
3-4 Day of month
5=6 Year
7 Sequence - 1 for hours 1-12,
» 2 for hours 13-24
8-20 Not uéed
21-80 12 hourly MW values

Where EEI format 1is the output, this will be merely mentioned. If this is not
the format, the exact format will be given. In the non-EEI format case, this
output will look exactly like the printed examples already provided. These
outputs will be described in the order corresponding to the output flags I01
through T010.

EET FORMAT

101--Utility-load data
EEI FORMAT
I02--Intermittent generation
If ISOLFG = 2 or 3, EEI FORMAT

If ISOLFG = 4 or 5, EEI FORMAT but preceded by a line containing the
probability of each typical day type; . :
FORMAT (5X, "#%%*%* PROBABILITY OF EACH TYPICAL
DAY = ", 2X,3F8.4)
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If ISOLFG =1, write both powers 1in groups of 12 followed by
corresponding probabilities;

Powers; .
FORMAT (2X,"HOUR ",I2,5X,"POWERS",5X,12F8.4)

Probabilities;
FORMAT (14X,"PROBS ",5X,12F8.4)
I03--Residual loads
If ISOLFG = 2 or 3, EEI FORMAT
If ISOLFG =1, 4 or 5, write residuals in groups of 12 followed by

corresponding probabilities;

Powers;
FORMAT (1X,"DAY ",I2," HOUR ",I2," POWERS ", 12F8.1)

Probabilities;
FORMAT (15X," PROBS. ",12F8.4)

I104~--Residual LDC

If ISOLFG = 2 or 3 and no variability;
- FORMAT (27X,12F8.1)

If ISOLFG = 1, 4, or 5, or if variability desired, write residuals in
- groups of 12 followed by corresponding probabilities
Residuals;
FORMAT(12X, "POWERS",7X, 12F8.1)
Probabilities;
FORMAT (17X, "PROBS.",2X,12F8.4)

I05--Segmented LDC
2 formats for each large section;

FORMAT (1X,"SECTION ",I2," = ", F7.4,"FRACTION OF TIME,

PIECES = ",12F7.1)
FORMAT (1X,"EACH PIECE = ",F7.0, " HOURS LONG",T48,12F7.1)

T06—--Annual LDC
If ISOLFG = 2, FORMAT (9X,"RESIDUAL LOADS",2X,12F8.1)

If ISOLFG =l, write out residuals in groups of 12 followed by
corresponding duration; :

Residuals;
FORMAT (1X,"ACCUMULATED RESID. LOADS",2X, 12F8.1)

Durations;
FORMAT (16X, "DURATIONS",2X,12F8.4)

I07--Expected chronological residuals
Only if ISOLFG = 1, 4, or 5, or if variability desired for any ISOLFG;

EEI FORMAT

I08--Expected residuals LDC
Only if ISOLFG = 1, 4 or, 5, or if variability desired for any ISOLFG;

FORMAT (27X, 12F8.1)
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I109-~Accumulated LDC
Only if ISOLFG = 1, 4, or 5, or if variability desired for any ISOLFG;
FORMAT (27X,12F8.1)
I010--Estimated chronological of accumulated residuals
Only if ISOLFG = 1, 4, or 5, or if variability desired for any ISOLFG;
EEI FORMAT

5.6 SAMPLE CONTROL CARD SEQUENCE

A sample control card sequence necessary to run ULMOD is given as Fig. 5-13.
This runstream uses the CDC-SCOPE operating system.
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25 M0D21'S,

ALBD,

NeMe SOLAR

DATA

TULFGISOLFGy TVARFGy LDC, SECTIONS= MONTHLY THEN ANNUAL,OESIGN

PANT 1-6: LOADS,ALT GEN.sRESIDSe sL0Ce»SECT LDCepANNUAL LDC.

DF EXPECT.’ACCUMO’EST. CHRONO

KOUT 1-%: LOADS,ALT 5EN,sRESIDS.sLNCL»SECT LDCas ANNUAL LOC,

KOUT 7-10: EXPECTENS CHRNN,,LDC. NF FXPECT.sACCUM.sEST. CHRON,

2115 71

D00DSsC 11

PRNT 7-10% EXPECTEDS CHRON,.,LDC,
2001

0000¢0C 20

2001

MANTHLY

8 2

£ 2

20 2

50 2

20 2

ANNUAL 2 OF SECTION,

5 2

& 2

1¢c 2

23 2

20 2

20 2

20 2

UNCFERTAINTY DATA

1 1C0 "r® 5 10

030,70 38,3 17948) 24,2 ~179,8N0
2 100 "F" 5 9

00C.N0 33,3 171,78 26,2 =171,73
3 100 "F" 5 0

005400 3R43 1h5e76 2442 =-1K5,76
4 100 “F® 5 3

000,00 39,3 163,48 24,2 -1¢3,64
5 100 ®“Ew £ 0

000,90 23,3 1RKN1 24,2 -19K,01
A 190 "Em & O .

OOOOOQ 3303 223.93 ?4.2 “?29000
7 10D ngn 5 9

000,00 38,3 217.80 24,2 -217.80
8 100 “F" 5 0

C00.0C 28,3 216,40 24,2 =216,40.
9 100 ®»F» 5 0 »

CI0CD 3843 233057 26,2 =-233,57
10 10 “f® 5 0 :

000000 3803 193023 2“02 -193.23

11 100 vFv 5 0

ND0CL00 26,3 17403 24,2 -174,03
12 100 "“f® 5 ¢

D00.00 38,2 173,48 24,2 -173,48

7 0OfF SECTION, NUMRER NF PIECES IN THIS SECTICN,

458,77

378,92 €.65
361.85
349,16
364,78
396,03 6,65
482436 6465
6465
455,62 6,65
491.98 £.65
407.01 &.65
366458 €465

365.42 6.65

NUMBER NF PIECES IN THIS SECTIOM,

-378.92
-361.85
-345,16
-344.78
-396.03
-482,36
-45E8,77
—455,82
~461.98
-4C7.01
-36€.58

-365042

 Figure 5-1.  ULMOD Manually Created Input Data
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DESIPED OPTITNS

UTILITY LOADS - I<PUT A wHOLE ™DNT+ OF CATa,

ALTERNATIVE GENERATION - IRPUT POWER-PRCBABILITY DaTA,

SOLAR DESIGN NU%3I®R ] 710 SE USFD,

OPTICNS ON PRINTING AND QUIPUY FO TaPSll

peinr Teorsyy
LaDS ] o
ALT. GEmTRATIAL 1 c
RESIDUALS 1 o]
PESINUBLS L.R,F, ] 4
S=CTIdNALIZED L.D.Z,. 1 ¢
aNnlaL L LN,C, 1 c
FXPETTED CHPONOLSSFIAL 1 0
[YPECTED L.N.C. 1 c
ACCUMULATFD 20,3 -2aras, 1 c
ESTIMATAD CHpONLNSTICAL 1 1

Figure 5-2.

ULMOD Echo of Input Data
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MONTHLY L.D.C.'S WILL BE DIVIDEN INIO % LARGF SFCTIODNS,

* SECTION ¢ FRACTION OF TIME * SHALLER PIECES
. 1 . «0500 . 2

* 2 . +0500 . 2 .
* 3 . «2000 . 2 .
L] & . «5000 . 2 s
hd 5 . «2000 . 2 .

ANNUAL LoNeCa?S WILL RE NIVIDFD INTD 7 taRGEe SECTICNS,
SECTINN FRACTINN MF T14t & SMALLEP PEECES
.080C .
O80T .
L0350 .
.2c00C .
L2002 .
$205C s

L

*
*
.
[ 3
.
L
»
* L2000

. 5 8 0 & 8 8

»
*
»
s
-
*
*
*

~NT RN
NN NN NN

UNCERTAINTY IN UTTLITY LOADS IS DESIRED,
MONTH » T QR 3 ¢ ¥ OF TIME

* "y 4 Ll '] z *e "y } 4 s L] ) 4 e "y } 4 SSsTAPER®®

1 ¢ T0° » 100,00 o 0«0 38,30 *¢ 179.8 24,20 *¢ -179.8 264,20 *» 378.9 6,65 *¢ -378,9 6.65 ¢ [ %o

2 » TOP = 100,00 = 0.0 38.30 *¢ 171.8 264,20 *¢ -171.8 264,20 ¢ 361.9 6.65 ¢% -361.9 G.65 ¢ F e

3 s ToP ¢ 100,00 ¢ 0.0 38,30 s»  165,8 24420 *¢ -165.8 26420 *+ 349,2 6,65 *¢ -349,2 6,65 *¢ F ¢

. ¢ TOP = 100.00 & 0.0 36,30 *¢ 163,.7 24,20 ¢  -163.7 24.20 »» 344.8 6.65 %%  -344,.8 6.65 ¢ F ¢

5 ¢ ToP * 100.00 * 0.0 308430 ¢ 188.0 26,20 ¢+ -188,0 24420 =¢ 396.0 665 s¢  -396,0 6.65 3 F oo

6 ¢ T0p o 100,00 = 0.0 38,30 o« 229.0 24020 %% -229.0 24,20 ¢ 482.4 6,65 *% ~4B82.4 B.65 ¢¢ F o8

7 @ TOP o 100,00 = 0.0 38,30 *» 217.8 26,2C ¢  -217.8 24,20 o» 458.8 6,65 *¢ -458,.8 €.65 o8 F o0

8 = T0P = 100.00 0.0 38.30 ¢+ 216,.4 24,20 o -21%.4 264420 455.8 6.65 ¢¢  -455,.8 6,65 8¢ F s

9 = TO0p o 100,00 +* 0.0 38.30 *# 233.6 24,20 **  -233,6 26,20 o» 492.0 6.65 #* -492.0 6.65 s F s

10 TOP » 120.00 » 0.0 38.30 *s 193.2 26,20 *¢ -193,.2 24,20 ¢ 407.0 6.65 *¢ -407,0 6.5 ¢ F s
11 = TO0P ¢ 100.C0 . 0.0 38,30 *# 174,0 24,20 ¢¢  -174.0 24,20 ¢ 366.6 6,65 ¢  <~366.0 6.65 ¢ F o8
12 * Top o 100,00 = 0.0 38,30 ¢¢ 173,5 . 24,20 ¢* -173,5 26,20 ¢e¢ 365,484 6465 s¢  ~365.4 6,65 ¢¢ F o¢

Figure 5;2. ULMOD Echo of Input Data (Concluded)
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S=RI #

(XYL 1) FO: THF “ONTH

DAY
DAY
DAYy
DAY
DAY
DAY
DAY
oAy
nay

DAy

Day
DAY
nav
DAY
DAY
DAY
DAY
DAY
DAY
DAY
DAY
DAY
DAY
DAY
DAY
DAY
DAY
DAY

DAy

12
13
14
15
1¢
17
18
19
20
21
22
23
24
25
26
27
28
29

30

31

TR-604

1 INPUT HOURLY UTILITY LOADS,
5697, 5439, 5252, S151. 5167,
5884, 5764, 5687, 5819, 6603,
5302, 95224, 5199, 5274, 5483,
8276+ A189. 8227. 8211, 6775,
5814, 5629, 5600, 95586. %b24.
8288, 8202, 91%7. 7984, 8502,
5f42, 563T7. 5594, 5566+ 5818,
A210. R181, BOB?, 7979. B87%7.
5770. 560B. 5550, 5519. 5791,
8668, 8600, B519. 8499, 6936,
5586. 5581, 5424, 5385. 5416,
6910, 6789, €658, 6695, 7511,
5367. 5122. 5055, 5004, 35015,
€363, €311, €195, 6323, 6935,
5309. 5174. 5226. 5220. 5%01.
3207. &174. B1R1. R18B9. 8731.
SANA. SFNG. 945T. AR3IAP.  SAl4.
4155, Al2], B&C581. 7904, B1374,
729, “taR, 454, 5472, 5733,
4176, 9Crk, 2CaeT. 7873, 833%,
5¢6C, Sy, S4cOD. 5478. 5667,
230, °1B2. ECP3, 7865. 8344,
9726, 951U, D4Ze, 5422, 5619
3202. 9092, 7344, TT773. E33C.
5605, 5407. 267, 5302. 5419,
Hhe35, hAes8, €595, 6578. 7306,
5277, SC79. 4963, 4922, 4898«
6637, 6672« €670, 6E27. 7353,
5323, 5226, 5130. 5201. °%42i.
#593, R70%, €694, 8¢06., B998,
5724, 5557« £455. 5454, 5644,
8264, B435, B29B. 8159. B635.
5755, 5534, 5413, 5402. 5554.
8103, 8079. 8019, 7e9s4, 82132,
5627« 5504, 56423, 5425. 5580.
8642, B364. 9221. B154. B&29,
5956, 5769, 5639, 5700, 5901,
8129, 8076, 7922, 7663, 7984,
5797, 5%585. 5%518. 5428. 5528,
6743, 5550, 6&76. 6495, 7088,
5289, 5093, 4987. 4943, &91e,
6257, £090. 6112, 62C6, 6735,
5152, 5097 5100. 5144, 5354,
8182. 81B2. 8023, 7949, 8355,
$450, 5494, 5412, 5430. 5686,
8062, R054, 7941, 7828. 0265,
E568. 5403. 5323. 5347. 9%589.
8241, 8186, 8D0l&6. 79%3. B225.
5657. 5476. 5451, 5464a 5679,
8284, 8225, 8129, 8079, 9338,
5892, 5755. 5710 576C., €008,
8225. 8145. 7983, TT17. 79¢9.
5937, 5781, 5662. 565T. 5737,
6717, 6541, &42b, 6393, 06815,
5381, 5256. 5118. 5148, 5155,
6426, 6340, 6463, 6621, 7000,
5624, 5555 5559. 5638, S8R6,
8318, 8177. 6347, 7916, €218,
5017, 5855, 5713, 5731, 5921,
8901, B8951. 8912, £8BBO. 6253,
6125, 95851. 5776. 5717 S50,
8524, PB608., 68459, 8579, BT17.

. Figure 5-3.

5240,
7250,
€327,
9328.
€626
9205.
6447,
9111.
6489,
9206.
$685.
7938,
5103,
7598,
€166,
G225.
+?2R2.
yeHe,
t233,
Qlcd2.
63RC.
9059,
61706,
9742,
St6l.
1797,
5043,
76Q4.
€131,
G3es5.
625b.
9189,
€270.
068,
6243,
9254.
6563,
86860,
5807.
7867,
5027.
74864,
6131,
9051,
6393,
9033,
6210,
9073,
6342,
9274,
6706
8927,
€CO0l.
785k
5262.
7819,
€668,
9180,
6630,
9766
6555,
G336,

£224.
T227.
T3%2.
9095,
1575,
E975,
7519,
8994,
7532,
8931,
5947,
77¢6.
S189,
T46R.
7202,
9099,
7772,
oL,
7339,
391309,
7318,
ge32,
7106,
8n2l.
507¢.
7597.
5147,
7511,
Ti42,
9062,
T470.
895¢.
7408,
£908,
7381,
9135,
7679,
8704,
6047,
7703,
£15¢6.
7340,
7217,
8830.
7425,
83959,
7401,
8913,
7490.
9130,
7787,
8789,
€360,
7668,
5384,
7792,
7824,
9069,
7783,
9540,
7622,
9les.

5554,
7092,
8145,
8793,
B341.
6743,
8226,
B666,
86404,
8561.
6532,
7521.
5590,
7257,
8053,
8788,
A13Na
8674,
nl13.,
8590,
e1as3,
8597,
TECC
az2sl.

£E0E

SoV3e

732¢.
5539,
737¢e.
818G,
8829,
8257.
8630,
8116,
8633,
3096,
8855,
8338,
8420,
6535,
7438,
5602,
7228.
0030,
8609,
8146,
8602,
9141.
8601,
9264,
9865,
3461,
3336,
6828.
7326,
58504
7679,
8594,
8945,
8577.
9166,
8359,
8856

5775,
6940,
9C8l.
86472,
Bo&Q,
8419,
8470,
A281.
8673,
8165.
6869,
7128,
5974,
63997,
3387.
83137,
fiig.
a2t9,
8331,
£208.
82¢7,
617¢,
%344,
7309,
€898,
T023.
53997,
7346,
#5903,
81395,
8517.
8279.
8362.
82313,
8425,
B426.,
8459,
8082
6955,
7033,
6065,
6878.
8330,
8179,
8403,
8190,
8426,
8192,
8493,
8473,
8585,
B242,
T13s.
T140.
6173,
Th4S5.
8753.

8352,

881 7.
8716,
8617,

8428,

ULMOD Echo of Provided Load Data

S8

5907,
6403,
as2c,
1629,
860¢,
7698,
8472,
7543,
8772,
7498,
7176,
6793,
6352,
6526.
8440.
75682,
ALQQ.
7504,
f42a,
751,
€352,
7339,
gasl,
73419,
7142
€535,
€230,
6603,
8744,
7573,
8470,
7516.
83s2.
7586,
8aTbe.
7707,
8505.
7534,
7076,
6649,
63013,
6413,
8367,
7408,
8422,
7409,
a502.
T4b2,
3526,
7717,
8498,
7603,
Tlq8,
6714,
6421,
6928,
8760,
7981,
8933,
7940,
85713,
7631,

5966,
5876,
8227,
6923,
8458,
6989,
8449,
6856,
8792,
6966,
T129.
6212.
66413,
5918,
65380.
¢8R6.
L%
678,
8344,
£725.
83764
+635.
2421,
€758,
7026,
6126,
6372,
6009,
8945,
6824,
gioez,
6790,
8350,
6710,
B469.
6912,
g3ar.
6893,
1023,
6140,
6356,
5931,
8335,
6711,
8306,
6623,
R4S2,
6712,
8466a
6891,
8547,
7020,
T142.
6234
6383,
6363,
8&46,
7108,
8876,
7089,
86749,
6907,

5933,
5414,
8315.
6120,
831¢e,
6163.
8226,
6170,
8657,
630%.
7042,
5658,
6439,
5465,
8203.
6254,
RY7hH.
t062,
8137,
6047.
2180.
5956,
8171,
608%,
65677,
5¢8C.
6687,
5448,
8e69,
€062,
8211l.
6127,
8080.
5995,
8354,
6245,
8138,
6132,
6913,
5615«
6358,

5428,
8071.
6009,
8051,
5260,
R209Q,
6039,
8322,
5246,
8265,
6305,
6903,
5702.
6441,
5768,
8310,

6356,
8772

6387,

84653,

6209.
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HOUR
HCUR
HOUR
HOUR
HOUR
HOUR
HOUR
HOUeR
HOUR
HOUE
HOUR
HOWp
woue
HoLe
HOUR
HOUR
HOUR
HOUR
HOUR
HOUR
HOUR
HOUR
HOUR

HOUR

se90s FOR MONTH

1
2
3

1C

11

12
14
15
16
17
18
19
20
21
22
23
24
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PowERS
PeQ8S,
POWFRS
PPNBS,
POVERS
PRNBS,
POWERS
PROBS,
POMERS
PRORS.
POWERS
PR ORS,
POWERS
PoOBS,
POWEPS
pRNRS,
POWERS
pRoRs,
POWEPS
PP NARS,
POweEwRS
P208S,
L PR
PR PSS,
POWERS
P2DAS.
PAwfRS
eoqes,
POWEFES
penNgs,
POWFRS
PROBS.
POVERS
PPOBS.
POWERS
PROBS.

POWERS .

PROBS,
POWERS
PROBS,
POWERS
PRDBS.
POWERS
PROBS.
POWERS
PROAS o
POWERS
PROBS.

Figure 5-4. ULMOD Echo of Intermittent Generation Data

1

1%0UT TYPICAL DAY OF

0.0000
«8220
0.72C00
1926
0.0000
o #5186
0.0000
«9109
0.0C00
+A215
0.0000
«9407
0.0C20
«9109
0.7006C
G446
€.0000
e 94Dt
C.2C0"
«9109
0«n000
«8517
c.ncon
7824
0.CCOZ
«922C
$.0020
« 7924
2.2090°0
«7331
3.0200
«6439
0.0000
«5865

"C.0600

«7033
0.0000
« 7627
0.0000
« 7625
0.0000
<7330
0.0000
+«8220
0.0000
.8814
0.0C00
+8517

18,1497
.0572
17,7940
.0%63
17.8816
0443
18,0828
+0295%
17.4694
<0277
15.8544
.0085
18,1071
0309
17.69349
.CORT
15,6454
.o152
18,0610
0319
17,6702
«0492
17,7172
0591
1c.13¢7
L0677
19,4391
565
18,4484
. 0605
18,4240
0024
1P,0062
«176F
17.8290
+C875
18,0602
0693
18,3850
0712
15.0821
.C762
18,3651
«0609
19.2665
.0140
18.6830
20347

30.7638
«0351
29.9958
+ 0241
3C.0265
<0205
30.1616
0165
25.6037
<0077
26.9237
«0001
30.1252
«C173
3C.44b8
«0951
30,7367
«MN160
1¢.009¢
« 0162
20,0266
G761
?9.A18C
«0256
3C.4126
.0211
30.75656
«1039
35,7167
<0561
33.6230
0802
29.6467
«0733
29,9700
+0379
30.2726
«0603
3C.5004
« 0566
30.3148
« 0459
30.3484
0447
31.3802
«0298
30.8118
+0385

HOUPLY ALTERNATIVE GENERATION POWER-PVORABILITY DATA,

43,4551
+017%
43,288]
+C097
©3,2750
«0084
43,2322
+0074
€2.7659
+C020
51,1034
0.0000
©3,2345
« 0074
©3.9570
«0034
£3.0014
+ 0115
43,0621
+3C60
43.184¢
« 0065
©2.9848
+C0B2
43,7462
«C187
41,9856
«C398
43,5683
. 0631
43,8472
«0555
42,2574
«0160
43,2010
«0145
43,5633
«0210
43,6497
«034]
43,6193
«0250
43,3652
.0224
©4,2704
+« 0352
43,9103
«0299

56,0663
«0075
56,0049
.0038
55,9638
<0032
55,9476
<0029
55.6013
+0009%
62.5000
0,0000
55,837¢
«0026
S6.50%5¢
«0C24
56.1816
«J0¢2
55,6HE0
«Cl1E
55.841¢%
.0032
58,734C
+0C2¢4
£h.3418
.01C7
53.4260
0010
56,4668
.C262
£6.33¢1
«0331
54,8685
.0020
£.9088
+0052
56.1873
0102
5¢t.148€3

<0169

56.23%0
.0127
55.8551
<0083
56.2911
«0248
56.2819
<0178

Pravided from ROSEW

59

62.5000
«0043
62.5C00
. 0023
625000
<0017
62.5000
« 0014
62,5C00
+0001
62.5000
0.3C00
62,5000
.2010
62,5000
«J067
£2,5000
«2937
62.5000
«COCE
62,5002
«0013
€2.50C0
«50CS
h2,5202
. 0121
62.5000
C.™2¢d
62.5000
«32382
62.5000
«0316
62.5000
«0002
62.5000
«0025
62.5000
+0082
62.5000
.0108
62,5000
+0113
62,5000
«0031

62,5000

«0126
62.5000
-0129

9.9039
«0564
9.3322
«1114
9.531¢
«0703
9,8630
+0314
9.1285
.080%
9.4205
+.0507
9.9%98
« 0299
8.5307
.02
10,4928
«0C67
3.9467
«(326
9.7598
(610
Q. 4460
«1312
J.6517
«0577
11.3084
«C35¢
1041461
«0398
10.1508
.0628
10.2174
«1472
9,4877
«1491
9.6532
.0883
10.1868
+ 0479
9.6507
«C959
102757
«0386
11.0644
.0022
10.5093
«0145
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- ‘alie
- 1 )
—] k)

DAY

Day
DAY
DAY
Day
Day
DAY
\1ay
nayY
DAY
DAY
DAy
Day
Oav
DAY
DAY

DAY

Day .

Day
DAY
nay
DAY
Oay
Day
DAY

DAY

DAY .

DAY
DAY
cay

DAY

1
1
1

~N

NN~

HOU®
HNUR
HOUR
HNUR
HouR
HOUR
HOUR
Hhye
R IV
HA)12
HAye
HOLT

HUYP

- HOUYR

HIUP
HOUP
HYP
HOUR
HOUR
HOUR
HOUR
“4OyR
HOUR
HOUR
HoUe
HOUR
HOUR
HJUR
HOUR
HOUR
HOUR

1HQUR

seees FOP
1

oo~ o

10

1s
17
18

19

21
22
3 ]

24

MNMTH
POWERS
PROBS .
POWERS
PROAS,
POWERS
PPNBS.
POWERS
PenRs,
POWERS
PPOAS,
POWERS
PROBS .
POWERS
PpNas.,
POWERS
pPaQRs,
raure sy
YRty e
PaWF2E
tepogs,
POWERS
Pangg,
pPAsERz
ponds,
FOwERS
REMESIN
POWEPS
P ﬂﬁ}.
FOWERS
PRPNAS .
POWFRS
PROBS.
POWERS
PRORS,
POWERS
PROBS.
POWERS
PROBS .
POWERS
PROAS .
POWERS
PRORS .
POWERS
PRNAS,
POWFRS
PRORS .
POWERS
PRNAS,
POWERS
PROBS .
POWERS
PRNRBS,
POWERS
PRO8S,
POWERS
PROBS .
POWFR S
PROBS.
POWERS
PROBS .
PUWERS
PROBS .
POWERY

1

RESTDUAL LOADS AND PRORABILIVIES.

5697.0
.8220
5439.0
o T924
525240
«8516
5151,0
«9109
5167.0
.8815
5248,0
«9407
5224.0
«9109
5554.0
« Q96406
5%%9.¢
LYY
50n07,C
«91C9
83¢62.0
«RB17
5033,¢
TR
5K¥L,C
822G
LTI
A FEY
5687.0
«731
5819.C
«6439
6603.0
«5865
7250.,0
«7033
7227.0
« 7627
7092.0
« 7625
€940.0
.T330
64030
«8220
58T6,.0
« 0814
5414,0
«8517
$5302.0
.8220
5224.,0
« 7926
5199,0
«8516
5274.0
«9109
5483.0

. 8815

6327.0
+9407
73%2.0
«9109
sis3.0

5687.1
«0564
5429.7
01114
5262.9
+C703
5141,
«0314
5157.9
+080%
5238. ¢
.0507
5214.0
«0299
55455
. 0291
trra.s
~Uub7
-.ﬂQ'l.l
.022¢
£3%.2
«Ltll
5923.¢
<1312
“PT4,.3
.C577
F752.7
%1
26¢7¢.9
.C398
59CB.8
<0b2e
6592,.8
1472
T7240.5
«1491
T217.3
« 0883
7081.8
«C&79
6930.3
«099%9
6392,.7
+038¢
Sub4.9
. 0022
%403.%
« 0145
5292.1
+ 0564
5214.7
«1114
5189.5%
«0703
2264,1
«0314
56471.9
«GB80S5
6317.6
0507
7342.0
«C299
8138.5

567849
«0572
5421.2
«0363
5234,.1
e 0463
5132,9
« 0295
5149,.5
«0277
5232,1
+0085%
5205.9
. 0309
553641
.0087
cribie
L0193
52R9,0
«N316
*948.0
.06402
5915,.,3
. 0691
556549
0677
2744 ,¢
LUSE2
See8,°
+ 0505
SR800. 6
« 0929
6585.0
«1768
T7232.2
«0875
7208.9
+0693
7073.6
+0712
6921.9
<0762
6384,6
+0609
5896,7
«0140
5395.3
« 0347
5283,.,9
«0572
520642
. 0563
5181.1
L0443
323%5%5.9
«0295
&A%, %
<0277
6311.1
+008%
7333.9
«0309
2127.1

56606,7
«C351
5409,0
«0241
5222.0
<0205
5120.,8
«0165
5137.4
<0077
5221.1
«0001
5193,9
«0173
552346
«0051
JTadss
U160
5e77.C
«Cle2
£336.0
«D24}
$5603,2
£2%¢
SE53.4
.0311
£733.2
IPEL
5¢56,3
.0561
5783, 4
.0802
6573,.4
+0733
7220.0
«0379
7196.7
+0403
7061.5
+0568
6909,7
«0459
6372.7
<0447
5868,0
0298
5383,2
« 0385
5271.7
«0351
5194.,0
.0241
51¢9,0
«C205
5243,8
«0165
%4%51.4
«0077
6300,1
«0001
7321.9
«0173
flle,e

5653.5
«0175%
5395,7
+ 0097
5208,7
« 0084
5107.7
« 0074
512442
.0020
519649
0,0000
5180,8
<0074
5510.0
. G034
4T 31,2
23115
L4kr2,9
Tt
£v22.H
« 0065
526C,.C
0082
5-~4C.3
+LCle7
£722.8
LT
5043,C
«Ca?)
£T78.2
«055%5
6560,7
+0160
720¢8.8
<0148
7183,4%
+0210
T048,4
+0341
6896.4
«0250
6356,6
.0224
58317
«03%2
5370.1
« 0269
5258,5
«0175
5180.7
. 0097
515547
« Q084
5230,7
« 0074
5660.2

«0020

6275.9
0.0000
7308.8
« 0074
8101.0

Figure 5-5. ULMOD Residual Loads

60

5641,0
«0075
5383,0
«0028
519¢6.0
«0NC32
5095,.1
«0029
5111.4
« 0005
5185.5
0.0000
5168,.,2
«0026
56497.4
00024
31le,n
.2062
%8%143
«C018
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_Figure 5-6. ULMOD Residual Load Duration Curve
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Figure 5-7. ULMOD Sectionalized Residual LDC
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Figure 5-8. ULMOD Annual LDC
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579849 5605.5 5654,3
8180.5 8114.,9 A041.8
5724.9 955644,°% 5451,.3
a1rsey BLALY BONTO
565507 5565.5 §477.3
822%.5 B817%.,9 RAOld.e
5721.9 55114% 5625.3
g1+7.% B8035.¥y Tw¥54.8
5¢0C.9 5403.5 5364,3
GEADLS  6641.9 65PA,8
£272.9 5075.5 4960.3
6612.% tbHB5.9 €560,.°
5318.9 5222.5 5127.3
860B.5 B8498.9 B86E4,.8
5719.9 5553.5 5452.3
B23Q9.5 B8428.9 8288.8
5750.9 5530.%5 5410.3
8098.5 B8072.9 B8009.8
5622.9 5500.5 5420.3
8437.5 8357.9 B8211,.8
5951.9 5765.5 5636.)3
8124.5 B8067.9 7912.8
37929 5581.5 5515.3
6738.% 5543.9 6464,.8
5284.9 5089.5 4984,3
6252.5 6083.9 6102.8
53147,9 5093,5 5007,3
B177.3 8175.9 6013,.8
5645.9 5490.5 5409.3
BOS57.3 B8047.,9 7931,.60
5563e9 5399.5 5320.3
8236.% 8179.9 8006.8
565249, 5472.% 5%448.3
8279.9 8218.9 8119.8
5887.9 S5751.5 5707.3
B220.% 8l38.Y (9Yr3.8
5952.9 5777.5 5659.3
6712.9 6934,9 4416.8
5376.9 5252.5 5115.3
6421.5 6333.9 6453,8
5619.9 55351.5 555b.3
8310,% 6170.9 8037,8
6012.9 5851,%5 5710.3
B8E96.,5 B944.9 8902.8
6120.9 5847.% 5773.3
8519.5 B601.9 8649,.8

HOURLY RESIDUAL LDADS FROW PROBAS
5149, 5169.6 9247.4 9222.1
5807.9 6595.3 7244,8 7221.7
9272,1 .5481.4 6326.,4 7350.1
R199,9 BT67,3 9322.8 9089,7
55864,1 50822.4 6425.4 7573,1
7972,9 B8494,3 9199.80 8969,7
556601 581644 6446.4 7517,1
79¢7.9 8749.3 9105.8 8988.7
5517,1 3789.64 6488,4 7530.1
8487,9 8928¢3 9202.8 8925.7
5383.1 5414,6 5684,4 5965,1
6683,9 75C3,3 7932.8 7760.7
5002.1 S5013.4 5102.4 5187.1
6311.9 6927.3 7%92.8 7462.7
£218.1 5499.4 6165.4 7200.1
9177.9 8723,3 9219.8 9093.7
53€6,] 56]12,6 6281l,4 7270,]
7892.9 B836E6.3 9079.8 €949,7
56470.,1 5727.6 4392.4 7337.1
TeH18 00 MTOMG 48,7
FaTe.1 S66B.4 $270.4 TIl6.1d
7853.9 8336,3 9C53.8 E626,7
5620.1 5613.64 6119,4 7304.1
77€1.9 8C22.3 8734.6 Be15.7
53C0.1 5417.6¢ 5660.4 59873,1
656649 7268.3 7791.8 7591.7
4920.1 4B96.4 5042.4 514041
€815.9 7365,3 7688.8 T7505.7
£190s1  5419.4 6130.4 734C.2
£596,9 £960.3 3379.8 9056,7
54521 5642.4 6287.4 7468.1
8167.9 B8627.3 9183.8 B8946.7
5400.1 5552.4 6269.4 7406.1
7682.9 68224.3 9062.8 B8902.7
5423.1 5578.4 6262.4 7379.1
8142.9 B421.3 9248.8 9129.7
5696.,1 5659.4 6562.& 7677.1
T7651.9 7976.3 88%4.8 8698.7
5426.1 552644 5800644 6043,1
6483.9 7080.3 7B61.6 7697.7
4941.1 4912,4 502844 5154.1
6194.9 67273 TAT8.8 73347
5142.1 53%2,4 6130.,4 7T215.1
7937.9 8347.3 9045.0 0024,7
5428.1 5684,4 6392.4 7T423,1
7816.9 8257.3 9027.8 8653,7
5345.1 5587.4 6209.¢ 7399.1
7941.9 B8217.3 9067.8 8907.7
5462.1 5668.4 6341.4 7488.1
6067.9 8330.3 09268.8 9124.7
5758.1 6CC6.4 6705.4 7789.1
TTUDeY 1981,3 HYZ21.8 B7B3,.7
5655.1 5735.4 6000.4 ¢3%8.1
6361.9 6807.3 7848.8 7T0602.7
5146.1 51%3,4 535261.4 5382.1
66C9.9 6992.3 76813.8 7786.7
5636.1 5804.% 60667.4 7822,1
79049 8310.3 9174,08 9063.7
5729.1 9919.¢ 6629.4 7781.1
8860.9 924%5.3 9760.8 9534,7
571541 95902.4 65%4.4 7620.1
8567.9 B8709.3 9330.8 9182,.7

ILITY DA
9552,.7

7085,4
8143,7
87686.4
8339,7
8736,.4
8224,7
86%9.4
8402,7
855444
6530,7
7514.4
5588.7
725C.6
8051.7
A7T81,.4
81268.7
8667.4
8137,7
LPLEN
B131,7
65504
7864,7
8284.4
€503,7
7321,4
5537,7
7371,.4
8187.7
822,46
8255.7
8623,4
8114.7
8626,4
8094,7
8848,4
8336,7
8413,4
6533,7
7431,4
5600,.7
7221.4
8026.7.
8602,
8144,7
8599.4
8139,7
8594,.4
826247
88%8.4
8459,7
8329,4
6826,7
731944
5848.7
767244
8592,7
8938,.4
857%,7
9159.4
8357.7
8849,4

TA,

3773,1
6933,.8
9079.1
A465,8
8647,1
Asl12,.8
8468,1
8274.8
8671.1
8158.0
6867.1
7121.8
5972.1
©990.8
838541
8330.8
8337.1
8252.8
8329.1
BZUL+D
035541
681469,86
834241
7902.8
6896.1
T016.8
5995,.1
7039.8
8601.1
8388.8
8515.1
R272.8
8360.1
8226.8
8423,1
8419.8
0457.1
8075,8
6953.1
T7026.8
6063,.1
6871,6
8326.1
e172.,6
8401.1
8183,8
8424.1
81e8%5.8

5491,

BASK,.8
8503,1
8235,8
1132.1
7133.86
6171.1
7438.8
8751.1
8345,8
8815,1
8707.8
861%5.1
8421.8

590%,2
6398.5
8518,2
T624,9%
8604,2
T7693.5

847042..

7538.5
8770.2
7493,5
7174,2
6788.5
©350.2
6521.5
8438,2
T7577.5
8497.2
7501.5
9626,2
111.3
035042
T393.5
6439.2
T7343.5
7140,2
6630.5
6228.2
€596.5
6742.2
756845
8468.2
7511.5
8380.2
7581.5
84742
7702.5
B503.2
75269.5
7074, 2
0664,5
6301,2
6408.5
€365.2
7403.9
8420.2
T404,5
€500.2
7457.5
052442
7712.5
8696,2
7598.5
7196.2
6709.5
6419,2
6923.5
8758.2
T976.5
8929,2
793%.5

8571,2 .

767645

Figure 5-9. ULMOD Expected Chronological Residuals
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$963.1
%871.0
8224.1

. 6918,0

8455,1
6984,.0
fese.1
€851.0
8789.1
6961.0
T126.1
6€207.0
€410.1
5913,0
R377.1
6881.0
R4aanal
6753.0
LELD IS Y
B120L.U
03791
7630,0
84lp,.1
€753.0
7023.1
€121.0
€3£9.1
+004.0
BRB2,1
£R19,C
8299.1
6785.0
8347.1
€705,0
f466,.1
6907.0
8324¢,1
6888.0
7020.1
6135,0
6353.1
$926.0
8332,1
6706.0
8103,1
6618.,0
8449,1
6707.0
8463.1
¢886.0
8544.1
701%.06
7139.1
$229.0
€380.1
6358.0
8663.1
7103,0
8873,1
T084.0
67541
6902.0

5929.2
3408.9
8311.2
6114,.9
8312.2
6157.9
B8222.2.
6164.9
8653,2
6299.9
7038.2
5652.9
6435.2
5459.9
8199.2
6248.9
172.2
6056.9
8131,2
bUAL.Y
01Tu.t
5050.9
8167.2
6079,9
687342
5574.9
66R3, 2
85462.9
8665.2
60%56.9
8207.2
6121.9
8076.2
5989.9
8350.,2
6239.9
8134,2
6126.9
6909.2
5609,9
6354,2
5422.9
8067.2
6003,9
RO47,2
5974,9
8205.2
6033,9
8318.2
6240.9
8261,.2
6299.9
8899.2
5696.9
$437.2
53762,9
8306.2
6350,9
8768.2
6381,.9
0481.2
6203.9
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sesee FOP MONTH 1} L0OAO DURATION CURVE OF EXPECTED WMOUPLY RESIDUAL LOADS FROM PROBABILITY DATA.
976048 9534,7 9379.8 0330.8 6322,8 G248.8 9268.8 9245.3 9219,8 9202.8 9199.8 9183.8
9182.7 9176.8 9176.8 9159,4 9129.7 9124,7 9105.8 9093.7 0089.7 9079.8 9079.1 9067.0
9063.7 9062.8 9056.7 9053.8 0045.8 9027,8 B8990.3 8988.7 0969.7 BIA9.T F96.T 8944.9
8938,64 B8933,7 B8929.2 £928.3 892%.7 6921.8 E907.7 #902.8 B902.7 B889¢.3 8882.1 8873.1
8868,9 B856.4 B854.8 8853,7 0049.4 B8848,4 BB26,7 B8B24.7 8822,4 6B1%5.1 B789.1 B786.¢
8783,7 B8781.4 BT70.2 5768.2 8767.3 A758,2 87%1.1 B749.3 8742,2 8736.4 B8734.8 58723.3
8709,3 3707,8 8698,9 B698,7 8668.5 B8684.,8 667% 1 B6T1el B06T.4. B665.2 . 0663,3. 0659,4 .
B6S3.2 0649,8 B647.1 A643,1 8627.3 8626.4 £623.4 B8615.7 8615.1 E£604.2 B602.8 B8E01.9
8601,1 B595.4 0596.9 B5Q4.4 8593.9 8592.7 B8583.4 8583.1 B8575.7 B8571.2 6567.9 8554.4
8550.4 8545,8 8564.1 8524.2 8519.5 8518.2 851%.1 6309.8 8303.2 8500.2 6497.2 8496.2
B404,3 8491.1 8487,9 B4T4,2 B670.2 - B468,2 B468.1 B666.8 B4b6.] B665.8 B463.1 8461.2
8460,1 8459.7 B457.1 8455.1 B449.1 6446.1 B8439.2 B438.2 6437.5 8428.9 A426.2 8424.1
8423,1 6421.8 0421.3 6420,2 6419.8 8418.1 B8413.4 B412,8 0402.7 0401,1 B83€B.86 B6385.1
8380,2 8377.1 8373.,1 6368.3 08363.2 8360.1 €357.9 8357.7 8355.1 8350.2 8350.2 B347.3
8347,1 63642,1 P341.1 8339.7 8337,1 8336.7 B6336.3 8332.1 B3I20.8 B8330.3 B8329.4 8329.1
8328,3 8328,1 B8326.1 B831R.2 B8312.2 8311,2 6310.5 £310.3 B8306.2 8303.1 £299.1 8268.8
8284.6¢ 6283,5 B8279.5 B274.8 272,68 B8271.5 B262.7 8261.2 82%7.3 8255.7 8252.8 B8239.5
4236,5 8235.8 B8226.8 R22%.5 #224,7 A226.3 8224.1 B8222.2 8220.5 B218.9 A217.8 8217.3
4211,8 8207,2 B8205.5 €205.2 62C2.5 9201.8 B199.9 €199.2 B8197.5 8195.9 E187.7 A1AS.8
. e183,8 €182,9 €180.5 B817€.9 B8177.9 B177.5 B176.2 8175.9 B8175.9 8174.9 &173.5 0172.8
p 8172.2 6171.8 8170.9 £150.0 81¢Q.8 A4167,2 PRISA.B Al47.9 B147,8 B1lek.7 BF143.7 8142.9
. 8139,7 8139.9 3137.7 €134.2 8121.7 3131.2 B8128.7 8124.5 8119.8 8114.9 65114.7 809€e.5
3094,7 5085,9 B808l.9 BG77.5 B076.2 93075, 8072.9 BO6T.9 B8067.9 R067.2 BCE7.5 8051.7
R047,0 B8047,2 B041,8 RCIT.8 9C27,8 B028.7 BC22.3 £013.8 BO013.8 B009.8 £006.8 7976.5
7976,3 7973.8 7972.9 7967.9 79E1l.3 7954,8 7941.9 7937.9 7935.5 7932,8 7931.8 7912.5
7904.9 7902.8 7892.9 7882.9 TEE4,T T861.9 T861.8 7853.9 7846.8 7822.1 7816.9 7813.8
7791,8 7786.7 7785.1 7761.1 77¢1.9 7760.7 7T12.5 77C5.9 7702.5 7697.7 7693.5 7688.8
TETT. 1 7676,5  7672.6  T462.7 TES1.9  T624.%5 762041 76C5.7 7598.5 7592.8 7591.7 7T581.5
7577.5 7573.1 75€8.5 753k.5 7530.1 7529.5 7517.1 T7514.6 7511.5 7511.5 7503.3 7501.5
7649305 7488,1 767B.B T46B.1 746247 7457.5 T430.8 T431.6 7T423e1 76406.1 T406.5 T4C3.5
7399.1 7393,5 7379.1 7371.4 7350.1 7345.3 7343,5 7360.1 7337,1 7334.7 .7321.4 7319.4
7316,1 7304.1 T729B.3 72701 7250.4 7T2646.8 7221.7 7221.4 7215.1 7200.1 T196.2 7174.2
7140.2 7139.1 7133.8 7132.1 7126.1 7121.8 7103.0 7085.% 7084.0 7080.3 7C74.2 7039.8
7038,2 7026.8 7023.1 7020.1 7C16.8 7015.0 6992.3. 6990.8 6984.0 6961.0 6953.1 6933.8
6927.3 6923.5 6918.0 6909.2 6907.0 6905,5 6902.0 6899.2 6896.1 6888.0 E886.0 6681.0
6873.2 6871,8 €867.1 6851.0 6826.7 66819.0 6815.9 6807.3 6708.5 6785.0 67€2.9 6733.0
6753.0 6738,5 6727.3 6726.0 6712,5 6709.5 6707.0. 67060 6705.4 6705.0 €663.9 6680.5
0667.4 6665.9 65660.8 6646.8 6644.5 6641.9 6630.5 6630.0 6629.4 6618.0 6612.5 6609.9
6508.5 6595.3 6588.8 €566.9 6562.4 6554.4 06534.9 6533.7 6530.7 6521.5 6503.7 6488.4
6483,9 64B3.2 6466.8 €453.8 646€.4 6637.2 6635.2 425,46 6821.3 6619.2 6416,8 6410.1
6408.5 6398.5 6392.4 6392.4 6361,9 6381,9 6380.1 6379.4 6369.1 6358.1 £358.0 6354.2
£353,1 6350,9 £350.2 6341.4 6338,% 6333,9 6326.4 6311.9 6304.9 6301.2 6299.9 6299.9
6287.6 628,64 6269.4 6252.5 06248.9 4242.4. 6240.9 6239.9 6229.0 6228.2 6209.4 6207.0
6203.9 6194.9 6185.8 6171.1 6165.4 6164.9 6157.9 6135.,0 5130.4 6130.4 61269 6121.9
6121.0 6120.9 6119.4 6114.9 6102.8 6083.9 6079.9 6063.1 6056.9 6056.9 6065.1 6041.9
6033,9_ 6012.9 6006.4 6004.0 6003.9 6000s4 35993.]1 5989.9 5974,9 5972.1 5963.1 35952.9
5051.9 5930.9 5945.1 5929.2 35026.0 5919.4 5913,0 5905.2 5902.4 5899.4 5887.9 S884.4
5879.5 5873,1 5871.0 5851.5 5848.7 5647.5 5837.9 5822.4 5816.4 5809.9 5807.9 5806.6
5798.9 5792.9 5789.4 5777.5 . 5773.3 ST73.1 5765.9 5765.5 35762.9 .5758.1 5757.9 5751,%
5750.9 5737.4 5735.4 5729.1 5724.9 5721.9 5710.9 5715.1 5710.3 5707.3 5698.1 5696.9
5692.9 5684.4 5684.4 5677.8 5668.4 5665.4 5660.4 5659.3 5655.9 5655.1 5652.9 5652.9
SE43.9 5682.4 5636.3 Se3e.l 5633.3 5625.5 5622,9 5619.9 5613,4 5612.4 5609.9 3805.8
5604.5 %5600,9 5600.7 5597.3 5991.3 5586.7 5587.4 5584.1 5581.9 5381.5 5578.4 5574.9
5566.1 5565,5 5563.9 5557.3% 5556.3 5553,5 5552,7 5552.4 5551.35 55¢7.3 5544.5 5543.9
5537.7 5530.5. 5526.4 5517.1 5515,3 5511,5 5500,3 .5499.& 5490.3 _5481.& S5477.3 3476.1
547245 5470.1 5462.9 5662.1 5459.9 5456,3 5452.3 5452.1 5451.3 5448.3 5435.5 S5428.1
562641 5625.3 5623.1 5422.9 5421.3 5420,3 5420,1 5419.4 3417.4 5614.4 5410.3 5409.3
5408.9 5403.5 5400.1 5399.5 5383.1 5362e1 5376,9 5366.1 5364.3 5362.9 5352.4 5343.1
5320.3 5318,9 530449 5300.1 5297.9 5284.9 5272.9 5272.1 5261.4 5252.35 5249.3 5247.4
5223.3 5222.5 5222.1 5220.3 5218.1 $199.1 5196.3 5187.1 5170.5 5165.4 S5156.1 5153.4
5149,1 5147.9 S146.1 5142,1 5140.1 5127.3 5118,5 5115.3 5102.4 5097.3 .5093.5 5089.%
5075.5 5052.3 5042.64 5026.4 5013.4 5002,1 4984,3 4960.3 4941.1 4920.1 4912.4 4896.4

Figure 5-10. ULMOD LDC from Chronological Residuals

.65



- 2 TR-604
S=RN e

eesee FOR MONTH 1 THF ACCUMULATED LOAD OURATION CUPVE CREATED FROM THE FULL POVEP-PROBABILITY DATA,
9832.1 9615%.,2 9538.6 9478.3 9427,4 9386,0 9364.8 9344.4 932)1,6 9296.8 9272.2 92%6.8
9246,6 9233,5 9214.7 9200.9 9183.3 9174.2 9160.4 9142.2 9131,5 0119.8 9109.6 9097.6
9090.3 9082.1 9073.3 9066.5 9059.4 9051.2 9042,0 9034,0 9022.6 9009.6 9000.7 6992.6
8980.3 8970,6 8957.5 8952,2 0947.6 9938.6 8932,7 8928,% 8921.4 B8913.9 8907.7 8900.4
8892.9 B8885,4 0880.7 B8875.4 B8EB8,3 6859.2 68%4.0 88%50.8 8645.0 8836.0 6829,6 B823.5
8815.6 8808.4 8799.3 8792.9 087€8.4 6784.2 8778.5 0773.0 8770.0 8762.6 A757.8 87%4,2
B749,7 0743,4  6739.1 N732.6 B727,6 08719.9 6713,8 8705.,8 B702,7 8697.8 6693.6 _0685,.4
8680.5 8677.9 B676,2 8670.6 B8663.6 8657.8 B8652.9 B649.9 B64T,9 65644.0 B8638,8 B636,S
8629.,2 8621.2 8617.,4 B8611.7 B608.4 B606e6 B603,2 B602.4 8600.5 08596.7 €591.8 B58T.3
8562.7 857843 0374.4 8569.3 0563.5 B560.4 8537.1 6552.7 0%66,9 8541.2 6%3%5.8 5531.5
8525.3 8%523.9 8520.4 8518.1 6516.3 8%13.2 8508,0 8503.5 B6500.1 08496.,0 B494.8 B8491.8
8487.1 B4B1lel B8476.5 0472.3 B470.3 B46B. 6 B8465.6 08462,4 B&59.4 B456,5 0452.0 B8447.7
8462,5 5440.2 B8436,5 0430.8 B427.8 8426.1 B426.2. R421,7 B420,5 B416,2  8410.9 06407.1
8405.0 0403.2 B396.5 0393.7 63F9.%5 8385.8 B381,6 B8378.9 6374,5 B8369.6 £366.,7 B8363.7
8361.7 8359.8 9357.7 08355.8 8352,4 83468.4 8344,3 8342.7 8339,5 £338,0 6336.6 B324.68
9330.6 B8326.7 8324.8 6321,5 B8318.9 3317.2 8314.9 8311.8 B8308.3 §303,7 829Re7 R?04.3
2291.0 9299,F 0204+9 02C1a% OPTAaN AZTA.AN msnuv W28%. 0 OB41,T 0238.1 ne3s.s HZ50.0
824b,4  £243,1 H241.2 A236.7 AR?22.3 R220.4 RAI24,.% 62050 OFP4:D B8221.3 B213.5 R210.3
R208.2 6205.1 820243 082CCe3 R165.9 9190.9 ¢188,7 6185.4 B8182,3 81681.4 B179.6 B177.6
817541 B8172.9 8160,0 81€4.5 Blt2.6 9159.5 6157,7 B8155.4 B8151.2 BRI4€.9 B145.2 A162.2
8138.9 £136.2 PR133.6 B129.7 B127.7 8122.2 8119,2 #114.3 810%5.6 6100.0 809%,4 B§0O9C.3
8C16.5 0Ca3.2 8079.5 B0T¢.3 AN71,7 HO0E3.5 £959,4 B8052.3 B051.3 BO4E.D PRO4b.7 BO45.4
9041.7 €033.2 B029.9 RO26.4 6022.°2 £€018.7 B8012,1 80CB.1 B8003.5 B001.3 799B8.3 7994.5
798647 7982.8 7979.2 7975.1 TC6L.9 T965.%5 7962.8 7959.C 7954.2 7951.C 7947.5 7940.3
7936,9  7925.7 7918.1 791C.2 79C6.3  T098.6 T893.2 7886,6 7T879.3 TET3.3 TE6B.8 TE6S.6
7860.1 7852,9 T8B67,7 T7042.2 T832.4 T624.9 T814,7 TE0S.4 TBO1.3 TT98.8 TT758.8 T764.1
T778.6 7771.3  TT64.T  TTE9.5  TTY2.7 T73B.9 7724.5 7T716.3 T709.9 7702.1 T697.2 T692.2
7€85.6 76920.1 7675.9 T666.3 TE58.7 T64T.4 T637.9 7624.8 T514,1 T6C5.4 7600.2 7591.8
.7586.3  7580.0 7573.2 755847 7539.9 7532.6 7525.4 752042 T517.5 7T513.1 7506.0 7499.4
7493.5 T74806.5 T4TB.1 7467.4  TA54.2  T44)e9 T630.8 T7420.8 T409.4 T4CT.1 7401.2 T7395.9
7383.7 7374,5 T3I56.1 7349.7 7341.0 7337.7  7329,4 7T323.1 7317.9 7310.4 7305.6 7294.7
7285.9 7272.8 7263.3 T7253.5 7238.6 7227.8 7T222.0 7214.0 7203.7 7200.1 7190.3 T1T4.4
7166.3  T155.1 7143.6 7139.2 7T132.8 T126.7 7114,5 7104.4 7092.5 7089.5 7083.8 T075.6
7068.1 7054.2 7066e3 7037.6 702846 T022.6 7016.9 70064.9 6997.1 6985.4 6970.1 6962.8
6954.% £963.7 6934,7 6925.6 6915.9 6911.0 6906.% 6899.3 6894,2 6890.9 6884.7 6875.6
6866.9 6857.0 66849.,1 6842,1 6830.8 6825.3 6817,0 6810.2 6800.6 6792.2 6785.7 6T774.6
6760.2 6755.5 67445 6737,2 673C.9 6726.0 .£717.4. 67104 6711,1 67026 6700.4 66898
6680.9 6671.0 6666.1 €654.1 6647.9 6640.6 6633,3 6623.6 6619,7 6613.2 6606.7 6601.9
6593.5 6582.3 6575.3 ¢366.8 6560.2 6552.2 6543,0 6537.5 6534.4 6531.7 6%526.9 6520.3
6509.7 6503.8 6493,9 €4BB.9 £484,5 6474.2 6465.8 b45b.1 6448.0 6461,4 6436.4 6426,7
6424.9 6421.0 6413.7 6407.7 6395.4 5301.8 6366,8 6381.8 6375.6 6366.0 6358.8 5355.3
6351.7 6345.1 6341,5 6332.2 6324.1 6313.5 6309,6 630%.7 6INI. 1 £2906.0 $386.0 62TT.L
5265.0 620u.3 8251.8 b24%.7 5243.5 6238.3 623141 6223.3 6215.1 6210e6 6205.7 .6197.%
6190,1 6183.2 6177.4 6173.9 6168.2 6162:4 6156,4 614b.6 65138.4 6132.7 6129.7 6126.0
6123.2 6117.3 6110,2 6102.0 6092.3 6085.3 6077.4 6067.3 6064.3 6060.8 6053.0 6046.7
6036,2 6031.5 6026.1 6016.5 6009.1 6004,5 5998,5 5994.4 5988,7 3982,6 93976,9 5969.5
5962.1 595646 5953.8 5949.6 5946,9 5942.7 5937.2 5932,¢ 5926.0 5918.5 5911.5 5906.3
5902.7 5894.8 5688.3 5883.4 5879.0 5873.7 5866.4 5859.1 5851.4 5646.1 5840.5 5836.3
583041 5825.1 5619,3 5817.1 5811.6 5B06.1 5801.4 .5795.7 5792,6 5787.6 S5282.8 S5777.%
STT4e9 5769.7 5767.5 5764.3 3759.9 57%.9 5750.0 5745.1 57390.5 5736.6 5732.6 5729.2
5726.0 S721.4 S5715,0 35710,1 5704.0 S5699,3 5695.9 5687.4 96063.3 55674.,3 5668.8 5662.9
5660.2 5657.5 5654.2 5647.2 5642.6 5630,4 5635.8 5632,1 3627.9 5623.4 5616.6 5613,4
3608.7 %5606.6 5603,3 5601.4 5398.5 95594,8 5591.8 5569.3 5586.%5 5584.2 5580.4 5577.2
5569.9 5566.2 5560.5 353557.6 5554.2 559047 5548.5 5545.9 5539,0 5533.9 5526.9 5523.0
551844 _ 3511¢4 39504.5 3500.1 5491.0 5483.3 5480.9 5470.0 24747 5669.6 S864.8 . 5459.4
5655.9 5453,5 5440.1 5440.6 5635.1 5430.3 5428,0 5626.4 5423,4 5421.4 5418.0 5413.8
5410.9 5406.6 5408,8 5602.1 5398.0 5389,3 5384.4 5380.7 5376.6 5371.4 5367.9 5363.3
535403 5347.7 5339.8 5333.8 5326.1 5322,3 5314,8 5305.2 5301.2 529544 5288,0 5282,0
S5277.1 5274.2 5268.0 952%59.1 5252.0 5248.1 5244.1 5238.7 5233.5 5226.8 5224.1 5221.5
5210.6 5203.0 519T7,0 5166.3 5180.2 5170.7 5162.2 5153.4 5147.2 5142.7 5132.% 5122.5
5114.6 5101.8 5096,6 35090.,% 5079,0 5070.9 5051.5 5044,3 5037,8 .5023.5 .5010.2 .4993,%
4978.6 4967.6 4956,8 4937.3 4921.0 4909.6 48885 4052.9 4&4B1T7.0 4771.2 4T32.2 4627.6

Figure 5-11. ULMOD Accumulated LDC from Power-Probability Daia

66



- ‘alio
— -,

sssee FOP
DAY

OAY
Oay
DAY
DAY
DAY
DAY
DAY
oAy

DAY

DAY
Day
Day
oAy
DAy
DAy
oAy
DAY
DAY
DAY
DAY
DAY
DAY
DAY
DAY
DAY
DAY
DAY
DAY

TR-604

MONTH 1
1

w

~ o

10
11
12
12
14
15
16
17
18
19
20
21

22
23
24
25
28
27
28
29
30
n

THE CHRONOLOGICAL ESTIMAYE MADE
5726,0 5418.0 5224.1 5114,.6
5902,7 5782.6¢ 5710.1 50840.9
5252.0 5188,3 5162.2 5238.7
8274.3 8172,9 8213.% 8188.7
58646.1 5638,6 5601.4 5%589.3
82088,5 B8181.4 810%5.6 7916.1
5866.4 5642,6 5396.5 3569.9
8202.3 8146.9 8026.4 7910,2
5801.4 5608.7 5533.9 35500.1
8693.6 8600.4 B552.7 8520,4
5586.5 553T.4 5398,0 5326.1
6911.0 6785.7 6654.1 6700.4
5295.4 50515 4967.6 4909.6
6324.1 6303.1 6177.4 6305.7
5268.0 S5147.2 5210.6 5180.2
8195.9 8129.7 8136.2 €16246
5830,1 5613.4 S430.3 £305,2
R169.0 6BGC4R,0 T979,2 75847.7
5759.9 5528.9 5623.4 54%3,5
8165.2 ©029.9 T975.1 7824.9
5683,3 S566,2 S5464¢8 545G.4
8236.7 B15%,6 7959.0 73Ct.4
57%4.9 54£3,3 £406,.¢ £384,4
£192.3 ©C33,? 7898.6 7752.7
5e06.6 5247.7 5301e2 5259.1
6689,6 6640.6 6575.3 £566.8
5264,1 4G78.6 4B52.9 &771.2
06,7 £671.0 6666.1 6B17.0
5274.2 5203.0 5070.9 5170.7
3727.3 8739.1 B8719.9 8€17.4
5750.0 5550.7 5428.0 5426.4
B250.0 B84656.5 B8294e¢3 811443
5774.9 5511.4 5367,9 5339.8
804504 6012.1 T7951.0 7842.2
563%5.8 5480.9 5389.3 5404.8
8659.4 B8381.,8 8208.2 809C.3
596241 5795.7 5654.2 57326
8053.3 8003.5 7865.6 7658.7
5825.1 5584.2 95491.0 5410.9
6755.5 5523.0 6493.9 6509.7
5248.1 4993,5 48BB.5 4817.0
6245,7 6085.3 6092.3 6183,2
5101.8 5010.2 5023.5 £C9C.4
B159.5 8151.,2 79%4.,2 7886,8
566042 5474.7 5363.3 5413.8
7998¢3 7986.7  7868.8 7788.8
5560,5 5333.8 5277.1 5282.0
B246.4 B8164.5 7947.5 7894.2
5662,9 5455.9 . 5421.4 5440,6
8284.5 8221.3 8051.3 8008.1
$911.5 5777.5 5736.,6 5787.6
822445 60B3,2 792%.7 7716.3
5969.5 5B817.1 5687.4 5674.3
6730,9 6563,0 6436.,4 6395.4
$314,0 5226.8 50443 5096,.6
6448.0 6313.5 6488.9 6601.9
5632.1 5539,0 5554,2 5667.2
831649 B133.6 7968.,9 7860.1
6031,%5 5883.4 5739.5 5764.9
8913.9 8992.6 8928.% 6892.9
6117.3 £873,7 S5811.6 574%.1
8563.5 8634.5 8677.9 8591.8

. Figure 5-12.

FPOM THE ACCUMULATED FuLL PDH["-’F%“A!I&IYV OATA.
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5142.7 5221.% «0 5548.9% b1 5932.4 5976.9
8562.3 T227.8 7222.0 T104.4 6962.8 6421.0 35688.3
54€9.6 6309.6 7341.0 B8095.4 9109.6 8560.4 08226,9
B7884s4 9627.4 9131,5 B8823.5 8498.0 7667.4 6934,7
5859.1 6456.1 7500.0 B8355.8 B8674,2 B664.0 B672,3
8525.3 9272.2 9022.6 0762.6 8421,7 7697.2 6997,1
5851.4 5484,5 7525.4 8232.3. 8508,0 8%516.3 B4t8.6
8773,0 9160.4 9034.0 0668%.6 B8281.4 7558.T7 6842.1
5819.3 6520.3 7539,9 0420.% B8705.8 6799.3 8829.6
895242 9296.8 B947,6 8567.3 B119.2 7493.,5 6985.4
5371.4 5715.0 5953.8 6534.4 6B49,1 7174.6 7132.8
7506.0 7873.3 7738.,9 7520.2 T126.7 6800.6 6197,5
4921,0 5037.8 5153.,4 5594.0. 5982.¢ ¢€361.5 £426,7
€954,5 7603.4 T456.2 7T238.6 70064,9 6531.7 5937.2
56478.0 61€B.2 7200,1 T994.5 A4CT.1 B462.% 8403,.2
B75602 9321.6 9142.2 B80B.4 8339.5 7586.3 EATS,.6
5¢23.4 ¢259.,5 7253.5 8C59.4 B352,4 A535.8 B4RT,1
8363,7 9119.8 9009.6 B8702.7 B8255.6 T499.4 6774.6
$7¢9.7 6613.7 7317.9 EO079.5 6334,8 Re52,0 8357,7
A330.6 9233.5 8970.¢ €605.2 B8190,9 7517.5 6737,2
566943 6381.8 7285.9 8071.7 B374,5 @366.7 E398.5
B344,3 Q0E6.5 B354.8 BTR2,7 B12T.7 7374.5 6625,6
56279 61102 7272.6 7933.4 B8359.8 0465.6 P£426.1
7962.8 B8757.9 B8645.9 B8291.0 7?852.9 7329.4 ¢€760.2
537646 5695.,9 5894,8 £526.9 6894.2 716643 704¢,3
7263.3  7778.6 7600.2 7305.6 T02b.& 6633.3 6123.2
4t27,6 4954,8 5079,0 - 5518.4 599A.5 €£210.6 &£375.6
7337.7 T692.2 T624.8 7349,7 7075.& 6593.5 A016.5
5280.7 €132.7 7323.1 8179.6 8&29.2 B8770.0 8907.7
9C42.0 953B.¢ 9073.3 £84%5.0 B8410,9 7573.2 682%.3
5¢57.5 6268.0 7467.4 B8259.1. 8557.1 B513.2. 8298.7
8665.6 9256+3 9000.7 8652.9 8278.3 7513.1 6792,2
5545.9 6251.8 7407.,1 8046.7 8385,8 0860%5.0 8361.7
82296 9082.1 B8921.4 08657.8 8241.2 7591.8 6707,6
5580+4 6238.3 7356.1 8041.7 B442,5 6518.1 £500.1
8436.5 9364.8 9185.3 06839.2 08427.8 7T709.9 691%.9
5918.5 6560.2. 7685.6 08348,4 B8478,5 B546.9 6324,.8
7936.9 88807 B8732.6 8424.,2 6018,7 7532.6 6890.9
$5504.5 583643 6053.0 6337.5 6970.1 7083.8 7T037.4
TCB9.5 T7814.7 TT02.1 7420.8 7T054,2 6647,9 6146.4
4732,2 4937.5 5132.5 5603.5 6067,3 6296.,0 6351,7
6746.5 T478.1 T7310.4 T214.0 6857.0 6424,9 5966.9
5280.0 6138.4 .7203.7 .7963.5 8326.7 8389.5 8342,1
8363.7 9059.4 B8850,8 8638.8 B8142,2 7395.9 6713.4
5721.4 6%(7.7 7409.4 8100.0 08416,2 6430.8 8303.7
0261.7 9051.2 B8873.4 €621.2 B176.1 7T401.2 .6613,2
559148 6205.7 7383,7 8086.5 B844T7,7 B561.2 8470.3
8210.3 9097.4 8932,7 8611.7 B8177,6 7T441.9 6717.4
5704.0 6332,2. 7486.3 .8269.1. B523.9 .8569.3 8494.8
8338,0 938600 9174.2 B8885.4¢ 8503.5 7724.5 6684.7
6026.1 6711.1 7764.7 8481.1 08602,4 8531.5 B8574.4
790443 8938.06 ©015,6 0330,6 B243.1 7614.1 7022.6
5767.5 6004.5 €366.0 6830.8 7139,2 7190.3 T155,1
6810.2 7801.3 7668.3 7294.7 T143.6 6724.0 621%.1
51225 5233.3 5322.5 5879.0 6173.9 ¢€441.4 5£386,8.
TC16.9 T784¢1 T771.3 T679.9 7430,8 6963.7 63%50.8
59C6.3 6680.9 7795, B8608.6 8778.5 B8784.,2 B8670.6
A31148 9214.7. 9090.3 8980,3 8576.3 7940.8 71l¢.5
5942,7 6619.7 7759.5 08600.% 6636,0 8957.5 6900.4
9344.4 9832.1 9615,2 9200.9 8743.4 T879.3 7092.9
5926.0 6552.2.. 7637.9 B837TB.9 8647.9 B596.7 .6713.8
8749.7 9478+3 9246.,6 BE68.3 BA0.2 T7680.1 6906,.4

ULMOD Estimated Chronological Order
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5949,6
535443
8317.2
6102,0
8318.9
6156, 4
8225.6.
6162.4
868003
628648
T7068.1
56608.8
6463,.6
543%.1
8185.4
6243,5
8138.9
6060.8
8063.5
6046.7
8157.7
595€6,6
8122.2
5CT7.4
tB866.9
5577.2
€503.8
5448.1
8€97.8
6064.3
82C5.1
6126.0
8022.8

. 5994, 4

8369,.6
622543
8076.9
6129.7
8925.6
5616.6
6355.3
5402.1
8001.3
6009,.1
7982,8
5908417
8200.3
60308.2
8321.5
6231.7
8265.0
6277.2
6899.3
5729.2
6474.2.
5792.6
8308.3
6345,1.
8792.9
6391.8
8491,.8.
6190,1
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ULMen,,Te00.

ACCOUNT,NUM1224,

RPEQUEST ULMODX%PF,
REQUEST,DATA.

REQUEST,TAPES,

REQUESTSTAPELD,
REQUEST,TAPEL1L, A2,
REQUEST,TAPE20,A2,
REQUEST,TAPFE21,42.
REQUEST»TAPEZ22,A1,
REQUEST,TAPE23,42,
REQUEST,TARE24,12,
REQUFST,TAPE25,A0,
REQUEST,TAPEZ26,A0
FILF)DATA,FL=9C,
FILFsTAPEGC,FL=RC

FILF» TAPF10,FL=EQ.

FILFeaTAPR11 4F1 21370
GETPFsDATA,ULDATA, ID=UIN,
GETPF,TAP+-QsSOLAR, ID=1JID.
GETPF»TAPELC»LOADSSID=UID.
ATTACHIULMNDX e IND=UID, PW=PSWORD,
COMMENT, PURGE,ULMNDX, ID=YID,
COMMENT, FILESULMOD,FL=132,
COMMENT. GFTOF,ULMODULMOD,TID=YIC,
COMMENT, FTN»TsULMNDsR=2ULMODX,R=0,1L=0,ER,QOPT=2,
COMMENT, CATALOG,ULMODX, ID=YID, xR=PSWORD,
CammMENT, aAUDITHID=2UID,

ULmnx,

REWINDsDATA,
COPYSRF,0ATA,QUTPUT,
REWIND,TAFC]1,

CATALOG, TAPEL1l,SAVEF,10=UID,
EXIT,

/E0R

(Lines be'ginnivng in “COMMENT.” are inactive, but removing the
“COMMENT.” will activate the command.)

Figure 5-13. Sample Runstream for ULMOD
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SECTION 6.0

FINAM - FINANCIAL ANALYSIS MODEL

The purpose of FINAM is to determine the value of the alternative generation
penetration assumed for each change case when compared with the base case.
The inputs to this model are derived from the execution of electric utility
expansion planning and production cost models. The results are the gross and
marginal value of each alternative generation penetration. Refer to Sec. 7.0
of Vol. I for a description of the specific calculations performed in FINAM.

6.1 FACILITY SPECIFICS

FINAM uses a commercially available polynomial curve-fitting routine in the
process of developing the marginal values. The routines are from the Inter-
national Mathematical and Statistical Library (IMSL) and are called from the
subroutine CFIT. If the IMSL package is not available, any other polynomial
fitting routine can be used. The comments contained in CFIT should assist in
this matter.

FINAM uses a LEVEL 2 statement within several routines. This command desig-
nates that specific data are to reside in the large central memory of a
CDC 7600 computer. For use on other computers, delete all occurences of the
LEVEL 2 command and the preceding comment cards. Also, CDC equipment requires
a PROGRAM card before the main routine. If CDC hardware is not used, this
card may not be needed. ‘

Like most other routines, FINAM utilizes a free format or list-directed input
for data. This means that the data does not have to reside in specific fields
on the cards but that each data value need only be separated by a space or
comma. Most versions of FORTRAN have an equivalent input capability. The CDC
version uses a * in place of a format number in the READ command. Each free-
formatted data card type is usually preceded by a single, user-provided com-
ment card that has no operational effect. 1Its purpose is to assist the user
when making modifications to a data set.

6.2 FINAM INPUT DATA

Figure 6-1 1is a listing of a sample set of manually created card type data
required by FINAM. Card types A and B are required for all FINAM execu-
tions. Card type B determines if types C through S are required. If
required, types E through I supply to FINAM the operational result of the
utility planning models for the base case (L = 1) and each change case (L = 2,
NCASES + 1). Card types E through I are grouped together first for the base
case and then for each change case. These groups are followed by card types K
through T, which provide to FINAM specific data concerning each conventional
generating unit type. First come groups of types K through N to cover operat-
ing cost parameters for each generation type. These are followed by a group
of types O through Q cards to cover capltal cost parameters for each
generation type. These groups are followed by a single group of type R
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through T cards to cover expected unserved energy parameters. Card types U
through BB are needed only if sensitivity studies are to be performed.

6.2.1 Title (Card Type A)

FORMAT (20A4)

Do not precede card type A with a comment card.

For future reference, the title for the initial execution of FINAM should be
descriptive of the particular data being input. This card is required and has
a maximum of 80 characters.

6.2.2 Sensitivity Run Flag (Card lype B)

FORMAT (FREE)

This card type must be preceded by a comment card.

ISENSI -- Flags whether this 1s a normal execution (ISENSI < 0) or a

sensitivity~only execution (ISENSI » 1) where all initial data
is provided from a computer data file (unit number 11 or
"TAPE11") «created by a previous normal execution. If
ISENSI > 1, card types C through T must not be provided. If
ISENSI € 0, card types C through T must be provided.

6.2.3 Execution Descriptive Information (Card Type C)

FORMAT (FREE)

This card type must be preceded by a comment card.

IYRPW
PWDISC
GNPDEF
NSIM
NCAPYR
NCASES
NGENT
NYRAGN
FCRAGN

ICOST

Present worth year for all the reported results

Present worth discount rate, percent

GNP deflator, percent

Number of years of detailed simulation data to be provided, < 20
Number of capacity addition years to be used, € 20

Number of change cases to be analyzed in this execution, < 10
Number of conventional generation types, € 12

Expected life of alternative generation device, years

Assumed fixed charge rate for alternative generation device,
percent

Flag to designate when costs are incurred;
€ 0, assume costs at end of year = DOE-EPRI standard
> 1, assume costs at beginning of year
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6.2.4 Base Case Identifier (Card Type D)

FORMAT (NONE)
This card type is simply a comment card corresponding to the comment preceding

card type J. All the base-case system cost data must precede the change
cases.

6.2.5 Generation Type Capacity Additions (Card Type E)

FORMAT (FREE)

This group of cards must be preceded by a single comment card. There must be
one type E card for each simulation year (J = 1, NSIM), and a value must be
given for each generation type (K = 1, NGENT). The years must be in
increasing order.

IYR(.T) ~- Year this card is for; e.g., 1985

CAPADD(J,K,L) — Added capacity of all generation types this year (MW):
K = 1, NGENT

L =1 for base case
L = 2, (NCASES+1) for change cases.

6.2.6 Total Operating Cost and All Fuel Costs (Card Type F)

FORMAT (FREE)

This group of cards must be preceded by a single comment card. There must be
one type F card for each simulation year (J = 1, NSIM), and a value must be
given for each generation type.

IYR(J) -~ Year this card is for
SSDAT(J,1,L) -- Total operating cost (1000$)
SYSDAT(J,K,L) -- Fuel cost for each generation type:

K = 2, (1 + NGENT)
L 1 for base case
L = 2, (NCASES+1) for change cases

6.2.7 Fixed 0&M Operating Costs (Card Type G)

FORMAT (FREE)
This group of cards must be preceded by a single comment card. There must be

one type G card for each simulation year (J = 1, NSIM), and a value must be
given for each generation type.
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IYR(J) —— Year this card is for

SYSDAT(J,K,L) -- Fixed O&M cost for each generation type (1000$);
K= , (11+NGENT)
L = l for base case

L

2, (NCASES+1) for change cases

6.2.8 Variable O&M Operating Costs (Card Type H)

FORMAT (FREE)

This group of cards must be preceded by a single comment card. There must be
one type H card for each simulation year (J = 1, NSIM), aud a value must be
gliven for each generation type.

IYR(J) — Year this card is for

SYSDAT(J,K,L) -=- Variable O&M costs for each generation type (1000$):
K = 22, (214+NGENT)
L = 1 for base case
L = 2, (NCASES+1) for change case

6.2.9 System Unserved Energy Cost (Card Type I)

FORMAT (FREE)

This group of cards must be preceded by a single comment card. There must be
one type I card for each simulation year (J = 1, NSIM).

IYR(J) —— Year this card is for

SYSDAT(J,38,L) -- SysLem cost of expected unserved energy (1000%):
L = 1 for base case
L = 2, (NCASES+1) for change cases

6.2.10 Change Case Title and Capacity (Card Type J)

FORMAT (3A4,1X,F10.1)

This card type must be preceded by a comment card.

CASETL(I,L) -~ Change case title;
I1=1,3
CASCAP(L) -— Change case alternative generation capacity (MW);

L = 1, NCASES

The type J card will be followed by type E,F,G,H, and I cards for the system
cost information data for this change case. A group of J,E,F,G,H, and I cards

is required for each change case. The value of L increases for each change

72



TR-604

S=R| &

6.2.11 Generating Unit Type Title (Card Type K)

FORMAT (3A4)

This card type must be preceded by a comment card.
'GENTL(I,L) -- Conventional generating unit type title:
I=1,3
L = 1, NGENT

A set of K, L, and M cards must be provided for each generating unit type.
There will, therefore, be NGENT groups of K, L, and M cards.

6.2.12 Generation Type Costs (Card Type L)

FORMAT (FREE)

This group of cards must be preceded by a single comment card. There must be
one type L card for each simulation year (J = 1, NSIM).

IYR(J) — Year this data is for

GENDAT(J,K) =-- Generation specific data: 3 '
K = 1 - Fuel Cost ($/MBtu)
K = 2 - Fixed O&M ($/kW/yr)
K =

3 - Variable O&M ($/MWh) :

6.2.13 Number of Escalation Time Periods (Card Type M)

r

FORMAT (FREE) -

This card must be preceded by a comment card. This card must not be included
if there are no calculations beyond the last simulation year (IYREXT < last

simulation year).
NESFCS —- Number of fuel cost escalation time periods for this generation
type (1 < NESFCS < 10)

NESFOM -- Number of fixed O&M cost escalation time period (1 < NESFOM
< 10) ‘

NESVOM —-- Number of variable O&M cost escalation time periods (1 < NESVOM
< 10)

6.2.14 Escalation Time Period Data (Card Type N)

FORMAT (FREE) .
This group of cards must not be preceded by a comment card. The number of

type N cards required is- equal to the larger of NESFCS, NESFOM, and NESVOM
given on the above type M card. A value must be provided on each card for
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each variable listed below. If the number of escalation periods desired are
not equal (e.g., NESFCS = 3 and NESFOM = NESVOM = 1), then any number may be
entered for the latter card entries for these cost components (e.g., second
and third type N cards may have ESFOM (IZ,IQ) = FSVOM (IZ,1Q) = any number for
IZ = 2 and 3 and IQ = 1 and 2). The year numbers given must increase from one
card to the next.

ESFCST(IZ,1) -~ Beginning year for fuel cost escalation periéd IZ
ESFCST(1Z,2) -- Escalation rate (percentage) for 1Z

ESFOM(IZ,1) -- Beginning year for fixed O&M cost escalation period 1Z
ESFOM(IZ,2) — Escalation rate (percentage) for IZ

ESVOM(I1Z,1) =-- Beginning year for variable 0&M coet escalation period IZ

ESVOM(IZ,2) =~ Escalation rate (percentage) for IZ

6.2.15 . Capital Costs (Card Type O)

FORMAT (FREE)
A single comment card must precede this group of cards. There must be one
type O card for each capacity addition year (J = 1, NCAPYR) and a value must
be given for each gemeration type (K = 1, NGENT).

ICAPYR(J) -~ Year this card is for
CAPCST(K,J) -- Capital cost ($/KW) for cach geueration type; K = 1, NGENT

6.2.16 Fixed Charge Rate for Capital Costs (Card Type P)

FORMAT (FREE)
A single comment card must precede this group of cards. There must be one
type P card for each capacity addition year (J = 1, NCAPYR), and a value must
be given for each generation type (K = 1, NGENT),
FCR(K) -- Fixed Charge Rate (percentage);
K = 1, NGENT

6.2.17 Fizcd Chargu Rate Years (Card Type Q)

FORMAT (FREE)
A single comment card must precede this group of cards. There must be one
type Q card for each capacity addition year (J = 1, NCAPYR), and a value must
be given for each generation type (K = 1, NGENT).
NFCRYR(K) -- Mumber of payout years fixed charge rate was based on;
K = 1, NGENT : :
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6.2.18 Expected Unserviced Energy Cost (Card Type R)

FORMAT (FREE)

A single comment card must precede this group of cards. A type R card must be
provided for each simulation year (J = 1, NSIM).

IYR(J) =-- Year these data are for
EUE(J) -- Cost of expected unserviced energy in this year ($/MWwh)

6.2.19 Number of Escalation Periods for Expected Unserviced Energy (Card
Type S)

FORMAT (FREE)

A comment card must precede this card. This card must not be given if there
are to be no calculations beyond the last simulation year.

NESEUE -- Number of escalation periods

6.2.20 Escalation Data for Expected Unserved Enérgy (Card Type T)
FORMAT (FREE)

This group of cards must not be preceded by a comment card. The number of
type T cards needed is equal to NESEUE given on the type S card above. The
year numbers provided must increase from card to card.

ESEUE(IZ,1) -- Beginning year for expected wunserved energy costs
escalation period IZ

ESEUE(IZ,2) -- Escalation rate (percentage) for 1Z

6.2.21 Sensitivity Title (Card Type U)

FORMAT (20A4)
Do not precede card type U with a comment card.

The title of the sensitivity case to be performed using the information that
follows. Any number of sensitivity cases may be requested, but only one at a
timc. This reqnest requires providing groups of card types U and V, plus
additional types indicated in the discussion of each TSTSEN uption on
type V. To indicate the end of requested sensitivity cases, the flag "XXXX"
is used on card type V.
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6.2.22 Sensitivity Option and Variahles (Card Type V)

FORMAT (FREE)

This card type does not require a preceding comment card since card type U
serves this function.

TSTSEN -- Defines which single sensitivity changes are to be made. This
flag consists of four alphanumeric characters in quotation
marks. The quotation marks comply with FREE format require-
ments. Only one of the following sensitivities may be examined
at a time.

"XXXX" -- No wmore sensifivity cases are desired

"MISC" -— Wish to change the present worth diséount year, the
life or fixed charge rate of the alternative genera-
tion device and/or assumption about when costs are
incurred:

Requires a card type W to follow

"PWD " — Wish to change present worth discount rate or GNP
dcflator;
Requires a card type X to follow
"FCST" —-- Wish to change one or more generating types' fuel
costs;
Requires card types Y, Z, and/or AA with BB to follow
"CAP " -- Wish to change one or more generating types' capital
cost;
Requires card types Y and Z to follow
"FOM " -- Wish to change one or more generating types' fixed 0&M
costs;
Requives card types Y, Z, and/or AA with BB to follow
"VOM " -- Wish to change one or more generating types' variable
O&M costs;
Requires card types Y, Z, and/or AA with BB to follow
"EUE " -- Wish to change the system expected unserved energy
cost;

Requires card types Z and/or AA with BB to follow

IEXT -- This flage whether the sensitivity case 1is to:
(1) change the cost in each simulation year and the
escalation rate for extension calculations (IEXT € or
(2) change only the extension escalation rate
(IEXT > 1). The user should not attempt to set
IEXT > 1 if extension calculations are not desired
(type C card, IYREXT).

For TSTSEN = "FCST", "CAP ", "FOM ", and "VOM ", the
desired number of generating unit types that wish to
make a change in cost

NCHNG
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6.2.23 Sensitivity——Miscellaneous (Card Type W)

FORMAT (FREE)

This card type must be preceded by a comment card. This card is needed only
if TSTSEN = "MISC".

IYRPW -- Year for all present worth results

NYRAGN -- Expected life of alternative generation device, years

FCRAGN -- Assumed fixed charge rate of alternative generation devicé,
percentage '

ICOST -- Flag to designate when costs are incurred;
< 0, assume costs at end of year = DOE-EPRI standard
> 1, assume costs at beginning of year

6.2.24 Sensitivity——Discount Rate (Card Type X)

FORMAT (FREE)

This card type must be preceded by a comment card. 'This card is needed only
if TSTSEN = "PWD". :

PWDISC -- Present worth discount rate; percentage
GNPDEF -- GNP deflator; percent

6.2.25 Sensitivity——Generation Types (Card Type Y)

FORMAT (FREE)

Preceded by a comment card, this card type must’ be provided 1if
TSTSEN = "FCST", "CAP ", "FOM " or "VOM ".

IGENCG(JJ) -- Numeric identifier of the gLneration type (types) to which a
cost change is desired;
JJ = 1, NCHNG

6.2.26 Sensitivity—Cost Changes (Card Type Z)

FORMAT (FREE)

This group of cards must be preceded by a single comment card. This card type
must be provided only if :

(1) TSTSEN = "FCST", "CAP ", "FOM ", or "VOM " and IEXT < 0, or
(2) TSTSEN "EUE ".
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One type W card is needed for each simulation year; J = 1, NSIM.

IYR(J) —— Year this déta is for

RNEW(JJ) -- New cost for generation type JJ = IGENCG (J), J = 1, NCHNG;
New costs given as $/MMBTU, $/KW, $/KW/YR, $/MWh or $/Mwh if
TSTSEN = "FCST", ©“CAP ", “FOM ", "VOM ", or "EUE ",
respectively

6.2.27 Sensitivity——Number of Escalation Periods (Card Type AA)

FORMAT (FREE)
A siugle comment card must pfecede only the first type AA card. A group of
types AA and BB carde will be requited for oach geneiatlon type (NCHNG) if
T3TSEN = “rUST", "FOM ", or "VOM ". A single group is needed of
TSTSEN = "EUE ".

NES ~-- Number of escalation periods (1 < NES < 10)

6.2.28 Sensitivity-—Escalation Data (Card Type BB)

FORMAT (FREE)

A group of type BB cards must follow immediately after the type AA card. A
comment card is not allowed. The number of BB cards required is equal to NES
given on the AA card. The year numbers input must increase from card to card.

ES(1z,1) - Beginniﬁg year for escalation period IZ
ES(IZ,2) — Escalation rate (percentage) for 12

6.3 PRINTED OUTPUTS

FINAM printed outputs begin with all data input by card types (Fig. 6-2). If
this execution is for sensitivity cases only, then the same output is produced
using the original execution's input data. Each page has the title provided
by input displayed across the top. If this is not a sensitivity-only execu-
tion, the results, using the original data, are presented on a separate page
(Fig. 6-3). These results include, for each change case or alternative gen-
eration penetration, the change case title, capacity in MW, total value when
compared with the base case (1000$), the gross and marginal breakeven value
per installed kW, and the coefficients of the gross and marginal value
polynomial curve fits.

Each sensitivity case first reports the data being changed (Fig. 6-4) and then
the results exactly as already described.
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6.4 SAMPLE CONTROL CARD SEQUENCE

A sample control card sequénce necessary to run FINAM is given as Fig. 6-5.
This runstream uses the CDC~SCOPE operating system.
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£x%% TFST DATA - 80,83,85 € 95 WITH CAP, CREDIT, WEIBULL ##%x%
#x%%% BASE CASE WITH 2 CHANGE CASES (10,254 WIND MACHINES)
0 .
IYRPW,PWDISCsGNPDEF,NSIMyNCAPYRyNCASESyNGENTINYRAGN FCRAGN, ICOST
1980 15,0 10,1 & 4 2 11 30 21.9 O
*k%%%k BASE CASE - NO TITLE NEEDED, :
YEAR - CAP, TO ADD TD ALL GEN., TYPES (MW).

1980 C.0 0.0 0.0 0.0 6.0
000 0.0 000 0.0 000 0.0
1983 ' 81. 64,0 0.0 0.0 0.0
1947.,0 0.C 0.0 0.0 0.0 0.0
1985 0.0 390,.,0 0.0 0.0 61.0
187.0 0.0 9.0 0.0 C.0 0.0
1986 0,0 330.0 0.0 c.0 291.0
188,0 0.0 44,0 320.0 N.N 0.0
YEAR = TOTAL COST THEN FUEL COST3 BY TYPE (1000%).
1980 2705380, ‘
2407550, 32465, 65842, 39566, 0.0
J. 9503, 0. 0. 0. 0.
1983 3643838, ,
3135130, 56439, 73539, 43484, 0.0
103851. 12391. Ce 0. 0. 0.
1985 4784187,
4173658, 62393, 93886. 39424, 1451.0
137160. 15362, 4162. O. 0. C.
1995 11914221,
8216416, 731015, 175425. 83392. 39151,
338826, 30025, 376104, 0. 261385, 440084,
YEAR - FIXED O&M COSTS (10G0s),
1980 54¢0¢, 8765, 40483, 22286, 6.0
0. 3682, 0. 16665.7 0. O.
1983 72486, 11702. 53136. 29265, 0.0
22104, 48135, 0. 21882.9 0. 0,
1985 87062, 14610, 63828, 258913, 1316,
29980. 58C8, 107. 26286. 0. 0.
1995 212587. 53944, 159628, 62708, 25242,
101833, 14525, 12260, 74973, 186540, 240219.

YEAR - VARTARLE 0&M (1000%),

1680 0.0 0C 0,0 0.0 0,0 0.0 0.0 ©0.C 0.C 0.0 0,0
1983 OOO 0.0 0!0 000 0.0 oou UOU 0.0 Ooo 0.0 0.0
1985 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1995 0.0 0.0 0,0 UV 0,0 0.0 0.0 0.0 0.0 0.0 0,0
YEAR - TOTAL COST OF EXPECTED UNSERVED ENERGY (1000%3).

1980 3978,7
1983 95%47.3
1985 190¢. 6
1995 251C1.3

Figure 6-1. FINAM Manually Created Input Data
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*#%4#% DATA SPFCIFIC TO THE GEN. TYPES AND THE EeU.Fe; BLR GEN, TYPE

BLR

DIST
DIST

COAL
coat

YEAR - FUEL($/MNBTU) FOMUS/KA/YRY VOM(S$S/MWH)

1980 6,00 5.86 0.0

1983 8454 7.7 0.0

1985 10.57 9.25 0.0

1995 21.28 . 23,12 0.0 ‘

NUMRER OF AND ESCALATIONS TD BE USED FOR EXTENSIONS (%),
53 1 '

1981 12,5 1981 12.6 1981 9.6

1985 10.0 1982 10,6 0000 000

1986 9.0 1983 9,6 0000 000

1987 8.0 0000 000 0000 300

1988 7.0 €000 000 0000 000

GEN. TYPE TABLF

YEAR = FUEL($/MMBTU)  FOM($/KW/YR) VOM(S/MWH

1980 6.50 8. 34 0.0 -

1983 9.25 10,50 0,0

1985 11.45 9.7 0.0

1995 23.16 - 18,01 0.0

NUMRER NF AND ESCALATICNS TO BE USED FOR EXTENSIONS (%),
531

1981 12.5 1981 12.6 1981 9.6
198% 10,0 1982 10,6 0000 000

1986 9.0 1983 9,6 0000 000

1987 8.0 0000 000 0000 000

1988 7.0 000C 000 0000 000

% GEN. TYPE TABLE

YEAR = FUEL(S/MMBTU)  FOM(S/KW/YR) VOM{S/MWH)

1980  1.06 45.78 C.0

1983 1.41 60.11 0.0

1985 1.68 72420 0.0

1995 3.42 180457 0.0 ,
NUMBER OF AND ESCALATIONS TO BE USED FOR EXTENSIONS (%),
331 S

1981 10.0 1981 12.6 1981 9.6

1985 8.0 1982 10.6 0000 000

1990 7.0 1983 9.6 0000 000

Figure 6-1. FINAM Mahuéﬂy Created ‘Ir‘\pu't'D'at'a (Continued)
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COAL4 GFN, TY?F

CNALS
YEAR
1980
1983
1985
1995

NUMBER 0OF AND ESCALATIONS TO BE USED FOR
331
1981 10.0 1981 12.6 1981 9.6

1985 B.0 1982 1C.6 000G 000
1990 7.0 1983
COALS GEN. TYPE TABLE
CNALS
YEAR = FUEL(3/MMBTU)
1380 0.00
1983 0.00
1985 0.00
1995 5049
NUMBFR OF AND ESCALATIGNS TO B3E USED FOR
331
1981 10.0 1981 .12.6 1981 9.6
1985 8,0 1982 10.6 0000 QOO0
1990 7.0 1983
YL AR -~ CAPITAL COSTS OF EACH GEN,
1980
1983 829,0
1985 1020,1
255044
198% 1132.4

FIXED CHARPGE RATE FOR

1930
19813
1985
1986

TARLE

= FUEL{($/MM3TU)
0,00
0.00
0.00
4.58

600.0 230.C 120C.N 1200.,C 1200.0 150¢C.0

FOM(S/KW/YR)

00.00
00,00
00.00
206,92

9.6 0000 000

FIM(S/KW/YR)
00.00
00.00
00.00

179.27

G.6 0000 000

TYPE

($/KW)

M{S/MWH)

MOOOO
e o o o &
- O0O0O0OO0OUV

ENSIONS (7).,

VOM($/MWNH)
0.0
0.0
0.0
0.0
FXTENSIONS (7).

1500,0 22CC.J 1200.0 1200.0

45544 165949 1655.9 1655.9 206%.9 2069.9

2069.9 3035,9 1655.9 1655,9

561.1 2040,3 2C40.3 204C+3 2550.% 2550.4
3740.5 2040.3 2040.3

522.8 2264.7 226447 2264.7 283C.9 2830.9

2830,9 4152.0 2264.7 226447

21,9 21.9 23.8
21e9 2149 2348
21.9 21.9 23.8
21.9 21.9 23.8

EACH GEN,

23,38

TYPE (%) EACH CAvP,
23,8 23.8 23.9 23,9 22.8 24.7 23,8 23.8
23.8 23,8 23,9 23,9 22.8 24,7 23.8 23,8
2308 2%.9 23.9 22.8 2'0.7 2308 23.8
23.8 2348 23.9 23.9 22.8 24.7 23.8 23.8
NUMRFR QOF YEARS FCR CALCULATED NN IN EACH CAP,

ADDITION YEAR,

1980 30 30 2% 35 35 30 30 30 60 35 35
1983 130 30 35 35 3% 30 30 30 60 3% 35
198% 30 30 35 35 35 30 30 30 60 35 235
1986 39 20 3% 39 35 30 30 30 60 35 35

YEAR
1980
1983
1985
1995

ESCALATINNS 0NF ELU.E.

1
1981

-100.0
138.9
277.0

6.8

- EXPECTED UNSERVED ENERGY COST ($/MWH),

TO BF USED FOR EXTENSIONS (7).,

Figure 6-1., FINAM Manuaily Created Input Data (Continued)
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xk5%k CHANGF CASE 1 ~ 10 MOD-2 MACHINES - 25 MW

10 MQD-2 25
YFAR - CAP, TO ADD TO ALL GEN. TYPES (MW).
1980 0.0 0.0 0.0 0 0.0
0.0 0.0 0.0 o.o 0.0 0.0
1983 81, 64.,0 C.0 c 0.0
1947,0 0.0 0.0 0.0 0.0 0.0
1985 0.0 379.0 0.0 0 61.0
187.0 J.0 9,0 0.0 0.0 0.0
198¢ 0.0 390.0 0.0 0.0 291.0
188.0 0.0 44.0 320.0 0.0 0.0
YEAR - TOTAL COST THEN FUEL COSTS BY TYPE (1000%),
1980 2701982,
2404207, 32470, 65841, 39566, 0.0
O. 9503, 0. 0. 0. 0.
1983 3644890,
3130779. 5601C. 73530, 4348¢, 0.0
103851. 12391, O 0. O. O.
1985 4777609, .
4167113, 62406, 93881, 39423, . 1450.0
137160. 15362, 4102. C. C. O.
1995 11899604«
8211090, 722066, 175403, 83392, 39147,
i8a8l4., 30025, 376095, 0. 261326, 439953,
YEAR —- FIXED Q&M COSTS (1000%).
1980 54606, 876%, 40463, 22286, 0.0
C. 3¢682. 0. 16665,7 0. 0.
1983 72486, 11702, 53136, 29265, 0.0
22104, 4835, 0. 21882.9 C. O,
1985 87062, 14583, 63828, 25893, 1316,
29980, 5808, 107. 26286. 0., C.
199°% 212587, 53803, 159¢28., 62708, 25242,
101833, 14525, 12260. 74973, 189540, 240219,
YEAR -~ VARTARLE D&M (1000%).
1980 0.0 0.0 0.0 0,0 0,0 0.0 ¢.0 ©€.0 0.C C.O0 0,0
1983 0.0 Ce0 0.0 0,0 0.0 0.0 0.0 0.0 0,0 0,0 0,0
1985 0.0 0.0 0.0 0e0 0.0 Co0 0.0 Ge0 CoC 0.0 0.0
1995 0.0 0.0 0,0 0,0 0.0 0.0 0.0 0.0 0.0 0.0 0,0
YEAR - TNTAL COSTYT OF EXPECTED UNSERVED ENERGY (10008).
19890 3915.6
1983 9457.0
1985 1896.5
1995 2510345

Figure 6-1. FINAM Manually Created Input Data (Continued)
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*¥3k%k CHANGE CASE 2 - 254 MOD-2 MACHINES - 635 MW

254 MON-2 635,
YFAR - CAP, T ADD TO ALL G=EN, TYPES (MW),
198C C.0 Q.0 C.0 0.0 0,0
000 0.0 0.0 0.0 0.0 0'0
1983 81, €4.0 0.0 0.0 0.0
104790 ooo 000 000 0.0 0.0
198% C.0 222.0 C.C c.0 61,0
187,0 0.0 9,0 C.0 C.C 0.0
1986 ¢.0 390.0 0.0 0.0 291.0
]88-0 ooo 4“'0 320-0 O.C‘ 0.0
YEAR - TOTAL COST THEN FUEL COSTS aY TYPE (1000%),
1980 2622307,
2329C96, ?RRA58, 65770, 39583, 0.0
0. 9505- Ce 0- 0. 0.
15813 3535639,
3028912, 50577, 7317¢. . 43479, 0,0
103726, 12389, Co. Ce O+ O
1985 4639611,
4040157, 526402, 93556, 39424, 144¢.0
137075, 15362, 4102, 0. 0. 0.
1955 11614765,
8025631, 633674, 174636, 83392, 38974.
3x8283, 30024. 376103, 0. 25906¢. 435450,
YEAR - FIXED 0O&EM COSTS (10C0%).,
1980 54606, 8765, 40463, 22286, C.0
0. 3ER2, 0. 16665.7 0. 0.
1983 72486, 11702, 53136, 29265, 0,0
22106, 4835, 0. 21882,9 0. 0.
1985 87062, 14180, $3828, 25293, 1316,
29680, “806, 107, 26236, 0. 0.
199% 212587. S21l¢. 159628, -~ 62708, 25242,
101333, 14525, 12260. 74973, . 189540, 240219,
YEAR - VARTABLE O&M (1000%),
1980 043 040 0Ce0 Coe0 CoD Gu0 040 040 C.C 0.9 0,9
1983 040 0.0 040 0,0 G.0 0,0 ¢©€.0 0.0 0.0 0,0 0.0
1985 0.0 0,0 0.0 0«0 Cod 042 (o0 0.0 C€.C 0.2 0.0
1595 0409 0.0 0,0 Ge0 0.0 0,0 0,0 0.0 0.¢ 0,0 0,0
YEAR — TOTAL 20ST UF EXPELTED UNSERVEND ENERGY (1000%),
1280 204¢,1
19813 798146
1385 1677.7
1995 260513.9

Figure 6-1., FINAM Manually Created Input Data (Continued)
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COAL
COoAL

coAL
COAL

NUC 1
NUC 1

2 GEN. TYPE TABLE

2

YEAR = FUEL($/MMBTUY) FOM(S/KW/YR) VOM(S/MWH)
1980 0.51 21.67 0.0

1983 0.68 29,41 0.0

1985 0.81 27.17 0.0

1995 1.65 84.06 0.0

NUMBER OF AND ESCALATIONS TO BE USED FOR EXTENSIONS (%).
331

1981 10.0 1981 12.6 1981 9.6

1985 8,0 1982 10.6 0000 000

1990 7.0 1983 9.6 0000 000

3 GEN, TYPE TABLE

3

YEAR - FUEL(S/MMBTU)  FOM(S/KW/YR) VOM(S/MWH)

1980 0.00 0.0 0.0

1983 0,00 0.0 0.0

1985 2.10 21.57 0.0

1995 4,29 206.90 C.0

Nugasn OF AND ESCALATIONS TO BE USED FOR EXTENSIONS (%),
331 '

1981 10.0 1981 12.6 1981 9,6
1985 8.0 1982 10.6 0000 000
1990 7.0 1983 9.6 0000 000

GEN. TYPE TABLE
YEAR ~ FUEL(S$/MMBTU) FOM(S/KW/YR) VOM(S/MUH)
1980 0.00 0.0 0.0
1983 0.76 11.35 0.0
1985 0.91 14.05 0.0

, 1995 1.85 33.70 0.0

NUMBER OF AND ESCALATIONS TD BE USED FOR EXTENSIONS (Z).
- 4 31 :

1981 12.5 1981 12.6 1981 9.6
1982 10.0 1982 10.6 0000 000
1985 8.0 1983 9.6 0000 000
1990 7.0 0000 000 0000 000

’
i

Figure 6-1. FINAM Manually Created Input Data (Continued)
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NUC 2 GEN. TYPE TABLE

NUC 2

YEAR = FUEL($/MMBTU) FOM{S/KW/YR) VOM(S/MWH)
1980 0.38 11.84 0.0

1983 0.52 15.54 0.0

1985 0.61 18.67 0.0

1995 1.25 46.70 0.0

NUMBER OF AND ESCALATIONS TO BE USED FOR EXTENSIONS (Z%).

4 31

1981 12.5 1981 12.6 1981 9.6

1982 10.0 1982 10.6 0000 000

1985 8.0 1983 9.6 0000 000

1990 7.0 0000 000 0000 000
GED GEN. TYPE TABLE

GEO

YEAR = FUEL(S/MMBTU)  FOM(S/KW/YR) VOM{S$/MUWH)
1980 1.63 ) 0.0 0.0

1983 2417 0.0 0.0

1985 2.63 11.89 0.0

1995 5.30 27.99 0.0

NUMBER OF AND ESCALATIONS TO BE USED FOR EXTENSIONS (X).

4 31

1981 10.0 1981 12.6 1981 9.6

1986 9.0 1982 10.6 0000 000

1987 8.0 1983 9,6 0000 000

1988 7.0 0000 000 0000 000
HYDRO GEN, TYPE TABLE

HYDRO

YEAR = FUTL {$/MMBTUY) FOMUSIKW/YR) VvOR(S/MWH)
1980 0.00 16.29 0.0

1983 0.00 21.39 0.0

1985 0.00 25.69 0.0

1995 0.00 43,01 0.0

NUMBER OF AND ESCALATIONS TO BE USED FOR EXTENSIONS (%),

3131 '

1981 12.6 1981 12.6 1981 9.6
1982 10.6 1982 10.6 0000 000
1983 9.6 1983 9.6 0000 000

Figure 6-1.. FINAM Manually Created Input Data (Continued)
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- 757 A TR-604
=l ¥ , .

®*CHANGE LIFE OF WIND MACHINE
"MISC®,00 00
P.W MISC -— WIND MACHINE LIFETIME - AND FCR,ICOST
1980 40 21.9 ©
#CHANGE THE PRESENT WORTH DISCOUNT RATE TO 12.
“pPWD *,00 00 -
PeWe DISCOUNT RATE GNP DEF.
12.00 10.1
#*CHANGE ONLY FUEL ESCALATION RATES
"ECST™ 5 1
THE FUEL TYPES.
2 46810
NUMBER AND ESCALATIONS FOR TYPE 2.
7 :
1981 12.5
1985 10,0
1986 9
1987 8
1988 8
1989 8
1990 8
NUMBER AND E
7
1981 1
1985
1986
1987
1988
1989
1990
NUMBER AND
8
1981 1
1982 1
1985
1986
1987
1988
1989
1990

ALATIONS FOR TYPE 4.

Ve ¢ o ¢ o o o

ALATIONS FOR TYPE 6.

DD OPOPBDON MBBO®®OP®O

Figure 6-1.. FINAM Manually Created input Data (Continued)
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oo ' TR-604
S=R %

NUMBER AND ESCALATIONS FOR TYPE 8.
7 :
1981 10.0
1985 8.7
1986
1987
1988
1989
1990
NUMBER AND
7
1981
19835
1986
1987
1988
1989
1990
*CHANGE ASSUMED DISTI
"CAP " 1 O
THE GENERATOR TYPE
2
YEAR — NEW CAPITAL COST (S/KW)
1980 60040
1983 828.0
1985 1020.1
1986 1132.4
THAT IS ALL
"XXXX* 0 O

ALATIONS FOR TYPE 10.

L e
FOOONRONO MEODEDO

)ooooopo

0
7
1
9
5
3
4
T

E FUEL TYPE CAPITAL COST.

Figure 6-1. FINAM Manually Created Input Data (Concluded)
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- 7" "y
S=N %
—1 k.

TR-604

CPB 0000000009830 0V0000C0C00000000000000C00CEECI0C0BORRC000L00000C0000000000R0ItOICCEROIOPEICRENNRINNCEIETTRINIIOOITOTS

$2E0OP200004000000092360000000¢ TEST DATA - B0,83,8% € 95 WITH CAP. CREDIV, WEIBULL e¢soe Liddd

P000000000000¢00SRCLQNIRI0PTECIRROEOSE000RRISIEECERE0BONOCININOTOERETRIEOSTULPQEEECI0I0UIROROIRININNNNNIIEIEEsR00R0O0Y

YEAR OF PRESENT WORTH RESULTS

FIRST YEAR OF SIMULATION

PRESENT WORTH DISCOUNT RATE (2)
NUMBER OF STMULATION YEARS
NUMBER OF GENERATION TYPES

ALTERNATIVE GENERATION LIFE

AND FIXED CHARGE RATE
USING END OF YEAR COST AS

-
-
-
-
-
NUMBER OF CAPITAL COST YEARS -
-
-
N

SUMPTIO

eeses¢GENERATION DATA FOR TYPE 1 = 8LR

4
n
L]

1980
1980
15.00

30
21.90 ¢

VARTABLE Q&n
{S/MU7YR)
0.0000
0.0000
0.0000
0.,0000

BEGIN RATF
YEAR (z)
1981 9.60

[ 0.00
0 0.00
o 0.00
[+] 0.00

LAST YEAR OF ALTERNAVIVE CALCULATIONS = 2009
GNP DEFLATOR RATE (D) .
NUMBER OF CHANGE CASES = 2

10.10

LR 2K 2R I 2N 2

® 80 sase

FIXED CHARGE RATE(X) BASED ON YEARS

21.900
21.900
21.900

YFAR  FUFL COST ¢ FIXED DEM @
($/MMBTU) # ($/%w) .
1980 6.9000 . 5.9600 .
1383 R.5400 ¢ 7.7100 *
19885 10,5700 ¢ 9.2500 =
1995 21.3800 » 23.12€0 s
EXTENSION ESCALATION DATA
BEGIN  RATE & BEGIN RATF »
YEAR Ty o YEAR %)
1981 12.50 # 1981 12.60 »
1985 10,00 * 1982 10.60 *
1986 9.00 » 1983 9.60
1987 8,00 * [ 0.00 ¢
1988 7.00 » 4] 0.00 *
YEAR CAPITAL COSYS ($/KW)

1980 600.0

1983 828.0

1985 1020.1

1986 1132.¢

SEP0SOGCENERATIIN OATA FOR TYPE 2 = DISY

YEAR

1980
1983
1985
1995

8

21.900

VARIABLE 0&M
(S/NW7YR)
0.0000
0.0000
0.0000
0.0000

BEGIN RATE
YEAR (z)
1961 9.60

(4 V.00
0 0.00
[ 0.00
0 0.00

30
30
30
30

L R N W N J

et PENSS

FIXED CHARGE RATE(RX) BASED ON YEARS )

21.900
21.900
21.900

FUEL COST @ FIXED DEM  *
($/MMBTU) ® [$YL1) .
6.5000 8.3400 - ¢
9.2500 ¢ 10.50¢(0 ¢
11.4500 ¢ 9.7000 ¢
23,1600 o 16.0100 - *
EXTENSION ESCALATION DATA
£GIN RATE- ¢ BEGIN RATE o
YEAR (2) & YEAR (z) ¢
1981 12,50 » 1981 12.860 ¢
1985 10.00 ¢ 1982 10.60 ¢
1986 9.00 ¢ 1983 9.60 ¢
1987 8,00 ¢ [] 0.00 ¢
1908 7.00 ¢ o 0.00 ¢
YEAR CAPITAL COSTS (sS/XW)
1980 330.0
1983 455,64
1985 561.1
1986 622,68

21.900

30
30
30
30

'Flgure 6-2. FINAM Echo of Input Data
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06

000000800 9080080800060000000000000030¢0000000¢600000580CC0CE00000CEC000000000000008000000¢C000¢0LE0¢00000000000000008080080380000000
S2600000006006000800009080048¢¢ TEST DATA -~ 060,83,85 £ 95 WITH CAP. CREDIT, VWEZBULL oses
COEPEINIEIEIIEPINEL00TE00IICEEEIEI0IIEONICEE00RI0IETEESEEE000CE00000800000u0000000000080000)000000000000000000600000080000000

#4000 0GENERATION DATA FOR TYPE 3 « COAL 2

YEAR FUEL COSY ¢ FIXED OCM ¢ VARIASBLE OK™ ¢
($/MMBTY) & ($/Xu¥) L4 (SInusYR) L4
1900 1.0600 o 45,7600 & 0.5000 o
1983 1.4100 ¢ 60.1100 ¢ 0.0000 *
1985 1.6800 ¢ 72.2000 . 0.000D o
1993 3.,4200 * 180.5700 L4 0.000D .
ENTENSION ESCALATION DATA
BEGIN RATE & GBEGIN RATE & BEGIN RATE o
YEAR x) YEAR Ty o YEAR (e ¢
1981 10,00 ¢ 1981 12,60 » 1981 9.60 ¢
1985 8.00 ¢ 1982 10.60 ¢ o . 0,00 ¢
1990 T7.00 ¢ 1983 9.60 ¢ 0 0.00 ¢
YEAR CAPITAL COSTS ($/Kvw) FIXED CHARGE-RATE(X)

1980 1200.0 23.500

1983 165549 23,800

1985% 206D.3 23,800

1986 226%.7 23.300

S eSGENEIATION DATA FIR TYPE & = COAL 2

YEAR FUEL COST = FIXED O&Mm * VARIABLE OEn
(S/MMBTU) [§Y4.0") ] * ($/Mu/¥R] *
1980 «5100 * 21,4700 . 0.,090C .
1963 -+ 6800 - 29.4168 < 0 0D0C *
1989 «8100 * -27.1700 L4 0.020C ®
1993 1.6500 * 84.0600 | J 0,020€C L]
EXTENSION ESCALATION DATA
BEGIN RATE ¢ BEGIN RATE ¢ BEGIN RATE ¢
YEAR 4% o YEAR <% - vEaAR 2y o
1981 10.00 o 1981 12.60 ¢ 1981 Q6D @
1985 8,00 ¢ 1982 ‘10,060 @ 0 Q0D ¢
-1990 7.00 @ 1963 2 9.60 ¢ 9 0.00 ¢
YEAR -CAPITAL-COSYS 13/X¥) FIXED CHARGE RATE(ZY
1980 1200.0 23.800 )
1983 165%.9 23,800
1965 2040+ 23.600
1906 2204.7 23.800
Figure 6-2.

BASED ON YEARS
k3]
335
35
33

BASEDON—YEARS

FINAM Echo of Input Dalta (Continued})

‘099000050006 0000006008000
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16

0000.0“.0..0‘...'.‘.‘&.‘.0.‘00‘.‘0‘.000..t.'..“..‘00.‘0000..‘.O‘Q..00....0.....0“‘0‘..“...00‘0.0‘0...000..O"....O‘.OO‘.O‘....

EONCOLOEEEIE000000004040000600 TEST DATA - 00083,085 € 95 WITH CAP, CREDIT, WEIBULL seee

80400806008 00¢0000 088000

.....00‘........00‘0.‘.0.“00.‘0“.‘Q‘“G‘00..0‘0..0...‘.00‘..0.‘.“..‘...‘OO.“.0..‘.“.“00.‘.t.‘..0.."00.00..‘..00..‘..‘.0....

05 0¢sGERERATION DATA FOR TYPE

YEAR FUEL COST ¢

(S/NNETYY ¢
1980 0.0000 o
1963 0.0000 ¢
1985 2.1000 o
1998 402900 »

9 = COAL 3 .

FIXED OEM ¢ VARIABLE DEN ¢
L YT L d (s/nusYR)Y L4
0.,0000- & 0,0000- ¢
0.0000 ¢ 0.0000 L4
21.5700 L] 0.0000 .
206.,9000 & 10.0090 .

EXTENSION ESCALATION DATA B
BEGIN- RATE - ¢ BEGIN' RATE ¢
YEAR 2 o YEAR (%) o
1981 12.60 ¢ 1981 -+ 9.60 ¢
1982 10.60 ¢ 0 0.00 »
*

CAPETAL COSTS ($/KW) FIXED CHARGE RATE(Z)

BEGIN-  RATE ¢
. YEAR ) e
1981  10.00 ¢
1985  8.00 ¢
1990  7.00
YEAR
1980
1903
1985
‘1986 *

*SSs98GENERATION DATA FOR -TYPE

YEAR ' FUEL COST o
(S/HMBTU)
1980 0.0000 L]

198% -« 7600
1985 «9100
1993 1.8500

BEGIN
VEAR
1981
1982
1965
1990

YE AR
1980
1983
1985
1988

RATE
23
12.50 *
10.00 ¢
8,00 ¢
T7.00 ¢

*
L]
.
€x
*

-

(41281

1983 9.b0 ¢

1)

1200.0
1655.9
2040.3
2264,7
6 = NUC 1
FIXED 06" -

EILT .
0.0000 ¢
1149500 ¢
16,0500
33.7000 ¢

0 0,00

e

23,800
23,800
-'23.800

23.800

VARIABLE OtM =
($/MU/IYR) *

. 0.0000 .
‘0.0000  -*
0.0000 L d

0. 0000 .

TENSION ESCALATION DATA

BEGIN RATE &
YEAR <% »
‘1981 12.60 *
1982 10,60 *

1983 9.60

[} 0.00 ¢

AL COSTS (s/xu)
1500.0
2069,9
2530.4
2830.9

Figure 6-2. FINAM Echo of input Data (Continued)

BEGIN RATE o
~YEAR 12y ¢
1981 9.60

[} 0.00 ¢
[} 0.00 »
[} 0.00 ¢

FIXED CHARGE RATE(R)

23.900
23,900
23,900
23.900

BASED ON YEARS
35

35
3%
35

BASED
30

ON YEARS

30 -

30
30

X -
) -
> -

a
\_

%09-41L



I R T T T R Y T T R L L PT AT T R AT A S LAY T ST S I LA TR T IYT LN 2 LRI L DL LA LI L L LU L 66000 000000000000000064
2004000800000 8000000000000¢9¢ TEST DATA ~ 80,031,855 K 95 WITH CAP, CREDIT, WERBULL *ese
SEOPEENEIEEEISIIIEOIIUINIIEIERINEEEIEOSEOOOPEsOIEROIIIETItEEEIIRIteInOtOOtEtsotteeRettitsictoInnd Iosestssettttriritsterttissecioce

$¢0ssGENERATION DATA FOR TYPE 7 o NUC 2

YEAR FUEL COST ¢ FIXED OEN ¢ VARIABLE Oin 9
(S/MNBTU) o [ 748 }] L4 (S/NW YR) L4
1980 3800~ 11.8400 .- 0.0000- *
1983 «5200 * 15,5600 . 0.0000 .
1983 «6100 . 18.6700 L4 0.0000 *
1993 1.2500 . 46,7000 s 0.2000 ¢
EXTENSION ESCALATION DATA
BEGIN RATE- ¢ BESIN RATE o BEGIN:- RATE o
YEAR (Z) ¢ YEAR (t) ¢ YEAR () o
1931 12.50 ¢ 1981 12.60 ¢ 1981 9.60 ¢
1932 10,00 ¢ 1982 10.60 ¢ 0 0.00 ¢
1935 8.00 ¢ 1983 9.60 ¢ 0 0.00 ¢
1990 T.00 ¢ 0 0.00 ¢ 0 0.00 ¢
YEAR CAPITAL COSTS [$/KW) FIXED CHARGE INTE(Z)

1960 1500,0 23,5400

1983 2069.9 23.600

19893 2550. 4 23.900

1986 £0830.9 23,900

O
N Ses4¢GENERATION DATA FOR TYPE 6 = GEO
YEAR FUEL COST ¢ FIXED DEM * VARIABLE DER ¢
{S/MKBTUY ¢ (s/xw) * (s/nu/sYR) *
1900 150300 o 90,0200 o . 0.0000 &
1983 241700 . 0.0000 * 0.0200 L4
1985 2.6300 L 11.8900 L 0.0900 *
1995 543000 ¢ 279900 & 0.0800 &
EXTENSION ESCALATION DATA
BEGIW RATE + IEGIN RATE ¢ BEGIN RAVE ¢
YEAR x) o YEAR (z) YEAR (x)
1981° 10.00 ¢ 1981 12.60 ¢ 1981 9.60 ¢
" 1986 9,00 ¢ 1982 10.60 -8 L & 0.00 *
1987 8.00 * 1983 9.60 ¢ ] 0.00 ¢
198¢ 7.00 ¢ 0 0.00 ¢ ] Q.00 *
YEAR CAPITAL COSTS ($/KW) FIXED CHARGE RATEIR)

1960 1200.0 22.600

1983 2169.9 22.800

1983 2550.4 22.800

19806 2330.9 22,800

Figure 6-2. FINAM Echo of Input Data (Continued)

BASED ON YEARS
30

30
30
30

BASED ON YEARS
30
30
30
3¢

SOFEN0608000EIEESCOCOOS
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‘alke
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€6

"‘0.0..“.'0.0.‘0‘0'000‘00.00000‘00‘.0.00...“..O..OO..0.00.‘O‘....000....;.0‘..‘..0.0.'...0..0Ol......0..0...‘..00..“....‘.‘...

€20000000000000000405000000¢00 TEST DATA — 80,083,855 € 95 VITH CAP, CREDIT, WwEIBULL ¢¢oe

680800058000 0¢80080000000

0...'.....“.‘0.0".'..‘...“"....‘.“‘....0..O‘.O.‘..‘.‘...‘........‘.....'.....‘....Q.........Q.‘...........Q‘....‘.......0....

S0080SGENERATION DATA FOR TYPE

YEAR

19680
1983
19683
1993

*2s¢S¢GENERATION DATA FOR TYYPE 10 = COALS

YEAR FURL COST =
: (S/MMBTU) o
1960 0.0000 L4
1988 0.0000
-1985 0.0000 *
1995 4.3600 .
BEGIN RATE ¢
YEAR ©y +*
1981 10.00 ¢
1985 8,00 ¢
1990 7.00 ¢

YEAR

1980

1983

1965

1986

9 = HYDRO
FUEL CDST o FIXED OEM & VARIABLE OEN ¢
($/nNBTY) ¢ ($7¢¥) ® [RYLTTALR] .
0.2000 16,2900 0.0000 &
C« 2000 * 21.3900 L d 0.0000 L4
0.0000 L4 25.6900 L4 0. 0000 L
0.0000 * 43,0100 ¢ 0.0000 L4
EXTENSION ESCALATION DATA
EGIN RATE <+ BEGIN RATE *- BEGIN RATE *
YEAR (%) o YEAR (g) s YEAR )
1981 12.60 = 1981 12.60 » 1981 9.60 *
1902 10.60 ¢ 1982 10.60 ¢ [} 0,00
19863 9.60 ¢ 1963 B.60 * 0 0.00
YEAR CAPITAL COSTS ($/KW] FIXED CHARGE RATE(X)
1980 2200.0 ' 24,700
1963 3035.9 24.700
1985 3740.5 24,700
1986 §152.0 24.700

EXTENSION ESCALATION

CAPITAL COSTS (ssxwi  FIXED CHARGE RATE(Z?

FIXED O&M
(s/xw)
0.0000
0.0000
0.0000

206.9200

BEGIN RATE

L
*
L4

-.-
L
.

L

YEAR 2y ¢

1981 12.60
1982 10.60
1903 9.60

1200.0
1655.9
2040.3
22064.7

Figure 6-2. FINAM Echo of Input Data (Continued)

¢
[
*

VARIABLE OGM
(SINY/YR)
0.0000
0.0000
0.0000
0,0000

OATA
BEGIN RATE
YEAR 1 21]

LX)

1981 9.60 ¢
[} 0.00 ¢
o 0.00 ¢

23.800
23.800
23,800
ZizOOO

BASED ON YEARS
60
60
60
60

BASED ON-YEARS
35 :
35
35
33

S

.

1RES

4dia
-

£#09-4L




v6

SO0G000000000000600000000800000600000000000¢000000s00RC0eRIIIttteeoEeretetttetreterorIttttereareteresttsetserstostestssestetsesss
00000000 000¢8000¢000000¢00000¢ TEST DATA ~ 80,03,85 € 95 WITH CAP, CREDIT, WEIBULL eeee COEISE04000000088000004080
0008800000686 00C000400000000000¢0000CSSOCENECRIPINEEOIBSEOLPRVIOCECOOPCERSCEOPBSEPSCORORROSOICOECEESPEC000SERNSES0C00S0CISSSC008

G000 0GENERATION DATA FOR TYPE 11 = CDALS

YEAR FUEL COST FIXED O&M ®  VARIASBLE BEN ¢

(S/MMBTUY ? ($7Xu) L4 [RYLIYAL R ¢
1980 0.0000--- ¥ -0.0000 . 0.0000 -¢
1983 0.0000 4 0,0000 . 0.0000 L
1985 0.0000 » 0.0000 . 0.0000 *
1995 5.4900 : 179.2700 L 0.0000 *

EXTENSION ESCAMLATION DATA
BEGIN RATE ® BEGIN RATE © BEGIN: RaTE o
YEAR Ty @ YEAR (Z) = YEAR () =
1981 10.00 @ 1981 12.60 = 1981 .60 ¢
1985 8.00 ¢ 1982 10.60 » 0 0.0 ¢
1990 7.00 * 1983 9460 * [ 0.00 ¢

YEAR CAPETAL COST:E (S/KW) FIXED CHARGE RATE(X] RASED ON YEARS

1980 1200.0 23.800 a5
1983 . 1655.9 : 23.800 a5
1985 2040.3 . 23.800 ’ 35

1986 2264.7 23.800 35

T
S0000C 0006000600000 00CE0BISPOESESICOCENOOETENRITCENCCOEII00IIS00COSS0CIBEROREEIS0SISICEEIINEDOOI0INO0OCI0O0CIISIS0OCECEC¢EEEIOITCCITOTOEE
000000020000 ¢3¢00800000800000s TELT OATA ~ 80,533,855 & 99 WITH CAP. CREDIT, WEIBULL eooe C00¢000000640000008600000
900000008000 50000808088000000000CE0OBSSOERICCICERTLOO00DECEEECEEOOEPNOOSETEOONPINRIOIIICIBIINEDISOCCO0ISRCO0OITP00ONOREENEESISOS

VEAR-EXPECTED UNSERWED ENERGY COST (SFMWHD

1980 100.000
1963 121.%00
- 1985 199.900
1998 277.000
BEGIN ESCALATEION RATE
YEAR . . . e 4 )
1961 6.800

Figure 6-2. FINAM Echo of Input Data (Continued)

1@ES

-7y
-

%09-41L



S6

G000CH008006000000000000000000000000000800000000000000000000000000000000000¢0008008000000000000000000003000000¢600000040009000006000
800800008000

G00000000080000008000¢00008000 TESY DATA ~ 80,03,8%5 € 95 WITH CAP. CREDIT, WEIBULL ¢eoso

G000000000000008000¢0CE00000030000000800080000SCCECITIRREIOOO0OIItEENOREEE00000000000000040008000000000¢00000000000000000080¢

YEAR 1980 ¢

TOTAL o GENERATION TYPE
-- 27053804 0¢ 1 2 -3
FUELS ® 2407550.0 32465.0 63842.0
FINED OCM ¢ 54&606.0 8765,0 40468.0
VAR, OEN & 0.0 0.0 0.0
E.UeEe *  3970.700
-YEAR-1983--¢ .

TOTAL & GENERATION TYPE

36490838.0¢ 1 2 3
FUELS ®* 3133%130.0 56489.0 73536,0
FIXED OEM &  T72486.0 11702.0 53136.0
VAR, OCN ¢ 0.0 0.0 8.0
EU.E. ¢ 9547.300
YEAR 1985 ¢

TOTAL o GENERATION TYPE

4794187.0¢ .1 2 3
FUELS * 4173658.0 62393.0 93886.0
FIXED OEM ¢ 57062.0 14610.0 63828.0
VAR, OGN & . 0.0 0.0 0.0
EJUeEe * 1706.600
YEAR 1995 &

TOTAL o GENERATION TYPE
11914221,.0¢ Tk 2 -3
FUELS ¢ 8216416.0 731015.0 175423%.0

FIXED OGR ¢ 212587.0 53944,0 159628.0

VAR. OG- & -0s0 0.0
EoleEe * 25101.300

0.0

BASE CASE SYSTEM COSTS (K$)

139%66.0
22286.0
0.0

4
43484.0
29265.0

0.0

L)
39624.0
256893.0

0.0

<
83392.0
62708.0

°o°'

1451.0

1316.0
o.o

39151.0
25242.0

LB

6
1038%1.0
22104.0
o.o

[}
137160.0
29980.0

0.0 -

L]
388026.0
101833,0

09

9503.0
3662.0
0.0

12391.0
4835.0
0.0

7
15362.0
56060
0.0

,

30025.0

14525.0
0.0

0.0
0.0
C.0

4102,0

107.0- -

0.0

°
376104.0
12260.0
0.0

9

0,0
16665.7
0.0

2168

oND
.
-X-N-X-]

0.0

26286.0
0.0

9
0.0
T74973.0
B0

'Figure 6-2. FINAM Echo of Input Data (Continued)

10
0.0
o.o
0.0

10
0.0
0.0
0.0

e L4
261385.0
189540.0

0.0

13
0.0
0.0
0.0

11
0.0
0.0
0.0

11
0.0
-0.0
0.0

13
440084.0
240219.0

0.0
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‘96

900800 E0000000UPCEVEIPEIEISEDEEONTELOOCR0R0OPSP DD EOOREITEREIESTEOSCCCIS000BEC0ECECE0ICOCOCTISOIE0I000E0RE0000000000890000¢00000
TE00C000 600050000008 08¢0000460 TESY DATA - 80,083,353 € 95 WITH CAP, CREDIT, WEIBULL ¢oe» 08006000000 008080000006000
06600 ES00S0I0PEEOOGDR0ICIOEIRISORIEOEOICIEIOEERINNNEOSOTICEEEDEEPREOPPERIODOOCUNS0OIOOICETEOEEES000S000000CS000080000000080¢0

BASE CASE CAPACITY ADDITIONS (nw)
s GENERATION TYPE
‘3

‘EAR ¢e -8 + -5 & T + -9 -10 11
.980 eo 0.00 0.00 0,00 0.00 0.00 0.00 0.00 0.00 0,00 0.00 0.00
1983 e» 81.00 64,00 0,00 0.00 0.00 1947,.00 0.0C . 0400 0.00 0.00 0.00
.98% »» 0,060 390,00 0.00 0.00 61.00 167.00 0.00 9.00 0.00 0.00 0.00
1986 se 0,00 390,00 .00 0.00 291.00 188.00 0.00 44,00 320..00 0.00 0.00

CHANGE CASE 1 = 10 MOD-2 =CAPACETY ADDITIONS (nW]
(2] GENERATION AYPE

(EAR o9 1 2 3 4 s 6 7 8 9 10 11
1930 *» 0.00 .00 0. 00 0.00 D.00 0.00 0.00 0.00 000 0.00 0.00
1983 ¢+ 81,00 64,00 0.CD 0.00 0,00 1947.00 0.00 0.02 0.00 0.00 0.00
1985 *¢ 7.00 379.00 0.00 C.00 61,00 187,00 0.00 9.0 0.00 0,00 - 0.00
1986 s+ 0.00 390.00 C.00 0.00 291.00 188,00 0.00 44,00 320.D0 0.00 0.00
CHANGE CASE 2 = 254 MOD-2 —CAPACLITY ADDITIONS (%wW)
e GENERATION WTPE
YEAP #¢ 1 2 3 L3 5 6 7 a 9 10 11
1960 #» 0.00 0.00 0.0¢ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1983 ¢¢ 81.00 64.00 0.00 0. 00 0.00 1947.00 0.00 0.00 0.00 0.00 0.00
19895 s 0.00 222.00 0.00 0.00 61,00 187.00 0.00 9.00 0. CO 0.00 0.00
1986 ¢ 0,00 390,00 0.00 0.00 291,00 188.00 0.00 44,00 320.C0 0.00 0.00

Figure 6-2. FINAM Echo of Input Data (Continued)
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L6

PO ESEENOUIRE0CEE0EESSE0EISEEIVIPESECOOPDOIIIIIEIREENOIIPICURINIECOOOREIIIOO00UNEISINNINIO0IItIS0C0000008008000000¢
SOSEE00000000040000000409040¢ TEST DATA - 80,8385 € 95 VWITH CAP. CREDIT, WEIBULL ¢see S06008000000040000000
SOO0EG0EISIBEE000CL0S00EEEIIORINTREEISEESIGIIOEOROIIRIINEEREEERERCERBERRNIINOOIECItIOUIRIOEIIREEIBIROIEIEEIIONNINIIIOIEEVIEIINISE

CHANGE CASE 1 = 10 mMOD-2 =SYSTEM COSTS (x$)

YEAR 1980 ¢

YOTAL * GEMERATION TYPE
-2701982,0¢ -] ‘2 ;] 4 K ] 6 4 [ 2 9 10 1
FUELS ¢ 2404207.0 32470.0 63862,0 39566.0 0.0 0.0 9503.0 0.0 0.0 0.0 0.0
FIXED DER ¢ 54606.0 876%5.0 40468.0 22266.0 0.0 6.0 3682.0 0.0 16665.7 0.0 0.0
VARes OEN ¢ 0.2 0.0 D.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
E.ULE. * 2915,60)
YEAR 1983 ¢

TOTAL . GENERATION TYPE

3644890.0¢ 1 2 3 & 5 6 7 8 9 10 11
FUELS ¢ 3130779.0 56010.0 73530.0 43484.0 0.0 103851.0 12391.0 0.0 0.0 0.0 0.0
FIXED DEM ¢ T2486.0 11702.0 53126,0 29265.0 0.0 22104.0 4835,0 0.0 21862,9 0.0 0.0
VAR, OEM ¢ 0.0 0.0 D.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
€ UeEe ¢ 9457,0C0
YEAR 1985 *

TOTAL ¢ GENERATION TYPE :

4777609.0¢ 1 2 "3 4 5 [ 7 8 9 10 11
FUELS * 4167113,0 62406.0 93881.0  39423.0 1450.0 137160.0 15362,0 4102.0 0.0 0.0 0.0
FIXED DEM ¢ 87062.0 14583.0 63828.,0 25893,0 1316.0 29980.0 5808.0 107.0  26286.0 0.0 0.0
VAR, DEW * 0.0 0.0 0.0 0.0 0.0 0.0 0.0 CeC 0.0 0.0 0.0
EeUcEaw * 1896,500
YEAR 1995 # *

TOYAL ¢ GENERATION TYPE
11899604 ,0¢ 1 ? 3 R X 5 < ‘? -8 9 10 1Y
FUELS * 821109C,0 722066.0 175403.0 83392.0 39147.0 3686814.0 3002%5.0 376095.0 0.0 261326.0 439953.0
FIXED DEM ¢ 212587.0 53803.,0 159€28.0 627080 25242.0 101833,0 14525.0 12260.0 74973.0 189540.0 240219.0

VAR. OGN o 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
EclUeEe ¢ 25103.500 .

Figure 6-2. FINAM Echo of Input Data (Continued)
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CONOO0PEPII0IBEEO00CICEDIO0S0ENCOEIICIEES OOt IINEINONOOOTEINEOEIPOEOOIREIITOEIRIROEEOEItOEEI00000¢000000000000ett00000I0000000S
0800000000000 000000¢8 0040000604 TEST DATA - B0,83,85 € 95 WITH CAP, CREDIT, WEIBULL *ese 060808 E02¢0000CS00CESOS0
00000 E0D000800¢E0CEUNINICIICTCEEUTICOEOOOstSPIETEONtOOREOeeRtEstOEettttt ettt nttttaatcttttotsinsetitetttettotossestsstsssestttoes

CHANGE CASE 2 = 25 MOD=-2 ~SYSTEN COSTS (x$)

EAR 1980 ¢
TOTAL * GENERATION TYP

2622307.0°- + | 3 -9 4 3 L.J 7 ‘8 9 10 11

UELS ¢ 2329096.0 20850,0 65770.0 39583,0 0.0 0.0 95C3.0. 0.0 - 0.0 0.0 0.0

IXED DEM ¢ 54606.0 8765.D | 40468.0 222B6.0 0.0 0.0 3682.0 0.0 1€665.7 0.0 0.0
‘ARe O8N o 0.0 0.0 o»oo 0.0 0.0 0.0 0.0 0.0 0.0 0.0 " 040

oUef, * 3046.,100
'EAR 1983 ® . '

TOTAL * GENZRATION TYPE

3535639.0¢ 1 2 3 4 5 [} 7 8 9 10 1
TUELS * 30290912.0 S0577.0 T3176.0 £3479.0 0.0 103726.0 1238%.0 0.0 0.0 0.0 0.0
‘IXED DEN @ 72486.0 11702.8 53136.0 2926540 0.0 22104.0 4835.0 0.0 21882.% 0.0 0.0
1AP. Ok ¢ 0.0 0.4 0.0 0.0 0.0 0.0 J.0 0.0 0.0 0.0 0.0
IeU.E. *  7981.600 '
fEAR 1685 ¢

T97AL . GENERATION TYPE .

4639611.0* 1 2 - 3 4 5 6 7 8 9 10 11
FUELS ¢ 4040157.0 5r402,.C 613556.0 39424.0 1446,0 137075.0 15362.0 4102.0 0e)d 0.0 0.0
FIXED fNEN o 87062.0 14180.C - €3828.0 25693.0 1316.D 29980,.0 5800.0 107.0 . 2628640 0.0 0.0
VAR, O&M # 0.0 0.0 0.0 0.0 0.0 0.0 (6.0 0.0 0.0 0.0 0.0
£eU.Es ¢ 1677.700 ‘ '

YEAR 19935

TOTAL * GENEIATION TYPE :
11614765.0 1 2 3 h 4 -5 ] -+ 9 e 10 31
FUELS ® 8025631,0 633674.0 178636.,0 83392.0 . 38974.8 388283.0 30024.0 376103, 0.0 259066.0 435490,0
FIXED O&m & 212567,.0 52116.0 153628.0 62708,.0 25242.8 101833,.0 14525.0 12260.0 T4973.0C 169540,0 240219.0
VAR. DEN o 0.0 0.0 0.0 a.0 0.0 0.0 0.0 - 0.0 0.6 0.0 0.0

E«UoEe * 24013.900

Figure 6-2. FINAM Echo of Input Data (Concluded)
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-oon.‘oonouoouno"oonunooouoionnoouu"uonooonooooooq.onouunnnnnnonoonono“ouoooooonuonouno"nno
(00080000090 000800000ss00¢0000 TEST DATA — 80,863,855 C 95 WITH CAP. CREDIT, WEIBULL oese TE00000000060000080900000
LS00 C0EIII000S0ENIIIIN0INE00000E00INO00OEEOEINOI0OEISIO0IICOTOIOROOIOII0TICIItINIIOERIOURROIIEINNICIeRttItOstitetstseesssss

CHANGE CASE VITLE ¢ CAPACITY (PW) ¢% P.W, VALUE (10008) #¢ BREAKEVEN CAPITAL (S/KW) 8¢ MARGINAL VALUE (S/Ku) ¢¢
10 #00-2 L4 “2540 ~ ®® T 49442,3 Lo 1375,.3¢6 .o -e3% L4
254 nOD-2 . 6335.0 s 1063239.4 . 1164,43 . -.35 e

EQUATION OF GROSS VALUE PER KW (S/XM) CURVE
GROSS $/KW = C1 ¢ C2¢A6

AG = ALTERNATIVE GENERATION CAPACITY (®w)
Cl = 1384.D0624%

C2 - ~+345788

EQUATION OF MARGENAL VALUE PER KW 18/KW) CURVE
RARGINAL $/KW = [C1
CCi = ~¢345786

Figure 6-3. FINAM Results
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001

GO00EE400000400000008300000406000600000000¢0000P0000UCRC0CESECOUNEEOEESINTENUSEIICIRORITEIOORITEPOROEIEINEIIIOCITIC0COUISCEOCICOOOOO00
G000 380800800063¢0=00¢¢oCHANGE LIFE OF WIND MAL 4INE CO0000000004000¢0000080000
SHEE00T 00000 CIETINROLRCEIOREOIEIRIINNEICPEEIEDIDINCOIEPEIISEESCOCEII0CEII0IOIEIISIINEERRIIICE0E0000000000¢080008000008040008

*0000 CLUTION ¢¢¢0e atL SENSITIVITY RUNS ASSUNE THAT GENERATION TYPE UNIT CAPACITIES
S WELL AS ODISPATCH AND CO®MITRENT ORDER DO NOV CHANGE,

SENSITIVITY RUN NB: %
ANY OF THESE MAY BE CHANGED
PRESENT WORTH RESULT YEAR = 1980
ALTERNAFIVE GENEESATION LIFE ® 40 YEARS AND FINED CHARGE RATE - 2L.90 ¢
USING END OF YEAR COST ASSUMPTION
LAST YEAR OF ALTERNATIVE CALCULATIONS = 2019

CHANGE CASE VITLE #* CAPACITY (Mu) ¢¢ P.w., VaLUE (10008) ¢+ BREAKEVEN CAPITAL (3/KW) #¢ MARGINAL VALUE (S/Kw) ¢®
10 NM0OD=-2 A4 25,0 ¢ 53662.4 L 44 1875.71 e -e38 e
254 MOD-2 e 635.0 ¢ 1149296,7 e 1244,.31 *3s -.38 L4

EQUATION OF GROSS VALUE PER KXW ($/XW) CURVE
GROSS $/XW = C1 ¢ C2¢AG

AG = ALTERNATEIVE GENERATION CAPACETY (MW)
Cl = 1485.195417

€2 = -+ 379341

EQUATION DF MARGINNML. VALUE PERX¥W—t$/KW) CURVE:
MARGINAL $/X¥ = CC1
CCl = -+379341

Figure 6-4. FINAM Sensitivity Results
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000040000900 000EE4C004600800000000000000000000000800E0S0000000R0R0sSORNTRERNI0I00IC0000R00sIIBIL00II0REENRIEIIEEeIOtRIRIRGININSSYS
SRESENT WORTH DISCOUNY RATE VO 12. L T Y PR YN T Y Y T
000006008 000006TEEPEO0IEIPEEEEC0000ICEOEISOOIEOItEEsotocotortetteteiiiototestioeestsstseeretstetotoriisettistioterssosssesssesose

#0000 CAUTION 0300 ALL SENSITIVITY RUNS ASSUNE THAT GENERATION TYPE UNIT CAPACKTIES
AS WELL AS ODISPATCH AND COMMITMENY ORDER DD NOY CHANGE.

SENSITIVITY RUN NO. 2
THE PRESENT WORTH DISCOUNT RATE MOW = 12,000 PERCENT
THE G.N.Po DFFLATOR RATE NOW » 10.100 PERCENT

CHANGE CASE TITLE ¢ CAPACLTY (MW) ¢ P,u, VALUE (10063) *¢ BREAKEVEN CAPITAL (S/NMW) o¢ MARGINAL VALUE (S/KW) ¢s
10 moD-& L ad 25.0 s T2614.4 b4 1641.97 L4 —e45 .
254 MOD-2 s 635.0 o 1531516.,0 hdd 1367.19 . 45 .

EQUATION OF GROSS VALUE PER W (S/Kw) CURVE
GROSS $/Kw s C1 ¢ (2%AG

AG = ALTFONATIVE GENERATION CAPACITY (™w)
Cl » 1653,231%86

€2 = ~e%50663

FOQUATION DF MARGINAL VALUE PER ki ($S/vW) CURVE
MARGINAL $/KW = CC1
CCl = “+4650663

0G0 GOSN ONSEESS00000000000400000000CINRIRNEBOINIIRCEtELOITP0S00CQ00RRRROINII0CRPCRCOOOIROOO0EI00PS00000000000S00S00P00CSRC0CIEITSIOGTE
SEOCO 00 000C00OBNIOICPOPCOSOCHANGE ASSUMED OISTILATYE FUEL TYPE CAPITAL COST, G000 00600000000460000808
CO0GI024000300C00PEPSCIPCUILCVEORIIERII0COONOENCOEER0P0DCIOPOOCRLEEROCIPPEEOOERIEOIISOCORRNOROICPOOETPOISINCINIETEIOEEIRIOEOIIRINTITE *e0

$0660 CAUTION ®#s0e ALL SENSIVIVITY RUNS ASSUME THAT GENERATION TYPE UNIT CAPACITIES
AS WELL AS DISPATCH AMD COMNITMENT DRDER DO NOT CHANGE.

SENSITIVITY RUN HO, & - CRPITAL COSTS CHANGED — CHANGES PRESENTED BELOW - (S/«W}
L 44 GENERATION TYPE
YEAR eo 2
1980 seo 600,000
1983 ¢e 8208.000
1985 s 1020,100
1986 *¢  1132,400

CYANGE CASE TITLE % CAPACITY (Mu) 8¢ P.w. VALUF (1000%) *¢ BREAKEVEN CAPITAL ($rKW) #® PAPGINAL VALUE (S/KW) o
10 mop-2 . 25,0 ¢» 53052.1 LAd 147%.77 had ~.41 .
254 nOD-2 s 6:5.0 «» 1110267.9 e 1224,.81 e -e6l LA

FQUATION CF GROSS VALUE PSR KW ($/KdW) CURVE
GROSS $/K% = €1 ¢ 2046

AG = ALTEFNATIVE GENERATIDN CAACITY (mW)
Cl = 148¢.056822

€2 = -e411419

EQUATION DF MARGINAL VALUE PER KW ($/XKW) CURVE
MARGINAL B/KW = CC1
CCl - -+411419

Figure 6-4. FINAM Sensitivity Results (Continued)
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‘.0'0‘0'00O0.00000Q.0“...0..‘....0.0.0...li'ot't.‘...‘....A..0.0"..0‘0‘.0‘0.'.‘0000'0.00.00..0.00“0'0..“00.00.‘.0000
L4

9940 CAUTTON e¢seoe ALL SENSITIVITY RUNS ASSUME THAT GENERAVION TVPE UNIV CAPACIVIES
. AS WELL AS DISPATCH AND COMMITMENTY ORDER DO NOT CHANGE.

SENSITIVITY RUN NO,- 3 = FUEL COSYTS CHANGED = CHANGES PRESENTED BELOW - (3/MBTUY
EXTENSION ESCALATION DATA

GENERATION TYPE 2 . . R
BEGIN YEAR RATELZ)

1981 12,300
1965 10,000
1986 9.100
1987 2.900
1988 8.500
1989 8.300
1990 8.400

EXTENSION ESCALATION DaATa
GENZRATION TYPE 4

8EGIN YEAR RATFIEZY
1981 1J.009
1985 8.700
1984 N.100
1987 8.900
1988 3.5%500
1969 8.300
1990 8.400

EXTENSION ESCALATION DATA
GENERATION TYPE &
BEGIN YEAR RATE(ZX)

1981 12.500
1982 10.000
. 1989 8.700 - : ,
: 1986 9.100 S -
i 1987 8.900
: 1968 0.500 .
1989 8.300 :
1990 8.400

EXTENSION ESCALATION DATA
GENERATION TYPE B . -
BEGIN YEAR QATE(R)

1981 - 10,000
1989 8.700
1986 9.100 . :
- 1987 8.900 : -
1988 Be500
1989 8.300
1990 8.400
EXTENSION ESCALATION DATA

GENERQATION TYPE-10 .

AEGIN YEAR nirEazn i
1981 10.0
1985 8.700
1986 9.100 .
1987 : 8.900 . '
1968 8,500
1989 8.300 . -
1990 8.400

CHANGE CASE TITLE oo CAPACTTY (Mu) #¢ P,ys VALUE 12000C) “ BREAKEVEN CAPITAL (S/Kv) oo NAﬂGlN;l VALUE (S/xy) ¢¢
10 mpD-2 . 25,0 oo 503408.,3 1400.56 L4d -.37 (44
254 MOD-2 L 635.0 o 1073292.4 " 1175.44 L1 - 37 o

EQUATION OF GROSS VALUE PER KW ($/KW) CURVE

GROSS $/KW » C1 ¢ C2¢AG

AC » ALTERNATIiVE GENERATION capacITY (nu)

€1 = 1409,78575% *
r2 = ~e30904A

EQUATION COF NIPGINAL VALUE PER KW (‘IKH’ CURVE
MAFGINAL $/Xw » CC1
(cl = ~+369048

Figure 6-4. FINAM Sensitivity Results (Concluded) .

102



TR-604

S=R) %

/308
FINAM.

ACCOUNT,DUM123¢,

REQUEST,FINAMX, #PF,

ATTACH, IMSLIB,ID=PUBLIC,

LIBRARYSIMSLIB.

ATTACH, FINAMX,I0=UID, PW=PSWORD.

COMMENT., PURGE, FINAMX,I0=UID, .

COMMENT. FILEsFINAM,FL=B80,

COMMENT, GETPFsFINAMyFINAM,ID=UID,
COMMENT., FTNsI=FINAM»BaFINAMX,R=0sL=0yER,
COMMENT. CATALNGy FINAMX, ID=UID, XP=PSWORD.
COMMENT. AUDIT,ID=UID,

FILEsDATA»FL280,
GETPF,DATA,FINDAT,ID=UID,

FINAMYX, o

EXIT, ' :

DMP. _

REWINDSDATA,

COPYSBFsDATA,QUTPUT,

/EOR

(Lines beginning in “COMMENT.” are inactive, but removing the
“COMMENT.” will activate the command.)

Figure 6-5.- Sample Runstream for FINAM
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