


DISCLAIMER 

This report was prepared as an account of work sponsored by an 
agency of the United States Government. Neither the United States 
Government nor any agency Thereof, nor any of their employees, 
makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately 
owned rights. Reference herein to any specific commercial product, 
process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any 
agency thereof. The views and opinions of authors expressed herein 
do not necessarily state or reflect those of the United States 
Government or any agency thereof. 



DISCLAIMER 

Portions of this document may be illegible in 
electronic image products. Images are produced 
from the best available original document. 



Printed in the United States of America 
Available from: 
National Technical Information Service 
U.S. DepartmP.nt of Commerce 
5285 Port Royal Road 
Springfield, VA 22161 
Price: 

Microfiche $3.00 
Printed Copy $ 6. 50 

NOTICE 

This report was prepared as an account of work sponsored by the United States Govern­
ment. Neither the United States nor the United States Department of Energy, nor any of 
their employees, nor any of their contractors, subcontractors, or their employees, makes 
any warranty, express or implied, or assumes any legal liability or responsibility for the 
accuracy, completeness or usefulness of any information, apparatus, product or process 
disclosed, or represents that its use would not infringe privately owned rights. 

,. • .~ : •• · : ;, • -'I ' : , 



SERli'TR-732-604 
UC CATEGORIES: UC-58b,60 

ELECTRIC-UTILITY VALUE 
DETERMINATION FOR WIND 
ENERGY 

VOLUME II A USER'S GUIDE 

DAVID PERCIVAL 
JAMES HARPER 

FEBRUARY 1981 

---------DISCLAIMER--------~ 

This book was prepared as an accoun1 of work sponsored by an agency of the United States Government. 
Neilher 1hc United States Government nor any agency thereof, nor any ol their employees, makes any 
warranty, express or implied, or assumes any legal liability or responsibility for the aCC\Jracv. 
completeness, or usefulness of any information. apparatus. product. or process disclosed, or 
represents lhat its use v.<luld not infringe privately owned rights. Reference herein to any specific 
oommercial product, process. or service by trade name, trademark, manulac1urer, or otherwise, does 
not necessarily constitute or imply its endorsement, recommendation, or favoring by the United 
States Government or any agency thereof, The views and opinions of authou expressed herein do not 
necessarily state or reflect those of the Uni[ed States Government or any agency thereof. 

PREPARED UNDER TASK No. 3532.15 

Solar Energy Research Institute ' 
A Division of Midwest Research Institute 

1617 Cole Boulevard 
Golden, Colorado 80401 

Prepared for the 
U.S. Department of Energy 
Contract No. EG-77-C-01-4042 

·::c:,::::;mnoN OF mis Dr£li'i&OO IS mmMITTil lh x..1 



THIS PAGE 

WAS INTENTIONALLY 

LEFT BLANK 

·,r· 



5:5~1,9, ________________________ T_R-_6_0_4 

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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SUMMAR.Y 

Objective: 

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 available from SERI. The 
second volume is a user's guide for these computer programs. 

The value determination process begins with the processing of weather data by 
computer programs WTP 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 a production cost model to develop a more accurate estimate of the 
variable operating costs needed for th~ conventional generating system. This 
coRt i.nformation 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 WF.CS 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. 

V 



sa,1 ,If, ______________________ ra_-6_o_4 

Conclusions and Recommendations: 

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
ities 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 n,le Blvd., Colden; CO 
80401; 303-231-lOjz (FTS-327-1032). These models are also available through 
National Energy Software Center, Argonne National Laboratory, 9700 s. Cass 
Ave., Argonne, IL 60439. 
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SECTIOR 1.0 

INTltODUCTIOR 

This volume is 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 in 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 eacp. 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 

WTP - WEATHER. TAPE PREPROCESSOR 

As explained in Vol. I, WTP is the starting point in the analysis if the 
Weibull option is not chosen. WTP's basic job is 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 VfP 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. 

CRDTYP 

USER 

!MONTH 

!DAY 

!YEAR 

FORMAT (A2,2X,l0A4,3I2) 

WA 

Name of user, 40 characters 

Month of run 

Day of run 

Year of run 
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2.2.2 WB--Title Cards 

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

CRDTYP 

TITLE 

·FORMAT (A2,2X,10A4) 

WB 

40-character title 

2.2.3 WC--Weather Cards 

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

CRDTYP 

ISOURC 

NWSTAT 

NWYEAR 

·wsLAT 

WSLONG 

NTZWS 

H'IWIND 

WSNAME 

FORMAT (A2,3X,Il,I5,I4,2F5.1,I2,F4.1,5A4) 

WC 

Weather data source: 
1 = TDF-14 
2 = Aerospace 
3 = SOLMET 
4 = TMY 

National Climatic Center weather station number; 
Must match number on weather tape 

Weather year desired; 
Must be four digits and match year on weather tape 

Latitude of station, ·degrees; 
North is positive, south is negative 

Longtitude of station, degrees; 
West is positive, no negatives allowed 

Time zone of weather station: 
5 = Eastern 
6 = Central 
i = Mount~ln 
8 = Pacific 

Height of wind recorder (m) 

Weather station name; 
20-choroctcr ideuLlflcatlon 

This completes the card input data requirements. These data are expected on. 
"TAPES" 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 Wl'P 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. · 

2. 4 wrP 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 wrP 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.s.1 Header 

FORMAT (I5,1X,I2,1X,Il,1X,F5.l,1X,F5.l,1X,I2,1X,5A4, 
6X,I1,1X,F4.1,1X,F4.2,1X,FS.3,1X,7Il) 

Column 

1-5 

7-8 

10 

12~16 

18-22 

24-25 

-27-46 

53 

55-58 

60-63 

.5 

Variable 

Weather station number 

Weather year, 2 digit 

Leap year; 1 = yes, 0 = no 

Weather station latitude; degrees 

Weather station longitude; degrees· 

Weather station time zorie: 
05 = Eastern 
06 = Central 
07 = Mountain 
08 = Pacific 

Weather station name 

Weather data source 
1 = TDF-14 
2 = Aerospace 
3 = SOLMET 
4 = TMY 

Height of wind speed recorder (m) 

Ground reflectivity at station; 
Frac-tiortal 
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65-69 

71 

72 

73 

74 

75 

76 

77 

Terrain factor at station; 
Range: 0-1. 

Dry-bu-lb temperature code 

Barometric pressure code 

Relative humidity code 

Wind speed code 

Opaque sky cover code 

Direct insolation code 

Total insolation code 

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

2.5.2 Weather Data 

FORMAT (I4,1X,I2,1X,I2,1X,I2,2X,F5.1,1X,F6.4,1X,F5.3, 
lX,FS.1,lX,FS.3,lX,FS.3,lX,FS.3) 

Column 

1-4 

6-7 

9-10 

12-13 

16=20 

22-27 

29-33 

35-39 

41-45 

47-51 

53-57 

Variable 

Hour of year 

Month of year 

Day of month 

Hour of day 

ury-bulb temperature('~) 

Barometric pressure; bars 

Relative humidity; fractional 

Wind speed (m/s) 

Opaque sky cover; fractional 

Direct insolation; kW/m2 

Total insolation; kW/m2 

A sample of this output file is given in Fig. 2-3. The file is represented by 
"TAPEll" in the sample runstream in Sec. 6. O. 

2.6 WTP SAMPLE CONTROL CARD SEQUENCE 

A sample control card sequence for a standard CDC-SCOPE system is shown in 
Fig. 2-4. 
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WA 
WB 
WEI 
WB 
WC 

SAMPLE PROBLE~ - ALBUQUERQUE, N.M. 120180 
*** ALBUQUERQUE, N.M.~ THY TAPE. 
*** TAPE OBTAINED FROM NCC 
*** TAPE ALSO RESIDES ON SERI DISKPACK 
4230S01999 3S.0107.0 711.9 ALBUQUERQUE,N,.M. •, 

.. Figure 2-1.:· WTP Manually Creat~d Input Data 
I· 

~ ... 
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00 

CORELATE - COST, Rflll!lllTY &hALYSIS •••STONE C WEBSTER ENG!NEERIN6 COPPD9ATIIN • • t lZI 1180 

IITP - llEUiiEI TAPE PREF':tOCESSOR • --5' .. N.E PRDBLEII - AUUQUEROUE,, N.N. PAGE l 

···················································~····························································~·················· 

cccccc OOODOO ll'!RP.Ptut EEEEEEH LL u TTTfTTIT HEE~EEE 
cccccccc JIJ00::!000 IIURl>RIIR EEEEEEEE LL "" TTTJlTIT HEEHEE 
cc cc JO 00 1111 PR EE Ll u '' T1 EE 
cc )0 00 RR PR EEEEH LL ;&A u T1 ElEEEE 
cc JO 00 PRRIUlRR EEEEEI ·u .au.uuA T1 EEEEH 
cc cc )0 00 RRRUR EE LL ,uuuu Tl Ef 
cccccctc JOOOEOD 1111 RSII EEEEEHE Llllllll ,., ... Tl EEEEHEE 
cc:ccc OODJOO RI! IRII EEEEEfEE Llllllll IA '' Tl EEEHHE 

••• ALBUQUERQ~E, N.11.- TIIY TAPE 
••• t•PE OBTAINED FRON NCC 
••• TNPE ALSO IIESIOES ON SERI 01:oKPACK 

Figure 2-2~ WTP Printed Output 



COPELATE - COST [ RELIABILITY ANALYSIS • • • STONf g WEBSTFP ENGINEERING CORPORATION••• u, 1180 

WTP - WEATHER TOE Pll:EPDDCESSOR --SUIPlE PIIOBLfN - &lBUOUEll~UE, N.N. PAGE Z 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

INPUT DATA 

SDUPCf DATA FOlll'AY 4 - NATIONAL CL["ATIC CENTER 

WEATHER STATIO~ ND. l3050 

WfATHER TEAii 

LCCnror. 
lHITUOf 
LO~CITUOf 
Til'H ZONE 

TYPICAL 

3~.0· OEG~EFS 
107.0 DEGl>HS 

7 CIHJU"lTAl''I 

CCR(LATE - COSl g l~LIABILITY ANALYSIS 

TIIY TAPE FORIUT 

•••STONE I ~fBSTfR ENGINEERING CORPORATION••• lU 1'110 

WTP - -EITHER TAPE PIIIEPPDCESSOI -•SAl'PlE PRDBLEN - &LBUOUEIOUE, NoNo PAG'e J 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

PARANETEI _____ _.;.. __ . 

OPY !ULB TE~PfllATUII( 

BARO~FTRIC PPfSSu~t 

WJN!) SPEED 

Pf~C~"IT OPAQUE SKY COVER 

OIRfCf JNSOLATION 

TOTAL l"ISOLHION 

NUMBER OF HOUP$. 
·DATA WAS.HISSING. 

0 

0 

0 

H3Z 

0 

0 

Figure 2-2. WTP Printed Output (Concluded) 

UI 
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23050 99 D 3S. D 107.0 7 ALBUQUERQUE 1 N.M. 4 11. 9 0.00 .143 1101111 
1 1 1 1 -3.3 .8459 0.000 2 .1 0.000 D. ODO 0. 0 DD 
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 0.000 0.000 0. ODO 
4 1 1 4 -4.4 .8456 0.000 3.1 0.000 0.000 0.000 
5 1 1. s -S.6 .8456 0.000 3.6 0.000 0.000 0.000 
6 1 1 g -6.7 A459 O.QQQ 3. f, n n oo 0.000 u.uuu 
'"i 1 1 7 -?.8 .i4hJ 0.000 3.1 0.000 o.uuu U.000 
8 1 1 8 -6.1 .8469 0.000 3.1 0.000 . 215 . 043 . 
9 1 1 9 -5.6 . 8473 0. 000 0.0 .100 .491 .182 

10 1 1 10 -3.3 .8473 0.000 2 .1 .100 .838 .354 
11 1 1 11 -1.1 .8473 0.000 0.0 .100 . 970 . .499 

t { 
87S9 12 31 23 0.0 .8358 0.000 1. 5 .300 0.000 0.000 
8760 12 31 24 0.0 .8358 0.000 1. s .300 0.000 D. 000 

.. 
Figure 2-3. WTP Output FIie 
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WTP,T100,YD1. 
COMMENT. FILE,TAPE10,RT=F,FL=163,BT=K,RB=24,MBL=3912,CM=YES. 
COMMENT. ABOVE FOR SOLMET. BELOW FOR THY. 
FILE,TAPE10,RT=F,FL=132,BT=K,RB=24,MBL=3168,CM=YES. 
FILE, TAPE11. 
FILE,TAPES,FL=BO. 
FILE,TAPE6,FL=80. 
FILE,WTP,FL=BO. 
GETPF,WTP,ID=UID. 
GETPF,TAPES,ID=UID. 
COMMENT. REQUEST,WTPX,*PF. 
FTN,I=WTP,B=WTPX,R=O,L=O,ER. 
COMMENT. CATALOG,WTPX,ID=UID. 
COMMENT. VSN-S00183=TMY, VSN-S0003S=ALBQ SOLMET. 
STAGE,TAPE10,PRE,VSN=S00183,PE,NT,EB. 
LDSET,FILES=TAPE10. 
WTPX. 
REWIND,TAPES. 
COPYSBF,TAPES,OUTPUT. 
REWIND,TAPE6. 
COPYSBF,TAPE6,0UTPUT. 
REWIND, TAPE11 . 
SAVEPF,TAPE11,SAVEF,ID=UID. 
EXIT. 

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

Figure 2-4. WTP Sample ·Runitream . 
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SECTION 3.0 

WEIBUL WIND DISTRIBUTION 

WEIBUL's objective is to create Weibull wind speed probability distributions, 
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--Curve Parameter Card 

3.2.1 WA--Header Card 

One card is required at the beginning of the data. 

CRDTYP 

USER 

!MONTH 

!DAY 

!YEAR 

FORMAT (A2,2X,l0A4,3I2) 

WA 

Name of user; 40 characters· 

Month of run 

Day of run 

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 



S:t1,t1, ______________________ T_R_-6_0_4 

CRDTYP 

TITLE 

FORMAT (A2,2X,10A4) 

WB 

40-character title 

3.2.3 WC--Veather Card 

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

FORMAT (A2,1X,Il,1X,I5,1X,I4,1X,I4,1X,F4.1,1X,5A4) 

CRDTYP - WC 

!SOURCE Weather data source: 
l = TDF·-14 · 
2 = Aerospace 
3 = SOLMET 
4 = TMY 

NWSTAT National Climatic Center weather station number; 
Must match number on weath~~ tapP. 

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 

HTWIND 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,Il,1X,I3,1X,F5.2,1X,F5.2) 

r.RnTYP WD 

IOPT Calculation option, (sP.P Vol. I, Sec. 4.0): 
0 = maximum likelihood techni~ue 
1 • ordinary least squares technique 

!BINS Number of wind bins (divisions between cut-in and maximum wind 
speed) for calculation purposes; 
Range: 1-100 
R..ecommendation: AH large 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 is required to 
determine the proper input value: 

where: 

Wcr = 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). 

= height of 
data (m). 

wind-speed recorder used to collect 

Hh = 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.S). 

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

This completes the card input requirements. 
"TAPES" in the sample runstream in Sec. 6.0. 
in Fig. 3-1. 

3.3 WEIBUL INPUT WEATHER DATA 

This data is to be input on 
A sample of this data is given 

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

3.4 WEIBUL PRINTED OUTPtrr 

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 generaily printed on 
paper. 

3 •. 'i 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 We:1.hull information--each line describing one hour of a monthly typical 
day. 

15 



SEfl 11f1 _______________________ TR_-_6_04_ 

3.5.1 Header 

3.5.2 

. , 

FORMAT (I5,1X,I4,1X,I4,1X,Il,16X,5A4,1X,Il, 
1X,F5~2,1X,I3,1X,F5.2,1X,F5.2) 

Column 

1-5 

7-10 

12-15· 

17 

34-53 

55 

, S7-61 

63-65 

67-71 
. 

73-77 

Results 

Column 

1-2 
3 ... 4 

5-9 

10-11. 
'r- .. 

15-21 

22-28 

29-35 

36-42 

45-50 

',' 

Variable 

Weather station number 

First weather year; 2 digits 

Last weather year; 2 digits 

Leap year1 1 ~ yes, 0 • no 

Weather station nawe 

Weather data source 
1 = TDF-14 
2 = Aerospace 
3 = SOT.MET 
4 = TMY 

Height of wind speed recorder 

Number of calculation bins 

Maximum expected wind speed 

Cut-in wind speed input on WD 

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

'Description 

Month 

Hour of monthly typical day 

K ~ Weibull shape parameter 

C - Weibull scale parameter 

Average pressure; bars 

Average tempe~~ture (°C) 

(m) 

card 

Average relative humidity; fractional 

Average wind speed (m/s) 

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 
"TAPEll" in the following sample runstream. 
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3.·6 WEIBUL SAMPLE COR'l'ltOL CARD SEQUERCE 

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

"'· 
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WA 
WB 
WB 
WB 

TEST RUN FOR CALCULATION COMPARISON 
TMY - ALBUQUERQUE,NM 

MAXIMUM LIKELIHOOD TECHNIQUE 

WC 4 23050 1999 1999 11 .9 TMY ALBUQUERQUE 
WD O 100 ~O. 0.00 

. . . . . . 

·1204BO 

. Figure 3•1. WEIBUL Manually Created Input Data 

~ ·• ·-
' 
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• • • $0LAI ENER,Y t£$EARCH INSTITUTE • • • u, '110 

WEIIUl --£11Ull WINO OISTRIIUTION ---TEST RUN FOR CALCULATION COIIPARISON PAGE l 

·····································~······························································································ 

INPUT DAU 

SOURCE DATA FORNAT 4 - NATIONAL CLl~ATIC CENTER TNY TAPE FORNAT. 

WEATHER STATION ND. Z3050 TIIY Al~UOUEROUE 

t TYPICAL ~FHOPluGIC6L TEAR IS usro - TNY 

•• THE ~All~U~ LIVLIHO~O TECHNIQUE HAS BEEN CHOSEN TD CALCULATE THE WEIBULL PARANETERS 

~EIGHT OF WIND SPE~O R~COPQfO 

NUIIBER OF DAY~ OF D_AU USED IN WEIBUl CALCULATION - 36' 

WSIIAI • 40.000 NETERSISJC TDTlL BINS• 100 WSDIVI • .40000 

CUTIN WIND. SPHO_AJ_l!IEN!)NETER HEIGHl • .5.•030 !'IETER$!$_E_1 

NUMER DF ITERATIDICS• e 
1 l 1.211 1,931 .ue -.111 0.000 s.011 
NUNBER OF ITERUIDNS• 6 
l z - .• 9,p. 1.z,z ,83B -1.1,61 0 •. 090 z.e.~9 
NUIIBER OF ITERATIONS• 3 
l 3 1.0Z6 1.,06 .838 -1,64' 0.000 J,068 
NUNBER OF ITERATIDltS• ' i . 

' 1.200 i~170 ,838 -1.111 0.000 Z,9,, 
NUNBER OF ITERATIONS• 10 
l ' . . .,_,. .9H ,838 -Z.Jl.l .. 0,00.!). Z,HI 
NUIIBER OF ITE RA Tl DltS• 1 
1 6 1.,,, .661 .ue -z.nt 0.000 z.1,z 
NUNBER OF [lfP&TIOICS~ ' l 1 1.21, l, 7B1 .n9 -3.006 0,000 z.,11 
NUIIBER OF ITERATIDltS• z 
1 ··--···-. 8 .,oo 1,800 .839 -Z.919 0.000 Z, 3"1 
NU!IBER Of 11'£°,i &TI Diff• ···1 -··. 
1 9 1. u, Z,902 .a,o -1.40 0.000 z.no 
NUIIBER OF ITERATIONS• ' 1 10 1.z,e f.647 .8,o .n!i 0.000 z.nz 
MUNIER OF I TEP&TIOICS• 9 
l 11 1,162 1.,,6 .e,o z.z,a 0.000 z.uz 
NillilER OF ITEPATlr'4·5• ' l lZ 1.oz9 1.no .a39 4,394 0.000 Z.868 

• • • 
• 

.806 

.1,, 

.839 

.9(1J 

.9S, 

o90J 

Figure 3-2. WEIBUL Printed Output 
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23050 1999 1999 THY ALBUQUERQUE 4 11. 90 100 40.00 S.03 
1 1 1. 21 1. 93 .83B -.781 0.000 3. 077 . B06S 
1 2 .94 1.24 .B38 -1.161 0.000 2,839 .7742 
1 3 1.03 1. 41 .83B -1. 64S 0. 000 3.068 .8387 
1 4 1. 20 1. 77 .B38 -1. 777 · 0. 000 2.94S .9032 
1 s .94 .87 .83B -2.201 0.000 2.B32 .8710 
1 6 1.49 .67 .838 -2.719 0.000 2.742 .93SS 
1 7 1.27 1.78 .B39 -3.006 0.000 2.S77· .9032 
1 8 .so 1.80 .839 -2.919 0.000 2.361 .93SS 
1 9 1. 67 2.90 .840 -1.44S 0.000 2.310 .9355 
110 1.28 1.65 .B40 . 735 0.000 2.742 .9032 
111 1.16 1. S6 .840 2.2S8 0. 0 00 2. 632 .8387 
112 1.03 1 .17 .839 4.394 0.000 2.868 .7419 
113 1.02 2.14 . B3B 5.539 0.000 3.200 .806S 
114 3 .18 2.58 .837 6.503 0.000 3.435 . 7742 
115 1.32 3.18 .837 7.090 0.000 4. 071 :7097 
116 1. 34 2. 78 .837 6.935 .o. 000 4.429 .6129 
117 1.53 1. ss .837 S.739 0.000 4. 384 .5484 
110 1.02 1.32 .837 4 .103 0.000 3.700 .6774 
119 1. OS 1.82 .83B 3.029 0. 0 00 3.929 .7419 
1 ~?.O 1.39 2 .44 .838 2.268 0.000 3.532 .7419 
121 1.04 1.90 .838 1.742 0.000 3.748 ,7097 
122 1.49 2 .19 .838 1.116 0.000 2.816 .8065 
123 2.S4 3.72 .838 .455 0. 000 3.084 .8710 
1~?.4 1.68 3.10 .838 -.258 0.000 3.287 .8387 
2 1 .62 1.47 .838 1.004 0.000 2.846 .8929 
2 2 .74 1.82 .838 .200 0.000 3.257 .8571 
2 3 .67 ·. 92 .838 -.407 0. 000 3.179 .8571 

J i 
12~:!4 1.92 .68 .841 1. 210 0.000 2.810 .9032 

Figure 3-3. WEIBUL Output FIie 
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WEB, YD1, YLi. 
COMMENT. FILE,TAPE10,RT=F,FL=163,BT=K,RB=24,MBL=3912,CM=YES. 
COMMENT. ABOVE FOR SOLMET. BELOW FOR TMY. 
FILE,TAPEiO,RT=F,FL=132,BT=K,RB=24,MBL=316B,CM=YES. 
FILE,TAPE11,FL=80. 
FILE,TAPES,FL=80. 
GETPF,TAPES,WEBDAT,ID=UID. 
COMMENT. PURGEiWEI~X,ID=UID. 
COMHENt. REQUEST>WEIBX,*PF. 
FILE,WEIBUL,FL=BO. 
GETPF,WEIBUL,TY=G,ST=CNS. 
FTN,l=WEIBUL>B=WEIBX,R•O,L=O,ER. 
COMMENT. CATALOG,WEIBX,ID=UID,XR=UID. 
COMMENT. VSN-S00183=TMY, VSN-S0003S=ALBQ SOLMET. 
STAGE,TAPE10,PRE,VSN=S00183,PE,NT,EB,ST=CNS .. 
LDSET,FILES=TAPE10. 
WEIBX. 
REWIND,TAPES. 
COPYSBF,TAPES,OUTPUT. 
REWIND,TAPE6. 
COPYSBF,TAPE6,0UTPUT. 
REWIND,TAPE11. 
SAVEPF,TAPE11,SAVEF,ID=UID. 
EX :CT. 

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

Figure 3-4. WEIBUi.. Sample Runitream 
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SKCTIOH 4.0 

ROSEW-REPRESEHTATION 01' SOLAR. KLECTRIC-vlND 

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 useq 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 is 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 (S,*) 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. 'ntus, 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 control 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--Ti tle Card 

RC--Control Card 

RD--Time Period Card 

RF~-Wind Enhancements Card 

RJA--Design Label Card 

RJB--Design Parameters Card 

RJC--Gear Box Efficiency Table 

RJD--Generator Efficiency Table 

RJE--Transformer Efficiency Table 

KJ1!'--Aerodynam1c Efficiency Table 
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4.2.1 RA--Header Card 

One card is required, placed first in the input_deck. 

CRDTYP 

USER 

!MONTH 

IDAY 

IYEAR 

RA 

Name of user 

Month of run 

Day of run 

Year of run 

4.2.2 RB--Title Cards 

FORMAT (A2,2X,10A4,3I2) 

Three cards at'P. required, placed after the RA· card. 
40-characte.r title. 

FORMAT (A?,,2X,10A~) 

.RB CRDTYP 

TITLE 40-character title 

4. 2. 3 R.C--COntrol Card 

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

FORMAT (FREF.) 

Each contains a 

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 (i.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 $ystem. 

CRDTYP 

IWBLOP 

IFOROP 

NPER 

NDESIN 

1u; 

Weibull option; 1 = on, 0 = off 

Forced outage rate option; 
0 = WECS power ontpnts modified by the fnl"eed C1utas111 i:a~tt, 
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 .ff IWBLOP = 1 

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

RVAP 

INTER 

NSLOTS 

Gas constant for dry air; bar m3/kg°K; 
If zero is input, the program defaults to the value 0.00287 

Gas constant for water vapor; bar m3/kg°K; 
If zero is input, the program defaults to the value 0.0046 

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

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

4.2.4 RD--Time Period Card 

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. 

CRDTYP 

IP 

JTPER 

IUBEG 

IUEND 

NUPF 

NTDAY 

NFDAYl 

NFDAY2 

NFDAY3 

FORMAT (FREE) 

RD 

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

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

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

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

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

Number of typical days; 
Range: 0-3; 
If 0, then straight hourly powers are output 

Number of values to make up first typical day's averages 
(see Vol. I, Sec. 5.0); 
Zero if IWBLOP = 1 or NTDAY = 0 

Number of values to make up second typical day's averages; 
Zero if IWBLOP = 1 or NTDAY = 0 

Number of values to make up third typical day's averages; 
Zero if IWBLOP = 1 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 

MWSTAT 

MWYEAR 

STTERR 

RE 

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

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

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. RF--Wind Enhancements Card 

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

CRDTYP 

IALOPT 

IWOPT 

SIGS 

SIGTHE 

SIGW 

SIGU 

ISHROP'I' 

FORMAT (FREE) 

RF 

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

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

Gust-power correction factor; 
Generally "' O. 2 

Anemometer theta correction factor; 
Generally "' O. 2 

Anemometer vertical gust correction factor; 
Generally "' Q. 2 

Anemometer longitude gust factor; 
GenerAlly ~ o. 2 

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 RJB-RJH cards for the specific design, 
with this package followed by another wind-machine design package if more than 
one design is considered. 

26 



SE:fl 11f1 ______________________ TR_-_6_04_ 

FORMAT (A3,1X,Il,1X,Il,1X,5A4) 

CRDTYP - RJA 

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

INNOV(D) Innovative design flag for design D; 
If 1, then a velocity-power table is used for power 
calculations; 
If O, then the standard power calculations are used 

PLNTLB Wind-machine label; 
20-character description of wind-machine design 

4.2.8 R.JB--Design Parameters Card 

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

FORMAT (FREE) 

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

CRDTYP - RJB 

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

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

HUBHT -- Hub height (m); 
Range: 1.0-100.0 

RPMROT RPM of rotor; 
Range: 1. 0-500. 0 

VCUTIN 

VRATED 

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

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

VCUTUT - 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: 

CRDTYP 

FORWGU 

HUBHT 

FORMAT (FREE) 

RJB 

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

Representative cencerlint:! height of wind turbine for power 
calculations, meters; 
Range: 0-100.0 
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VCUTIN 

VRATED 

VCUTUT 

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 

HGTINN -- Wind-speed recorder height that velocity values in the velocity­
power table are based upon, meters; 
Range: 0-200.0 

4~2.9 IUC--Nuaber of Generators Card 

One oard is requir~J fur each design, placed behind RJB card. 

CRDTYP 

NWGU(M) 

FORMAT (FREE) 

RJC 

Number of wind generators of this design for month M; 
Range: 0-999 

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

4.2.10 IUlrRJB--Tabular Input Cards 

If INNOV on the RJA card is zero, then the RJD card is not needed and the RJE­
RJH cards enter gearbox, generator., transformer, and aerodynamic efficiencies 
as functions of an independent variable. If INNOV io one, the RJD card inputs 
t:he wind-generator power output as a f11nrti nn of wind v!!!locity al a certain 
height, 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 O\ltside thP ran~a are as~fe;ni!'d thw vnlu~ 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 :fndicat01:1 the number uf 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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R.JD--Power Table Cards (U1NOV = 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 RJ? cards are included. 

CRDTYP - RJD 

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

FORMAT (FREE) 

XVEL Independent variable, wind velocity (m/s); 
Range: 0-100. 

XPOW -- Dependent variable, wind-turbine 1power output, MW; 
Range: 0-10. 

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

CRDTYP -- RJE 

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

FORMAT (FREE) 

EFFGBX -- Independent variable, power input to gearbox, MW; 
Range: 0.0-999.9 

EFFGB -- Dependent variable, gearbox efficiency; 
Range: 0-1.0 

R.JF--Generator Efficiency Table Cards. Two to six cards are required, placed 
after the last· RJF card. These are needed ·only if INNOV = o.· · 

CRDTYP - RJF 

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

FORMAT (FREE) 

'EFFGNX '-- Power input to generator, MW; 
Range: 0-999.9 · 

EFFGN -- Generator efficiency; 
Range: 0-1.0 

R.JG--Transformer Efficiency Table <ards. Two to six cards are required, 
placed after the last RJF card. 'nlese are needed only if INNOV = O. 

29 



sa,1
1
11' ________________ ____.._. ............... .::1.-

CRDTYP 

NEFFTN 

EFFTFX 

EFFTF 

FORMAT (FREE) 

RJG 

Number of points; 
Range: 2-25 

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

Transformer efficiency; 
Range: 0-1.00 

R.JB--Aerodynamic Efficiency Table Cards. Two to six cards are required, 
placed after the last RJG card. 'Ihese are needed only if INNOV = O. 

FORMAT (FREE) 

CRDTYP 

NEFFAD 

EFFADX 

EFFAD 

RJH 

Number of points; 
Range: 2-25 

Tip speed ratio; 
Range: 0-999.9 

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. 'Ihese two files have been previously discussed 
and are identified as "TAPElO" in 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 is identified as "TAPE6" in the sample 
runstream. 
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4.5 ROSEW OUTPUT FILE 

RO~EW' s main output file is saved for input ~o 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", lX, IS, lX, I4, lX, 14, lX, SA4, lX, 11, lX, 
I2,1X,FS.2,1X,I2,1X,I2,1X,Il,1X,Il,1X,Il,1X,Il) 

Column 

1-2 

4-8 

10-13 

15-18 

20-39 

41 

43-44 

46-50 

52-53 

55-56 

58 

60 

62 

64 

31 

Variable 

"PP" 

Weather station number 

First weather year 

Last weather year 

Weather station name 

Weather data source; 
1 = TDF-14 
2 = Aerospace 
3 = SOLMET 
4 = TMY 

Number of bins in Weibull calculation 

Maximum wind speed expected in 
Weibull calculation 

Number of intervals between VCUTlN 
and VRATED for calculation purposes 

Number of slots in each interval 

Height projection calculation option; 
1 = on, 0 = off 

Wind enhancements option, 
1 = on, 0 = off 

Forced outage option; 
1 = on, 0 = off 

Number of wind-machine 
considered 

designs 
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4.5.1.2 Comment C.ard 

One 20-character plant description (PLNTLB variable) is 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 

Column 

1-2 

3-', 
5-6 

9-18 

21-30 

33-42 

Interval Results 

FORMAt (3I.1,2X,Fl0.4,iX,F10.4,2x,flfJ.4) 

Variable 

Number of wind-machine designs; 
Range: 1-9 

Month 

Hour of month's typical day 

Probability of zero power output from 
wind machine; 
Range: 0-1.0 

Rated power output of this design, MW 

Probability of rated power being 
produced; 
Range; 0-1 

For each interval between VCUTIN and VRATED, the output is: 

Column 

1-2 

5-14 

17-26 

FORMAT (I2,2X,Fl0.4,2X,Fl0.4) 

Variable 

Interval number 

Representative power of th~s 
f. wind-speed interval, MW 

Probability of the wind being in this 
wind-RpP.P.d interval; 
Range: 0-1.0 

A sample of this output file 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 comment card, and output 
results. 

4.5.z.1 Header Card 

FORMAT ("HR", IX, IS, lX, I4, IX, I4, lX, SA4, IX, Il, 16X, Il, 
IX, Il, 3X, Il) 

Column 

1-2 

4-8 

10-13 

15-18 

20-39 

41 

58 

60 

64 

4.5.2.2 Comment Card 

Variable 

"HR" 

Weather station. number 

Weather year 

Weather year repeated 

Weather station name; 
20 characters 

Weather data source: 
1 = TDF-14 
2 =·Aerospace 
3 = SOLMET 
4 = TMY 

Height projection calculation option; 
1 = on, 0 = off 

Wind enhancements option; 
1 = on, 0 = off 

Number of wind-machine 
considered; 

designs 

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 (3I2, "IX 
"HR ENGY 

Column 

1-2 

3-4 

Il," HR ENGY ", l2FS.l,/,3I2, "2 
12FS. l) 

.33 

Month 

Day 
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5-6 

10 

21-80 

Weather year 

Machine design number; 
Range:· 1-9 

First 12 hourly average powers, MW 

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

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

4.5.3 Typical Days Option 

As described in Vol. I, either one, two, or thr.ee "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 Header Card 

FOIU1AT (''.T" ,Il, lX, I5, 1X, I4, lX, I4, J X, SA4, lX) Tl, 16X, Tl, lX 
Il, 3X, Il) 

Column 

1 

2 

4-8 

10-13 
15-18 

20-39 

41 

58 

60 

4.~.3.2 Comment Card 

Variable 

"T" 

Number of typical days; 
Range: 1-3 

Weather station number 

WeathPr yPar 

Weather year r~peated 

Weather station name 

Weather data source; 
1 = TDF-14 
2 = Aerospace 
3 = SOLMET 
4 = TMY 

Height projection calculation option; 
1 = on, 0 = off 
Number of wind-machine designs 
considered 

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 (I2,2X,I2,"1 
I2,2X,I2," 

Column 

1-2 

5-6 

10 

17-18 

21-80 

",Il,' 
",Il'2 

Tl 
Tl 

',I2,2X,12F5.1,/, 
',I2,X2X,12F5.1) 

Month 

Year 

Variable 

Machine design number; 
Range: 1-9 

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

First 12 hourly powers, MW 

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

If two typical ~ays are selected, the same results will be output for day two; 
Tl in the above FORMAT will change to T2. If 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 PROBLEM - ALBUQUERQUE, N.M. 120180 
RB * TMY DATA - ALBUQUERQUE, N.M. 
RB * 25 MOD-2 AND SO MOD-1 WIND TURBINES 
RB * WEIBUL PROBABILITY EXECUTION 
"RC" 1 1 12 2 0 0 S S 
"RE" 23050 1999 0.143 
"RF" 0 0 0. 0. 0 .. 0. 0 
RJA 1 1 MOD-2 WIND GENERATOR 
"RJB" 0.08 60.96 6.35S 12.52 20.52 60.96 
"RJC" 2S 2S 2S 2S 2S 25 2S 2S 25 2S 25 25 
"RJD" 1~ 6.35 6,7 7,~i 7,6 8.05 A~ A 9 9.4 ,.14 10.3 
"RJD" i0.'7 U.:::! 11.6 12.1 1:!.S 20.S 
"RJD" .119 .261 .39 .S28 .66S .812 1.0H, 1.203 
"RJD" 1.776 1.974 2.15S 2.339 2.S 2.S 

1.395 1.582 

RJA 2 0 MOn-t WINO GENERATOR 
"RJB" 60.0 .1 40. JS. 7.· 1S. 20. 
"RJC" 50 SO SO SO SO SO SO SO SO SO 50 SO 
"RJE" 12 0.0 .084 .117 .151 .201 .302 .436 .620 
"RJE" 1.390 1.67S 
"RJE" 0.0 .456 .S6S .639 .713 .787 .849 .893 
"RJE" .951 .960 
"R,J'F" 11 0.0· · .. 064 .096 .113 .161 .257 .434 .563 
"RJF" 1.608 
11 R:fF 11 0.0 .571 .717 .785 .838 .88S .920 .930 
"RJF" .947 
"RJG" 11 0.0 .062 .092 .108 .153 .245 .413 .536 
"RJG" 1.S23 
"RJG" 0.0 .975 .975 .975 .980 ·.980 .980 .980 
"RJG" .98S 
"RJH" 12 0.0 1.0 4,0 6.0 8.n 9.0 10.0 12.0 
"RJH 11 iB.O ~0.0 
"R JH" . 019 . 020 . 133 . 324 . 424 . 441:.:l .455 .440 
"RJH" .210 0.0 

Figure 4-1. ROSEW Manually Created Input Data 
Wellbull Option - 2 Designs 
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RA SAMPLE PROBLEM - ALBUQUERQUE, 'N.M. 120180 
RB * TMY DATA - ALBUQUERQUE, N.M. 
RB * 2S MOD-2 WIND TURBINES - POWER TABLE 
RB * HOURLY POWER OPTION 
"RC'' 0 0 12 1 0 0 0 0 
"RD" 1 "JAN" 1 744 24 0 0 0 0 
"RD" 2 "FEB" 74S 1416 24 0 0 0 0 
"RD" 3 "MAR" 1417 .2160 24 0 0 0 0 
"RD" 4 "APR" 2161 2880 24 0 0 0 0 
"RD S "~AY" 2881 3624 24 0 0 0 0 
"RD 6 "JUNE" 362S 4344 24 0 0 0 0 
"RD 7 "JULY" 434S 5088 24 0 0 0 0 
"RD 8 "AUG" S089 S832 24 0 0 O O 
"RD 9 "SEPT" S833 6552 24 0 0 0 0 
"RD 10 "OCT" 6SS3 7296 24 0 0 0 0 
"RD" 11 "NOV" 7297 8016 24 0 0 0 0 
"RD" 12 "DEC" 8017 8760 24 0 0 0 0 
"RE" 230SO 1999 0.143 
11 RF 11 1 1 .2 .2 .2 .2 1 
RJA 1 1 MOD-2 WIND GENERATOR 
"RJB 0.08 60.96 6.35 12.52 20.52 60.96 
"RJC 2S 2S 2S 2S 2S 25 25 2S 25 25 25 25 
"RJD 18 6.349 6.35 6.7 7.15 7.6 8.05 8.S 8.94 9.39 9.84 
11 RJD 10.28 10.73 11.18 11.63 12.07 12.52 20.52 20.S21 
"RJD ·o .. 119 .261 .39 .S28 .665 .812 1.016 1.203 1.39S 
"RJD 1.S82 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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PfPRfSENT&TION OF SOLAR FLECTRIC--WIND • • • SCLAR ENERGY RESEARC• INSTITUTE • • • lZ/ 1/80 

---S&~PLE PPORL£" - &LBUOUFROUE, W•"• PAGE 1 
...............................•............•.....................................•.••........•... ,.~································ 

• T"Y D•TA - ALBUOUEROUE, N.N. 
• Z5 "Ot>-2 AND 50 "00-1 VIND TURBINES 
• WEIBUL PROBABILITY EKECUTION 

• • • SOL•R ENE'GY RESEARCa INSTlrUTf • • • 12/ 11110 

---SA"PLE PR~RLE' - &Leu,~EROUE, "·"· P&Gf z 

·······················••t••~····················································~·················································· 
IIIIPU'II DATA 

THIS RUiii ENCO"PASSES 

12 Tl"£ PEOIODS 

WEIBUL QDTIO~ - 1 

l WGflll 0£SIGMS 

ORY UR 
WATE~ VH011 -

0 002E70 SAP "•*3/IKG ~I 
,OO~EOO AAO ·••3/l~G Kl 

f(RCED CUTAGE OPTln~ - l 

~FIPUL l~Tf•~ALS ~ ~ 
•flqUL SLOTS PFO l~TERVAL 

SIT£ &NO PLANT P&RA~ETERS 

DATA FRON we•THER STATION 23,50 

WEATHER YEAR - 1999 

SITE TERRAIN FACTOR• .1~30 

5 

•• "0DIFICATIONS FDR GUST, ANE"O~ETER REAOIIIIGS, ANO SHEAR EFFECT NOT UTILIZED•• 

Figure 4-3. ROSEW Printed Output 
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k~P~(SE~T&TION OF SOLAR ELfCTRIC--wlND • • • SOLAR FNERGY.RESEARCH INSTITUTE • • • lZI l/110 

-~-S&~PLE PROBLF~ - lLBUOUEROUE, N.M. PAGE J 

·········································~·························································································· 
PLANT DESIGN 1 - "no-2 WIND GEhEPATOR 

T+IIS DES(GN USES &N INPUT TABLE OF YELDCllY vs. POWER FDR ITS cu·cuLAT[ONS 

FORCED OUTAGE RATE -
CUT IN VELOC ITT C MIS I -
RATED VELOCITY IM,SI 
CUT QUT ~ELDCITY C~/SI-

.oeo 
f>.355 

12.5ZO 
ZO.">ZO 

kECORDEP HEIGHT ~lND SPEED TA9LE IS BASED J~ - b0 0 9bC" 

~U~RER rF •l~D ~&(MINES Of TM(S OFS(r,~ FJO <AcH Tl~f pcr1ao: 
2~ 25 z~ 2~ ?5 z~ 2• z5 25 z5 
?"J 25 

. ~(h,[ ~ (:J(PUT lA~l[ 

.1,. J vEL 1C 1n b.,,;~ !>. 7:)0 1. i;c 
10.7•}0 11. 2CO 11.~oc 

P!)o c• :JUTPUT , l l'I ,?bl .3QO 
1. 7'7'! 1. '}71, 2.15! 

7.!>00 8.050 
12.100 12.500 

.528 .6b5 
2. 339 2,500 

9.500 8.900 
Z0.500 

0812 1.016 
2,500 

Figure 4-3. ROSEW Printed Output (Continued) 
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P:PRESENUTIDN rJf SOLAII EDECTRIC-IIJND • • • SOLAR ENERGY RESEAlltH INSTITUTE • • • u, 1180 

---SA~PLE PROBLEM - ALBUOlEPOUE, N.R. PAGE • 

•*•••··········~··············:················································· .. ··················································· 
PUNT Df SIGN r - NC0-1 W IJID GE ~ERATOa 

DUNETER DF ROTDI '"' b0.000 CJIT IN llELDCITY 111/S, 1.000 
FORCED OUTAGE RllE .100 RUED VR.OCITY ,:111$1 U.DOO 
l'l!B HflGHT 111 I 40.000 C·Jr-our 'VflDCIT'!' 1 PIISI 20.000 
RPN OF ADTDRS 3,.000 
Nl:NBER OF WIND ••CHIIIES ._OF THIS DESIGII FDR ea;'4 UIIE PERIOD• 

,o ,o ,. ,o ,o ,o ,o '" 50 50 
,o ,o 

GEAR BOK EFFICI f.loCY TIBLE 

PO;,E• TD Gf AA BDI • ·•ti, 0,000 ··"~ .111 .151 .201 .302 .01> ebZO •St4 1.03a 
1. 390 1.01, 

GEAR !0) HHClflllCY 0.000 .• !-6 .51>5 .~39 .713 .787 •849 •• 93 0918 .935 
.<151 .~t,0 

Gf"fUT(I~ EFFICJ:NCY Tl8H 

PDWH TO GENEDATOD I"~ I 0.000 • C ~It .091> .113 , 11>1 .257 .434 .~63 ,965 1.318 
l.t.08 

GENERATOR EFFICIENCY 0.000 .!il'.l .111 .785 .838 .8e5 .920 .930 .945 .948 
.94'1' 

TRANSFORIIER EFF IC IEIICT UIILE .,.. . 
POWER TO l'U;:ifORNERClllfl 0.000 .062 ,092 .101 .153 •245 .u, ,53b o9U i'.h9 O· 1.523 

TRtoNSFDRIIER EfFIC·IENCY 0.000 e9'5 .,j75 .9'1'5 .980 .980 0980 .9,o .985 .985 
.985 

AER•DDYNA .. IC EfFICJENCr TULE 

TIP .SPEED UT10 0.000 
18.0DD 

1.0•0 
;!l.000 

,.ooo 6.000 ,.ooo 9.ooo 10.000 J.2.,.0!D lh(!QO_ u.ooo 

AERDDTNAIIIC EFFIC:!ENCT .0~9 .0:1 .133 
• z'to •• ooo •••• .397 

DESIGN- 1 NON- 1 ,.._ l HDUILY CF- ,OUT 
.!!E$JGII- 2 "DII- 1 ,.._ : · HOUII.Y CF- .our 
DESlGII- 1 PION.: 1 -,..: Z HDURIY CF- •05b'I'·. 
DESIGN- 2 "ON- 1 ta- z HOURIT CF- .0111 
DESIGN- 1 "D!t- 1 •- 3 HCURIY Cf- .D4J6 -
·oiiSJGN- z PION- 1 •- 3 HD UR a T CF- ,0149 
DESIGN- 1 11Dlf- 1 1111- ' HOURaY CF- .030b 
.!)ES.IGN~_.l. "0~_ .. \..~.~-~- !4DU~~y CF.:- .011J... 
DESIGN- 1 NOif- 1 ·~-' HDUR~Y Cf- .0251 
DESIGN- z NOit- 1 ff~-' HOURLY CF- .0056 
DESIGN- 1 NON- 1 H~- ~. HOUIIL f CF- .OO'II · 
DESJGII- z NON- 1 H".:.-·e HovliL-,·-cf.: .0010 
DESJGII- 1 !!DH- 1 ""-., HOURLY CF- .030• -
!>.ES.JGII- _2 11011- 1 HR- 'I' HDURLT Cf- .ono 
DESIGN- 1 "DN;,.· 1 l'R-··-8 ... HDURLT CF- .ozoz 
DESIGN- 2 NON- 1 Fl- 8 HD URL T CF- .0091 

Figure 4-3. ROSEW Printed Output t·concluded) 
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pp 230SO 1999 1999 TMY ALBUQUERQUE 4 100 40.0 s s 0 0 1 2 
C MOD-2 WIND GENEl~ATOR 
C HOD-1 WIND GENERATOR 

1 1 1 .8220 62.SOOO . 0043 
1 9.9039 . 0564 
2 18. 1497 .0572 
3 30.2638 .0351 
4 43.4S51 .0175 
5 S6.0463 . 0075 
2 1 1 .8750 89.4320 . 00 03 
1 9.6198 .0'723 
2 21.6469 . 0349 
3 38.0196 . 0127 
4 S7.5897 .0038 
s 78. 1249 .0010 
1 1 2 .7924 62.5000 .00;.~3 
j_ 9.3322 .1114 
2 17.7940 .0563 
3 29.9950 . 0 ~~41 

* 21224 .9831 89.1009 .0000 
1 6.0564 .0169 
2 18.4731 .0000 
3 33. 1265 .0000 
4 51.3888 .0000 
5 70.9209 . 0 0 0 0 

Figure 4-4. ROSEW Output FIie - Weibull 
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HR 230SO 1999 1999' ALBUQUERQUE,N.M. 4 1 i j_ UI 
C MOD-2 WIND GENERATOR Ill 

1 1991 1 HR ENGY 0. 0 0.0 0.0 0.0 0.0 0.0 0.0 0 ·- 0.0 0.0 0.0 0.0 ~ -
1 1992 1 H~ ENGY 0.0 0.0 0.0 0.0 0.0 -0.0 0.0 0.0 0.0 0.0 0.0 0.0 I I 

-~ 

1 2991 1 HR ENGY 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0 G 0.0 0.0 0.0 0.0 

1 2992 1 HR ENGY 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0 8 0.0 0.0 0.0 0.0 

1 3991 1 HR ENGY 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0 . I] 0.0 .3 .3 0.0 

1 3992 1 HR ENGY 0.0 0.0 0.0 0.0 .s 1.3 . 2 .3 2 S 2.S 2.S 2.S ;.~. S· 

1 4991 1 HR ENGY 2.5 1. 8 2 .1 2.3 2.1 0.0 0.0 0. 0 0.0 0.0 0.0 2.1 

1 4992 1 HR ENGY 2 .1 2 .1 2 .1 1.8 2 .1 2.5 2 .1 1.8 1.6 1.8 2.S 2 .1 

.. i 5991 1 HR ENGY 2.S 2.S 2.3 1.6 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.0 
-~ 

N 

1 SS'92 1 HR ENGY 0.0 0.0 i. 8 2. i 1.8 1.6 0.0 ... .7 0.0 0.0 0.0 • Jo 

1 6991 1 HR ENGY 0. 0 0.0 0.0 0.0 0.0 0.0 0. ,0 0 .. (ll 0.0 .3 .7 .7 

1 6<;'92 1 HR ENGY .S O.D 0.0 0.0 .5 .3 .3 0 - (i 0.0 0.0 0.0 () . 0 

12309'92 1 HR ENGY 0.0 0.0 .s .s .3 .3 . ::, O.G .3 .3 0.0 0.0 

1231991 1 HR ENGY 0.0 0 . <[) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0 . 0 0.0 

1231992 1 HR: ENGY 0.0 0.0 0.0 0.0 0.0 0.0 0. 1) .'S 0.0 0.0 0.0 0 . () 

~ 
I 

. Figure 4-5. ROSEW Output FIie - Hourly , 
a, 
0 
.::-



UI 
T3 230SO 1999 1999 ALBUQUERQUE>N.M. 4 1 1 1 

Ill 
N C MOD-2 WIND GENERATOR -1 991 1 Ti s 0. 10 0.0 0.0 0.0 0.0 0.0 0.0 0. 0 0.0 0.0 0.0 0.0 -I I .. 

1 992 1 Ti s 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

1 991 i T ':> t,;;. 21 . 1 .1 .0 .0 .0 0.0 0.0 0.0 .0 .1 .1 . 1 

1 992 1 T2 21 .2 .3 .6 .6 .2 .2 .2 .2 .1 .1 .1 .1 

1 991 1 T3 s 1. 5 1. 4 1.1 1.0 .6 .9 .7 .8 1.0 1.4 1. 6 1. 8 

1 992 1 T3 s 2.1 2.3 2.3 1.9 1.9 2 .1 2. 1 ;.~. 1 1. 9 1.8 1.9 1.8 

2 991 1 Ti s 0. 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

2 992 1 Ti s 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
. .i:,-
w 

2 991 1 T ':> 18 . 1 . 1 .1 e •• 0.0 ,:, . ... . 1 . 1 . 1 .0 .2 .4 .s 

2 991 1 T2 18 . 1 .1 . 1 0.0 .2 .1 .1 .1 .0 ·.2 .4 .S 

2 992 1 r;:.~ 18 .S .7 .8 1. 2 .9 .7 .8 .4 .3 .4 .1 .0 

2 991 1 T3 s 1.3 1.0 2 .1 1.7 2.2 1.3 1.4 2. 0 2. 0 2.3 2.S Z!.. S 

l 1 
12 992 1 T3 s 1 8 1. 6 2.5 2.3 2. 0 1.9 1. 7 1. 2 1. 6 1. 0 .8 1. 6 

Figure 4-6. ROSEW Output FIie - 3 Typical Days 
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SUBSG,TSO. 
REQUEST,ROSEWX,*PF. 
FILE,TAPE7,RT==Z. 
FILE,TAPES,FL=80. 
FILE,TAPE16,FL=80. 
COMMENT. FILE,TAPEiO,FL=80. 
ATTACH,ROSEWX,ID=UID . 

. GETPF,TAPES,ROSDAT,ID=UID. 
GETPF,TAPE16,WTH~DAT,ID=UID. 
COMMENT. TAPE16-WEIBULL, TAPEiO-CORELATE 
COMMENT.GETPF,.TAPEiO,WTHRDAT,ID=UID. 
COMMENT. PURGE,ROSEWX,ID=UID. 
COMMENT. REQUEST,RO~EWX,*PF. 
COMMENT. FILE,R0SEW,FL=80. 
COMMENT.GETPF,ROSEW,ID~UID. 
COMMENT. FTN,I=ROSEW,B=ROSEWX,R=O,L=O,ER. 
COMMENT. CATALOG,ROSEWX,ID=UID. 
ROSEWX. 
REWIND,TAPE6. 
COPY,TAPE6,0UTPUT. 
REWIND,TAPE7. 
SAVEPF,TAPE7,SAVEF,ID=UID. 
EXIT. 

Figure 4•7. ROSEW Sample Runsiream 
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SECTION 5.0 

UIMOD - 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 usu.ally 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 UUIOD 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. Tilis card 
is always required. 
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5.2.2 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 =Atypical 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: 
0 = None 
l = Power-probability sets for a monthly typical day 
2 - A whole month of hourly valu~s 
3 = A typical day per month 
4 = 2 typical days per month 
5 = 3 typical days per month 

Flag whether to incorporate the variability in utility-load 
forecasting: 
< 0 = Do not consider variability 
) 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 urust 
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 
execnt:1.nn; 
Must be consistent with ROSEW desian numberi.ng 

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 ) 1 
Do not print if< 0 

IPl Input utility loads 

IP2 Input alternative generation 

IP3 Resulting residual loads; probabilities if appropriate 

IP4 Load duration curve of residuals; probabilities if appropriate 

!PS Sectionalized LDC; both monthly and annual 

IP6 Annual LDC 
46 
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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 if< 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 

IPlO -- Estimated chronological loads made from the accumulated load 
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 
(TAPEll) for possible use by other routines such as utility expansion or 
production cost models: 

Write if flag) 1 
Do not write if flag< 0 

IOl Input utility loads 

I02 Input alternative generation 

103 -- Resulting residual loads; probabilities if appropriate 

!04 Load duration curve of the residuals; probabilities if appropriate 

I05 Sectionalized load duration curve; both monthly and annual 

I06 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 
(TAPEll) for possible use by other routines such as utility expansion or 
production cost models: 

Write if flag) 1 
Do not write if flag< 0 
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I07 Expected-value chronological loads 

I08 LDC made from these expected values 

I09 Accumulated LDC made from the power~probability data 

!010 Estimated chronological loads made from the accumulated LDC 

5.2.7 Monthly Sectionalized LDC (Card Type G) 

FORMAT (FREE) 

Orie 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 !PS 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=l,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
t ion 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 !PS and !05 < 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=l,NSECTA; 
A1:u:mmP8 t:11:1t<1 ~re provided from top of LDC. If the aum of All 
PSECA does not equal 100, a message will be printed and all 
P6ECA will be scaled as needed to ylt:!ld 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 (Il,I2,I3) are required as a group for each month (I=l,12). If no 
uncertainty analysis is desired (IVARFG < 0 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 I1 and 12 may be provided by the user. If the 

48 



S:tl 11f, ----------------------TR_-_6_0_4 

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 rq9,I010,IP9, or IPlO should be 
activated in order to get results. 

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

FORMAT (FREE) 

Required for all months 

IMO 

VARTOP(I, 1) 

IVARTF(I) 

NT 

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" indicates 
uncertainty analysis not desired this month. 

Desired number of uncertainty intervals for top portion o.f 
LDC (( 5) 

Desired nwnber of uncertainty intervals for bottom portion 
of LDC (( 5) 

I2. Top of LDC Uncertainty 

FORMAT (FREE) 

VARTOP(I,2) -- 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 

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

VARTOP(I,J) -- 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 

I3. Bottom of LDC Uncertainty 

FORMAT (FREE) 

Card type I3 must not be given for any month where VARTOP(I,l) is greater than 
or equal to 100. I3 cards immediately follow I2 cards. 

VARROT(I,l) -- 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 in~rease 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 "TAPElO" or unit number 10. Note that all 
utility-load data should be in accordance with local Standard Time and not 
shifted for Daylight Savings Time. 

FORMAT (3I2,Il,l3X,l2IS) 

Each column includes: 

Column 

1-2 

3-4 

5-6 

7 

8-20 

21-80 

Variable 

Month (e.g., November= 11) 

Day of month 

Year (e.g., 1977 = 77) 

Sequence--one for hours 1 through 12; 
two for hours 13 through 24 

Not used 

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 
expect by the initial input variable 
possibilities utilize the standard EEI 
difference between the two is the number 

so 

data, and the program knows which to 
IULFG (Card Type B). Both input 

format for utility-load data. The 
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. Unli~e 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 variability is not 
needed. An example of each possible output is presented in a separate 
figure. These are discussed briefly below and correspond to the print flags 
IPl through IPlO: 

IPl Figure 5-3 

IP2 Figure 5-4 

IP3 Figure 5-5 

IP4 Figure 5-6 

IPS Figure 5-7 

IP6 Figure 5-8 

IP7 Figure 5-9 

IP8 Figure 5-10 

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

The intermittent generation data as echoed by ULMOD; 
Available.if ISOLFG * O; 
Appropriate probability information included if needed 

Calculated residual loads; 
Available if ISOLFG * O; 
Appropriate probability information included if needed 

Load duration curve developed from the residuals; 
Available if ISOLFG * O; 
Probability or duration of each point is included if 
appropriate 

Monthly sectionalized LDC made from the residual loads 
if ISOLFG = O, 2, or 3 and variability not desired; 
M.;:iilP frnm s:irr11m11l.:1tPrl T.nr. fnr .=ill nthP.r cnnrl1t1nnA; 
Always available 

Annual LDC; 
Made from all residual loads if ISOLFG = O, 2, or 3 and 
variability not desired; 
Made from accumulated whole hour points for all other 
conditions; 
Always available 

Expected chronological residual loads; 
Available if ISOLFG = 1, 4, or 5, or if variability 
desired for any ISOLFG 

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

IPlO Figure 

Available if ISOLFG = 1, 4, or 5, or if variability 
desired for any ISOLFG · 

5-12-- Estimated chronological 
accumulated residuals; 
Available if ISOLFG = 1, 
desired for any ISOLFG 

order created from the 

4, or 5, or if variability 

5.5 DATA FILE OUTPUTS 

The data file written to by ULMOD is "TAPEl 1" or unit 11. 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, wherP. 
possible, but preceded by a single line title the same as those printed and 
shown in the previous subheading's figures. The standard EE! format is: 

EE! FORMAT (3I2,I1,13X,12I5) 

Each column includes: 

Column Variable 

1-2 Month 

3-4 Day of month 

5-6 Year 

7 Sequence - 1 for hours 1-12, 
2 for hours lJ-24 

8-20 Not used 

21-80 12 hourly MW values 

Where EE! format is the output, this will be merely mentioned. If this is not 
the format, the exact format will be given. In the non-EE! 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 TOlO. 

101--Utility-load data 

EE! FORMAT 

I02--Intermittent generation 

F.RI FORMAT 

If ISOLFG ~ 2 or 3, EEI FORMAT 

If ISOLFG = 4 or 5, EE! 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 in groups of 12 followed by 
corresponding probabilities; 
Powers; . 
FORMAT (2X,"HOUR ",12,SX,"POWERS",SX,12F8.4) 
Probabilities; 
FORMAT (14X,"PR0BS ",SX,12F8.4) 

103--Residual loads 

If ISOLFG = 2 or 3, EE! FORMAT 

If ISOLFG = 1, 4 or 5, write residuals in groups of 12 followed by 
corresponding probabilities; 

I04--Residual LDC 

Powers; 
FORMAT (lX, "DAY ", I2," HOUR ", I2," POWERS 
Probabilities; 
FORMAT (lSX," PROBS. ",12F8.4) 

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

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, l 2F8.1) 
Probabilities; 
FORMAT (17X, "PROBS.", 2X, 12F8. 4) 

IOS--Segmented LDC 

106--Annual. LDC 

2 formats for each large section; 

FORMAT (lX,,,SECTION ",12," = ", F7.4,"FRACTI0N OF TIME, 
PIECES= ",12F7.1) 
FORMAT (1 X, "EACH PIECE = ", F7. 0, " HOURS LONG", T48, 12F7 .1) 

If ISOLFG = 2, FORMAT (9X, "RESIDUAL LOADS" ,2X, 12F8.1) 

If ISOLFG =1, write out residuals in groups of 12 followed by 
corresponding duration; 
Residuals; 
FORMAT (lX,"ACCUMULATED RESID. LOADS",2X, 12F8.1) 
Durations; 
FORMAT (16X, "DURATIONS", 2X, 12F8. 4) 

107--Expected chronological residuals 

Only :ff ISOLFG = 1, 4, or 5, or if variability desired for any ISOLFG; 

EEI FORMAT 

108--Expected residuals LDC 

' Only if ISOLFG = 1, 4 or, S, or if variability desired for any ISOLFG; 

FORMAT (27X,12F8.1) 
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109--Ac.c.umu 11;1 ted LDC 

Only if ISOLFG = 1, 4, or 5, or if variability desired for any ISOLFG; 

FORMAT (27X,12F8.l) 

1010--Estimated chronological of accumulated residuals 

Only if ISOLFG = 1, 4, or 5, or if variability desired for any ISOLFG; 

EE! 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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** TFST Ul~OO DATA; 25 M0~2'S, AL~O. N.M. SOLA~ DATA 
TULFG,ISOLFG,IVARFG, LOC. SECTIONS- MONTHLY THEN ANNUAL,OfSIGN 
211571 
PQNT 1-6: LnA~S,ALT GEN.,RESIOS.,LDC.,SECT LOC.,ANNUAL LDC. 
0 0 0 0 1 l 
PRNT 7-\o: EX?ECTEOS CHRON.,LDC. OF EXl>f:CT.,ACCUM.,tST. CHRON. 
0 0 0 1 
KOUT 1-f: LOADS,ALT SE~.,QESIDS.,LDC.,SECT LOC.,ANNUAL LDC. 
0 0 0 0 0 0 
KOUT 7-10: EXPFCTEOS CHRn~.,LDC. OF FXPECT.,ACCUM.,EST. CH~ON. 
0 0 0 1 
~ONTHLY t OF SECTION, NUMBER nF PIECES IN THIS SECTICN. 
'5 2 
'5 ? 
20 2 
50 2 
20 2 
ANNUAL! OF SECTION, ~V~~EQ 0~ P(EC~S IN THIS SECTlO~. 
' ?. 

' 2 
lC 2 
:, ·"\ 
~ I,; 2 
20 2 
20 ? 
20 2 
UNCf:PTAP!TY DATA 

1 lCO 
O JO•'):) 

' 100 
ooc.~o 

"3 100 
ooo.~o 

4 10a 
ooc.oo 

5 1 ')O 
coc.oo 

6 100 
00,).0(' 

7 10~ 
noo.oo 

8 100 
000.()0 

q 100 
C)C·.C-0 
10 1 O·J 
000.00 
11 100 
ooc.oo 
12 100 
aoo.oo 

"r" ,::; 0 ., 
3B.3 17Q.8,1 24.~ -t79.i30 ?4., 378.92 t. 65 -378.cn 
"F" 5 0 
3 a.·:\ 171.78 24.? -171.7!3 2 4. ?. 361.f.15 b.~5 -361.135 
"F" 5 0 
38.1 ll,5o7b 24.2 -165.76 24.? 349.16 6.65 -34q.u, 
*'F" 5 :, 
39.3 163.6~3 ?4,2 -lt3.t:ia 24.? ~44,78 fo. 65 -344.7~ 
"F" .:, 0 , 

3 '3. 3 l AR• 01 ?4.2 -1~~.Cl 24.2 396.03 6. 6 5 -3Qt.-.03 
"F n 5 0 
3~.3 7-2~.j8 ?4.2 -'?9,CO ;;, !t ') . . . 482.36 6.65 -482,36 
"F" 5 ') 

113. 3 211.ao 24.2 -217.80 2 4 •;, 458.77 6 • t:5 -45€.77 
"F" 5 0 
3~.3 216.40 24.? -?16.4(\ 2 '.t.? :. 55. f3 2 t, • 6 5 -455.82 
"Fo 5 I) 

38.3 -~33.57 24.2 -233.57 ?. 4 • 2 491.98 t.65 -4<;1.98 
"~" '> () 

38.3 l93.2l ?. 4 • 2 -193.?3 24.~ 407.01 ~.b5 -4C7.0l 
"F" 'j 0 
3f.3 174•03 24.2 -174.03 24.2 366.58 t:. 65 -36t.58 
"F" 5 C 
38.1 173.4~ 24.2 -173.48 2 4.?. 365.42 ti.t>5 -365.42 

. Figure 5-1. ULMOD Manually Created Input Data 

55. 

t::. 6 5 

t,. 65 

o.65 

6.65 

t:,. 65 

6. ~ 5 

6,65 

t· • 65 

6.65 

6.65 

6.65 

6.65 



VI 
0\ .. 

·····················4······················~·······~·······························~·············································· ••••••••••••••••••••• 4 •• •• TfiT u.•oo DATA; z~ MQD;•l, Aleo. ~.~. S1lAP DATA •••••••••••••••••••••••• 
................................... , ... , .................... , ....................... ~···············*······························ 

OESIPfD OPTI ~IIS 

UTILITY LDAOS - l~PUT A ~~Olf ~DNT~ Of CAT&. 
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QPTir:NS ON P"lt<Tlt;C; ANI) ~UlPUT ro 

l 1605: 
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ESTI~AT=n C'"'~[l';nl ";IC ~l 

P>Jt-!( 

l 
l 
1 
l 
l 
l 
l 

TAP:ll 
H 0 c·ll 

() 

C 

C 
r­
t' 
o, 
C­
c 
1 

Figure 5-2. ULMOD Echo of Input Data 
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·······················••t••••···································································································· 

""NTHLY L.o.c.•s Will BE OIVIOEO INIO , l Al!Gf SFCTIONS. .. SECTION • F Q AC Tl ON OF Tl "E • S"ALI.ER PIECES• 
• 1 • .0500 • 2 • • 2 • .0500 • 2 • • 3 • • 2000 • 2 • • 4 • .5000 • 2 • • 5 • .2000 • 2 • 

A•1•WAL L.ri.c.•s -'Ill ~E "l VT f\Fll I "4T~ 7 I APt;!' S£(T1CNS. 

• SfCTJf"lt. • ~~ACT In"' PF TI .. C • snL!fP PiECES • • 1 • • t:'~OC • 2 • • l • r.~~c. • l • • ~ • • 1 eve. . ? • • 4 • 'CDC' • 2 • • ~ .?C~~ • 2 • • ~ • ,c (:( • 2 • • 7 • • zrcn • ? • 

Ul'IC E~ TA I "TY 11\1 UTILITY LOADS IS DESIRED. 

"ONTH • T 011 3 • ,: o~ Tl"E • ~II t •• .... t •• "" t •• .... t •• flll t ••TAPEQOO 
1 • TOD • 100.00 • D•O 311.30 •• 17908 24.20 •• -17908 Z4oZO •• 37809 6. 65 •• -378.9 6065 •• F •• 2 • TOP • 100.00 • o.o 38.30 •• 17108 24020 •• -17108 2t,o20 •• 3f>lo9 6 .1>5 •• -3f>lo9 6of>5 •• F •• 3 • TOP • 100.00 • o.o 3eo30 •• 11>5_08 24o2C •• -lf>5o 8 24.20 •• 34902 f>of>5 •• -349oZ f>,65. •• F •• .. • TOP • 100.00 • o.o 36.30 •• lf>3oT 2t,.20 •• -lf>3o7 z,.. 20 •• 3440 8 f>of>5 •• -344011 f>o65 •• F •• 5 • TOP • 100.00 • OoO 3e.30 •• 18800 24.20 •• -100.0 Z4o20 •• 39600 6.65 •• -3'16o0 6.65 •• F •• f, • TOP • 100.00 • OoO 38,30 •• 22900 24oZO •• -22900 2 ... 20 •• 48204 f>.1>5 •• -48204 6.t,5 •• F •• 7 • TOP • 100.00 • o.o 38.30 •• 21Toll 24o2C •• -21708 24.20 •• 458011 f>.1>5 •• -458011 6065 •• F •• 8 • TOP • 100.00 • OoO 38. 30 •• 2lf»o4 24020 •• -216•4 2 ... 20 •• 455.8 1,.1,5 •• -45508 6of>5 •• F •• q • TOP • 100.00 • o.o 38,30 •• Z33o6 24.20 •• -233. 6 24. 20 •• 4920 0 b. 1>5 •• -49200 6.65 •• F •• 10 • TOP • 100.00 • o.o 38.30 •• 19302 z...20 •• -1'13o2 24.20 •• 40700 6of>5 •• -40700 6065 •• F •• 11 • TOP • 100.co. • o.o 3R.30 •• 17400 24.20 •• -174•0 24oZO •• 3f>f>o 6 f>of>5 •• -3f>6of> 6065 •• F •• 12 • TOP • 100,00 • OoO 38. 30 •• 173~5 24.ZO •• -173.5 zt,ozo •• 365,4 6,65 •• -36504\ 6,65 •• F •• 

Figure 5-2. ULMOD Echo of Input Data (Concluded) 
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••••• F 011 THF 11 '1 .. TH 1 JNPUT HOUPLY UTJl ITY LOADS. 
DAY 1 51,cn. 543q. 5252. '151. 5161. ,2 .. ~. ~22't. 555t,. 5775. 5Qo10 5Qb6o 5q33. 

588'to 576'to 5!>87. 581'1. 6!>03. 72500 72270 10Qlo 6Q40o 64•Ho 58760 5414. 
DAY 'I 'H02. 5214. 51QQo 5214. 5't83. t,3270 73520 8145. cic810 852C. 82270 8315. 

82760 "18Qo 82270 8211. li775. Q328. QOQ5o 67Q3o 8't72o 7'>2Q. bQ?3. blZ0 0 DAY 3 56 1', o ~6ZQ. 5t,OOo 5586. 'b24. f:4260 757!1. 83410 864'1. 8b06o 8't58o 8316. 
82880 82020 !!l'J7o 7Q8t,. 8502. Q205. 6Q75o e71t3. 841Qo 76Q8. 6Q8Cl. 6163· 

DAY .. 5~42o 56370 559'to 5568. 5818. 6"'t7o 751Q. 82260 ~4700 94720 81t49. BZZ6. 
R210o 81810 80870 1Q19. 87!17. Qlll o 89Q4o 86b6o 11281. 75430 b856. 6170. 

DAY 5 57700 56080 55500 551Qo 5791. 64890 75320 81t04 o 86710 BlHo 87'12o 86570 
8t-68o tlbOOo 115190 81t99o 8,360 9?0Elo 8Q31o 85610 8lb5° 74QBo f>966o 63050 

DAY 6 5586. 55!>1. 5421t o 5385. 5ltl6o ~6850 5Qlt7o 6532. 686Qo 71760 71290 7042'. 
6Ql0. 67eqo t,658 o 66Q5. 7511. 79380 77660 75 21 o 71280 6793. 1>212. 5658. 

DAY 7 5367• 5122 o 5055. 5001to 5015. ~1030 518Q. 55QOo 5971to 635Zo 6"13o 6431). 
631t3o 63 ll o f:l q5 o 63230 6935. 75Q8. 71t6~o 12•no 6,•n o 65260 5 9180 51t65o DAY B 530Qo 51740 52260 52200 55010 tl66o 72020 80530 a 387. 84400 b 380. i1203. 
~ ?07. el 7 ... blRlo S1BQo 8731 o '-225. '109'lo 87SRo 6337 0 75R2o t ee6o 6254. n~,Y '" s-.,n,. ~f'l~. ~1,'i7. 'i,t,p. '>t>l •. 1-?P?. 1nz. RT,no P"Q. Ri,QQ. Ri,t,1. RI 7t,. 
~1~~. ~ l 21, ~() ~ i. IQOr,o P37'-o "'C ~ ~ • B Q~' • 91,74. 92~!1. 7~0", 6 7~ 8, lQb,, 

OAT H: '. 7?ci. C. ~ 4 ~. '. 4 51, • ~4720 573'10 t~•no 7;3<io "13'lo !'Hlo r.42 a• ~3440 013• o 
~17 t',, ~ C :- J.• • ?C <t7 o 78730 833'>. Ql o 2 o :!93'lo 85'10. e 200. 751 ">o ~ 7?5. b0lt7. DAY 11 ~·he. ! ~t· =I. ~"co. 5478. 56670 b3~~0 73111. 8133. R~~ 7. f 35 2 o P.~1b. 81800 o,]o. 0 lb 7. 1:-c,3. 781>50 e 3,.,. o Q05'1o 8~32. P 557. qn. 7~'19. t-635 • 5'l5f.o 0 h,. 12 511bo 'j ~ l ~. ~41~. ~'>ZZ o :;!,l ~. bl?G. 7106, 7t:(;!•o Q~ ..... e•4l. c 421, '171. 
•2020 .Jf:iQZ • .,;,.,,.. 77730 e nco 874:. Bf'.cl. a2;1. 7'1090 73490 t 7! 8. 0!"8 ~ • ()by 1:1 :,t.O ~ 0 54070 ~~67. 53020 541Q. ': ~ (\ 1. 5P7~. t 5 :'5. t o~ll o 71"2· 102bo 6&77, 
M,~5. "t49. B'l&. 6578. 730b. 77Q7. 7597. nzeo 70?3. tb35, bl2bo 558Co ,HY 14 52110 ~C79o 4Qb3o 4Q22o 48Q8o ~0430 51470 ~5 3Q. 5'1•l7o 6230, b372o 6487, 
6t.j 7, b!,7?• t-670. 6€270 73530 7b<l4o 7!>11. 737e, 7)4b. b60l. t.0090 54"8, 

()AY 15 532 3o ~221>. ~1300 52010 ~ 42i o t1 li. 'P42 0 61 pc;, ~!>~3. P744. 8~85o 8t.6'1o 
~!)Q3. ~10~0 8!>Q4o !3t06. BQ'l8o Q3 65 o 90620 s;r.;!Q. e 3'15o 75730 t,824, t,Oblo 

DAY H 5 724 o 55570 ~4!>5. 54540 561t4 o b2ot1 o 7470. ij257o i:J 517. 8470, B 302 0 112110 
82440 84350 8298. 815'1. 8635. Ql8Q. 89520 86300 827Qo 75160 b790o 61270 

DAY 17 57550 553<t o 5ltl3o 51t02. 5551t o i2100 740!!0 Bll6o eJ62o 1139 2o 83500 80800 
8103. 8079. !!019. 1eci1to 8232. 906llo P908o 86330 82330 75860 67100 5995. 

DAY 18 5b27o ':1504. 5423. 51t25. 55800 621t3. 73810 aOQ6o 81t25o £14760 81t69o 8351to 
844 2o 8364. '12210 8154. l!lt29. 9251to 91350 88550 81t26o 7707. 69120 621t5o OAY lQ 59560 57690 "'39 o 5700. 5Q01. 6563. 76790 8338. IH59o 85050 83270 6138. 
lll29o 807fto 7'1220 7&>63o 798fto 88600 87040 84100 eoe2. 75340 6893. 61320 DAY 20 57Q7o 55850 5518. 5428. 5528. 58070 60<t7. 6535. 69550 70760 70230 69130 
67430 5,;50. 61t74o 61t95. 70880 78670 77030 71t38o 70330 664Qo 61400 5615• DAY 21 52A9o 5093. 4987. 4943. 49llto 5027. 51560 56020 60650 b303o 63560 63580 
62570 t090o 61120 6ZC6o 67350 71t84o 73"0o 7228. 6878. 64130 59310 5428. 

DAY 2Z 5152 • 5097o 5100. 51 ""· 5354. nno 72170 80300 !13300 83670 83350 eon. 
8182. 81820 8023. 7Qlt9o 83550 9051. 8830. 860Qo 81790 74080 6711. bOOQ. 

DAY 23 ~!>5c;>. 5t,qt,, 51tl2, 51t30o 5686. 63'13. 7"Z5o 81"6, 8<t03, Bit? 2, 83Q~. fio,1. 
80620 A05" o 791tlo 78280 8265, 90330 8S59o 8602. 81'10, 7"09o 1>623. 5980. OAY .,,. 55!>8 • 5',03. 5323. 53"lo 55890 62100 74010 Sl<tl. 81t26o 850:!. 11451, R209o 
8141. Al 81>. 8016. 7953. 8225. 90730 ll913o 8601. 81920 7462. 6712. 1,039. DAY 25 56570 547bo 5451. 546<t. 5b70. 63<t2. H90o S26fta 8493. 35260 8lo6f,. e3zz. 
828 "· 82250 8129. 80790 '13380 927ft. Ql30o 98650 ~H3. 77170 6891. 112't6o DAY 26 5!!92o 5755. 5710. 576Co t:008. 6706. 77870 9461. 8585. 84980 851t7o 82650 
82250 811,5. 7983. 77170 79f:9o 8Q27o 87890 a 3360 8 2420 76030 7020o 6305. DAY Zl 59570 57111. 5bbl. 5657. 5737. tCOl. f:3600 6828. 713ft. llQl!o 7HZ. 6903. 
6717. 65410 tlo26o 63•n. b815o 7851t• 7b68o 732'6. 7HOo 67140 6234. 57oz. DAT 2e 5381. 5256. 5118• 511tB. 5155. 52620 5381t. 58~0. 6113. f>ltZlo 63830 61tftl• 
61tZ6. 6 3"0. 61t63. 66210 700Co 18190 77920 7671)0 7H5o 69Z~o 6 363. 5761. DAY 2'9 5621to 5555. 5559. 5638. 58~'>. 6668. 782'to 85'11to 8 7530 87600 a 6<tt>o 8310. 
Bil!lo 8177. 8047, 7Ql6o PJl8a 91800 9069. 89450 e,s2. 7981. 71080 63511. on 30 '>017. 5855, 5713. 5731. 59Zlo 66300 77830 8577. 88~ 7. 8CIH, 8i!n, '111l, 
13'101. 13'15 l. 8cii2~ e880~ ,;2530 9766• 95<tOo 91660 8714. 7Q40o 7089. 6387. on 31 t,) ?.5. 58Ho 57760 5717. !i90<t, 65550 7622. 83590 6617. 85730 8f.78. 8lo65. 
85240 P608o 8'>5'1o 85790 87170 <;3360 91880 88560 81,28. 76~ lo b907o 62090 

Figure 5-30 ULMOD Echo of Provided Load Data 
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S:tl 1_1 ___________________ T_R_-6_04 

••••• 
HOUR 

HOUR z 

HOUR 3 

HOUR ,. 
HOUR 5 

HOUR t-

HOUR 1 

HOUR 6 

HOUR Q 

"".'U' l(. 

1-IJUR 11 

J,IIJl)P 12 

i-nuo 1? 

i-ouo 14 

HOUR l '> 

HOUR lb 

HOUR 17 

HDUII 18 

HOUR 19 

HOUR 20 

HOUR Z1 

HOUR 22 

HOUR 23 

HOUR Zit 

FDR ~ONTM l J•:out TYPICAL DAY Of HOUPlY Al H Rt,& Tl VF GENERATION POW(R-P~oqa~JLITY 
POwfRS o.oo:,o 1Bo1't97 3007638 4 3 o4!151 5600463 62.,000 909039 
PO 08 $ 0 08220 00,11 .0351 o 0175 00075 00043 00564 
POWFRS O,?COO l7o7'140 ZQ.9'15~ 43.2881 56o0C.4Q 6?o5COO 'lo33Zl 
PP ne s. • N?lt • 0563 .0741 .con • 0038 • 0023 • llllt 
P!hlf RS 0.0000 l7o1!Bl6 3Co0Z&5 43. 2750 ~5.'1~38 6Zo5000 '1.53H 
PA 09 so o~516 00443 00205 00084 00032 .0011 .0703 
POWfR$ OoOOOO 1800828 30.1&16 43o332l 55o91t76 67.5000 9.8&30 
PRO@S 0 o'llCQ .Ol.''15 00165 .0074 .0029 0001ft .03llt 
P'.JWERS o.oc.oo l7o4&91t zq.1,031 "2 o 7659 5'.6013 M.,coo 9.1285 
PR ORS. .11~15 .0211 .0011 .co20 00005 o 0001 .0905 
POWFRS 0.0000 l5o854t, 2609237 !il.103ft 61.5000 6Zo5000 9olt205 
PD o~s o OQt,07 00085 .0:,01 0.0000 0.0000 Oo :,coo .0507 
POWERS OoOC·)O 18.1071 10.1257 43oZ3't5 55o837t- b2o5000 Q, q'5Q8 
PD 08 S • ,'110'1 .0309 ,C'l73 ,0071t .0026 • 0010 • 02QQ 
POWERS O.?OCC l 7 o <, 3 t,Q 3C,lt4bA 43.'1570 5b.5f~t b2.~:>CJ B.~307 
PP'l~S • ... 44b • co-~, .o 0051 .0031t oOC24 o )067 .02<11 
O[!WfDS c.0000 1~·.t,,.~4 30.73b7 43ol'Ol4 5bolB14 t>Zo~OOO 10.4'1~9 
Pi1CAS. • Q4 :,~ .:,~? ,"lbO • 0115 .ootz • 0037 .OCb1 
~O.fPS C.JCO~ H.C.4lv 1C.i:.J'lr 43.0t-21 55.&~~o bl.~000 ~- '14b1 
PP .,~S • .no·~ • C3l'l • (,lb2 .:lCbO .Ctlt< .CON, • C.32b 
oowr~~ 0,1')000 17.47(1~ ,c. :J?Eb 43,l84t !-5.84H b2.500:l ~.75qb 
P~O~S. • B5l 7 .C,40? .C741 .oc,q5 .0032 • 0013 .rblO 
PO,FDS c,. OC'OI" 17, 7172 ,<l.~18C loZ.'161t8 5~.734C t2 • 5000 'I. 4to4(j 
PO ';PS• .1~?~ .C,~91 .025b .coez ,OC?4 • t10CQ .131? 
P!lwH~ o. coo~. le.13~7 3C.412& It). 7it62 ~h.341! "2. 5:c:- --~517 
o ~ D0 S. . ~nc ,0477 • :,~ 11 .c1111 • 01 C7 • (1121 .0577 
oc,1,ro5 v.o:J~ 1ci.1o1 1n 3C,7!>5b "l.Qf'5b 53.42!>0 !>2.500:> 11.30~4 
PO ('!D 5 • • 7<12 4 ,C'>b5 .103'1 .C3Q8 .OClQ c. r,co .c:>5~ 
P(11,lf OS :,. ')~')~ 1 ~. 4'>!>:l ,::.. 71 c;7 43.'lt83 5!>.41,fe f>Z.5000 10,Hbl 
PD f!P s. ,7331 .oio~ .0561 • 0431 • C2<,2 .::3BZ • 03'18 
POWFRS J.o~oc, 113 • 421tC, 3:l.!>230 43.8472 ~b.33~1 !>?,500C 10.1506 
PR 08 S • .1>43Q .002Q .o8oZ .0555 .0331 o 03lb .ObZB 
P!JWEII S 0.0000 lP.0062 Z9,b4b7 42.257ft 54.869, 62.5000 10oZl7" 
PP OBS o o~P45 ol 7bP 00733 .0160 .0020 ·0002 o lHZ 
POWERS ·c.0000 17.8290 211.11100 43.2010 5~.9088 62.5000 Q.4877 
PP OBS. .7033 .C875 .0379 .011t, o005Z • 0025 .1't91 
POWERS. 0.0000 18.0602 3002726 lt3.5b33 56.1873 6205000 9ob532 
PR OBS o o1bZ1 .Ob93 o01t03 .0210 .0102 • 0082 .0883 
POWERS 0.0000 lR 0 3t!50 3C.5001t lt3.b497 56.14'3 6205000 l0ol86B 
PIIO!ISo 07625 .0112 .0566 .0341 • Olt-'1 • 0108 • Oit7'1 
POWERS 0.0000 19.oe21 30, 31"8 lt3. 6193 5b.23~0 62.5000 9.6507 
PRD8S. 07330 oC7b2 ,Olt5Q .0250 • 0127 00113 ,C959 
POWERS OoOOOO 18,3&51 30o3't84 o-. 3652 55.~551 b2.5000 10,2757 
PR08S. 08220 .0609 o041t7 0022ft .ooe3 .0031 .038& 
P'.JWERS OoOOOO l'loZ6b5 3103802 44.270ft 51,.2q11 62 • 5000 · 11.06H 
PR OAS o .881" • 0140 .02'18 o C!52 • 0248 o 0126 .0022 
POWERS OoOCOO l8ob830 3008118 43. 9103 560281'1 62.5000 l0o50Q3 
PR 08 So .8517 .031t7 o038!li oozqq .0178 .0129 .Ollt5 

Figure 5-4. ULMOD Echo of Intermittent G·eneratlon Data 
Provided from ROSEW 
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5:tl ,If, --------------------TR_-_604 

••••• FOP lln'ITH 1 RfSTDUAL LOADS UID PIIOURILJTIES. on 1 HOUP 1 POWEIIS 5691.0 5687.1 5bT8.9 5bbb.1 5b53.5 5b4l.O 563'..5 
PIIOBS • .8120 .0564 .057Z .C3'1 .0175 .0075 .0043 

DU 1 HOUII 2 POWEIU 543'l.O H2'l.7 5421. 2 5'909.0 5395. 7 53e3.o 5376., 
PP OAS. • 7'l24 .1114 .0563 .0241 .0097 .00~8 .co23 on 1 HOUR 3 POWFIIS 5252.0 5?42.5 5?3".l 5222.0 5208.7 5l'lb.O 5189., 
PP OBS. ,85U, .C703 .041,3 .c20, • 0084 • '.)C32 .0011 

DU HIJUR ,, POWERS 5151.o 51,,1.1 513?..9 5120.8 5107.7 5095.l 5088.5 
PP()RS • .9109 .03lt, .0295 .0165 .007t, .0029 .0014 

OAY 1 "iOUII 5 POWEii S 511>7.0 51~7.9 5149.5 5137.4 51Ztt.2 5111.,, 5104.5 
PII oq S • ,8815 .0805 .0211 .0011 .0020 .0005 .0001 

OAT 1 HOUR 6 POIIE II S 5248. 0 5BH.6 5232.l 5221•1 5191>.9 5185.5 5185.5 
PRQ8S. ,9'907 .0507 .0085 .0001 0.0000 0.0000 0.0000 

DAY 1 HIJUR 7 POWFRS 5224 • 0 5214, D 5205.9 5193.9 51 BO. !I 5168,2 ~H:1.5 
P11n9~. ,9109 ,0299 .0109 ,0173 , 0074 ,0026 ,0010 DAT l t<l"llll g i>01,1~1( S 5554,6 5545, 5 553b.l ~523.6 5510,0 ';497,<, 5491.5 
P~nAs, ,'14lob ,0?91 , 0087 ,0051 , C031o , OOZ'i ,001-7 11 .AV l ,,,u~ 'l ~~ur~!: 'tt~ • C : 're"., :T~li ~ .. :,1~ ... ' ,,1 .H ,.i ~ ~, 1,.. i, !'1ll,, 
~"-'ll~::,;. • ~~llb , ll:.lb I , lll '> _j ,lllbll , :Jl 15 , :lObZ ,0037 

OAY 1''1(1> 10 PQ:l.lf '~ 1,0'l7. {' ~ocn,1 s;!='FIQ.C 5€77,C ~~~~.q ~1851. '3 5 84't • 5 
~ ... rca s. ,QJCQ ,0?2f: ,'lll<i ,CH-2 • :):t~ ,COld ,000!> 

OAY ww• 11 PQ1111l ~ S ~ 1 t- ~ • 0 ~~~tJ. 2 ~'148, 0 ~~3f,,O ~ 't?.?. ti ~,no. 2 5~03,5 
D:,nl\\ • • !=1~1 7 , Ctl: ,04<12 , 024 l , OO<i5 , 1)032 , C,013 

DAY HiJli:' I l ~~ .,r. ~ ~ c,033.0 5Cl23,6 5Cll5,3 5c;o3.2 5 • c;e,, C 5677,3 5H:l,5 
ri:.,r1-1::. • 7~ ,t, , 1312 .ObQl ,CZ5e , OOe?. ,C0:24 ,C.JC'I 

OAY l H'.JUO 13 q1,;rQs '}HP:.. C :,jJ 74. 3 5:;t,5, 'I !>~53.~ 5, ... 4c,. 3 s r?..,. 7 5621,5 
"~'."!~S. .~?'C , C577 , 0477 • 0311 • Cl67 ,OlC7 , Cl21 

DAY 1 · H f!1J~ l 4 POw 0 os ~'7'~4.0 ~'7~7.7 ~744.t 5733,2 ~722,C 5710,b 5701.~ 
'" n-. l • • '" ?Ii • C!J5' .o,!;: • l:,) <i ,DH~ ,ll(Jl'I C,0000 

0Af H:'J•.IP l ~ ~J·.r•s 51,~1.o ~~7e,'1 51-f·~-~ 5~5f:,3 5t>43, C ~blC,5 5t,?4,5 
PPO;\.). , 7331 ,09!1 .0~05 ,0561 ,C~31 .nr;2 .C3~2 

DAY l H'JUP 1 !, POWFII.S 5BlQ.C ,~ca.a ~!!00,b 5789,lt ~1B,2 571>2, 7 575b,5 
PR 0'3 S, ,f,439 ,0621' .0929 ,0!102 ,0555 ,0331 ,0316 on 1 t<JUP 17 POWEQS b603.0 e5•n.p b585.0 b573,4 6560,7 654 '3.1 65t,0.5 
PIIOAS. ,58 .. 5 , 1472 , 1768 ,0733 .OlbO .OO <O .c.002 on l HOUQ 18 POWF.IIS 7250.0 72lt0.5 7232.2 7220.0 12ob.e 71q1o.1 7187.5 
PIIOBS • , 7033 ,1491 ,0875 .0379 , 0145 , 0052 , 0025 

_DAY 1 HIJUR 19 !'OWERS 7227, 0 1211.~ 7206.q 7196. 7 7183 ... 7170. 8 7164. 5 
PROBS. , 7!>27 .0883 .oi,q3 ,0403 .0210 .0102 .ooez 

DAY 1 HOUR 20 POW FR S 70'12.0 7081 • 8 7073.b 7061,5 7048. lo 7035.9 7029.5 
PRO~S. ,7!>25 ,C .. 7q ,0712 ,0566 .D3t,l .:ll69 ,0108 

DAY l HOUII 21 POWEQS f'lltO,O 6'l30.3 t,qz1. 9 6'lD9.7 b&qb ... 6883,8 6877,5 
PRORS. • 7330 , 0959 ,0762 .C .. 59 .0250 ,0127 ,0113 

OAY '!DUii 22 POW~RS !>403•0 !>392.7 t 38 ... 6 6372.7 635<;.6 6341.1 63't0t5 
PIIOAS, , 82ZO .0186 .Ot.09 • 0,,,. 7 .DZ14 .0083 .0031 

DAV l HOUR l9 POIIIF-S 5e7!1. 0 !1116" .c; 5856.7 :>81t4.t, ::i8H.·r !>819.7 5813,5 
PR 0~ S • • ~814 .oozz .Olt,0 .0298 .O:H?. ,0248 .• nJ ;,t, 

DAY HOUII Zt, POIIEl!S 54H,O ~403.5 5395,3 S3e3,2 !'>3?C.1 5357,7 5351.5 
Pl!!)~S. , P.51 7 • 0145 .03t,7 .0395 .ozc;9 ,0178 .0129 

DAY 2 HIJUI! l POWfQS 53:lZ,0 5292.1 5283.'I 5271.7 525!1.5 5Z<t6o0 5239,5 
PII.OBS. , 8220 ,0564 ,0572 ,0351 .0175 ,0075 ,0043 

DAY 2 HOU!! 2 POWfqS 5224.0 521".7 5206.2 51'1,,.0 5180.7 5lb8,0 5161.5 
Pl!O~S. , 7<1Zfo ,111" ,0563 • C241 • 0097 • 0038 ,0023 

DAY 2 HOUR 3 POWERS 519?.0 H8?o5 5181.1 5lt9,0 5155.7 5lt,3.0 5131>.5 
PR'J9So , 85J6 .070) ,0,,,,3 .czo5 ,0084 ,0032 .001.1 

DAT. z H:JUR 4 'OlffR S 527",0 ~Zb'lol 52".'I 5Z4!.8 5230.7 !>218.l 'zu.' PIIOBS. .9109 .0314 ,0295 .0165 ,0074 ·0029 .0014 
l)AT z HOUR 5 PCIIIFRS !!ltR~.O 'i<t71.Q 

~'""· 'I 
1'i't'i1. It ~1e,o . ., '\677,, ~"70. i,. 

PROSS. .• &815 .0805 .0277 .0077 ,0020 .oocs .0001 
DU 2 H:JUR 6 POWERS 6327.0 6317.6 6311.1 6300,1 b275.9 621>4.5 6264.5 

PR08So .9407 .0507 .0085 ,0001 0.0000 0.0000 0.0000 
D Al' 2 H0Uii 1 Puwe,s 7352 .o 7342.0 7333.Q 7321.Q 7308,8 72Q6.2 7l89,5 

PROBS. .9109 ,C?99 ,0309 • 0173 , 007" ,ODZ~ .0010 DAY ~ 110UR (J i>tiwEO sh5.o &l!b., HZ7.l HU.e 11101.0 HUIHlolt 1:1Ut1Zo5 

Figure 5-5. ULMOD Residual Loads 
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$:fl ,lfi -------------------TR_-6_04 

••••• FOIi ~'111TH l iE510UAL LOAD DURATION cuave POWFPS AIIO PIIOUAILITIES. 
POIIFRS 10140,l 9943,0 991',9 9881.9 9764,l 9742,1 9718,0 9705,5 96'1J •• 9676,8 9651,6 9614,9 Paoes, ,0660 ,1180 ,0739 ,0066 , 3A37 ,0619 ,25'7 ,070 .on, ,0121 ,0517 ,0630 POWERS 96Z7,4 9605,6 9593, 7 958',6 9~76, l 9568,l 9564,5 9558, 3 9551,3 9545,7 9542,2 9539, 7 PIIOAS, ,06611 ,06611 ,0125 ,2795 ,04110 ,0739 ,2745 ,OHZ ,0641 ,0778 ,0163 ,1097 POWERS 9530,3 9526,0 9521,8 9515,3 9508,2 9506,0 9500,1 9497,8 •1489,5 9481,4 1147.6,0 9468.7 PR08S, ,0405 ,0068 ,0326 ,2260 , 2381 , 0430 ,0093 ,0701 ,0828 ,0199 , 1173 ,0180 POWERS 9461,7 94 54 ,0 9451,9 9447,4 9444,5 9439,7 9436,0 9433, 3 9429,6 94Z3,1. 9420,6 .. 9416,J Pooas, ,1190 ,1900 ,0499 , 1011, ,OH7 , 1143 ,0387 , 3214 ,068! ,08H , Cll99 •0278 POWE RS 9413, 2 9409,7 9404,7 9401,5 9395,4 9392.6 9387,6 9384,9 9378.6 9376,3 9374,0 9368,9. 

P1108S, ,0965 , 0100 ,UZI ,0316 ,0390 ,0110 , 2422 ,4418 ,0397 ,1076 ,('965 ,1978 POWEIIS 9367,6 9361,Z 9359,5 935',1 9352,0 9346.2 9344,0 9342,0 11336,l 9333,6 11330,3 9327,7 PA08S, ,2404 , 3739 ,24 86 .onz ,1654 .Z076 ,0342 ,0476 ,3045 ,0!>26 ,1237 ,3469 •owe as 9324,6 9323,9 93H,6 11317,6 93llo,8. 9311,8 9309,Cj 9306,1 9305,0 _ .9301,J. 92119,9 .92'17,5 PPOSS, .0152 ,0551 ,1004 ,0646 ,24C3 ,0126 ,3308 ,0690 ,0403 ,0207 ,0357 ,02115 POWERS 92113,5 9Z91,2 92110,6 9286.7 •n92.c 92711,9 9278,8 9274. 3 9173,0 9269,e 926S,5 9264,9 PQOSS, ,0867 .one ,184Z ,0!>5Z ,O,TC .0627 ,2010 ,4585 ,0318 ,C3Z8 ,OC67 ,199C POWEPS 11264 .1 9H0,8 'IZ58,4 9255,4 9254,0 'l25Z,Q 9248,8 9247,8 9246. 7 92H,Z 92H,Z 9238,8 PRO~S, ,1181> .Z57C ,0659 ,12115 ,21t1 • 3977 ,Z009 , 1757 ,0334 ,1322 , 18Zl ,2806 •owe as <,237.? qzf~.o Q?H.1 9230,9 9729.& 9229,0 9 225. C 9223,t, 9221,!, n20.1 9217,4 9215,4 ••oss. .c~o4 .1459 .O~M ,2190 • 03!:? ,05C4 ,Z794 .Ob3~ ,0571 ,03B~ ,0195 ,0713 DQW~l>S 9212,7 9210.a 920S,9 9207,9 9705,l Q203,3 9200,5 9198,5 11196,0 9195,4 91112,~ 91H,C P•.nqc; • ,2037 ,0669 ,06311 .31,13 ,44P3 • 0427 .cz:14 ,Oo5e .nri ,1324 ,CC98 .ones •owe•s 91R~.~ 9lR7,2 91 e4. 1 9182 • 0 917'l,9 9177,9 '1177,1 9173.~ 9171,3 9170, 3 9lt-e.~ 9H4,3 
··~~s. .~020 • 0613 • 00! 1 • 2855 , 3323 • l93b ,OOH , 26bb ,1423 ,t898 .430~ ,J43e P 0Wf Q S 9lb2,e 9160,4 cns~.4 9B4,8 9153,C 9151,1 9149,11 9l4ij,l 0146,5 9144, 3 9141,5 'll38.~ P~r111s. .oii1tQ , 1153 .19b0 ,2592 , C 114 ,1328 ,07.30 ,2205 ,0439 ,053b • 01e2 , 1042 •D~ERS 9137,5 9135,2 91H.7 ~131,4 Ql !'O.C· ~126,0 9124,9 9124, 0 9122,4 9120,• 9118,8 11116,9 
P•O~S • , 0499 • 31>83 .1935 , 4455 , 3226 • ,2 2! ,2526 .0110 , 1462 ,0397 , 253b , ~481 •D•E•S 9115, 7 9112, 7 9111,4 9110,9 9109,t 9106.d 9105,8 9104.~ 9101.7 9 lOC, 9 9009,1 9097,1 PR ORS, , 1544 ,C500 ,0206 ,b8t6 ,C773 ,1723 ,Dbl8 ,0287 ,0768 ,0531 ,3426 ,1208 POWERS 9095,0 9093,8 90'l2,8 9091,8 9De9.5 9088,b 9087, 5 90@4,0 9082,9 9081,0 9080,8 9078,2 PRDBS, ,3065 ,2541 ,2121 ,1985 ,Ob64 ,0246 ,2209 ,3926 ,0882 ,4097 ,2179 ,0418 POWERS 9076,7 907S,5 9074,Z 9073,1 9072,4 9070,3 9068,5 901,7,11 901111.8 9064,8 9063,3 90112,6 PROSS, ,0574 ,01,110 ,1998 ,H13 ,1089 ,0355 , 5810 ,0163 ,0442 .2706 ,0992 ,0327 POWE AS 9062,0 9059,3 9057.5 9055,6 9C55,0 9054,2 9052,4 9051,0 9049,8 9049,0 9047,4 9045,1 PROB$, , 31211 ,4598 .1448 ,2924 ,0318 .0109 ,15117 ,3087 ,1105 ,0098 ,1199 ,4321 POWER$. 9.043,.'1 9042,8 .90lol,,_ 9040,0 9038,8 . 9037,9 90h,1 9035,3 9034,5 9032,'1 9011,1 .. .9030,1 PR DBS, ,0591 ,0280 .0911 .2085 ,2139 ,0834 ,0617 .4180 ,0205 .3221 ,0107 ,0575 POWERS 9029,1 9028,1 9027,0 9025,9 9025.l 9023,1 9020,9 9018, 7 9018, 2 9017. 2 9015,9 9014,9 PROU, .01,02 , 2398 .03119 ,0447 ,24114 ,08511 ,0347 ,0501 ,0110 ,0237 .0730 ,0641 POWE AS 9013•7 9011,8 9009.9 9009.1 9008.5 9007,2 9005,9 9003 ,8 9002,2 9000,3 8999,9 8998,1 PROBS, ,0477 ,236'1 .2183 ,2250 ,3852 .0330 ,01159 .0347 ,2099 ,1841 , 1121 ,21192 POWERS. 89911,8 89911,0 8995,Z 8994,0 8902,4 8990,'1 e990,2 8988,8 e981,b 8'185,.'1. 8984,6 .. 8983,1.. PR OBS, ,2410 ,08511 •0179 ,3168 ,01118 ,0710 ,04111 .0077 .1672 ,2314 , 1213 ,0058 POWERS 8982,0 8981,1 8979,9 8978,8 8977,9 89711,0 8975,0 8972.8 8971,8 8970,3 89119,0 81168.7 PROSS, ,0945 ,0668 .n2" ,0834 , 0183 .0446 ,3014 ,2521, ,Zl80. ,0169 ,05911 ,Z3U POWERS 8967,7 8966,1 8965,2 8963.9 89112.3 8959,5 8957.5 8956.2 8955,3 8954.9 8953.9 8952,f> PROSS• , 1970 ,0133 .o,o, ,0819 ,0318 .0335 ,1081 ,1012 , 2080 ,4524 ,0214 .ouz POWERS 8951.'1. 8951,0. 8950.Z.. 8'149,0 8947.'I. 8945,5 89H.'1. 8'1.4.4,.ll .8942 ,4. 89HJ 893'1,9 8939,~ PRO~S. • 7577 • 3341 , 1992 , 0771 • 0152 ,0610 , 34118 .0051 ,0879 , 0200 .290 ,0246 POWERS 8939,0 8'137.4 89311,8 8935,'1 8'134,0 8932,8 8'131,5 8931.0 8929,4 8927,8 89211.7 8'125.7 PROSS, ,3070 ,0210 ,2302 ,Z951 ,0540 • 208 ,0398 . ,8640 . ,0533 ,OlU ,4453 ,0048 POWERS 8925,l 8<J23,9 e92z.9 8921,8 8921,5 8920,0 8919,1 8917,8 8916.4 8915,1 8913,0 8912, 7 PROB$, ,0360 .2452 ,1909 .0343 ,0935 ,2471 ,2340 ,1310 ,0091 ,21411 .3599 ,0241 POWERS 8912,0. 8910, 7. 8909,4 89C8,9 8908,0 89011,4 8905.3 8'103,8. 8901,8 .. 8901,1. 8'100, 7_ 8898.7. PROB$, ,2933 ,18811 ,01129 • 034' , 3216 ,03118 ,2057 ,1702 ,0519 ,5687 ,0608 .1009 POWE AS 8897,1 88911.4 8895,8 88'15,0 8893,8 8893.2 8892,7 8890,5 8889.2 8888,'1 8888,2 8887,0 P~.oes. ,2222 ,0049 ,1122 .o:r.11. ,1938 ,1980 ,Obl7 ,0617. . , 1881. .0212 ,1806 ,01186 ·Pii'wERS ~8e5;o 8884,6 8883. 7 8882, 7 8882,0 8880,3 8879,2 8878,2 8877,0 8876,0 8875,3 8875,1 PR OBS• ,34115 ,2791 ,2456 ,0278 , 22~0 ,3496 • 2050 ,1977 .ObU , 3528 ,0'1f> ,Obl8 POWE RS. 88 73. 9 8872,8 RB71,4 8870, T 8869,9 8869,0. 8868,0 886.7,2 e8611,0 88115,0 8864 •. 0. 8861.J PROBS, ,2399 ,2224 ,2567 ,0297 ,0824 .01117 ,0201 ,0467 ,05113 ,3103 ,045' ,0361 POWERS 8862,0 8861,4 8860,0 P858,'1 88H,8 8856,0 ee,5,o 8854.7 8853,7 8853,0 8851,9 8850,8 

Figure 5-6. UL.MOD Residua·! Load Duration Curve 
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..... MONfH i SEGMENTED lOAD ruR&TION CURVF • 

SFCTl(JN l . .0500 FRAC110N OF T 11'1£, PIECfS • 9H8.7 906Z.5 
EACH PllCf . 18.!> HOUP~ LOIIG 

HCTIDN z • • 0500 FaArTrnY ~F Tl.,, Pl";u • 0101. r DTGt•l 
FACH PIECF . 111.!> HOUIIS LONG 

SECTION 3 • .2000 FDACtlON OF Tl"E, PIECES• 85'1'1. 2 8309.2 
EACH PIECE . 1-..1o HOUl!S LONG 

SECTION 4 . .5000 FRACTION OF Tl i.E, PIECES • 7681.2 !>301.2 
EACH PIECE . lP.b,O HOUDS LONG 

SEC Tl ON 5 • • ?COO FPACTION OF Tl "E, PIECES • 5581.~ !ilel. l 
EACH PJfCE . 71,. 4 HJUR S L ')NG 

Flg~re 5-7. ULMOD SectlonallzP.(1 Flesldual LDC 
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TR-604 

••••• ANNUAL LIJAD DIIPAT ION CUJVf 
HSIDUAL LOADS 1296908 12,0002 127290 6 1268609 1266404 1259906 1255307 1U3'o6 1251202 1249005 124noe 114510. 
RESIDUAL LOADS l?UloT 12398,4 12376.1 1233905 12338.3 IUl9o6 1730100 122no1 1226605 1215308 122480 3 122Hol 
RESIDUAL LOADS 1221104 1220303 1Zl7Bo7 1216109 121590'1 121l'lol 1211504 1211102 1ZD'l6o3 1207107 l2050o 7 1205005 
RESIDUAL LOADS 1203806 1202104 120250 2 12011102 120030'1 11'18706 1198600 111151108 119,1102 11114208 1111400 7 119170 J 
RESIDUAL LOADS 1189502 11878,4 1187401 11858011 1185401 1184002 11Bl4o4 1181005 1180300 118000 2 1178402 111001 
RESIDUAL LOADS 1111209 11760oz 1175503 11753,0 1174208 117Z5ol 117180 7 1171503 1170207 1170101 U672o7 1166Bo 8 
RESIDUAL_ LOADS 1166701 1166201 1165004 11633.9 116240 4 ll6Z3ol 1160205 1159400 1159303 II 58Bo 4_ 1158204 1156708 
RESIDUAL LOADS usi.108 11554·;r11552;9 115 390 B 1H31oi·-115 ,c,-;.6···115f4°oz ·11,-15;6- i i,030 3 11411902 11411305 114Bl>of 
RES I DUAL L DADS 11475011 1147205 1146300 1145804 114 55 o4 114380 7 1143301 114Zlol lHlllol 1141705 1141203 1140005 
RESIDUAL LOADS 113950 8 11385 • 5 1137600 1137302 113680 3 113630 B 11358,l 1135605 1134604 11342011 113400 7 1133805 
RESIDUAL LOADS 1132107 1131607 1131400 1130706 11304011 112970 7 1121110 7 112e5o5 °1127803 1127706 1126808 1126105 
R~SIDUAL LOADS 1125Bo7 ll255oZ 11241105 11234, 0 11233, 2 11232.2 11230, 3 11223. 4 11207.11 11206,4 1120~0 3 ll1116ot 
RESIDUAL LOADS 1119306 11187.2 1118607 1118007 11172.6 1116602 1115800 111'7o5 1115205 1114407 1114105 11131101 
RESIDUAL LOADS 11133,8 1112800 11123011 11 lZOo 7 1111802 11116,3 llllbo2 11107,5 1110005 110950 l 110114011 11091°0 I 
RESIDUAL LOADS llOR2,4 110711,Q 11079,3 11073. 6 1106902 110660 5 110660 3 11051109 11049.0 11048,7 1104602 110170 7 
•~SIOUAL LIJADS 11033,3 11029,R 11025,9 11019,9 11017,8 1101409 1100609 10999, 2 l 0997, 5 10994,l 10991,6 l0982ol 
RESIDUAL LOADS 10977,l 1097602 lJ973o8 1C965,l 10959,5 10952,4 10~47,9 10947,8 1C~39,0 10937,9 109?3, 7 10926,Z 
•ESIDUAL LOADS lOH4,9 1C924, 5 10923,4 10917, l 10907,8 1090~.t, 10904.4 10903,9 1C897,6 10~96,6 109'1?,8 10~85,R 
•ES10UAL LOADS 1089407 lJR83,4 10681,6 ICP68,2 IOP65,t 1Deb4,3 10863,0 108bl,9 1095q,9 10850,2 10Hbo4 10R43,0 
0ES10UAL LO•os 10R40oO 10~39,2 1J•3~,4 108l'I,~ 1o•n,e 1002208 10Al3,9 10bl2o5 1C9C9,2 l'JB03,2 10801,8 10796.5 
•ESIIJUAL LOADS I 0792 o1 1078701 1na1.J 10774.5 10773,2 107!,7,Q 1C7~5,8 10764.3 101s106 1onoo• 10748.1 1074005 
HSIOUAL LO&OS 10730,8 1Cl7H,b 1072~.? 1G727.b 10726 • 0 10717.! 10715.8 10714.1 10711. 7 107C5.7 1onJ.c 1C699,9 
•ESIOUAL L (161]5 10b~4.? lCb~,.7 1C~ti7.3 ltt-~7.1 10~82.l lC~B0,7 lCbRJ,6 10t77.7 l066Q.5 1Cbb7,0 10t~5.'I 10M>4o'I 
RESIOUAL Lr-aos 10b60,2 lOb~:>.3 101;-,.~.~ 1Cl~44.q 10~4?o4 l0!-4lo7 1Cb35,9 1ot-2~.2 lC624.8 10624,4 l0b23,4 1061902 ?ntDU4L L !)605 lObll,l lO~Ob,7 1Cb04.b lObOl,2 105117,CI 105'12,7 10584,5 105P4,l 10580.a 10574,8 1rs74.e, 105!>7o0 
•:SIOUAL l 060~ 10,6100 10556.3 1os,~oo 10551.C 10547,8 1054507 10~39,8 10537.8 1C~33,l 10531.3 1v5?9o4 1052204 ~:Sl~U4L L Q41JS 10520,8 1051'1,CI 10517,l 1os15,a 1050bo'I 10504,7 104970'1 1049401 10493.9 104Ql.Z 104R3.0 104~3.8 
~ESJOUAL tCADS 10480.7 lCl4ti0.5 lf474.3 10473.t 10468.6 1041!>5.3 104640'1 1041!>3,3 104~9.l lO't58.5 10449,8 10448.5 
O:SIOU4L Ln.1os l0446o~ 1043!,,7 10435,4 10432.'I 10431.~ 10,27.8 10414. 3 1041208 10411,b 10411. 2 1040302 1(1403,2 
~ES!OUAL lOA!l~ 10401,2 103'13,2 10390,7 103ee,.9 10382.3 1039007 1037600 10371.4 10368,9 1031!>7,0 103b4,5 H3b2,5 
RESIDUAL LDAOS 101se,,a 10151,1 10348,b 10347 oO 1034Zo9 1034204 103390 l 10331,4 10331,3 1033000 1032602 1032203 
~ESIDUAL t"o,os 10318o<i 1031ii".1 10312;e,'-i.03obo4 1030!,,l 10304,5 10300."4 1030000 1029505 10291.8 10287,5 1028509 
RESIDUAL LOADS 10219.9 10219,5 1021e,.4 10270.8 10270.4 102119,8 102115•2 1026501 1025902 10255011 10252ob 1025004 
RES IOUAL LO&OS 1024500 1024408 10244,0 10243,5 1023803 1023110'1 1023204 1023003 1022702 1022bo8 1021906 10Zl60'1 
RESIDUAL LOADS 10210.2 1020906 10208,8 102040 7 10195,4 101880 7 101Bbol 1018408 1011801 1017409 1017406 101no11 
QESIDUAL LOADS 101710.• 1016800 1016703 1015803 1015708 101550 3 1014'10 l 101411,8 1014502 1014502 1014300 10137 06 
RESIDUAL LOADS 1013702 10131106 1013!>o5 1013200 1012403 101?30 7 10122. 3 1012103 1012007 1011400 1010906 10109.3 RESIOiJA-C[oiof io108-:o 1·0-i1>5°;r1ooii9. 3 10094, 0 1009307 10092-oO 10086;ii 10084;0 iooef;4 ·10oti"i>,4 10074;5 ioo1f;3 
RESIDUAL LOADS 1007209 1006508 1006305 100620'1 1005900 10057,7 10056,8 1005203 1005008 10049,8 1004707 10046011 
RESIDUAL LOADS 1004300 1004006 10037,5 1003400 1003004 1002703 1002500 10024. 7 10021 ol lOOlbol 1001508 lOOHol 
RESIDUAL LOADS 10008,l 10004.4 10003.4 10003,l 10001,3 111191103 999900 99117,l 9911008 999000 '198Bol 1198305 
OESTDUAL LOADS 997808 '1117402 997003 99680'1 9'1118,1 9911506 996008 995904 '1956011 995205 '195004 994700 
RESIDUAL LOADS '194609 1194609 994104 9940ol 9938.l 993504 993107 9929,8 992401 9922.0 9i20o7 9920.2 
RESIDUAL LOADS -9·~T3;-o 99ti;i ·q9'1.1~f -9"1i1o·oe 990804 99D;o4 9903.7 989906 98'1Bo0 9897ol 98911011 989509 
RESIDUAL LOADS 989006 988707 988505 988205 9876ob 1187603 9875oZ 986805 986706 9811705 9862011 '18b2ol 
RESIDUAL LOADS 986102 1185506 985102 9849011 Cl84Bo4 984605 9841.0 1184004 1183708 983404 983403 983Z ol 
RESIDUAL LOADS 983lof 9929;2 982607 9112604 982405 '182308 992108 981Bo5 11818 o2 981706 981500 11Bl4o7 RESIDUAL LOADS 981106 9110806 980506 98D2o4 980202 9B0lo0 97990 3 979Do8 979006 978602 9785.9 9784,Z 
?ESIDUAL LOADS 9781, 3 977908 977'10 B 977505 97740 7 '177lo7 '17700 l 97690 5 9765oJ 976309 976103 975Bo7 RES I DUAL -LOADS -,ft,a;-1, "qf,4o'I "ii7~8o 7 "cj"747;·9 -117~2oD 97400 5· ·iit.ooo "9739~·7 9'rjt,~·2 973j~o 9730~5 9f2t~i RESIDUAL LOADS 972409 1172208 9722,S 972Do7 97lf>o 5 9716,0 971202 971000 1170707 •H03o3 970208 1170009 
RESIDUAL LOADS 969906 9b9Bo5 969500 Clt,'1102 969lo0 9690011 968603 'l6B5o4 96&200 11671107 967706 9675ol ReS IOUAL LOADs·· 9674,6 9b73o6 96611011 9bb8o4 9b65ol 9664.4 96U.l 966200 9b56.3 9656.1 9b55o 5 965Jo4 
RESIDUAL LOADS 9652., 9647. 5 ~6470 l 9647,0 11631108 963907 'lb39o0 963404 96!4o0 1163106 963002 1162400 
RESIDUAL LOADS Clb22,1 Clb20ol 961808 9bl7o6 '161606 961503 9b15o2 961203 961103 960706 -960702 960502 RESIDUAL "loAof 09603~9 9liOioO 9600~2 9599o"ii "9599~6 959900 9593; 7 -9593;3 9592oZ ·9-;99:11 95BBo7 ·,f,not 
RES I DUAL L DADS 9585,1 958402 95B4o0 95Uo4 95711o~ 957708 957bo5 '151'o0 957Zo7 957102 956707 956701 
RES !DUAL LOADS '156,oll 956407 9564.2 956108 956104 955707 955605 955202 95510 7 9'5008 95500 7 954207 
RESIDUAL LOADS 9'40o 5 95 38 o 6 9537. ii 9537.4 953404 953305 953206 952703 952408 952306 952300 ozt·o, 
Q ES IOU AL LOADS 1151805 951707 951706 1151507 9501108 950701 9506ol 950406 950401 950Zof> 9500011 949901 
RESIDUAL L DADS 949604 11411202 11,11006 948905 94811 0Z '148600 948405 11,8401 114Uo2 1148001 '147803 947709 ~·es1ouAL-co,os· 947i,·,; 94H;i -9474°06 947lo·e· 946700 946603 941>4o7 946407 9'64o4 9457;3 -h,t.;,; 94550-f 
RESIDUAL LOADS 945502 '145306 945207 945001 944'1ol 944709 '144503 1144107 11431109 943905 94370& 943705 

Figure 5-8. ULMOD Annual LDC 
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••••• FOR IOOHTM fJPfCTfO CMP~NOLOGICAL l'OUPLY Pf HOUAL LOADS FRO~ PP0BA8ILITY DAT&, 
on I 56•12,9 505,5 5Z49,3 '149,l 511>5,4 5Z47,4 52U,l 5552,7 5113,l 59D5,Z 591,J, l 5919,Z 

5879,5 5757,9 56 71, B 5807,9 6595,3 7244,B 7221,7 70'-5,4 6933, B 639B,5 58 71, 0 '408,9 
no z 5297, 9 5ZZ0,5 5196, 3 5272,l .5481,4 6326,4 7350,l 81'3,7 9079, l a,u.2 8ZZ4,l B3U,Z 

8271,5 bl82,9 HZ17,8 q199,9 8767,3 932Z,8 90!9,7 8786,4 ~4,,5,8 7bh,5 . b9U,O 6114,9 
on 3 5P.09,11 5625,5 ~597,3 55B4,l 5822,4 6425,4 7573,l 8JJll,7 8~47.1 8b04,2 8455,l 83U,Z 

ij2BJ,5 B19~ .9 8147,8 7972,11 B494,3 9199,8 B969,7 8736,4 9412,8 7693,5 69B4,0 6157,11 
DAY 4 5B37, 9 5633,5 5591, 3 ,566,l 5e16,4 6446,4 7517,l 8224,7 8468, l 8470,2. . H46,l 8222,Z .. 

8205,5 8174, 9 8077, B 79t7,9 8749,3 9105,8 8ie8,7 B659,4 8274, 8 7538,5 6851,0 6164,9 
on 5 5765,9 5604,5 55H,3 ,,11.1 57P9,4 6488,4 7530,l B402,7 8671, 1 8770,2 87B9,l 8653,2 

8663,5 8593,9 8509,8 8487,9 89Z8, 3 9202,8 8925,7 8554,4 Bl58,B 7493,5 6961,0 b29'1,9 
on b 5581,9 5557,5 5421, 3 538J, l 5414, 4 5684,4 5'145,l 6530,7 6Bf>7,l 7174,2 7126, l 7038,2 

6'105,5 67BZ,9 bb49,B b6B3,'1 75C3,3 7932,B 7760,7 1,14,4 7121, 8 !,788,5 !o207,0 5652,9 
DU 1 5362,9 5118,5 5052,3 5002,l 5013.4 5102,4 5187,l 5588, 7 597Z, l b350,2 fH0,1 6435,2 

6338,5 6304,CI 6185,8 63ll,CI 6'127, 3 7!,92,8 7462,7 725C,4 6'190,8 6521,5 5913,0 5459,9 
OAT 8 5304,q 5170,5 5223,3 ~Z18, 1 54'19,4 6165,4 7200,1 8051,7 83 85, 1 8\38,2 R377,1 8199,2 

8202,5 81b9,9 R171,8 ,177,9 8723,3 '1219, 8 fl093,7 R781,4 B330, 8 7577,5 i,9a1.o 6?48,9 
DAY 'I H'l8,'1 51,0,., ,4,4. 3 53~6,l 5bJ2,4 6281,4 7HQ,l RlZ8,7 8337,l e4111.1 P4~n.1 q1n.1 

8180, 5 8114, 'I R041,P 7892,CI e~t&,3 9079,8 B9"9, 7 8667,4 a 2 52. a 7501,5 6753,0 1>056,9 
DAY 10 57?4,9 55 ""· !.. 5"51, 3 5470,1 5n7,4 ~3•12,4 7337,l 8137,7 832'1,l 8426,2 •341,l 9131,2 

l'"J.I.U:J ,h,~1 •• 6c,n,o T/,!,1,. OHO,! UTiuO fH!,7 ;;::,;.! ... Dl U.l i a ,,.1.1., bllv,U bU41,~ ~,, 11 ~ t,S S • "I H&t,t i',77, ~ ,,,1 •• 1 ..... ~ i~7Q. '• nu.1 e1~1., 0 355 .1 o:l~o.e 0,1,,1 01T~. [ 
922!1.5 8175,9 AOlJ,p 7B53,9 833~.3 9C53,8 eB26,7 855~ •• 81 ~9, 6 7393, 5 ,,630.0 5050,9 

DAY 12 57?1.1 5511,~ 5•~5.3 54 20, l 5613,4 6119,4 7304,l 781-4,7 BH2, l 843q,z 841&.1 8167,2 
91.; 7., eoa5., 1:.; 5'9 • 8 77tl.~ ac22,3 67H,8 BH5,7 82B4,• 7'1()2, 8 7343,5 H53,0 6079,CI 

04' 13 StOC,CI 5403, 5 5l64,3 53C0,1 5417,4 5t.e0,4 5673,1 ~5(13.7 6e96,l 7140,Z 7023,l bP73,2 
bt AO, 5 b641,q t,i; P "· e 6561>.~ 72G8,3 77Ql,8 75'11,7 7321,4 7016, 8 1,630,5 flZl,O 5574,9 

':'16Y 14 !272.q 5~75,5 4Qb0,3 4920,1 4B'l6,4 5042,4 5140,l 5537,7 59<15, 1 622B.2 t3t9,l b4P3,2 
bf-!12. ~ t.bb5,4 t~60,P ~B15,CI 73•5,3 76es.e 7~0~.7 7371,• 7039,8 t596,5 f004,0 ~462,9 

QOY 15 53U,Q 5Z22. 5 5127,3 ! ]9(if.1 5419,4 6130,4 73 "'" l e 1e 7, 1 01>01 ol H7"2, 2 F!" Bl .1 8665, 2 
e.~ee.5 8~'18,9 8684,8 P594,9 ~9G~,3 937'1,8 9056,7 P822,4 P 388, 8 7568,5 ~•1ci.c bO~b.9 

DAY lb 571q,9 5553,5 5452, 3 S45z,l 5642,4 bZe7,4 74b8,l 8255,7 8515, l 8468,Z 829'1,l 8207,2 
8~311,5 8428,9 8288,8 8147,9 8~27. 3 91B3,8 8'14b,7 8613.4 R27Z, 8 7511,5 6785,0 61Zl,9 

OAY 17 5750,9 5530,5 5410, 3 5400,1 '552,4 626'1,4 7406,1 Pl14,7 8360, l 8380,2 8~47,l 8076,2 
BOCIB,5 8072,9 8009,8 7882,9 8224,3 9062,8 8902,7 8626,4 822b, 8 7581,5 H05,0 5989,9 

on 18 5622,9 5500, 5 5420,'3 5423,1 5578,4 6242,4 7379,l 8094,7 8423, 1 8H4,2 P466,l 8350,2 
8437,5 B35l',9 8211,8 8142.9 8421,3 924B,8 9129,7 8848,4 8H9,8 7702,5 6907.0 6239,9 

DAT 19 5951,9 5765.5 5636,3 5698,l 59,;9,4 6562,4 7677.1 833b, 7 8457,l 8503,2 8324,l 8134,Z 
8124, 5 8067,CI 7'112,8 7651.9 7976,3 8854, 8 86'18,7 8413 ,4 8075, e 7529,5 6888,0 6126,9 

on 20 5192,9 5581,5 5515,3 542b,l 5526,4 5806,4 6045,l 6533,7 6953, 1 7074, 2 7020,1 b909,2 
6738,5 5543,9 6464,8 6483,9 7CB0,3 7861,8 76'17,7 7431,4 7026, ~ 6644,5 6135,0 5609,9 

DAY 21 5284,9 5089,5 4984, 3 4941,l 4912,4 5026,4 5154,1 5600,7 6063,1 6301,2 6353,1 6354,2 
6252,5 6083,9 6102.e bl94.9 b727.3 7478.8 7334,7 7221,4 6871, 8 6408, 5 5926,0 5422,9 

00 2Z 5147, 9 5093,5 5097 •. 3 5142,l 53!2,4 6130,4 7215,1 8028,l 8'28,l e1~s.2 8332,1 8067,Z 
8177,5 8175,CI 8013,8 7937,9 83H.3 9045.8 8824,7 8602,4 8172, e 7403,5 6706,0 6003,9 

DAY Z'3 5645,9 5490, 5 5409,3 5428, l 5684,4 b392, 4 7423,1 8144,7 8401,1 8420,2 8303, 1 R047,2 
8057,5 8047,9 7'131,8 7811>,'1 8257,3 9027,8 8853.7 8595,4 8183,e 7404,5 6618,0 5974,9 

OU Z4 55t,J.9 5399,5 5320,3 5345,l 5587,4 b209,4 73'19,l 8139,7 8424 • l e500.z 8449,l 8205,2 
8236,5 817'1,9 8006,8 7941,9 8217. 3 9067,8 8907,7 8594,4 818',8 7457,, 6707,0 6033,9 

DAY z, 5b52,9. 5472.5 $40.J ,,62.1 5668,4 63U,, 7488,1 8262.7 .8491.l 0524,Z 846',1 8318,Z 
8279,5 8218,CI 8119,8 8061.9 u,o., 9268.8 9124,7 8858,4 8466.B 7712, 5 t886,0 6240,9 

DAY 26 5887,9 5751.5 5707.3 S758,1 6CC6,4 6705,4 7785,l 8459,7 8583, l 84Clb,2 8544,l 8261,Z 
ez20., el 38,'1 ,.,,J,8 ,,u,,., 1'161,J ll'IZl,8 8783, 7 83Z'l,4 8Z35,II 7598.5 101,.11 t,29q,9 

OU 27 5'152,9 5777,5 565'1,J 5655,l 5735,4 6000,4 u,8.1 6826,7 71,i,1 71'16,Z 7139,1 689'1,2 bhz., &H,.~ oui..a UU.9 6&Ct.J ?hA,A 766Zo7 7319.~ 713308 1>709,5 6lZ9,0 ,691>.9 
DAY 28 5371>,9 5252,5 5115.J 51"6,l 51,3.4 5261,4 5382.l 5848,7 6171, 1 609,2 t380,.l. 6437,Z 

6421,5 6333.9 6453,8 66C9,9 6992,3 7813,B 77Bb,7 7672,4 7438, 8 6923,5 6358,0 5762,9 
DAY 29 56U,9 55'1,!I 5556,3 5636,l see,., 61>67,4 7BU,1 8592,1 87'1.1 8758,2 8643,1 830b,Z 

8310,5 8170,9 8037,8 7904,9 8310, 3 '1174, 8 9063,J 8938,4 8545,8 7976,5 7103,C! 6350.o.9 
DAY 30 b012,9 5851,5 5710.3 5729,1 5'119,4 6629,4 7781.1 8575,l' 8815,1 8929,2 8873,1 8768,Z 

8P'16,5 8944,9 8902,8 8868,9 '1145,3 '1760, 8 9534,? 9159,4 8707,B 7935,5 7084,0 b381,9 
on J1 6120.9 5847,, 5773,J 5715.l 5902,4 6554,, 7620.1 8357,7 8615,1 8571. 2 . P675,1 8,n.z 

8519,5 8601,'1 11649,8 8567,9 87011,3 9330,8 9182, 7 884'1,4 8421, 8 7676.5 6902,(! 6~QJ.9 

Figure 5-9. ULMOD Expected Chronological Residuals 
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5511 ,11, ___ ___: ___________________ T_R-_6_0_4 

••••• FOP "ONTH LOAD ou•aTIO~ CURVE OF HPECTFO HOUPL Y a ESIOUAL LOADS FRO" P808A81LITY on,. 
971>008 9~H.7 9379.1 9JJO.I ~122.8 ci21,1.e 9248.8 924,.3 9219.8 <12oz.8 91'19.8 uu.1 
9182.7 9171>. 8 9174.8 0,9., 9129. 7 91H.7 9105.8 9093.7 9089.7 9079.8 9079.l 901>7.I 
901>3.7 901>2 ., 90,6.7 9053.1 9045.8 9027.8 8990.3 1911. 7 89t9.7 8949. 7 P946e7 8944., 
893 8.4 8933.7 B9Z9o2 !921.3 892,.7 8921. 8 6907.7 1190208 8902.7 8B9t., eeu.1 8en.1 
881>8.9 8858.4 8854.8 88'3. 7 8849.4 1848.4 8821>. 7 8824.7 89Z2 • 4 BB1,. l 8789.l 8786.4 
8783. 7 B7Bl.4 eno.2 8761.2 8767.3 A758.2 en1.1 B749.J 8742 • 2 8731>,4 en,.e 8723.1 
8709.3 d707.8 81>98. 9 8698.7 8688.5 81>84.8 81>75.1 8H1.1 e11n., .. 111111,.z . . 81163.t .. 86,, ••. 
8653 • 2 8649.B 8647.1 A643 el 8627.3 81>Z6.4 Pl>Z3 04 861,.7 81>15.l e1,04.z 8602.4 eto1., 
e~o1.1 8595.4 8594.9 8594.4 8593.9 8592.7 8583.4 8583.l 857!>.7 857102 8567.9 8554.4 
8,5o.4 8545.8 8,,,.1 8524.2 8~19., 8518.2 8515.l 8'J09o8 8503.Z 8500.2 8497.2 8491>.Z 
8494.3 8491. l 84~7.9 P474 0 Z 8470.Z 841>8 0 2 8461.1 841>6.I 841>1>.l 841>5. I 8463.1 841>1. 2 
841>0.1 84 59. 7 8457.1 8455.1 8449. l 8446.l 8439.2 8438. 2 8437. 5 8428.9 8421>.2 8424.1 
84n.1 84 zt. e 8421.3 8420.Z 8419.8 8418.l 8413•4 euz.9 8402 • 7 8401.l e1e9.1 8385.l 
8380.2 83 77, 1 8373.l 8168.3 B3t5.2 1360. l 8357.9 8357.7 8355 .1 8350.Z 8350.Z 8347.3 
8H7.J 8H2el P341, 1 833'1. 7 8337.1 8331>. 7 8331>.3 8332.l eno.8 8330.3 B3l9.4 832'1.l 
8328.3 8HB.1 8324.l 8318. 2 8312.2 IJ311.2 6 310, 5 P310.3 8301>.2 8303,1 PZ99.1 8288.8 
8284,4 8283.5 8279. 5 &274. e 8272.8 8271.5 821>2. 7 Bl61,2 82'7.3 8255.7 e252.8 823'1,5 
dllb,5 8235.8 8221>. 8 R?.25.5 •22407 82l4. 3 8224.l R222,2 822o.5 8218.9 8217.8 8217. 3 
~211, B 8207.2 82:15.5 no5.2 61'2.5 ,201.e 8199.9 eJ99.2 8197 • ~ 61'1,,<I P.187 • 7 ~1•5.8 
~1 f! 3 • P. ei ez.ci B180.5 e11c.q 8177,9 8177.5 8176,2 81B.9 e 1 75. 9 e 174. 11 e1n.5 8172. 8 
~17?,2 s111.e 811'0.9 ~1~0.Q !lt'l.8 q11,1.2 Pl~R;e 81Ho'I 8147, e 814407 8143.7 8142.9 
~13<1. 7 813'.9 H37.7 e134.z 8131. 7 H31.2 8128,7 8124.5 e llq. e 8114,9 &114.7 8 09e., 
dC94, 7 tiC85. 9 808lo9 ecn.o HC76,2 ~075, ~ 8072.9 8067.9 B067.'1 ~067.Z eC~7.5 8051,7 
R047,Q 8047.2 BD41.e R037,B '!0?7,8 S02R.7 6CZZ.3 eoll. 8 sou. e BJ09.8 f006.B 79U.5 
7976,3 7973.8 7~72.9 79b7.9 7%1.3 79H,B n4lo9 7937.9 7935. 5 7q3z.5 7931.8 791208 
7904.'1 7902. 8 7892.'1 7e8Z,9 1et-4. 7 7861.9 7661,B 7953.9 7848.8 7822.1 7Rll>.9 781308 
7791,8 7786. 7 7785, 1 778] .1 77t. loCI 7760.7 7712. 5 77C5.9 7702. 5 7697.7 7693,5 7668,8 
7!·77, 1 7~76., 7672. 4 7~62.7 H~l,9 7624-~ 7620.1 76C5 • 7 7598.5 7592.8 7591.7 75H.5 
7577.~ 75 73 .1 75te.-5 7~3t-,5 7530.1 75Z9,5 7517.1 75]4,4 7511.5 7511. 5 7503.3 7501.5 
7493.5 74 ~8 .1 7478. e 746e.1 7462.7 7457.5 7438.8 7431.4 7423" 1 7406.l 7404.5 74C3.5 
7399,l 7H3 • 5 7379.l 7371.4 13,0.1 7345 • 3 73H.5 7340.l 7137.l 7334. 7 .7321.4 7319.4 
7311,.1 7304.1 7298.3 7270• l 7250.4 7244. 8 1221. 7 7221.4 7215.l 7200,1 7191>.2 111,..2 
7140. 2 7139. l 7133. 8 7132. l 7126. l 7121,8 7103.0 7085,4 7084.0 7080.3 7C74.2 7039.1 
7C38o2 7026.8 7023.1 7020.1 7Cll>.8 7015.0 6992.J. 6990.8 1,95,._o J196l o0 6953.1 1>'133.8 
!>927.3 6923.5 691800 1>909.2 6907.0 1>905.5 6'102.0 6899.Z 1>891>.l 6888.0 f886o0 1>881.0 
6873. Z 6871.8 t.81>7.1 f.851.0 1>826.7 6819.0 6815.9 6807.3 6788.5 6785.0 1>7Bl.CI 67'3.0 
6753.0 6738.5 1>721',3 t>7ZG.O 1>712,5 6709•5 1>10.1.0 .. 1>706.0 1>7.D.id .67.0.5.o .HB3o'i! 668!lJ 
6667.4 6665.9 661>0.8 6648.8 1>644, 5 61>41.9 6630. 5 6630.0 1>629.4 1>1>18. o 6612,5 1>60'1.9 
1,599., 6595.3 658808 t566.9 1>562.4 1>554.4 6534.9 6533.7 1>530•1 6,21.5 6503.7 6488.4 
6483.9 6483.2 64t,t,.B t,453.8 644t.4 6437.2 6435,Z 6425.4 1>42L,.:l. 6419.2 1>411>oll !1410,1 
b408.5 6398.5 6392.4 1>39204 6381.9 6381.9 6380.l 6379.4 6369.1 6358.l 6358.0 u54.z 
f.353.1 6350.9 6350,2 6341.4 6338.5 11333.9 1>321>.4 6311.9 1>304.9 1>301,Z f.299.'I 1>299.9 
t,287.4. 6281.4 1>269.4 1>252.5 6248.9 '>242.4. 600.9 1>23'1,9. .6ZZ9.Jl. 6228.Z 6209.!l .H.0.7.0 
1>203.9 6194.9 6185,8 1,171.1 1>165.4 6164.9 1>157 o'I 6135.0 l>U0.4 1>130.4 1>126.9 6121.9 
6121,0 61Z0.9 1>119.t, 6114.9 1>102.8 6083. 9 6079.9 1>063.l 1>056.CI 6056.'I 6045.l 1>041.9 
6033•.'L 6012.9 t,001>._t, 1>004.0 60C3.9 6000•" 599., .... .598'1.,9 5H.h!. .,,.rz.1 5963.J ,.,u.._., 
5951.9 5'150.9 5945.l 592'1.Z 5926.0 5'119.4 5913.0 5905.Z 5902.4. 5899.4 5887.9 5884.4 
5879.5 5873.1 5871.0 5851.5 5848.7 5847.5 5837., 5822•4 5816.4 5809.9 5807.'I 5801>.4 
5798. 9 579z., '78'1.4 5777., . 5773. 3 5773. l '7UJ. ,n,., .'11>tJ .5.75Be l n,1.,. .'75.J.J. 
5750.9 5737.4 573,.4 5729.1 5724.'I 5721.'I ,1u.9 5715.l 5710.3 ,101.J 51,98.l 5691>.9 
51>92.9 51>84.4 51>84.4 51>77.B 51>68.4 566,.4 561>0.4 51>59.3 

'""· 9 
5655.l ,652.9 56,z., 

5645.9 51142.4 5636.3 ~t3t,.l 51>33.5 51>z,.5 51>22,.9. 51>1-,.9 51>13.,.! .,!111.4 5609.9 51>Q~ .•. f. 
51,04.5 ~1>00.9 51>00.7 5597.3 5591.3 5588.7 5587.4 5584.l 5581.'I 55111., 5578.4 5574.9 
5566.1 551>5. 5 551>3.9 5557.5 '''"·, 5553. 5 5552.1 5552.4 5551.5 5547.!I 5544.5 5543., 
nn. 7 5'30, 5. 5526. 4. 5517.1. 551'.J 5511.5. 5500.J. .:l.."-11'1·~ 5490 .. 5 .UBld .H77.3 ~n,J 
5472., 5470.1 541>2•9 541>2.l 5459.9 5454.3 545z.s ,oz .1 5451.3 508.J 5435.5 5428.1 
5426.l 5425.3 5423. l 5422.9 5421. 3 5420.3 5420.1 5419.4 5417.4 5414.4 ,uo.3 5409.ll 
5408.9 5403.5 5400. l. 5399.5 538!1.1 5382•1 5376 .... '31>6el .5364.3 .5362,'l 5352.~ 5345,1 
5320.3 5318.9 5304.9 5300.l 5297.9 5284.9 5272.9 52n.1 5261,4 5252.5 520.3 5247.4 
5223. 3 5ZU.5 5222.l 5220. 5 5218. l 519'1.1 5196.3 ,n1.1 5170.5 5165.4 51'4.l 5153.4 
5149.1 5147,9 5146.1 5142,l 5140.1 5127.3 5118.5, 5115.J 5102.4 5097 • .3. . .5093.5 50&9., 
5075.5 5052,3 5042.4 5026.4 5013. 4 5002.l 4984.3 4960.J 4941.1 4920.l 4912.4 4896.4 

Figure 5-10. ULMOD LDC from Chronological Residuals 
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S:~1,11, ____________________ T::..::..:Rc.......::-6;..::_;_04 

••••• FOR "')NTH l lHF ACCU"UL&TED LOAD DURATION CUPVf CREATED FRO" THE fUll PDVEP-PR08A81LITY DATA, 
983l, l 96U,Z 9538,6 9478,3 9427,4 9386,0 '1364,8 '1344,4 '1321,6 '1296,8 9272,t 9256, 9 
9246,6 9233,5 9214, 7 9200,9 91e,.1 9174,Z 9160,4 9142 ,2 9131,5 9119, 8 9109,6 9097,4 
9090,3 9082,1 9073,3 9066,5 <1059,4 9051,Z 9042,0 9DH,O 9022,6 9009,6 9000,7 1'192. 6 
8980,3 8970,6 8957,5 8<152,Z 8'147,6 ~CJJl,6 8932, 7 8<121,5 8921, 4 8913,CJ ICI07,T 1900,4 
AA92,'I 8115,4 8880, 7 8875,4 88~8. 3 8e,9.2 88'4.e 88,o,e 8845,0 88 36. 0 882'1,6 8823.5 
8815, 6 8808,4 8799, S 8792,CJ 87eB,4 8784,2 8778,5 8773,0 8770,0 8762,6 8757,CJ 87'4,2 
874'1,7 8743,4 . 873'1, l 11732,6 8727,8 8719,9 8713,B 910,.e 8702,7 811 117,8 869].fl _ 8685,fl. 
8118D,5 8677,CJ 8674 • 2 81170,6 81165,6 8657, 8 81>,2.CJ 81>4'1,CI Bb0,CJ 81>44,0 8638,8 8634,, 
862'1,2 81121,Z 8617,4 8611, 7 81108,4 8606,6 81>0,.2 8602,4 81>00,5 e,96,7 8591,1 8,n.s 
8582,7 8578,3 8,74,4 856<1,3 8563,, 8560,4 85'7,1 85H,7 8546,9 8'41,2 8,15.8 e ,u., 
8525,3 8523,CJ 8520,4 8'18.1 8516. 3 8513,Z 6508,0 8503., 8500,1 8498,0 8494,8 8491, 8 
8487,1 8481,1 8416., 8472,3 8470,3 8468,6 846,.6 8462,4 8459,4 8456,5 8452,0 8447. 7 
8442,5 &440,Z 8436,5 8430,8 8427,8 9426,l 8H4,Z. 8421,7 8U0,5 806,2. 8410,9 8't07,1 
840~.o 84D3,2 8398., 8393,7 83P9,5 8385,8 8381,8 8378,9 8374, 5 83~9.6 e366,7 8363,7 
831>1,7 8359,8 '357,7 8355,8 9352,4 8348,4 8344,3 8342,7 8339.5 8338, 0 8331>,II 8334,8 
9310,b 8321>,7 8324,8 8321. 5 8318,9 8317,2 8314,9 8 311, 8 8 308, 3 ~31)3, 7 8298,7 R?Q•.1 
HJJ.0 e1e,,, nu~., O~Cl,\ nrrn,, q/ Ti.~ l!IIIIU,I, I VIU,0 uni,, OtJ~, 1 ,.l,,.& 6150.0 
e'46,4 rt1t3,1 6ZH,Z 82H,7 R???.1 A71G.1_, AJH,'I e~rs .c, oru,, ot; 1.s 6l 1J.~ ~210,) 
AZOR,Z 8205,1 6202,3 OZCC,3 Ri}C,5.Q 9190,9 d188,7 81BS,4 8182, 3 81Bl,4 8179,b 8177,6 
q11~.1 Bl 72,CI 91~9.0 ~lt4.5 @ltZ.~ q159,5 &157,7 BB5,4 8151,Z Al4l, 9 B145,Z AlH,Z 
BlH,9 et 36, 2 •133,6 8lZCl,7 H21,1 9122.2 8119,Z bll4.3 8105, ~ BlOO.O 8095,4 8 09(·, 3 
8C1b.5 oca1.2 9079,5 80Tt,, A~71,7 ~Ot3, 5 P,59,4 805~.3 8051,3 ~04e., P.046,7 B045,4 
9041,7 E033,?. @02'1,Q R02b,4 6~22,P eo1e.1 8012,l 8008,1 8003,5 8001,3 7'19B,3 7QQ4,5 
79811,7 7'182,9 7979,Z 7975,l 7c6e.q 7965,5 7962,8 7959,0 7954,2 H51.C 790,5 7Q40, 9 
'?Q)fl.Q 7~25,7 7918,1 791C,Z 7qc4,3 7e98,0 799:,,z 7896,11 7879, 3 7P.73,3 ?ebB,A 7@65,6 
Bb0,1 785Z,'I 7847,7 7~42,2 7e33.4 7624,9 19u,1 7P05,4 78 01. 3 7T95. 5 nae.a 7784.l 
7778. 6 7771, 3 7764. 7 77!9. ~ 7752.7 7738,Q 7724,5 7716,3 770'1,'I 7702, l H97,2 7692,2 
H85,b 76~0.1 7675,9 71>66,3 H58,7 7647,4 7637,9 7624,8 71>14, 1 7t,0~.4 1bOO,? 7591,B 

.75B6,3 7580,0 7573 ,2 755e.1 7539,CI 7532,6 7525,4 7520,2 7~17,5 7513.l 7501>,0 74'19,4 
7493,5 748b,5 7478, l 74t7.4 7454,Z 7441,9 7430,8 7420,8 740'1,4 74C7,1 7401, 2 739~.9 
7383, 7 .7374, 5 7351>,1 734<1,7 7341,0 7337,7 7329,4 7323,l 7317,'1 7310,4 7305,6 7294,7 
7285,'I 7272,8 7263. 3 7253.5 7?38,6 7227.8 7222,0 7214,0 7203 .1 7200.1 7190,3 7174,4 
711>6,3 7155,1 71U,6 7139,2 7132 ,8 7126. 7 7114,5 7104,4 7092,5 7089,5 7083,8 7075,6 
701>8,1 7054,2 7046,3 7037,4 7028,6 7022,6 7Jlb,9 7004,CI 11997,1 6985,4 6970,l 11<162,8 
6954,5 t943,7 6934,7 6<125,6 6915,'1 &911,0 t,906,4 6899,J 6894,2 68<10,9 6884.7 1>875,6 
1>81111,9 6857,0 6849,1 68't2,l 1,830.8 6825,3 6817,0 6810,Z 6800,6 1>792,2 6785, 7 6774,6 
.671>0,2 H55,, 6744, 5 6737,2 673C,9 6724,0 . "717,4 . . nlL.~. 6711,1 .6lOL.fl . 6700,~ 1>689,11 
6680.9 116?1,0 6666,l t654,1 6647,9 6640.6 6633,3 6625,6 6619, 7 11613,2 6606,7 61,01,9 
6593,5 6582,3 6575,3 t5H,8 6560,2 6552,2 6543,0 6537,5 6534,4 1>531. 7 6521,,9 6520,3 
650'1,7 6503, 8 64'13,9 t466,9 t484,5 64H,2 6465,8 !>451>,l 6440,0 f!U\,4 6436,4 6426,_7 
64H,'I 64Zl,O 6U3,7 !,407,7 6395.4 !,391,8 b'86,8 6381,8 6375,6 6366,0 6358,8 6355,3 
6351, 7 6345,1 6341.5 6332 ,2 6324.1 6313. 5 ~~09,6 11305.7 t.1M., b'H.O uu.8 62TT,t 
6Ua.o t1i, ... , 6l51,8 f>Z't!,7 620,!I . 6238,3 6231..l 62ZJ.,.3 6215,1 .l>UOo..fl. .6205 •. 1 .6197,5 
61'10,t 6183,Z 6177,4 6173,9 6168,2 6162,4 111,6,4 6146,4 6138.4 61U,1 1>129,7 6126,0 
6123,2 6117,3 6110,2 6102,0 1>092,3 6085,3 6D77,4 6067,3 6064,3 6060,8 6053,0 6046,7 
6038,2 6031,5 6021>,1 6016,5 1>009,1 6004,5 5998,5 . .!.9.,_ .. .._4 .~'188, J'. '.5!1.82_,.! -'.9.76,j 591!'1,., 
.5962, 1 5956,f> 5953, 8 5<149,6 5946,9 5942,7 5937,t 5932,4 5926,0 5918, 5 5911.5 5906,S 
,902. 1 5894,8 5888,3 5883, 4 5879,0 5873. 7 5866,4 5859,1 5851,4 58"6,1 5840,5 5836,3 
5830, 1 5825,1 5819,! 5817,1 5811,6 .5806, 1 5801.~ .. 5.795.J .,7.92 ... 6. 5787,6 .uez .... .5.7.17,.! 
577't,9 5769, 7 5767,5 5764,5 5759,9 5754,CJ 5750,0 5145. l 5739. 5 5736,6 5732,6 5729,Z 
5721>,0 5721,4 5715,0 5710,1 5704,0 169'1,3 56'15,9 5H7,4 '683, 3 5674,I 5668,8 56!>Z,9 
5660,2 5657,5 5654,Z 5647,Z 5!>42,6 5638.4. 5635,8 5632.1 5627,9 5623., 5616,!, ,613,4 
5608, T 5606,6 5603,5 5601.'t 5598,5 5594,8 5591,8 5589,! 5581>,5 5584,2 5580,4 5511.2 
5511'1,CJ 5566,2 5560,5 5557,4 5554,2 5550, 7 5548,5 5545,lll 5539.0 5533,9 5528,9 5523,0 
5518., .. '511,4 5504., 5500,l 5491,0 ,o,.,. H80,9 5478,ll .,.u,LJ. 5.469,e Hll~II. .H.59L~ 
'455,9 5453,5 5448,1 5440,6 50,.1 500,3 5428,0 5421>,4 5423. 4 5421,4 5418,0 5413,8 
5410,'1 5406,6 5404,8 5402,1 53'18,0 5389,J 5384,4 5380,7 5376,1> 5371., 5367,9 5363,J 
5354,3 53"7,7 5339.8 5333,8 5326,l 5322.' 5,14,8 5305,2 _5301. Z. ,211,.!'9 .5ZH,Q .,zu.o 
S277,1 5214,Z 5268.0 525lll,l 5252,0 5248,l 5244.1 5238,7 5233,5 5226,8 5224,1 5221,5 
5210,6 ,201.0 5197,0 5188,3 5180,2 5170,7 5162,2 5153,4 5147,2 5142, 7 5132,, nzz., 

·511't,6 5101,8 5096,6 5090,4 .507<1,0 5070,'I 5051,5. . 500,3. 5037, e. .,ou.,. .5010,Z. .H9J,t 
4<178,6 4967,6 4954,8 4'137,5 49Zl,O 4909,6 4888,5 4852,9 4817,0 4771,2 4732,2 46Z7,6 

Figure 5-11. ULM OD ·Accumulated LDC from Power-Probability Daia 
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••••• FOP M!l'ITH 1 THF CHPO'IOlOGICAL ESTl"ATE "AOE FPOM THE ACCU"UlATEO FULL PDWEP-,PD~A!ILITY DATA. 
on 1 5726.D 5H8•0 ,22,.1 51H.6 51'2.7 5Z21.5 '1•17.0 5'48.5 5806.1 5932.4 5'176.9 594'1.6 

5'102. 7 5182.4 5710.1 5840.5 6582.J 1z2,.8 1222.0 no,., 6962. 8 6421.0 5888.J 5J54.I 
on 2 5252.0 '188.3 5UZ.2 52J8.7 54t9.II 6309.6 71H.O 8095 ... '1109.6 8560 ... 8226.9 8311•2 

ij2H.3 8112.9 8213. 5 8188.7 e1e9., 9•21., '1131.5 8813.5 8•118.0 76ft7., 69H.7 6102.0 
on 3 58'6.1 5638.4 5601.4 55BCI.J 5UCl.l 6456.1 7590.0 8355. 8 8117 •• 2 86,,.o 802., 8318.CI 

8288.5 nu., 8105.6 '" 18 .1 8525.3 927z.2 <1022.6 8762.6 8421. 7 7697. Z 6997.1 6156 ... 
DAT 4 5866.4 5642.6 55<18. 5 556<1.9 5851.4 !>.a,., nu., 8232 ., . 8508. 0. 851603 846806 8225.llt. 

8202.3 8H6.'I POZ6.4 7<110.2 8773.o •H60.4 9034.0 8685.6 8281. 4 7'58. 7 6842.1 6162.4 
on 5 5801.4 5608.7 5533.9 5500.1 581'1.3 6520.3 753'1.9 8420.5 8705. 8 87'1'1.3 8829.6 8680·5 

8693.6 860~.4 8552.7 8520.4 911,2.2 '12'16.11 8'1'7.6 8587.3 8119. 2 7'<13.5 6'185 .4 62A6.8 
on 6 558605 5557.4 5398.0 5326.l 5371.4 5115.0 5<153.8 6534.4 68ft9. l 7174.4 7132.8 1068.l 

6911.0 6785. 7 66Hol 6700.4 75C6.0 7873.3 7738.'I 1no.1 7126. 7 11800.6 6111? .5 5668.8 
DU .7 529504 5051•5 496706 .. 901106 ,112100 503708 515304 5511408. 51182.t f:341.5 t4Z6o7 6465.8 

6n,.1 6303.l 6177. 4 6305.7 t95". 5 7605. 4 7'54.2 7238.6 100,.11 !>531.7 5'137.Z 5435.1 
on 8 5268.0 510.2 5210.6 5180.Z 5"78. 0 6H8.2 1200.1 79<14.5 a,01.1 8462 ... 9,03.z 8185 •• 

81'15.'I 81211. 1 8136. 2 e16Z.6 P75".Z '1321.6 'IH2.Z 8808.4 833'1. 5 7581>.3 tR7'.6 620.5 
DAY q 5e3D. l 5tl3 ... ,HD.3 ,,o5.2 5t.Z3.4 tZ5'1.5 1253.5 ec5ci.4 83,2.• ~,,,.e HR7.l 8138.'I 

AJ6'1.0 tiC•A.0 7'17'1.2 7~47.7 e3,13. 7 '111'1.8 '100'1.6 8702 • 7 8255.6 1,119 •• ~7H.6 6060. 8 
DAY 10 5B~.9 552,;.9 ,,n.• 54 !>3. 5 , 7t9 • 7 ~413.7 7317. 9 eo19.5 633•.e Pft5Z.O P357.7 5063.5 

814,.2 ~02'1.'I 7'175.l 7624.'I ~330.b 9233.5 8970.t 6605.2 81'10.'1 7517.5 t737.2 60 .. 6. 7 
04Y 11 5t53.3 ,st1>.2 5464.8 51t 5c, ·" 56G'l.3 63et.8 7285.9 eon. 1 eJH.5 P3b6.7 639e., 8157.7 

A?36.7 815~., 7115'1.0 7aG~.4 8344.3 '10t6.5 8'5• .P 8~~?.7 8127.7 737".5 ~625.6 ~Q~f-.b 
OAY lZ 5'~4.Q ~•e3.3 ~406.t 5 ~ ~".,. 5t?7.9 6110· Z 7272.6 7e33.4 B35'1. B P465.b e,26.l 9122. Z 

e1~2.3 ~C33.? 78QB.I> 77SZ.7 79.,2.9 B757.'1 864~.9 B291. 0 7B 5Z. 'I 732'1 •• t760.2 bC77., 
DAY H 5tOt,.~ 5:!~7.7 5301.Z ~25'1.l 5376.6 56'15.'I 589 ... 8 6526.'I 68'14 • 2 7166.3 70•t, 3 ~866.9 

bb8Q.~ 66'0.6 6575.3 t566.8 7263.3 7778.6 7600.2 7305 .6 702b.t 6633. 3 6123.2 5577.2 
OAY 14 5244.l 4'178.6 4852.'I 4771.2 4t27.6 •Q5,.B 507Q.O ,,19.4 599A • 5 6210.6 ~375.6 650306 

t~')6.7 M7l.O 666b.l 6e11.o 7337.7 11,qz.2 7624.8 73"'1. 7 7075.6 65'13.5 ~016.5 5.,,9.1 
DAY 15 527'.2 5203.0 5070.'I 5170.7 5?80.7 6132. 7 73Z3. l 8179.6 8629.Z 8770. 0 9qo1.1 H'l7.B 

37?7. a d7n.1 8719.9 B617.4 9c-,2.o '1538.t 9073.3 e8,s.o 8410 • 'I 7573.Z e.e2~.3 606 •• 3 
OAY 16 5750.0 5550.7 5428.0 5426.4 5657.5 6268.0 7467.4. 82511.1 _ 8557.l 8513.2. 82'18.7 s2c5.1 

8250 .o 8456.5 82'1 ... 3 811',3 86!,5.f> '1256, 3 <1000.1 81>52.'I 8278. 3 7Sl3,l 67'12.2 6126.0 
DAY 17 577" .'I 5511.4 531>7.9 533'1.8 55ft5.CI 6251.8 H07.l 80.,6.7 8385. 8 a,o,.o 8361.7 80ZZ,8 

eo,5., 8012.1 7951.0 78ftZ.2 82211,6 9082.l 8'121,4 81,57.8 8Zftl.2 7591.8 6707.f> . 5994.! 
on 18 5!>35.8 5"80.9 538'1.3 s,o,.8 5580•4 !>238.3 7356.1 8041.7 9,u. 5 8518,1 e500.1 8369,6 

845'1 •• 8381,8 8208.2 80<IC.3 8"36.5 '1364.8 9185,3 11851102 8427, 9 770'1.9 6'115.'I 62UoJ 
DAY 1.11 5962 .1 5795.7 565".2 5732.6 5918,5 6560oZ . 7685.11, 93~8o!I. .8H6a.S. 8546.9 8324,B 807.lla.5 

8053.3 8003.5 7865.6 7658.7 7'131>.9 8880.7 8732.6 8424,2 sou., 7532.6 68'10o'I 6129. 7 
on 20 5825.l 558ft.2 5"'11.0 5"10o9 ,so,., 5936.3 !>053.0 !>537,5 f>'l70ol 7083.8 7037.4 6925.llt 

6755.5 55Z3. 0 1>"'13.'I 650'1.7 708'1.5 781". 7 7702.l 1uo.9 705"oZ 66 .. 709 f>H6.4 5611>,6 
OU 21 5z,e.1 ,1193.5 ,888.5 ft817.0 4732. 2 ,1137.5 513205 5603,5 6067,1 f>2'1f>.O 6351.7 6355.3 

62 .. 5.7 608503 6092.3 6183,2 671t ... 5 7478.1 7310,4 72H.O 6857,0 6ft2 •• 9 5'146,'I 5402.1 
DAY 22 5101.8 501002 5023.5 ~C9Colt 5288.0 6l38olt. 720301. .79f>5o5 8326....l 8389.5 83"2ol 800103 

Bl5'1.5 8151,Z 795 ... 2 7881>06 8363.7 '105'1.4 8850.8 81,3808 81"2,2 73'15.'I 6713.4 60011.1 
DU 23 5660.2 5"74.7 5363.3 5"13.8 5721 ... 6 ... ,,. 7 7"09. 4 8100.0 8'16.2 8430.8 8303. 7 798208 

799803 7'186. 7 . 7868.B 778808 8261,7 '1051,2 88n .. ~ e621.2 Bl 76,1 7401, 2. .6611,2 5989 .. t. 
DAY Z4 5560.5 5333.B 5277.1 5282,0 559108 620507 73Uo7 8086.5 8"0o 7 8541,2 8ft70,J 8200.1 

82"6 ... 8164.5 79"7,5 78<1,.2 8210.3 '10'17.4 8932, 7 8611. 7 817706 74"1.9 6717.lt 6039,Z 
DAY 25 5t6Z.9 5"55,9. "'Zl O .. ,.,o,6 5704,0 6332,2. 7"8"J. .826901.. 11523,9 .8511111.3 .U.94.8 8321,.S 

8284.5 8221.3 8051. 3 8008.l 8338,0 '1386•0 1111 ... 2 BB85.4 8503.5 7724.5 688 •• 7 6231. 7 
on 26 5911. 5 5777.5 5736.6 5787.f> 6026,1 6711.l 7764.7 11481,1 8602.4 8531,5 857".4 8265.0 

8Z24o5 ~083.z 1•n5o 7 7716.3 7<104,3 8<138,b 8815.6 .9331>06 8243.1 761",1. 702206 6277oZ 
DU 27 5'169.5 5817.1 5687.4 567".3 5767,5 600,., 6366.0 6830,1 7139. 2 7190.1 7155.l 6899. J 

6730.9 65"3.0 6436,4 63'15o4 6810,2 7801.3 7668.3 7Z'l4.7 710.6 672400 62n.1 5729.z 
DAT 28 531".8 5226.8 504403 50116.6 5122,5 5233.5 532Zo5 587900. 6173.9 H"1...!. 6386.8. 6474.z_ 

6448.0 6313. 5 6"88. 9 6601.9 7CU,.9 7784•1 7771.3 76750'1 7"30.8 6943, 7 63'808 57'1?.6 
DAY 29 5632.l 553'1.D 5554.2 56 .. 7.2 5'1C6.:!I 6680.'I 77115,5 860606 8778. 5 8784.Z 8670.6 8308.J 

8314.'I 8133.6 7'1f>8o9 7860, l A3llo8 '1214, 7_ '10'10o3 8980oS. 8578.3 .79ftOJ .11Ho~ 63"5ol. 
DAY 30 6031,5 5883.4 573'1.5 57H.5 5'142.7 611tlllo7 775'1o5 860005 8836.0 8957,5 8'100o• 87112.11 

81113,'1 8992.6 8'128,5 88112.'I '1344 ... 9B32o1 '1615.2 '1200,9 87"3 o 4 7879.:!I 10112.5 63111.8 
DAY 31 6117.3 ! 8 73. 7 5811. 6 57"5. l 5926. 0 65'Z.2 ... 7637.9 8378.9. 811147.9 85116.7 . 8713.8 9,111.8. 

8563.5 8634.5 8677.9 85111,8 91,11.1 9479. 3 112ftf>.6 8868,3 9,.,0.2 711180.1 1>'106.4 61'10.l 

Figure 5-120 ULMOD Estimated Chronological Order 
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'J [19 
ULMOl),T~oo. 
A CC OUN T , !) lJ!1 l ?. ? 4 • 
OEOUEST,UL~QOX,*PF. 
REOUEST,Dt\TA. 
REQUEST,TAPE9. 
REOUEST,TAPEll). 
REOUEST,TAPEll,Al. 
REOU~ST,T~PE20,A2. 
R~OUEST,TAP~21,A2• 
~f0UEST,T6Pf22,Al. 
PEOUEST,TAOE23,A2. 
qtOUEST,TA~E24,A2. 
Q[QUFST,TAP~2,,Ao. 
~ECUE5T,TAPE?6,AO• 
FILE:,OiTA,FLa~(;. 
FtLF1TAPfO,Fls~O• 
FJLf,ThPF10,FL=~O. 
FTI .. F,TAPr11 ,c:1. =1~?., 
GETPF,OATA,ULDATA,IO=UI~. 
GET PF, TAP,; q, S Cl l AR, t D = IJI D • 
GETPF,TAP~lC,LOAOS,IO=UTO• 
~TTACH,UL~nox,IO=UID,PW=PSwORD. 
COMMENT. PURGE,ULMODX,IO•UID. 
COl"'r--!=~T. FILl:,Ul."100.,Fl=l32. 
':81'1'M!=NT. r;Fft>F,UL~OO,UL~OO,IO•UID, 

····-. 

C~MMENT. FT~1I•ULM80,~•Ul~ODX,R•O,l•O,ER,OPT=2. 
COM~ENT. CATALOf,ULMOOX,IO=UID,XR=PSWORD. 
c ,H~' Mc N,. au or r , r o • u r o • 
\J L ~ fJ '.J X • 
~EWl"ID,OAl4e 
COPYS~F,OATA,QUTPUT. 
RE-IJINO,TAPC.11. 
CATALOG,TAPEll,SAVEF,tO=UID. 
EXIT. 
/FOR 

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

. . . . . . . 

Figure 5-13. Sample Runstream for U'UMOD 
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SECTION 6.0 

FINAM'.- FINANCIAL ANALYSIS K>DEL 

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. Its purpose is to assist the user 
when making modifications to a data set. 

6.2 FINAM INPUT DATA 

Figure 6-1 is 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 capital cost parameters for each 
generation type. These groups are followed by a single group of type R 

69 



TR-604 S:il 1tl1 ----------------------------------

through T cards to cover expected unserved energy parameters. Card types U 
through BB are needed only if sensitivity studies are to be perfonned. 

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 'l'ype H) 

FORMAT (FREE) 

This card type must be preceded by a comment card. 

ISENSI -- Flags whether this is a normal execution (ISENSI ( 0) or a 
sensitivity-only execut:i,on (ISENSI :> 1) where all initial data 
is provided from a computer data file (unit number 11 or 
"TAPEll") 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, < ZU 

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 
one type E 
given for 
increasing 

of cards must be preceded by a single comment card. Tilere must be 
card for each simulation year (J = 1, NSIM), and a value must be 
each generation type (K = 1, NGENT). The years must be in 

order. 

IYR(.J) 

CAPADD(J,K,L) 

Year this card is for; e-~·, 1985 

Added capacity of all generation types this year (MW): 
K = 1, NGENT 
L = 1 for base case 
L = 2, (NCASEs+l) 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) 

SSDAT(J,l,L) 

SYSDAT(J,K,L) 

Year this card is for 

Total operating cost (1000$) 

Fuel cost for each generation type: 
K = 2, (1 + NGENT) 
L = 1 for base case 
L = 2, (NCASES+l) for change cases 

6.2.7 Fixed O&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) 

SYSDAT(J,K,L) 

Year this card is for 

Fixed O&M cost for each generation type (1000$); 
K = 12, (ll+NGENT) 
L = 1 for base case 
L = 2, (NCASES+l) 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. 1here must be 
one type H card for eAc-.h ':li.mulation yenr (J "' 1, NSIM), <tu<.l a value mtiSt: be 
given for each generation type. 

IYR(J) 

SYSDAT(J,K,L) 

Year this card is for 

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

SYSDAT(J,38,L) 

Year this card is for. 

System cost: of expected unserved energy (1000$): 
L ~ 1 for base case 
L = 2, (NCASES+l) for ~hAnge cases 

6.2.10 Change Case Title and Capacity (Card Type ~~1 

FORMAT (3A4,1X,Fl0.l) 

This card type must be preceded by a comment card. 

CASETL( I,L) 

CASCAP(L) 

Change case title; 
I= 1,3 

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 t.he syst;em 
cost information data for this change case. A group of J,E,F,G,H, and I cards 
is required for each change case. 1he value of L increases for each change 
case. 
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6.2.11 Generating Unit Type Title (Card Type IC) 

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) 

GENDAT(J,K) 

Year this data is for 

Generation specific data: 
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) 

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 

NESFOM 

Number of fuel cost escalation time periods for this generation 
type (1 ( NESFCS ( 10) 

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 lar.ger 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) = F.SVOM (IZ,IQ) = any number for 
IZ = 2 and 3 and IQ= 1 and 2). The year numbers given must increase from one 
card to the next. 

E SFCST(I Z, 1) 

ESFCST(IZ,2) 

ESFOM(IZ, 1) 

ESFOM(IZ,2) 

ESVOM(IZ, 1) 

ESVOM(IZ,2) 

Beginning year for fuel cost escalation period IZ 

Escalation rate (percentage) for IZ 

Beginning year for fixed O&M cost escalation period IZ 

Escalation rate (percentage) for IZ 

Beginning year for vat"iable O&M cost escalation period IZ 

Escalation rate (percentage) for IZ 

6.2.15 Capital Costs (Card Type 0) 

FORMAT (FREE) 

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

ICAPYR(J) 

CAPCST(K,J) 

Year this card is for 

Capital cost($/~) for co.ch geul:!ration type; K = 1, NGENT 

6.2.16 Fixed Qiarge 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 Rat~ (percentaeP)~ 
K = 1, NGENT 

6.1..17 Fixed Ch-8rgw R:ltc 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) -- Number 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) 

EUE(J) 

Year these data are for 

Cost of expected unserviced energy in this year ($/MWh) 

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 Energy (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 unserved energy costs 
escalation period IZ 

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

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 
time. Thb r.;,qnP.Rt require1;1 providing groups of card types U and V, plus 
additional types indicated in the discussion of each TSTSEN uvtion 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 Variables (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. Tilis 
flag consists of four alphanumeric characters in quotation 
marks. Tile quotation marks comply with FREE format require­
ments. Only one of the following sensitivities may be examined 
at a time. 

"XXXX" 

''MISC" 

"PWD " 

No ruore sensitivity cases are desired 

Wish to change the present wot"Lh discount 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 

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' c;:ipit::iJ. 
coot; 
Requires card types Y and Z to follow 

"FOM " -- Wish to change one or m(lr.e generating types' Uxt>.d O&M 
costs; 
Requixe.!:I 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; 

!EXT 

NCHNG 

Requires card types Zand/or AA with BB to follow 

Thls flags whether the sensitivity case is to: 
( 1) chaneP the coot in each i:;imulation year artd the 
escalation rate for extension calculations (!EXT< or 
(2) change only the extension escalation rate 
(!EXT) 1). The user should not attempt to set 
!EXT) 1 if extension calculations are not desired 
(typP. 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 
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6.2.23 Sensitivity--M:l.scellaneous (Card Type W) 

FORMAT (FREE) 

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

Year for all present worth results 

Expected life of alternative generation device, years 

IYRPW 

NYRAGN 

FCRAGN Assumed fixed charge rate of alternative generation device, 
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 

GNPDEF 

Present worth discount rate; percentage 

GNP deflator; percent 

6.2.25 Sensitivity--Generation Types (Card Type Y) 

FORMAT (FREE) 

Preceded by a 
TSTSEN = "FCST", 

comment card, this 
"CAP", "FOM" or "VOM" 

card type must· be provided if 

IGENCG(JJ) -- Numeric ident.1f1er of the generation typP. (types) to which a 
cost change is desired; 
JJ = 1, NCHNG 

6.2.26 Sensitivity~st 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 !EXT< O, or 

(2) TSTSEN = "EUE" 
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One type W card is needed for each simulation year; J = 1, NSIM. 

IYR(J) 

RNEW(JJ) 

Year this data is for 

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 precede only the first typ~ M r.;ir,L A group of 
typee AA :mr.l l3B oardo will l,~ ,equi 'i"Pd f:or oach gene1allon type (NCHNG) if 
T3T3EN !!!!! ., J.<'t;S'l'", "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 inoreaae from card to card. 

ES(IZ,1) 

ES(IZ,2) 

6.3 PRINTED OUTPUTS 

Beginning year for escalation period IZ 

Escalation rate (percentage) for IZ 

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 tjtle. capacity in MW, total value when 
compar4iid 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 sequence necessary to run· FINAM is given as Fig. 6-5. 
This runstream uses the CDC-SCOPE operating system. 
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***** TFST OATA - ao,83,85 & 95 WITH CAP. CREDIT, WEIBULL •••• 
***** BASE CASE WITH 2 C4~NGE CASES (10,254 WIND MACHINES) 
0 
IYRP~,PWOISC,GNPDEF,NSIM,NCAPY~,NCASES,NGENT,NYRAGN,FCRAGN,ICOST 

1980 15.0 10.1 4 4 2 11 30 21.g 0 
***** BASE CASE - NO TITLE NEEDED. 

·1980 

1983 

11.185 

YEAR - CAP. TO ADO TO All GEN. TYPES (MW,. 
c.o o.c o.o 

o.o o.o o.o o.o 
81. 64.0 o.o 

1947.0 o.c o.o o.o 
o.o 390.0 o.o 

187.0 o.o Q.O o.o 

o.o 
o.o o.o 

o.o 
o.o o.o 

o.o 
o.o o.o 

o.o 

o.o 

61.0 

1986 o.o 3'10.0 o.o c.o 291.0 
lRA.O O.O 44,Q 3lo.n n ~ o o.o 

V~AR - TOTAL COST THEN ru1:L COSTS BY TYPE 
1Q80 2705380. 

198 5 

2407550. 
o. 

3649838. 
3135130. 

32465. 
9503. 

56489. 
12 391 .• 

65842. 
o. 

73539. 
o. 

UOOOi). 

3Q56t,. o.o 
o. o. o. 

43484. o.o 
o. o. o. 103851. 

4784187. 
4173658. 623':n. 

15362. 
93886. 

4102· 
39424. 145100 

1995 
137160. 

11914221. 
o. o. o. 

8216416. 731015. 175425· 
388826. 30025. 376104. o. 

83392. 
261385. 

39151. 
440084. 

YEAR - FIXED O&M COSTS (1000$). 
1980 54606. 8765. 40463. 22286. o.o 

o. 3682. o. 16665.7 o. o. 
1983 72486. 11702. 53136. 29265. o.o 

22104. 4835. o. 21882.9 o. o. 
87062. 14610. 6382R. 25ij93. 1316, 
299BO. 5808. 107. 26286. O. O. 

1995 212587. 53944. 1596~8. 62708. 25242. 
101833. 14525. 12260. 74973. 189540. 240219. 

Yf.AR - VARJARLE O&M (1000$)• 
1Q80 o.o o.c o.o o.o o.o 
1983 o.o o.o o.o o.o o.o 
1985 o.o o.o o.o o.o o.o 
199~ o.o o.o o.o o.u o.o 
YFA~ - TOT~L COST OF EXPECTED 
1980 3978.7 
1963 Q'>47.3 
1985 190t.6 
1995 251Cl.3 

o.o o.o o.o 
o.u o.o o.o 
o.o o.o o.o 
o.o o.o o.o 

UNSERVED ENERGY 

o.c o.o 
o.o o.o 
o.o o.o 
o.o o.o 
(lOOOS). 

Figure 6-1. FINAM Manually Created Input Data 
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***** DATA SPFCIFIC TO THE GEN. TYPES ANO THE e.u.E.; BLR GEN. TYPE 
l\lR 

YfAR - FUfll $/MMBTU) F0'1($/KW/YR) VOM($/'1wHI 
1q90 6.00 5.86 o.o 
1qs3 8.54 1.11 o.o 
1qe5 10.57 q.?5 0. I) 
1qq5 21.38 23.12' o.o 
NU!'1RF.R OF AND ESCALATIONS TO llE USED FOR EXTENSIONS ( 1.) • 

5 3 1 
1981 12.5 1981 12.6 1981 q.6 
1985 10.0 1qe2· 10.6 0000 000 
1986 9.0 198 '3 9.6 0000 000 
1q97 8.o 0000 000 0000 )00 
1988 1.0 0000 000 0000 000 

OtST GEN. TYPE TABl!:= 
DIST 

YEAR - FUEL(S/MMBTU) FO!"l($/KWIYRJ VOM(S/MWH) 
1980 6.50 8.34 o.o 
1q93 9. 25 · 10.r;o o,o 
1q85 11.45 q.7 o.o 
1995 23.H, 18.01 o.o 
NUMRER IJF ANO ESCALATIONS TO BE USED FOR EXTENSIONS U) • 
5 3 1 
1981 12.5 1981 12.6 1qe1 9.b 

· 1qe5 10.0 1982 10.6 0000 000 
1qe6 9.0 1983 q.t, 0000 000 
1987 8.o 0000 000 0000 000 
1988 7 .o 0000 000 0000 000 

COAL 1 GF.N. TYPf TABLE 
COAL l 

YEA~ - FUEL< $/MMBTU) FOM($/KW/YR) VOM(S/MWH) 
1980 1.06 45.78 o.o 
1q03 1.41 60.11 o.o 
1985 1.68 12.20 o.o 
19g5 3. 42 · 180.57 o.o 
NUP48ER OF ANO ESCALATIONS TO BE USED FOR EXTENSIONS ( 't) • 
3 3 1 
1Q81 10.0 1qe1 12.6 1qe1 q.6 
1985 a.o 1982 10.6 0000 000 
1990 1.0 1983 9.6 0000 000 

Figure 6-1.·. FiNAM Nianuaiiy Created lnpui Data .(Continued) 
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COAL4 GFN. TYDf TA~lf. 
COAl4 

CDAL5 
CfJAl5 

YEAQ - l=lJfl($/MM13TU) Hl"1( $/KW/YR) 
lQ80 o.oo 00.00 
1q83 o.oo 00.00 
1'~85 o.oo 00.00 
1 qg5 4.58 206.q2 

NUMBER OF ANO ESC AL AT IONS TO BE USED fOR 

GEN. 

3 3 1 
lq8I 10.0 1981 12.6 
1985 B.O 1qa2 10.6 
19QO 1.0 1983 9.6 

TYPE TA8l E 

YEAR - FUFL(i/M~8TU) 
1980 o.oo 
1QB3 
1985 
1qq5 

o.co 
o.oo 
5.4q 

1qs1 9.6 
0000 000 
0000 000 

F'.JM($/KW/YR) 
00.00 
00.00 
00.00 

179.27 
NIJMBF R OF ANO 

3 3 l 
fSCALATIONS TO aE USED FOR 

1~81 10.0 1981 12.b 1981 9.6 
1985 8.o 1g82 10.0 0000 oon 
19QO 7.0 tgs3 9.b 0000 000 

VIJM ( $/MWH) 
o.o 
o.o 
o.o 
o.o 
EXTF.NSIONS 

VOM(!-/MWH) 
o.o 
o.o 
o.o 
o.o 
fXTENSIONS 

(t). 

( .,. ) . 

YtAP - CAPITAL COSTS OFF.AC~ GF.N. TYPE ($/KW) 
1980 600.0 3~0.C 1200.0 1200.C 1200.0 150C.O 1500.0 

1500.0 2?00.0 1200.0 1200.0 
LQ83 829.0 455.4 1655.Q 1655.Q 1655.9 2069.9 2069.9 

20bq.q 3035.Q 1655.Q 1655.q 
1Q85 1020.l 561.1 2040.3 2C40.3 2040.3 2550.4 2550.4 

?550.4 3740.5 l040.3 2040.3 
198~ 1132.4 622.8 2264.7 22b4.7 2264.7 283C.9 2830.Q 

2830.Q 4152.0 2264.7 2264.7 
FI~EO CHAPGE RATE FOR EACH GEN. TYPE (1.) EACH CAP. A00ITJON YEAR. 

1q~o ll.Q 21.9 23.d ?.3~9 23.a 23.q 23.9 zz.a ?.4.1 ?.3,e z1.B 
1q0] 21.q 21.9 23.B 21.a 23.8 23.9 23.9 22.a 24.7 23.s 23.a 
1985 21.9 21.Q 23.8 23,8 23.8 23.9 23.Q 22.8 24.7 23.A 23.~ 
1986 21.9 21.Q 23.8 23.8 23.8 23.Q 23.q 22.8 24.7 23.8 23.8 

NUM~FR OF YEARS FCR CALCULATEO ON IN EACH CAP. ADDITION YEAR. 
lQRO 30 ~O 3~ 35 35 30 30 30 60 35 35 
1Q83 30 30 35 35 35 30 30 30 60 35 35 
1985 10 30 35 35 35 30 30 30 60 35 35 
1Q86 30 30 3, 3~ 35 30 30 30 60 35 35 

YEAP - EXPECTED UNSERVED ENERGY COST ($/MWH). 
1Q80 · 100.0 
lQ83 121.e 
1985 138.9 
1995 277.0 

ESCALATIONS OF E.u.E. Ta Bf USED FOR EXTENSIONS ci,. 
1 
1Q81 6.8 

Figure 6-1.1 FINAM Manuaily Creaied.lnput Data (Continued) 
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***** CHANGf CASE 1 - 10 MOD-2 MACHINES - 25 MW 
10 MOD-2 25. 

YEAR - CAP. TO ADD TO All GEN. TYPES (1'1Wt. 
1qeo o.o o.o o.o o.o o.o 

o.o o.o o.o o.o o.o o.o 
64.0 o.o c.o o.o 1983 

1985 

81. 

o.o 
o.o o.o o.o o.o o.o 

379.0 o.o o.o 
187.0 o.o 9.0 o.o o.o o.o 

o.o 390.0 o.o 
188.0 o.o 44.0 320.0 

YFAR - TOTAL COST T~EN FUEL COSTS BY TYPE 
1980 2701982. 

198 3 

1985 

2404207. 
o. 

364489 0 • 
3130779. 
103851. 

32470. 
9503. 

56010. 
12 391. 

65841. 
o. 

73530. 
o. 

o.o 
o.o o.o 

(1000$). 

39566. o.o 
o. o. o. 

43484. o.o 
o. o. o. 

4777609. 
4167113 • 

13 7160. 
62406. 
15362. 

93881. 
4102. 

39423. :1450.0 
o. o. o. 

1995 11899604 • 
8211090. 722066. 175403. 83392. 39147. 

38~814. 30025. 376095. o. 261326. 439953. 
YEAR - FlXfD OtM COSTS (1000$). 
1980 54f.06. 8765. 4046d. 22286. o.o 

o. 3682. o. 16665.7 o. o. 
1983 72486. 11702. 53136. 29265. o.o 

22104. 4835. o. 21882.9 c. o. 
8706~. 14583. 63828. 25893. 1316. 
29980. 5808. 107. 26286. o. o. 

199~ 212587. 53803. 1596~8. 62708. 25242. 
101833. 14525. 12260. 74973. 189540. 240219. 

YEAR - VARTA8LE 0&~ (1000$). 
1980 o.o o.o o.o o.o o.o 
1983 o.o o.o o.o o.o o.o 
1985 o.o o.o o.o o.o o.o 
1995 o.o o.o o.o o.o o.o 
YEAP - TOTAL COST OF EXPECTED 
1980 3915.6 
1983 q451.o 
1985 l89b.5 
1gq5 25103.5 

o.o o.o 
o.o o.o 

o.o 
o.o 

c.o o.o c.o 
o.o o.o o.o 

UNSE~YEO ENERGY 

o.c c.o 
o.o o.o 
c.o o.o 
o.o o.o 
(1000S). 

. . . 

Figure 6-1. FiNANi Manually Created lnpui Data (Continued) 
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***** CHANC,~ CASE? - 254 M00-2 MACHINES - 635 MW 
254 MOn-2 635. 

.1980 

l9R3 

1Q85 

YFAR - CAP, TO 

o.o 

1Q47.0 

187,0 

o.o 
o.o 

81. 

c.o 

A[)D TO All 
o.o 
o.o 

64.0 
o.o 

227..0 
o.o 

Go: N. 

o.o 

Q,O 

TYPFS (MW). 
c.o 

o.c 
o.o o.o 

o.o o.o 
o.o o.o 

o.o o.o 
o.o 61.o 

o.o o.o 
c.o 390.0 

o.o 
o.o 

c.c 
c.o 

o.o 
320.C 

13Y TYPE 

o.o 291. 0 
188,0 o.o 44,0 

YEAP - TOTAL COST T~EN FUEL CO~TS 
1980 2622307. 

1983 

1985 

199 5 

232gcg6. 
o. 

3535639. 
3028<H2. 
103726. 

463g6ll. 
4040157. 

137075. 
11614765~ 

7RR"i8 • 
95 1B. 

50577. 
12389, 

52 402. 
15 36 7.. 

65778. 
o. 

7317t, 
o. 

93556. 
'1102. 

80?5631. 633674 • .174636. 
3k8283. 30024. 376103. o. 

YEAR - FIXF.0 OEM COSTS (1000£). 

o.o 
(1000$). 

3'1,~,. 
o. 

't347Q. 
o. 

39424· 
o. 

1980 54i06. 8765, 40469. ?2286. C,O 

o.o 

o.o 
o. o. 

o.o 
o. o. 

1446.0 
o. o. 

O. 36P2. O. 16665.7 O. O. 
1983 72486. 11702. 53136, 29265. o.o 

22104. 4835. o. 2188?.9 o. o. 
87062. 14180. ~3828. 2,893. 1316. 
?9Q80. ,aoe. 101. 262S6, o. o. 

1qy~ 212587. 52116, 15962A, 62708. 25242. 
101833. 145?5. 12?60, 74973. · 189540. 240219, 

YfA~ - VARIABLE DSM (1000$), 
lQRO O.O O.O O.O 0,0 0,0 
1983 o.o o.o o.o o.o o.o 
1985 ·o.o o.o o.o o.o c.o 
19~5 o.o o.o o.o o.o o.o 
YfAR - TQTAL COST ur ExPECTEO 
1980 ~04t-..1 
1003 F181,6 
1985 1677,'7' 
1Q95 24013,9 

c.o o.o o.o 
o.o o.o o.o 
0.'.) c.o o.o 
o.o o.o a.o 

IJNS!::RVF.I) fNERGY 

c.o o.o 
o.o o.o 
o.o o.o 
o.c o.o 
(1000$). 

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

COAL 
COAL 

NUC 1 
NUC 1 

2 GEN. TYPE TABLE 
2 
YEAR - FUEl($/HP18TU) f0M($/KWIYR) VOH(S/MWH) 
1980 0.51 21.67 o.o 
1983 0.68 29.41 o.o 
1985 0.81 27.17 o.o 
1qq5 1.65 84.06 o.o 
NUMBER OF ANO ESCALATIONS TO 8E USED FOR EXTENSIONS ci,. 
3 3 1 
1981 10.0 1981 12.6 1981 q.6 
1985 e.o 1982 10.6 0000 000 
1990 1.0 1983 9.6 0000 000 
3 GEN. TYPE TABLE 
3 
YEAR - FUEL(S/MMBTU) FOM(S/KW/YR) VOM(S/MWH) 
1q50 o.oo o.o o.o 
1983 o.oo o.o o.o 
1985 2.10 21.57 o.o 
1995 4.29 206.90 c.o 
NUMBER OF AND ESCALATIONS TO BE USED FOR EXTENSIONS (%). 
3 3 1 
1qe1 10.0 1981 12.6 1981 9.6 

1985 8.o 1982 10.6 0000 000 
1990 7.0 1983 9. 6' 0000 000 

GEN. TYPE TABLE 

YEAR - fUEL(S/MMBTU) FOH(S/KW/YR) 
1980 
1983 
1985 
1995 

NUMBER OF AND 
4 3 1 
19·a1 12.5 
1982 10.0 
1985 8.o 
1990 1.0 

C 

o.oo 
0.76 
0.91 
1.85 

ESCALATIONS TO 

1981 
1982 
1983 
0000 

12.6 1981 
10.6 0000 

9.6 0000 
000 .0000 

, 
f 

. . 

o.o 
11.35 
14.05 
33.70 

BE USED FOR. 

9.6 
000 
000 
000 

VOM(S/MWH) 
o.o 
o.o 
o.o 
o.o 
EXTENSIONS 

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

YEAR - FUEL($/H'1BTU) FOH(S/KW/YR) VOM(S/'1WH) 
1980 o.3e 11.84 o.o 
1983 0.52 15.54 o.o 
1985 0.61 18.67 o.o 
1995 1.25 46.70 o.o 

NUMBER OF AND ESCALATIONS TO BE USED FOR EXTENSIONS (%). 
4 3 1 
1981 12.5 1981 12.6 1981 9.6 
198f 10.0 l98l 10.6 0000 000 
1985 8.0 1983 9.6 0000 000 
1990 7.0 0000 000 0000 000 

GEO GEN. TYPE TABLE 
GEO 

YEAR - FUEL($/MMBTU) FOH(S/KW/YR) VOM(S/P1WH) 
1980 1.63 n.n o.o 
1983 2.11 o.o o.o 
1985 2.63 11.89 o.o 
1995 5.30 27.99 o.o 

NUMBER OF ANO ESCALATIONS TO BE USED FOR EXTENSIONS ,,,. 
4 3 1 
1981 10.0 1981 12.6 1981 9.6 
1986 9.0 1982 10.6 0000 000 
1987 e.o 1983 9.6 0000 000 
1988 1.0 0000 000 0000 000 

HYDRO GEN. TYPE TABLE 
HYDRO 

YE~P. - Ftlr• ($/P1MBTU) fOr,CSIKW/VR, vo .. (s1MWH> 
1980 o.oo 16.2q o.o 
1983 o.oo 21.39 o.o 
1985 o.oo 25.69 o.o 
1995 o.oo 43.01 o.o 

NUMBER OF ANO ESCALATIONS TO BE USED FOR EXTENSIONS (%). 
'3 3 1 
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 .. Fi NAM Manually Created Input Data .(Continued) 
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S:il ,flf, ________________________ T_R_-_60_4 

•CHANGE LIFE OF WINO MACHINE 
"MISC",00 00 

P.W MISC - WIND MACHINE LIFETIME - ANO FCR,ICOST 
1980 ,o 21.9 0 

•CHANGE THE PPESENT WORTH DISCOUNT RATE TO 12. 
"PWO ",00 00 

P.w. DISCOUNT RATE 
12.00 10.1 

GNP DEF. 

•CHANGE ONLY FUEL ESCALATION RATES 
"FCST" 5 1 

THE FUEL TYPES. 
2 it 6 8 10 

NUMBER ANO ESCALATIONS FOR TYPE 2. 
1 
1981 
1985 
1986 
1987 
1988 
1989 
1990 

NUMBER ANO 
7 
1981 
1985 
1986 
1987 
1986 
1989 
1990 

NUMBER AND 
8 

12.5 
10.0 

9~1 
8.9 
8.5 
8.3 
8. It 
ESCALATIONS 

10.0 
8.7 
9.1 
8.9 
8.5 
8.3 

8 ·" ESCALATIONS 

1981 12.5 
1982 10.0 
1985 8.7 
1986 9.1 
1987 8.9 
1988 8.5 
1989 8.3 
1990 8.4 

.FOR TYPE 4. 

FOR TYPE 6• 

Figure 6-1.; Fl°NAM Manually Created input Data .(Continued) 
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5:fl itii -----------------------T_R-_6_04 

NUH8ER 4ND ESCALATIONS FOR TYPE 8. 
7 
1981 
1985 
1986 
1q57 
1988 
1989 
1990 

~Uf18eR AND 
7 

10.0 
8.7 
9.1 
8.9 
8.5 
8.3 
8. It 
ESCALATIONS 

1981 10.0 
198, 8.7 
1986 9.1 
1987 e.9 
1988 8.5 
1989 8.3 
1q90 8.4 

FOR TYPE 10• 

*CHANGE ASSUMED DtSTILATE FUEL TYPE CAPITAL COST. 
"CAP" 1 0 

THE GENERATOR TYPE 
2 
YEAR - NEW CAPITAL COST CS/KW) 
1980 600 .. -0 
1983 828.0 
1985 1020.1 
198h 1132.4 

THAT IS ALL 
"XXXX,. 0 0 

Figure 6-1. FINAM Manually c·reated lnpui Data (Concluded) . 
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5:fl ilfi ___ ....:.__ ________________ TR_-6_04 

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
•••••••••••••••••••••••••••••• TFST OATA - 80,83,a,' ,, WITH ca,. CRFOIT, WEIBULL.... • •••••••• 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

YEAR OF PPESENT WORTH RESULTS • 1980 
FIRST YEAR Of SIMULATION • 1980 
PRESENT WORTH DISCOUNT PATE cil • 1,.00 

LAST YEAR OF ~LTERNATIVE CALCULATIONS• 2009 
GNP OEFLATOR RATE Ill • 10.10 

NUMBER ~F SIMULATION YEARS ~ NUMBER OF CHANGE CASES• ~ 
NU~BER OF GENERATION TYPE$ 11 
NU"BER OF CAPITAL COST YEARS , 
ALTERNATIVf GENERATION LIFE 30 

AND FIXED CHARGE RAT! 21090 i 
USING END OF YEAR COST ASSU"PTIDN 

••••••GENfQATIDN DATA FDR TYPE 1 • !!LR 
Yf A~ FUFL COST • FIXED DEii • VARUBLf 0&" • U/~'IBTUI. • IS/~111 • 111"11/YR I • 
1'180 t,,()000 • 5.~bOO • 0.0000 • 
l 'JS3 R,HOO • 7. 7100 • 0.0000 • 198, 10.5700 • 9.Z~OO • 0.0000 • }Qq5 21. 3800 • 23,lZCO • 0.0000 • 

EXTENSION ESCALATION QATA 
aEGIN RATF • BEGIN RAT~ • BEGIII QAH 

JfAQ UI • YEAR UI • YEU I !I • 
1981 H.~o • 1981 lZ.60 • 1981 9.60 • 
1985 10.00 • 1'182 10,60 • 0 o.oo. 
198!, c;,,00 • 1983 9,60 • 0 o.oo • 
1987 8,00 • 0 o.oo • 0 o.oo • 
1988 7,00 • 0 o.oo. 0 o.oo • 

YEAR CAPITAL COSTS ISfl(WI FIXED CHARGE RATEUI BASED ON YEARS 
1980 b00.8· Zl.900 30 
1983 828.D Zl.900 30 
1'18, 1020.1 U,900 JO 
1qa6 un., Zl,900 90 

••••••GENERATilN DATA FDR TYPE z • DIST 
YEAR FUEL COST • FIXED D&II • VARIABLE 0&11 • 

U/"MBTUI • IS/l<WI • IS/IIW/YR I • 
·1"980 6.5000 .. 8,HOO ... 0.0000 •· nu 9.2500 • 10. 51>(0 • 0.0000 • 
1915 11.'500 • 9.7000 • 0.0000 • 1995 23.1600 • 19.0100 ·• 0.0000 • 

EXTENSION ESCALATION DATA 
BEGIN UTE· • BEGIN· RATE • BEG!lt RATE •· 

YEAR cu • YEAR u, • YEAR cu • lQRl u.,o • 1981 17,60 • 1981 9.60 • 
1985 10.00 • 1982 10.60 • 0 u.liil • 
1986 q,DO • 1981 9,60 • 0 o.oo • 
1'187 8,oo • 0 o.oo • 0 o.oo • 
1988 1.00 • 11 o.oo •· 0 11.00 • 

YEAR CAPITAL COSTS U/KWI FIXED CHARGE RUECII BASED ON YEARS 
1980 330.0 Zl,900 30 
l9U ,,,., Zl.900 30 
tq95 561. t· 21.900 30 
1'186 e.zz.e 21.900 30 

Figure 6-2. FINAM Echo of Input Data 
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\0 
0 

······························································································••1••······························· •••••••••••••••••••••••••••••• res, DAfA - eo.,,.,s , ,, "''" ca,. cuon •. 11e:1ut.L •••• •••••••••••u•••••u••••• 
··············································································~··············· .. ·································· 
••••••GENERATION DATA FOR n,e 3 • COAl l 

YEH FUEL CDSf • FIXED OU • VARUBU Dllf • u,,.11nu1 • UIICllt • Ul"lltYRI • 198& 1.06* • .. ,.noe- •· o.eooo • 
l9U 1.uoo • 60.UOO • 0.0000 • 
1'85 l.6800 • 12.2000 • 0.0000 • 1995 304200 • lB0.5700 • OoDOOD • 

ENTEliSION ESCALATION DATA 
BEHN RAH' • BEGIN IIAff • BE&JN RUE • YEAR cu • 'IE"' cu • YUll n·, • 

111Bl 10.00 • J9Bl 12.60 • 1991 9oti0 t 
H85 8.oo • 1"182 10.60 • 0 O,DO • 
U90 1.00 • 1'983 9.&o • 0 0,10 • 

'l'fAR CAPITAL COSTS CSlllll) FIXED CHARGE-RATEClt 
1980 1200. 0 23.$00 
1983 lb55.9 23.100 
1985 ZOlt0.3 Z3. 800 
1986 zze,,.1 Z3. S:00 

••••••GE~E~ATIDN DATA f]R r'l'PE 4 • COAL z 
YEAR FUEL COST• FIXED 0&11 • VARIABLE DE" • cs,,.11nu, • u,,.,, • Ulll•lflll • 
1980 .5100 • 21.noo • o.o:,oc, • 
HH ···ffOe .. 29.•·lff • -o.o-oor. • 
1985 .a100 • ·27.1.100 • o.o:,oc, • 
199' 1.6500 • 84.C,600 • o.a:ioe • 

DTENSION ESCAUTION DATA 
8E61N 
-nu 
1911 
1915 

--1-990 

ftff 
1980 
19H 
Hit 
HB6 

RUE • BECIN RUE • -Cl-t • -\'EH -n-, -• 
10.00 • 1981 12.60 • 
e.oo • uaz ·10.61 • 
1.00 • 19H ,.61 • 

- C4 P ITll.l --(&5-f-S i-l 11C • • 
uoo.o 
1651-., 
io~-d 
2"264., 

8E61N H11E • -~ ~tt • 
1981 9.60 • 

0 0..00 • 
e o.oo. 

f' UfD··C-ttlffE ,u TE1 lt 
U.HO 
n.a·,o u., .. 
u.aoo 

81SED ON YURS 
35 
35 
35 
35 

tlASED ON YE-HS 
l!I ,, 

·H 
H 

.Figure 6-2. I flNAM Echo of Input Dala (Continued} 
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'° .... 

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
•••••••••••••••••••••••••••••• TEST OATA - 80,~3,8', 9, WITH CAP. CREDIT, WEIBULL•••• ••••••••••••••••••••••••• 

····································$····························································································· 
••••••GENERATION OATA FOR TYPE ' • (OU I· 

YEH FUEL COST • FIXEO O&N • VARUIILE O&N • "'""nu, • ' UlltWI • U/"WIYU • ·USO- o.oooe- • ·0.000&- •· 0.0000· ... 
1"83 o.oocao • 0.0000 • 0.0000 • 1qe, z.1000 • Zl.'700 • 0.0000 • 19"5 4.z-,00 • Z06.qO(l.0 • ~ 0.0000 • 

EITENSION ESCALATION DATA 
BEGltt· Rlfi: •·· IIEGllt· OfE· • BEGIN 11Af1:· • 
n YEAII •it .. YEAR (U • YEAII n, • 1981 10.00 • 1981 U.bO • 1981 ;9.60 • 

1985 18. 00 • 198Z i0.60 • 0 o.oo. 
1990 7.00 • 1983 9.flO • 0 o.oo. 

TEAR CAPITAL COSTS Ull<III FI XEO CHAIIGE RATEUt BolSED ON YEARS 
1980 1zoo.o ZJ.800 35 
1983 16,5.<J Z3.800 35 
1985 Z040.3 23.800 35 

· 1986 • ZZ64.7 Z3.800 35 

••••••GENERATION OATI FOR ·TYPE 6 .. NUC 1 
YEAll FUfl COST • FI XEO 0&1'1 • VARIABLE Ot'I • Ul11P'IBTUt • Ull<llt • UIP'IIIIYR t • 1980 0.0000 • 0.0000 • 0.0000 • 
lfl! -• .,600 • -n.-9500 ... 0.0000 -•· 
1985 • 9100 • 14.0500 • 0.0000 • 1995 1.e,00 • 33.7000 • 0.0000 • 

EXTENSION ESCALATION DATA 
BEGIN RATE • BEGIN RATE • BEGIN RATE • ·Yftt -1-fl .. -YUR -tti .. -YEH 1~1 • 

1981 u.,o. 1981 lZ.60 • 1981 9.60 • 198Z 10.00.• 198Z 10.60 • 0 O.OO·• 
198§ a.oo • 198) 9o60 • 0 o.oo. 
1990 1.00 • 0 o.oo. 0 o.oo. 

YEAR ClPJT&l COSTS ( SlltWI FIXED CHARGE RATE(ll BASED ON YEARS 
1980 1500.0 ZJ.900 30 
198~ Z069e'J z3.-,oo 30 
198' z,,o., Z3.900 30 
1986 Z830.9 Z3.900 JO 

Figure 6-2 .. FINAM Echo of Input Data :(Continued) 
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•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• •••••••••••••••••••••••••••••• JEST DATA - ,0,,1,,, I 95 WITH ca,. CREDIT, WEIBULL.... • •••••••••••••••••••••••• 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

••••••GENERATION DATA FOR TYPE 1 • NUC 2-
YEAR FUEL COST • FIXEO O&N • YAU ULE O,UI • '"""nu, • (Sll(Wt • 11/IIIUYU • 1980- • 38&&- ... u.e1too •- o.oooe- .. 
1983 .,zoo • u.,,..,o • 0.0000 • 
198' .6100 • u.noo • 0.0000 • 199' 1.uoo • 46.1000 • 0.::,000 • 

ECTENSI ON ESCALATION DATA 
BEGIN RUE· • BEGJft RUE • BEGIN - RATE • 

YEIR cu • YEAR cu • YEAR tll • nn 12.50 • 1981 lZ.60 • 1981 9.60 • 
19U 10.00 • 1982 10.60 • 0 0.-00 • 19:,S e.oo • 1"83 9.60 t 0 o.oo • 
19110 7.00 • 0 o.oo. 0 o.oo • 

YFAII CAPIT-U COSTS IS/KWI FIXED CHUG£ HTHU 
]980 i:500.0 Z3.'i00 
1983 2069.9 z3.c;oo 
1985 o'550. 4 23.900 
1986 <'830.9 23.9-00 

••••••GE~EltAtlON DATA FOR TYPE 8 • GEO 
YEAR FUEL COST • FJXEO 0&11 • VAIIU8LE O&a • 

(S/IIN!ltU) • 11/KWI • "'"""R) • 1980 -t.-fl30& ·• ·G;,-0*9 • o.o-::,ee •-
1983 2.1100 • 0.0000 • o.o::,oo • 198' 2.6300 • 11.111100 • o.o~oo • 
JH!J ~.!1000 • ·Zle9900 .. o.otoo ... 

UGtt 
YUi 
19111' 
1986 
198T 
l98E, 

EU!:NSION 
·RAT~ • ,Kttt 

Ut • YEH 
10.00 • 19111 

ESC AlltlON DATA 
UTE · ·• BE61tt 
Ut • YEH 

12.60 • 1981 

f:ATE •­
UI • 
9.60 • 
o.oo-. 
o.oo. 
-0. 0) • 

YEIR 
lfiG 
1913 
198' 
19H' 

11.00 _. \98i 
e.oo • 111n 
7.oo • o 

10.60 ... · • 
9.60 • 0 
o.oo • 0 

CAPITAL costs CS/KWt 
-uoo.• 

FIXED CHARl&E RATEllt 
22.aoo 

Z-l69o9 22.1111> 
zno., u.100 
Za!IOo-9· H·.880-

BASED ON YEARS 
30 
30 
30 
30 

USED ON YEARS 
--ff 
IO 
JO 
H 

Figure 6-2 .. FINAM Echo of Input Data -(Continued) 
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\0 
w 

. . . 

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
•••••••••••••••••••••••••••••• lESl Dill - 11Do83oll5 I 95 111TH ca,. CREDITo IIEIIULL •••• ••••••••••••••••••••••••• 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

••••••GENERlllON DITA FOR TY,e 9 • HY!>RO 
TUR FUfl:. COST • FIXED 01" .. VIRIIBU OEII • 

U/ .... BTUI • U/KIII .• "'"""" • 
1980 ~.,ooe • 16.!900 • 0.0000 ... 
11183 c.:,ooo • 21. 31100 • 0.0000 • 
11185 0.0000 • 25.61100 • 0.0000 • 
1H5 0.0000 • 0.0100 • 0.0000 • 

EXTENSION ESCIUIJOM DITA 
8E1.IN RITE- ... IEGIN RllTE •· IE1.llt RITE ... 

YEAR (ti • YEH UI • YEAR n, • 
11181 12.60 • 11181 12.60 • 1981 9.60 • 
11182 10.60 • 11182 lD.60 • 0 o.oo. 
11183 9.60 • 11183 9.60 • 0 o.oo. 

YEAR CAPllU COSlS CS/KIii Fl 1CED CHAltGE RUEC%1 BASED ON YEARS 
1980 z200.o z,-.100 60 
1983 3035.9 2".700 60 
1985 31,.0.s 2'-.700 60 
1986 U52.0 2'-.700 60 

••••••GENERATION DATA FDR TYPE 10 • CIIAL'-
YEAR FUEi. C!'ST • F IIIE'l Of;" • VJ.RUBLE OE" • 

U/1""8TUI • U/l<VI • UIIIIIIYR I • 
1980 o.·oooo • 0.0000 • 0.0000 • 
l'f89· o.1>000 • 0.0000 .... 0.0000 • 

.1985 0.0000 • 0.0000 • 0.0000 • 
111115 ,..,800 • 20609200 • 0.0000 • 

EXTENSION ESCILUION DITA 
BEGIN RITE • BEGIN RITE • BEGIN RITE • 

YU1t 1tt .. YEH 1tt ... 1'E&a (fl • 
1981 10.00 • 1981 12.60 • 19111 9.60 • 
19e, 8.oo • 1982 10.60 • 0 o.oo. 
1990 1.00 • 11183 9.60 4 0 o.oo. 

ntt CIPITlt.··-COS1'5 1~/1("1 FIIEO CHIRC£ 1tUECtl 8ASEO ON-YEAH 
19110 1200.0 23.800 35 
11183 1655.9 23.800 3' 
19H 20"0.3 23.800· H 
1986 226,..7 23.800 35 . 

Figure 6-2 .. FINAM Echo of Input Data (Continued) 
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•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
•••••••••••••••••••••••••••••• TEST.OlTl - 80083085, 95 111TH ClPo CREOITo llElBUll •••• ••••••••••••••••••••••••• 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
••••••GENERlTION DATA FOR TYPE 11 • CDAU 

TUR FUEL COST t FIIU O&" • VARIABLE HII • 
C """BTUI. t CS•Kllt • 151"1/'JU • 

1980 0.0000- · ·• ·it.0000 • O.OOff ... 
1983 0.0000 • 0.0000 • o.ooeo • 
198' 0.0000 • o.oooa • 0.0000 • 
1995 5.4900 • 179.2700 • o.ooeo • 

EXTENSION ESCM.ATION DUA 
-9EGIN 

IEU 
1981 
1985 
]1990 

TEAi! 
1980 
1983 
1985 
1986 

RUE • BEGIN Uff • cu • TEAR u, • 
10,00 • 1981 12.,60 • e.oo • 1982 lD.60 • 

1.00 ·• 1983 9..60 • 

CAPITAL CO.SH C\/Kll) 
1200. 0 
U,55.9 
2040.3 
2264.7 

BEGIN· RaTE ... 
TUR (U • 
1981 tt.60 • 

0 o.ao • 
0 e.ao • 

FIXED CHARGE RATECtl 
23.aoe 
23.800 
23.800 
23.aoe 

BASED ON YEARS 
35 
35 
35 
35 

................................................................................................................................... 

............................... TE!-T DUA - 800 Uolllli , 9, lflTH ca,. CREDIT. •EUULL •••• • ....................... . ................................. ., .................. ., .............................................................................. . 
YEAR-UPECTEO 
19110 
19111 
199, 
1995 

BEGIN 
YUi 
19111 

UNSER~O E~ERGY cosr '''"lilt' 
100.000 
1u.1Joo 
U8,900· 
211.000 

ESCALATION UTE 
:u 

,.aoD 

Figure 6-2. FINAM Echo of Input Data {Continued_) 
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UI 
Ill 
N -1..- ~ 

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 1-J .............................. TEST DATA - eo.a,.a, l c,, 111TH CA,. c•EDIT. IIEIIULL •••• • •••••••••••••••••••••••• !~ - ~ 

···················••t••·········································································································· IASE CASE SYSTEN COSTS CKlt 

YEAR neo. 
TOTAL • GENUATION n,E 

.. no,3ao.o .. -I ~ --9 ... ' .... i' .. ·• H H 
FUELS • z4on,o.o 3246,.0 65142.D JnH.o o.o o.o Cf5DJ.O o.o o.o o.o o.o 
FIXED OU • 5<1606.C,. 116,.0 40<168.0 ZZZ86e0 o.o D.O 368Zo0 O.D 1666'.7 o.D o.o 
VARe OlN • o.o o.o 0.0 o.o o.o o.o o.o o.o o.o o.o o.o 
E.U.Eo • HTl.700 

-Y-£AR · 1989-.. 
TOTAL • GE!iE!U TIDN TYPE 

364CJ838oO• l 2 3 " ' 6 1 8 CJ 10 11 
FUELS • 3135130.0 56489.0 73,3~.o 43484.0 o.o 1038'1.0 12391.0 o.o D.O o.o o.o 
FIXED 0&11 • 72486.G 11102.0 53136.0 29265.0 O.D 22104.0 483,.0 o.o 21882.9 o.o o.o 
VAR• o,N • o.o o.o o.o. o.o o.o O.D D.O c.o D.D o.o o.o 
E.U.E. • c,, .. 1.300 

YUR 1985 • 
JOUL • GENERATION. TYPE 

\0 0/1)4187.0• l 2 3 4 ' 6 7 8 9 10 11 
V1 FUELS • 4173658.D 62393.0 93886.D 39424.0 1451.0· 137160.0 1'362.0 4102.0 OoO• o.o o.o 

F UEO 1'.1&!1 • !17062.o 14610.0 638l'8.0 25893.0 1316.0 29980.0 58D8o0 107.0· 26286.0 o.o -o.o 
VAR. O&N • o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 
E.UeE• • 1~06.600 

YEAR 1995 e. 
TOTAL • GENERATION TYPE 

-l·H14Z2l.O. --t z -'J· .... ~ "6 i' • .... -H· -H 
FUELS • 821641600 731015~0 175U5.0 83392.0 3CJUloO 388826.0 3002'.0 37610<1.0 o.o 26138'.0 '40084.0 
FIXED O&N • 2:1z,91.o 534'44.D 15CJ6!e.o 62708.0 25Z.4Zo0 101833.0 1"52'oD 12260.0 7"973e0 189540.0 2<10219.0 
VAilo OlN··· .. ...... o.o o.-e ·O.O· ••• o •• o .. o.o ~-· o.o o.o 
E.U.Eo • 25101.JOO 

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



.................................................. tt••································ .. ··········································· •••••••••••••••••••••••••••••• TEST DATA - 80,83,~5 l 95 IITtt CAP. CREDIT, VEIIIULL u,, ••••••••••••••••••••••••• 
···························••t•••··········································••t•••················································· 

BASf CA.SE CAPACITY ADDITIONS '""' •• GENERATION TYPE 
'EAR •• ·l -t ·9- .... -~- ·fr .,. .. . .. ·IC> 11 
.980 •• o.oo o.oo o.DO o.oo o.oo o.oo o.oc, D.oo o.oo o.oo o.oo 
(983 •• 111.00 6•.oo o.oo o.oo o.oo 1941.00 o.oc o.oo 0,00 o.oo 0•00 
.98' •• o.oo 390.00 •• oo o.oo 61.00 187.00 o.oa 9.00 o.oo o.oo o.oo 
1986 •• o.oo 390.00 o.oo o.o. 291.00 188.00 o.oa ..... oo 320.00 o.oo o.oo 

CHANGE CASE 1 • 10 "DD-2 -CAPACITY ADDITIONS 
( ""' 

•• G~N[IIUIDN IYPE 
HAIi •• l 2 3 .. ' 6 1 B 9 10 11 
l9i10 •• 0.(10 o.oo o.oo o.oa o.oo o.oo o.oo o.oo 0..00 o.co o.oo 

'° 1983 •• l!l.00 6 ... oo o.oo O.OD o.oo 19 .. 7.00 o.oo o.o:, o.oo o.oo o.oo 
"' 1985 •• :,.oo 379.00 o.o.:> C.OD flt.co 1111.00 o.oo 9.0,) o.oo o.oo o.oo 

1986 •• o.oo 390.00 c.ao o.oo 21Jl .OO 188 .oo o.oo H.oo 320.00 o.oo o.oo 

CHANG: C,SE 2 • 25" 1100-2 -CAPAC I TY A00I1f0NS ' .. w, 
•• GE"IERATION lYPf 

YUP •• 1 2 3 .. 5 6 1 a 9 10 11 
1980 •• o.oo o.oo o.oc o.oo o.oo o.oo o.oo o.oo o.c.o o.oo o.oo 
1983 •• Bl.OD f,t,.00 o.oo o.oo o.oo 190.00 o.oo o.oo o.c,o o.oo o.oo 
1985 •• o.oo 222.00 o.oo o.oa n.oo 187.00 o.oo 9.00 o.c,o o.oo o.oo 
l-986 •• o.oo ~90,00 o.oc. o.oo 291·.00 1811000 o.oo ""·.1)0- 320.CO o.oo o.oe 

Figure 6-2 .. F_l'NA~ ~ch·o ~f Input ·o~ta ,(ContJnued). 
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UI 
Ill 
.-u --•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• I 1· 

•••••••••••••••••••••••••••••• TEST DATA - eo.e3,e, '11, WITH CAP. CREDIT, WEIBULL •••• • •••••••••••••••••••••••• -•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
CHANGE CASE 1 . 10 "DD-Z -SYSTE" CDSlS Clllt 

nu 1980 • 
TOTAL • GEIIERATIDN TYPE 

·-170198Ze0t !; t ' ... 'J ·6 T 8 9 10 u 
FUELS • Z404Z07.0 32470.0 6584~.o 395116.0 o.o o.o 9503.0 o.o o.o o.o o.o 
FUED Ot" • 5'606.0 8765.0 40468.0 22286.0 o.o o.o 3682.0 o.o 1666,.7 o.o o.o 
VARo Ot" • o.·> o.o •).0 o.o o. 0 o.o o.o o.o o.o o.o o.o 
E.U.E. • 3q,15.60) 

YEAR 198l • 
TOTAL • GEtlERATION TYPE 

3b't4890.0• 'l z 3 .. 5 6 7 8 9 10 11 
FUELS • 3110779.0 56010.0 73530.0 43484.0 o.o 103851.0 12391.0 o.o o.o o.o o.o 
FIJC.EO OE" • 124116.0 11702.0 531M.0 ?9?65•0 o.o 22104.0 4835.0 o.o 21882.9 o.o o.o 
VAR. at" • o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 
E.u.E. • q~•n.oc,o 

YEiR 1985 • 
TOTAL • GE~EIIATION TYPE 

'° 4777!>09.0• 1 z 3 .. 5 6 7 8 q 10 11 
...... FUELS • "167113 .o 6240!>.0 9380.0 39(,23.0 1450. 0 137160.0 15362.0 1,102.0 o.o o.o o.o 

F IX{D OE14 • 87062.0 14583.0 63e~e.o 25893.0 1316.0 29980.0 5808.0 101.0 2f>Ze6.0 o.o o.o 
VAIi. OE" • o.o o.o o.o o.o o.o o.o o.o c.c o.o o.o o.o 
E.U.E. • )896.500 

YEAII 1995 • 
TOTAL • GENERATION TYPE 

11899604.0* -t t :, .. ' -1,- T ·-11 tJ 10 -H 
FUELS • 8.?l109C.O 722066.0 175 .. 03.0 83392.0 39147. 0 388814.0 3002,.0 376095.0 o.o 261326.0 439953.0 
FIXED O&'I • 212581.0 53803.0 l59f28.0 62708•0 25242.0 101833.0 14525.0 IZZ60.0 71o97l.O 189540.0 2'0219.0 
VAR. o," • o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 
E.U.t• • 25103.500 

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



....................... , ....•••.................................•.•...................•........................................... 
••••••••••••••••••••••••••••• TEST DATA - 8D,BJ,B!I, 95 111TH CAP. CREDIT, WEIBULL•••• ••••••••••••••••••••••••• 
······························································································~·································· CHANloE CASE z • 2'4 "oD-z -SYSTf" COSTS CUI 

UR 1910 • 
TOTAL • GENERATION n,e 

26ZZ307.0t· -1: ,. -9 • ~ fl ' e ·•· 10 u 
UELS • 23Z9C>96.0 288'8.D 65771.0 395e.3. D o.,D o.o· 95C3.0 o.o o.o o.o o.o 
IIED O&lt • S46C>6.0 816!1.D 110468.0 ZZZB6e·D o.o o.o 36U.O o.o 1f66!1. 7 o.o o.o 
·u. O&ft • o.o o.o o.o o.-o o.o o.o .o.o o.o o •. o o.o o.o 
.u.E. • 3046.100• 

'EAR 1983 • 
TOTAL • GENEUTION UPE 

3535639·0• 1 ! 3 .. ' 6 7 8 9 10 11 
'IJElS • 3028911.0 5'0S77.~ T3176.0 4347'9.C, o.o 103726.0 1238,9.0 o.o o.o o.o o.o 
: IXED 0&11 • 72486.0 11702 •• '3136.0 29Z6'5.CI o.o 22104.0 4aH.o O.D ZIB8Z • ._ o.o o.o 
/APo O&I! • o. 0 o.a o.o o.o o.o o.o ).0 o.o o.o o.o o.o 
:.u.E. • 7981.600 

\0 /UR 1985 • 
(X) T!JUl • GfNE~UION TlPE 

4639611.0• l 2 3 ~ !I 6 7 8 ,; 10 11 
;:UELS • 40110157. 0 5?402.c 'il556.0 39lt2'o .o 1"46.D 137075.0 1,J6Z.O 41D2.0 o.::, o.o o.o 
nno nu • 87062.0 hlBO.C f)828.0 25893.0 1316.D 29980.0 ,ao,.o 101.0 Z6Z86.0 o.o o.o 
I/Alto 0611 .. o.o o.o 0,0 Cl .o o. D o.o eo.o o.o o.o o.o o.o 
~.u.e. • 1677.700 

YEAR 1.995 • 
TOTAL • GEIIEUTION TYPE 

11614765.0• 1. t· ., ..,.. -~ . fl ~ ·-e ~ le ·fl 
FUELS • 8025631.0 633674.0• 1n6J&.o 83392.0 38974 •• 388283.0 3002~0 376103.0 o.o 259066.0 435490.0 
F IIED 0&11 • 212587.0 '2116.0 15;J628.0 62701.0 25242 •• 101833.0 1452"-0 12260.0 74973.c, 18954D.O 240Zl9.0 
VAR. 0£N • o.o o.o- o.o a.o o.• O•O 0.0 o.o O.G· D.o o.o 
E.u.e. • 24013.900 

Figure 6-2 ... FINAM Echo of Input Data (Concluded) 
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·····~···························································································································· ·····················~······· TEST DATA - eo.11,e,' 95 WITH CAP~ CREOIT, WEIBULL.... • •••••••••••••••••••••••• •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

CHANGE CASE TITLE 
10 flOO-!· 

•• CAPACITY C~VJ •• P.V. VALUE 1100011 •• 8REIKEVEM CAPITAL 
•• -~.o .. •• 

254 fl00'-2 •• 635.0 •• 

EQUATION OF GROSS VALUE PER KV CSIK¥1 CURVE 
GROSS SIKW •Cl• Cl•&&· 
AG• ALTERNATIVE GENERATION CAPACITY CflWI 
Cl• 1384.D0624~ 
CZ• ~.345788 

4944!.t · •• · 137'. 96 
1063239.4 •• 1164.41 

EaUATlON OF flARGINAL VALUE PER KW 1SIKWI CURVE 
K&RGl~AL SIKW • CC1 
CCl • -.345766 

Figure 6-3. FINAM Results 

CSIKVI •• fllRGINIL VALUE ISIKWJ •• .. -.,,. .. 
•• -.35 •• 
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.... 
0 
0 

·······,·······················································································~··································· ••••••••••••••••••••••••••CHANGE LIFE OF WINO ~AC~INE ••••••••••••••••••••••••• 
.................................................... , •••••••••••••••••••••••••••••••••••••••••••• 4 ••••••••••••••••••••••••••••••••••• 

••••• C,.UTION ••••• •LL SENsrTrv1n RUNS ASSUll'E TIUT GENERAHON TYPE UNIT CANCITJES 
IS WELL AS DISPAfCH AND co ..... lTftf!CT ORDER DD NOT CHANH. 

SEltSITIVIT• RUN·ND, t 
ANT OF THESE "AW BE CHANGED 

PRESENT WORTH RESULT YEAR• 1980 
ALTERNAHH GEIIEe.UION LIFE • 40 TEA.RS ANO F!IEO CHARGE RATE 
USING ENO OF YEA~ COST ASSU .. PTION 
LAST YEAR OF ALTE•NaTIVE CALCULATIONS• ZOJ9 

• ZLo90 & 

CHANGE CASE TITLE 
JO 110D-Z 

•• CAPACITY ("WI •• ,.v. V•lUf ClOOOS) •• BREAKEVEN C~ITAL 
~· z,.o •• 53662.4 •• 1,1,.11 

254 1100-z •• 635.0 •• 11~9296.7 •• 1244.31 

EQUATION OF GROSS tALUE PER KW CSIKWt CURVE 
GROSS S/KW •Cl• CZ•AG 
AG• lLTERNATIVE GENERATION CAPACITY Cl1Wt 
Cl• 1485.!95417 
CZ• -.379341 

·EQUATION OF ~ARGIN'l VALUE PER--«~stK11t CURl'E· 
11ARGIMAL I/KV• CCl 
CCl • -.379341 

(StKWt •• IURGINAL VALUF CS/KWt •• 
•• -. 38 •• 
•• -. 38 •• 

Figure 6-4. FINAM Sensitivity Results 
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··············••*••··············································································································· ••••••••••••••••••••••••••CHANGE THE •RESENT VO~TH DISCOUNT RATE TD lZo ••••••••••••••••••••••••• 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

•••••CAUTION••••• ALL SFNSITIVITY RUNS ASSU"E THAT GENERATION TYPE UNIT CAPACITIES 
AS VELL AS DISPATCH AND co""IT"ENT ORDER OD NDT CHANGE. 

SENSITIVITY RUN ~a. 2· 
THE PRESENT VORTH DISCOUNT RATE ~ov • 12,DOD PERCENT 
THF G,N.P, DfFLATDR RATE NOV• 10,100 PERCENT 

CHANGE CASE TITLE 
10 "DD-i· 
254 "Dll-Z 

•• CAPACITY l"WI •• , .... 
•• 25.0 •• 
•• 635,0 •• 

EOUATlON OF GP~SS VALUE PER •w IS/KWI CURVE 
,~ass SIKW • Cl • CZ•AG 
AG •. ALTF•NUlVf GENERATION CAPr..c(TY ··~· 
Cl• lb53,23l~ij6 
cz • -.~50463 

VALUE 1100011 
7204,4 

1531516,0 

FOUATlON ~F NARGl~AL VALUE •ER kW 1St•wl CURVE 
"AOGINAL ,1KW • CCI 
CCl • -,450463 

•• BREAKEVEN CAPITAL 
•• 1641,97 
•• 1367,19 

IS/kWI •• MARGINAL VALUE IS/KWI •• 
•• -.45 •• 
•• -. 45 •• 

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
·······················•••CHANGE ASSU"ED DISTILATE FUEL T,,e CAPITAL COST. • •••••••••••••••••••••••• 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

•••••CAUTION••••• ALL SE~SITJVITY PUNS ASSU~E THAT GENERATION TYPE UNIT CAPACITIES 
AS VELL AS DISPATCH ANO CDN"ITNENT ORDER DD NOT CHANGE. 

SENSITIVITY IIUN •D. 4 - ClPITAL COSTS CHANGED - CHANGES PRESENTED 9fLDV - 11/K~t 

YEAR 
H80 
1983 
IQ85 
IQ86 

•• GEHlllTIDN TYPE 
•• z 
•• 1>00.000 
•• 828.000 
•• 1020.100 
•• 113!.~00 

C~AN~E CAS: TITLE 
10 ~a~-? 
25~ "00-2 

•• CA•lCITY l~~I •• 
•• 2,.0 •• 
•• 6~,5.0 tat 

P.w. 

FOUATION c• GROS~ VALUE P5R KW,,,~~, c~~VE 
G~O~S \/K~ • Cl • C~•AG 
AG• ALTE~NATIVE GE~ERATIDN CA'ACITY l~WI 
c1 • 1,a,.o,6&22 
CZ• -.4ll41Q 

VALUF llOOilll 
53052.l 

llld?bl,Q 

EOUlilDN DF "ARGINAL VALUE PE~ KV 11/KVI CURVE 
"lRGJNAL I/KV • CCl 
CCl • -.41141'1 

•• BRcAKEVEN CAPITAL ISIKWI •• •A•CINAL VALUE ISIKWI •• 
•• 14H. 77 •• - • 41 •• 
•• 1224, 81 •• -.41 •• 

Figure 6-4. FINAM Sensitivity Results (Continued) 
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SE.fl ,9, _________ --,-_________ TR_-6_04 

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
••••••••••••••••••••••••••CHANGE ONLY FUEL ESCALA11DN RATES ••••••••••••••• 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

•••••CAUTION••••• ALL SENSITIVITY RUNS ASSUNE THAT GENERATION TYPE UNIT CAPACITIES 
AS WELL AS DISPATCH AND CO"NIT"ENT ORDER DO NOT CHANGE. 

SENSITIVITY RUN ND.· 9 - fUEL COSTS CHANGED - CH•NGES PRESENTED BELOW - CS/NBTUt 

EITENSION ESCALATION OAT• 
GENERATION tYPE 2 
BEGIN YEAR RATElit 

1981 12.,00 
1985 10,000 
1986 9,100 
1987 9,900 
1988 8,500 
1989 8,300 
1990 8,400 

EITENSION ESCAllTtnN OITA 
GENfRATJrN TYPE 4 
9EGIN YEIR RATFIII 

1q91 · tJ,oo:i 
1985 8,700 
l9R1', 1),100 
1~87 ~.900 
1985 a.~oo 
1989 8,300 
1990 8,400 

EITENSIDN ESCALATION OATA 
GENERATION TYPE 6 
8EGIN YEAR R&TECit 

1981 12,500 
1982 10.000 
1985 8,700 
1986 9,100 
198T 8o9D0 
1988 8.,oo 
1989 8,300 
1990 8.400 

EXTENSION ESCALATION DITA 
GENERATION TYPE 8 
BEGIN YEAR R&TECit 

1981 10,000 
198, 8,700 
1986 .9,100 

· 1981 8,900 
1988 ·a.500 
1g99 a.,oo 
1990 8,400 

EXTENSION ESCALATION oat, 
GENEUTIOft TYPE···lO 
eE&IN YE&• Ratrc,, 

1 .. u lD,006 
1985 8,700 
1986 9.100 
199? 8,900 
1988 a. 500 
1989 8,300 
1990 9,400 

CHANGE CASE TITLE 
to "oo-z 

•• CAPACITY (~WI tt 
•• z,.o •• P,V, VAlUE llDDD&J tt ~R!AKEVEN tAPITAl 

503'8,J . •• 1400.'6 
2'4 "DD-Z •• 635.0 •• l07329l.. •• 1175,H 

fQUATION OF GROSS VALUE PER KW IIIKWt CURVE 
GROSS I/KW. Cl. cz•AG 
At. ALTEIN•tivt GENfRATION CAPACITY '"wt 
Cl• 1,09.785755 
r.z • -.]~90,R 

E:IUATlO'N C'F "IPGINAL VALUE PER KW CIIKWI cu,vE 
"A~GINAL S/K~ • CC1 
CCI• -,3690,e 

IIIKWI •• N&RGINAL VALUf IIIKVt tt 
•• -.n •• 
•• -.n •• 

Figure 6-4. FINAM Sensitivity Results (Concluded) . 
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S:~l 1tlf1--------------------TR_-_604 

/JOB 
FINAM• 
ACCOUNT,DU'11234. 
REQUEST,FINAMX,*PF. 
ATTACH,IM~LIB,IO•PUBLIC. 
LIB~ARY,IMSLIB. 
ATTACH,FINAMX,ID•UID,PW•PSWORO. 
COM~ENT. PUPGE,FINAMX,ID•UID. 
COMMENT. FILE,FINAM,fl•80. 
COMM.ENT. GETPF,FINAM,FINAM,IO:UID. 
COM~ENT. FTN,I•FINA~,8•FINAMX,R=O,L•O,ER. 
COMMENT •. CATALOG,FINAMX,IO=UID,xp=PSWORO. 
COMMENT. AUOIT,ID•UID. 
FILE, DATA, Fl•80. 
GETPF,OATA,FINDAT,ID=UID. 
FINAP4X. 
EXIT. 
OMP. 
REWINO,DAT4. 
COPYS8F,OATA,OUTPUT. 
/EOR 

(Lines beginning in "COMMENT." are inactive, but removing the 
"COMMENT." will activate thecommand.) . -

Figure 6-5. · Sample Runstream for FINAM 
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grams available from SERI. The first volume describes the value determination 
methodology and gives detailed discussion on each step of the computer modeling. 
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