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I. Introduction

This paper reviews some of the changes we have made in the M.I.T.
Regional Electricity Model (REM)1 during the period September 1976
through May 1978. These changes were made either to better evaluate some
energy policy questions or to better represent energy sector behavior.

For those changes of the Regional Electricity Model discussed in this
paper we found that the basic model could be modified without undue
difficulty to more accurately represent certain types of behavior and
answer specific questions. But we were not able to accomplish everything
that we wanted with this model, in some cases because of the limitations
of the model itself, and in other cases because the model was so
complicated that it would take many weeks of work to make the required
changes. Thus those changes described here are what were found possible
with the model without a major effort.

Most of the changes and revisions that were made to the model are
fairly straightforward and could be easily implemented by others. We
also hope that the extensions that we have made will also encourage

others to develop their own modifications and extensions to the model.

1 peveloped originally by Martin Baughman and Paul Joskow and also
known as the Baughman-Joskow (B-J) Model.



IT. Extensions and Revisions

This section discusses the changes that were made to the original
version of the Regional Electricity Model. Each subsection discusses a
specific change that was implemented. The format of each section starts
with a discussion of the motivation for the change, followed by a
description of its implementation and results. Suggestions for future
work are also included.

Listings of the computer code are included in the Appendix.

IT. A Present Value of Future Energy Costs

Since our purpose in using the model was to evaluate the impacts of
changes in technologies, prices and policies, we needed some measures to
use for the comparison of different cases. Some economic measures seemed
especially useful, such as the cost of electricity, the average cost of
energy, etc., all of which are available with the model. But it was also
felt that a single net present value figure would also be especially
useful in comparing different scenarios as well as providing some single
overall economic measure of value.

The economic measure decided upon was the net present value of
delivered energy costs which was calculated in the following manner. In
each year of the simulation, the demand model (FUELS) calculates the
current price of each delivered energy type for each customer category as
well as the actual quantities demanded. The sum of all of the
price-quantity products then gives the total cost of delivered energy in
the given year. The discounted time stream of these costs gives the net

present value of the delivered energy costs.
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Thus scenarios with higher energy costs have a higher net present
value cost and thus can be considered economically inferior. If the
demand were inelastic, then the negative difference in net present value
energy costs would be equal to the difference in producer-consumer
surplus and thus a direct economic benefit measure. However because the
demand is elastic, and thus decreases with higher prices, the absolute
differences in net present value of delivered energy costs are less than
the differences in the net present value of the producer-consumer surplus.

The procedure calculates the total purchased energy costs for each
year and then discounts them at some specified rate. One can specify the
starting and ending year of the series as well as the discount rate.

Samples of the standard output are shown on the following page. The

computer code is listed in the Appendix.

ITI. B Time Weighted Maximum Usage Factors

An important factor affecting the economics of power plants are the
plants' operating times. This is typically represented as the Usage
Factor which us the percentage of power actually generated over a given
time period (typically a year) compared to the total possible power if
the plant were run at full capacity for the entire period. With higher
usage factors the capital cost of the plant is less per unit of energy
produced.

High usage factors are especially important for plants with high
capital costs and low operating costs (e.g. nuclear and coal plants). A
difference in maximum usage factor of 5 to 10% can determine whether any

construction at all of a particular plant type is economical.



ANNUAL REPORT
ENERGY CONSUMPTION IN 1997.0

TOTAL DELIVERED ENERGY AND COSTS
COSTS ARE EXPRESSED IN 1977 DOLLARS

ENERGY QUANTITY DELIVERED CONSTANT
TYPE (BTU) PRICE DOLLAR
(¢/E6 BTU) COST
OIL 0.6321E+16 354.6099 0.2242E+11
GAS 0.8748E+16 406.2839 0.3554E+11
COAL 0.3371E+16 117.7220 0.3968E+10
ELECTRICITY 0.1756E+17 829.8582 0.1458E+12
TOTAL 0.3600E+17 576.8313 0.2077E+12
DISCOUNTED PRESENT VALUE COST 0.7828E+11

PETROLEUM PRODUCT CONSUMPTION IN 1997.0
ELECTRICAL 0.3591E+16 TOTAL 0.1866E+17

SUMMARY
PRESENT VALUE COSTS OF DELIVERED ENERGY

THE NET PRESENT VALUE OF DELIVERED ENERGY COSTS FOR THE YEARS 1977.0 to
1997.0 DISCOUNTED AT A RATE OF 5.00% ON CONSTANT 1977 DOLLARS 1IS:
0.1799E+13

THE PETROLEUM USED FOR ELECTRICAL GENERATION WAS 0.1462E+11 BBL
THE TOTAL PETROLEUM CONSUMPTION WAS 0.7983E+11 BBL

THE ABOVE FIGURES ARE BASED ON DELIVERED ENERGY PRICES TO
RESIDENTIAL/COMMERCIAL AND INDUSTRIAL USERS AS CALCULATED IN THE BJ/REM
MODEL AND ARE EXCLUSIVE OF TRANSPORTATION AND FEED STOCK REQUIREMENTS
THUS THEY ONLY REPRESENT A PART OF THE TOTAL U.S. ENERGY CONSUMPTION.
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The original version of REM allowed one to specify a maximum usage
factor for each plant type which was then held constant for all time
periods. An existing modification allowed one to change the maximum
usage factor for all nuclear plants in a specified year. This affected
all existing plants as well as all new ones.

We wanted a way of exercising finer control over the maximum plant
usage factors. One case we were interested in studying was a change in
technology which would increase the usage factors for new plants but not
for existing ones.

This was accomplished by adding a subroutine SDUTMX which, with the
parameter of time, can be used to produce a variety of time varying
maximum usage factors. One use of this was to study the effects of
increasing the usage factor for new nuclear plants. The subroutine
allows one to specify the year that the change is made, and then keeps
track of the existing and new capacity and calculates a weighted maximum
usage factor which is then used for electrical generation. Other

applications are also possible. A listing is included in the Appendix.

ITI. C Construction Work in Progress

Also of interest were some changes in the financial regulatory
structure. One such change is the financing of new plants. Currently
most utilities are required to finance new plant construction themselves
and are only allowed to charge customers for the cost of new plants once
the plants start operation. One proposal has been to allow utilities to
add construction expenses to the rate base as they are incurred thus
increasing current eleétricity prices and easing the utility's financing

burden with the expectation of Towering future electricity costs.
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The subroutine FINMOD was modified so that one can specify the year
in which construction work in progress (CWIP) is added to the rate base
with the option that it be added immediately or that it be phased in over
a five-year period.

In our runs with this option, adding CWIP to the rate base produces a
higher initial cost of electricity which reduces demand so that future
electrical generation is less. Also over the time period of the model
(to 1997) the price of electricity continued to be higher compared to the

non-CWIP case.

II. D Exponential Forecasting Procedures

In planning new plant construction REM estimates future costs and
electricity demands. The forecasting subroutines are FOCAST, FCAST1 and
FOCAS2. A11 of these subroutines use the same forecasting algorithm.

The algorithm used is an exponential smoothing method which uses the
current and previous values and a trend to estimate future values. The
procedure was originally used in REM to produce a straight line
estimation of future values. Since all the variables being forecast
(capital cost, fuel costs, electricity demand) were growing at an
exponential rate, this procedure was substantially under-estimating
future values. Therefore the forecasting equations were modified so that
an exponential rather than a Tinear projection was made. In comparing
the new estimates of several variables with their future values, a much
better match was found.

The forecasting algorithm is shown on the following page. Equations
1, 2, 3 are in the forecasting subroutines and remained unchanged. One

can see that the trend estimator T is a linear estimator of the variable
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V, (i.e., the slope, not the rate of increase of the slope).

Equation 4 represents the way this estimator was originally used in
the model. One can see quite clearly that this is a Tinear extrapolation
of a trend. This will always underestimate variables which are
increasing exponentially.

The model was modified by replacing equation 4, the linear
extrapolation, by equation 5, an exponential approximation. This will
still underestimate any constant exponential trend but not as seriously.
As mentioned before this procedure was found to produce better

predictions than the original linear extrapolation.

FORECASTING ALGORITHM

v Current actual value

F Smoothed Forecast value

T Trend estimator

E Estimated value

A Smoothing parameter

oo Fo= W+ (1-A) Fyy

2 Tt = (Ft - Ft_-l) + (1 - A) Tt_'l
_ 1- A

3. Et = Ft + " Tt

Linear Estimation:

4. Et4n = Et +n Tt
Exponential Estimation:

- n
5. Et +n = Et 1 +(EE>
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If we know that some trends tend to be exponential, then an explicit
exponential forecasting algorithm will better predict future values. The
following equations 6-9 present such an algorithm. This algorithm will
not consistently under-estimate exponential trends, and its sensitivity
to changes in growth rates may also be adjusted through the parameter
(alpha). This form has not been implemented in the model, but test runs
with some generated data indicate that it is a good predictor.

Proposed Exponential Forecasting Algorithm

R Rate estimator

()}
.
-n
]

£= Vet (1-A)Ft
7o Ry= Fe - Pl (FAVR
Fi-1
) 1-A o\
8. E, =F, (1 + 178 Rt).
- n
9 Epyn = By (T#Ry)

Although we have discussed better prediction algorithms for the planning
procedures of the model, an even more important consideration is that
real planning goes on in the face of uncertainity. The model itself
predicts future values and then plans as if they were precise. There is
no uncertainty in making decisions and a marginal difference in predicted
prices could build or eliminate a plant type. There is the need to find
some way of reflecting uncertainties in the planning process and

producing a more realistic mix of decisions. The actual prediction
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algorithms are but one part of this larger task.

IT. E New Plant Construction Limits

Because the model plans new plant construction based solely on given
and predicted costs, sometimes the amount of new plant construction may
exceed reasonable expected ménufacturing capability. This appears to be
especially true in the case of nuclear power plants when, for certain
choices of prices, the model might decide to build these plants far in
excess of the industry's capabilities.

To impose some upper 1imit on nuclear plant construction, especially
in earlier years the model originally incorporated a build 1imit table
with the limiting values specified at ten year intervals. This
capability was extended by adding the subroutine function "CAPNEW".

The subroutine 'CAPNEW' contains tables which allow one to specify
the build 1imits year by year, region by region. This gives a much finer
control over new nuclear construction and has enabled us to run
moratorium scenarios where no new nuclear plants are started during
specified years.

This subroutine has also been used to benchmark nuclear construction
to its historical values, both for currently existing plants and for
those actually committed to start operation some time in the future.
Since the model 1is usually run with a nuclear plant leadtime of ten years
this then benchmarks nuclear construction out to 1987 and thus more
accurately simulates the utility plant up to that time.

This change is easy to implement by adding the subroutine and a few

lines of instructions in the major program.
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II. F New Output Procedures

One limitation found in using this model was the standard form of
output. While the data is in most ways complete, it is sometimes awkward
to use and does not display well the changes over time of various
factors. In preparing analyses and reports, we found that much human
time was devoted to extracting particular numbers from the full listing
and then creating tables and graphs.

It was felt that some way of automating this procedure would save a
Tot of manual work, eliminate copying errors and improve our analytical
capabilities. We could not know ahead of time, exactly which data we
might want displayed in which form, so there was also a definite need for
flexibility.

The solution then was to select all the variables for which we might
have some use and then to save them all in a data file each time the
model was run. The selected variables are stored in a standard array
form including all the selected national and regional data annually from
1970 to 1997. The model run is also fully identified in this data file.
This data array file may then be used immediately after a run or saved
for later use.

An interactive user-oriented, program was written to read these data
files and produce selected output tables and graphs. Data arrays from
different runs can also be handled concurrently and their values compared
in the same tables and graphs.

The program is fully flexible in the variables that are displayed.
One sits at a computer terminal and specifies the data case, the region
and the variables that one wishes and then either asks for a table or a

graph which is then immediately displayed on the terminal. Theh one can
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also decide whether or not to have this table or graph printed as well.
A1l the data is identified on each graph and table, so there is no
confusion later as to what is represented.

A sample of some of the output is shown. This data table contains
two variables each from two different model runs. The variables are the
national generating capacity of coal and nuclear (LWR) power plants in
gigawatts (GW). Each model run is identified at the bottom of the
table. Note that the table is not for the full time span from 1970 to
1997; one can specify any interval within the total range for each table
one produces.

The following graph uses the same data as in the table. The graph is
automatically scaled to the maximum data values and the data points are
identified with unique characters. The '#' symbol indicates that two or
more data values occupy the same point. It can be seen here that there

is no observable difference between the two model runs for these
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SELECTED DATA TABLE

CASE BG-0 BG-9 BG-0 BG-9
REGION NATIONAL NATIONAL NATIONAL NATIONAL
VARTABLE GEN COA GEN COA GEN LWR  GEN LWR
YEAR

1985. 1501.647 1501.556 899.518 899.518
1986. 1643.246 1642.725 973.228 973.228
1987. 1909.019 1907.139 967.185 967.185
1988. 2111.515 2106.284 976.794 976.794
1989. 2227.729 2215.761 1014.204 1014.204
1990. 2321.319 2345.057 1089.006 1029.345
1991. 2403.634 2543.144 1209.724 1018.776
1992. 2606.922 2877.152 1363.779 1007.027
1993. 2679.103 3102.244 1525.650 994.121
1994. 2660.976 3250.268 1686.622 980.098
1995. 2642.256 3279.236 1811.216 988.710
1996. 2683.698 3322.921 1887.588 1024.203
1997. 2773.028 3437.336 2002.322 1043.147

BG~9 LWR CONSTRUCTION MORATORIUM 1980-84
BG~0 BASE CASE 11 APRIL W/REVISED ARRAY
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SELECTED DATA GRAPH
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variables until 1990. The graphs have been found to be a very useful aid
in the analysis of the model results.

A copy of a terminal session and the program listings are included in
the appendix. A warning: because of the large size of the data arrays
involved, it has been found that the reading and transferring of this
data can be expensive, and recommend 1) that anyone using this program
keep close control over those costs 2) that smaller data arrays be used
where practical, e.g. eliminating the regional data would produce a 90%
reduction in array size.

One option allows the automatic production of cross-sectional data
tables, first showing each model run with the selected variables and then
producing tables comparing for each variable the results from the
different model runs. (e.g. four variables for three model runs produce
three 'case' tables of four variables, and four 'variable' tables with
the three run results). This is quite useful for comparing scenario

results.

II. G Regional Fuel Costs

The model uses regional fuel costs for oil, gas and coal both for
residential-commercial-industrial and utility consumption. As originally
specified in the model a national minemouth/wellhead price is given along
with regional transportation/refining costs.

When we were specifying future time series of energy prices we found
it more convenient to compute a national average price and regional
differences. Therefore we modified the fuel price tables from 1975 on
and also corrected fuel price calculations in the demand subroutine

'FUELS' to calculate the price properly.
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This is a minor change to make but it is important to know that some
equations as well as the data tables must be changed.
Revised tables and equations are shown in the appendix. The data is

described in the paper by Marlay.

ITI. Summary, Recommendations and Conclusions

For the model revisions and extensions discussed here, we found that
the Regional Electricity Model, while already containing a detailed
representation of the electric utility sector, could also be modified to
do more than originally intended. Although in some cases the very
complexity of the model made understanding and modification difficult.
But in all, short of developing a new model tailored for our specific
needs, REM served quite well.

Some changes which could be quite useful in this model are:

1) Revision of the forecasting procedures to produce better
estimators for the types of data that the model is predicting.

2) Revision of the planning procedures incorporating
uncertainity, or some other approach of better reflecting the soft nature
of the planning decisions as made by the electric utilities.

3) Further research to determine the long-term elasticity
coefficients in the energy demand equations, as it is essentially these
equations which drive the model.

REM is currently probably the most complete and best documented model
of the electric utility industry and was quite useful as an analysis tool
in our studies. But its very completeness and complexity was at times a

handicap as we attempted to understand the results.
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Recommendations for future models for energy analysis would be far
simpler, more easily understood models designed to illuminate critical
assumptions and interactions. As an example capital and fuel costs are
critical factors in the choice of new plants, but the final decision is
made under uncertainty influenced by other factors as well. Little is
known about the exact nature of this decision process. As another
example the econometric equations used to calculate demand are very
important, and how sensitive are the final results to changes in the
equation coefficients?

In conclusion, REM served well in this project. But future modeling
may best be done with models specifically designed to explore critical

assumptions and interactions.
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APPENDIX IV. A
PRESENT VALUE OF FUTURE ENERGY COSTS
FOLLOWING PROCELUWE CALCULATES THE NiT PHESENT VALUE
OF DELIVERZD ENERGY COSTS FOx THE SPECIFIEL YEARS
AT THE SPaCIFLED LLSCUUNT KATE AFPLIEJ TO CONSTANT
DOLLAK COSTs - L £ wulTIk 28 JULY 1977

Fuels;

Tilae COMPIUTAILIIUN STARTS IN *'pVYS! (LEFAULT 1%77)
AHD LlNDS I§ 'EVYE' (DLFAULY 1597)
Tudn 1977 JOGSTARY TCTLAZ Cust T8 oTsgoastig AR GATE QF vpoyumo
WAL Ut VULY O VATUL LS e dUd LT vl ice <AY Lo LHANG o Ta=Clull
g

fa JubondJdil YEASTER?

THE TOTAL PeTROLLUM CUNSUMPIIGN ANL FINAL GUTPUT Axk IN YHAINT

TYOIL=0
TQGA5=Y
T COA L=
TYELEC=0)
TCOIL=1)
TCGAS=Y
TCCOAL=)
TCELECEY

DU 129 J=1,49 _
POCIL=7Q0LL+U01L (J) +0INOIL {J)
PCOIL=TCOIL+XKCP&(J) *QUIL (J) +XI0PR (J) ¥*QINOIL {J)
TOGAS=TOGAS +QGAS (J) +CINGAS (J)
TCGAS=PCGAS+ARGPK{J) ¥UGAS(J) +XLGPE (J) *QINGA S5 (J)
TJCC AL=TYCOAL+GINCUL (J)
TCCOAL=TCCOAL +XIC 2k (J) ¥QINCOL (J)
PUELEC=TUALEC+uLLiC (J)+GINELE (J)
TCELEC=PCELEC+ (yELLC (J) +QINELE (J)) *DPELE (J)

120 CONTINUE

CONVELTING 20 1977 LOLLAKS
ACONVC=1.6389Y
TCOIL=ACCNVC*TCOLL
TCGAS=XCONVC*TCGAS
TCCOAL=XCONVC=TCCOAL
TCLLEC= XCONVC*TCELEC

CALCULATING AVuzgAGL COS54ES In ¢/i¢ BTU
ACOIL=1.0&8J8%TCCIL/Iu01L
ACGAS=1.98)3*TCGAS/TQGAS
ACCOAL=1,0LI#*TCCOAL/TyCOAL
ACETLBC=1. 0508 *TCoLuC/TQrLEC

TOTAL QUANTITLES AND COSTS
TQANSTQUIL+TQGAS+TLCOAL+TQEL EC
TSNC=iCOIL+TCGAS+TCCOAL+ PCELEC
ACEN=1.05UB*T LNC/TQEN

DISCOUNTZD bNuRGY CCS1o
DENC=TENC/ ( (1. #2VET/100. ) ¥* (RTIME-1977.))
TDENC=TDENC +LnNC

OUTPUT SECT1ON
WoITE(11,903) KT1ME

903 FORAAT(/,'1 HalGY CONSUMPTICGN INY',Fl.1,/)
WRITE(11,905)

905 rOLMAT({' IOPAL VELIV=REZD nLNmgGY AND COSTS',/,
1 %  CUSI5 AKE FXPEESSEL IN 1977 IOLLARS')
ARITE (11,997)

<]



v.A (2)

99T FUKMAT (/, |
1Y ENERSY CUANTITY DILLVER:D  CUNSTANT',/
2! Ti2s (B1) PKICE JOLLAR' ,/
3 (¢/L6 BTU)  COST', /)

WaITE(11,90')

FURAAT (' OIL
WKITE({11,911)
FORMAT (* GAS
WaITL(11,913)
FOEMAT (* COAL
WEITZ(11,915) I¢eluC, ACELEC, TCELEC
FURMAT (' ZLECTRICITY *,812.4,F12.4,3212.4)
WRITZ(11,917) 1GEN,ACLN, TENC o
FORHAT(/,' TOTAL ' LE12.4,F12.4,512.4)
WRITS(11,919) LENC

TOCIL, ACCIL, ICGIL
Vel ,F12.4,E12.4)

TUsA s, ACGAS,TCGAS
VLET2.4 , 8124 4,5 124 4)

{QCCAL, ACCOAL, TCCOAL
VL1200 ,E12.4,2 124 4)

509
911
914
315

917

o0

919 FOUMAT(/,8X,'DISCCENTLD PRESLNT VALUZ COSTY,£12.4)
PUTROLEUY USE AND ACCUAULATED NoT VALUr OUTPUTS ARE IN MAIN
150 CONTINOE _ ,
C  END GF NoT PRESENT VALJE CALCULATOR
C . —_cy n S l— -
- in main program:
. .
C PLTRULLUA PRODUCT CCNSTHUPTION - D E WHITk 28 JULY 1977
IF (RTIME.LT.PVY3) GO 70 14
17 (TIMs-FLOAT (NI) -. 0001 .GTe C.0) GC TC 14
PuLh= (JSrCON(2) +USFCON (3) +USFCON (§) ) *1. UE15
APELE=APELE+PLLSY
PLOT=USTOLL+USTGAS+PFLE
APTOT=ARPTOL+PTCT
WAITE(11,971) RTIME, PELs,PTOT
971 FORMAT(/,' PSTROLEUN PRODUCT CONSUAETION IN 1L,F7.1,
1/,' ELZCIRICALY, z12.4,1 TOIAL' ,E12.4,/)
C
C
C
C PRINTING NoT PKEZSENT VALUE DATA IN FINAL YZAR - D E WHITE 27 JUL 77
IF (RTIMi.NEZ.PVYE) GO TG 17
C PRINTAiNG ACCUMULATED RESULTS
WRITE (6,%31)
931 FOLKMAT('1 PRESENT VALUX COSTS OF LSLIVEREZD ENERGY')
ARITE(6,933) PVYS,PVYE,EVRI, TLENC
933 FURMAT(/,' THE NET PK&SANT VALUE OF DELIVERED ENERGY CUSTS FOR THE
1 TERRSY, 27.1," 70, #7.1,/," L1SCOUNTEL AT A RATL OF',P7.2,
2'%  GN CONSTANT 1977 DCLLAEKS 15:,512.4)
C COBVERLLINS 70 UAKGELLS
APLLEB=APELL/5.8E06
APTOTB=APTIT/5. 7L U6
WRITE(b,935) APLLEL,APTCTS

935 FORMAT(/,' Tiii PLTROLEUN USEL #Ok ELECTRICAL GENERATION WAS?',E1Z.4
1,' 3BL',/,13X," THZi TOTAL EETKOLEQGNM CONSUMPTION WAS',E12.4,' BRL')
WaITi{0,937)

937 FORMAT(/,' THL ABOVZ FIGURES ARE BASED ON DELIVLRED ENERGY PKICES

C
r

170 KESIDENTIAL/CUMEERCLAL ANEC INLUSTRIAL?Y ,/,!

USERS AS CALCULATED

2I4 THE BJ/KEM MOuwkL AND ARL BXCLUSIVE OF TRANSPORTATION ANL FEED S
3TUCK R2QUIREMENTSY, /,' THUS THIY ONLY KEPRESENT A PART OF THE TOT
4AL US ENAZKGY CONSUKETICN® ,/)

END OF NET ¢rRLSENT VALUE QUTPUIS
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APPENDIX IV. B
TIME VARYING USAGE FACTORS

SUBROUTINE SDUTMX(ALTIME)

VERSION OF 27 MAY 77 BY DEW

Ak kR kokkok ok kR Rk Rk ok kR R Rk Rk kR Rk kkokkkok Rk Rk Rk kR Rk kR k Rk Rk kE
THIS SUBROUTINE CALCULATES TWO FORMS OF MAXIMUM DUTY CYCLE
1) THE MAXIMUM DUTY CYCLE FOR NEW PLANTS - USED FOR PLANNING
PURPOSES -
2) THE VINTAGE WEIGHTED DUTYCYCLE FOR EXISTING PLANTS - USED
FOR GENERATION

THE SWITCH IS KEYED BY THE PARAMETER 'ALTIME® WHICH WHEN EQUAL
TO ZERO PERFORMS 2 ABOVE, OR WHEN GREATER THAN ZERO LOOKS
THE APPROPRIATE TIME INTO THE FUTURE FOR 1 ABOVE

PERFECT KNOWLEDGE OF THE FUTURE MAXIMUM DUTY CYCLE IS IMPLIED
FOR PLANNING PURPOSES

CURRENT VERSION OF THE PROGRAM ONLY CHANGES DUTMAX(4) LWR BY
MULTIPLYING BY A FACTOR 'SMDM4' FOR PLANTS AFTER YEAR *YRDM4'

Rkk ok Rk kR kkk kR ko k Rk KRk kR Rk kR kkok kkk Rk kkkk Rk kR kkkkkkkokkk Rk ¥

COMMON FOR MAXIMUM DUTY CYCLE *DUTMAX®

COMMON /DDD/ DT,DUTMAX(10),DEMBAS (9),DEMANF (9),DEMANZ,DUTICY (9,9)
COMMON FOR CURRENT CAPACITY 'USTCAP!

CCMMON ,U0UU/ USAGE(9,9) ,USTCAP (10) ,USACOS (10) ,USTGEN(10),

* UTC(10),USFCON (10) ,USUSAG (10) ,URANUS, USAGEF, UFACTT (8, 9)
COMMON FOR REAL TIME ' RTIME?

COMMON /RRR/ RTIME,RTIME2,REGPCD, REGDEM (9) ,REGEFC,REGGEN (9) ,REGCAP
COMMON FOR SUBROUTINE SPECIFIC VALUES

COMMON /SDM/ YRDM4,SMDM4,KEY1, BDTMX4, PCAPY4, PWDTF4

INITIAL AND DEFAULT DATA VALUES
VALUES SET IN MAIN DATA ARE:
YRDM4=2050,SMDM4=1,.0,KEY1=0,BDTMX4=0,PCAPY=0
VALUES MAY BE CHANGED THROUGH MASTER USING
THE KEYS: 'YDM4* , ?'SDMy?

1 IF (KEY1.EQ.1) GO TO 5
STORING INITIAL DUTMAX VALUE
BDTMX4=DUTHMAX (4)
KEY 1=1

5 FITME=RTIME+ALTIME
IF (ALTIME.LE..001) GO TO 20
iIF (FTIME.GE.YRDNM4) GO TO 10
DUTMAX (4) =BDTMX4
RETURN

FUTURE MAXIMUM DUTY CYCLE
10 DUTMAX (4) =SMDMu4*BDTMXY

RETURN



IV. B(2)

C
c
C VINTAGE WEIGHTED MAXIMUM DUTY CYCLE
20 IF (RTIME.GE.YRDM4) GO TO 25
DUTMAX (4) =BDTMX4
RETURN
c

25 IF (PCAP4.NE.Q) GO TO 30
C ESTABLISHING BASE DATA IN YEAR OF CHANGE
PCAPU=USTCAP (4)
PUDTF4=BDTHMXY
WDTF4=BDTMXY
DUTMAX (4) =WDTFY
RETURN

30 IF (USTCAP(4) .EQ.PCAPY4)GO TO 50
C CALCULATE NEW WEIGHTED DUTY PFACTOR
WDT F4= (PNDTP4*PCAPY + SMDMU*BDTMXU4* (USTCAP (4)-PCAPY) ) /USTCAP (4)
PWDTF4=WDTF4
PCAP4=USTCAP (4)
C RETURNS WEIGHTED MAX DUTY CYCLE AS DUTHMAX
50 DUTMAX (4)=WDTF4
RETURN

END o . L
End of SDUTMX

-+ In main program: o

C CALCULAT: PROJECTEL NUCLEAR FUEL COSTS R

C CALCULATZ DUTHMAX FOR PLANTS TCONSN YEARS IN THE FUTURE
— = CALL SDUTNX (TCONSN)

CALL NUKY (CFULM2,CFfULK2,URANUS,THORUS,TAILSP,PLUTSP, PHEATR,
* IURAW,ITHOR,BUKN4 ,BURNS,BURN6,BUENTC,BURNT B, CSWU,PPUFAB,PPPUFB,
* PPHFAB,PP?BFAB,PP29Y,PPUKEP,FPPUKP,?PHREP,PPBREP, PP49,CU308, SHTOT,
* DCAPIT,CU4ZNKY4,CULNRG6,DPTANU,DPTADL,CHRATE, NEASS, VPLUTO, VBPLUT,
* DOANC)
C CALCULATE NUCLZAR FUEL COSTS FOR CURKENT IIME PERIOD
IF (15UB.Giie 55) DEFL=WP1 (M) /WPI (15)
DO 144 N=1,9
DCAPIY (N)=CAPIT (N)/DEFL
DOAMC (N) =0UANCOS (N) /DEFL
144 CONTINUE

C CALCULATE NUCLEAR PUEL COSTS FOR CUKKRENT YEAK

———sp CALL SOUTMX (J.0)

CALL NUKE(CFUL41,CPULX1,URANUS, THORUS,TAILSP,PLUTSP ,PHEATR,
1URAN,ITHOR,BURNY4,3JRN5,BURNG6,BUKNTC,BURN?B,CSW0, PCUFAB,PCPUFB,
PCHFAB, PC3FAB,PC29,PCUKLP,PCPURP,PCHKEP, PCBREP,PC49,CU308 ,SWTOT,
DCAPLIT,CUSNRY,CULNRG6,DPTANU,CPTALCL,CHRATE, NPASS,VPLUTO, VBPLUT,
LOAMC)

LK S B




[P D]

L Co L 00

In FINMOD:

SN
vEOVILI
k

BB RN
Pam

Swigpld

Ir
i¥
Ir
ir

Appendix IV C
Construction Work in Progress
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Appendix IV D
Exponential Forecasting

In Main Program:

POAMCO (J,K) =UBAMZX + OAMTE*MULK

C EXPONENTIAL FORuCAST- DLA 21 NOV 77
PCAPIT {(J,K) =CAPEX* (1#CAPTR/CAPEX) *¥NULR
PUzATE (J,K) =HLATEX * (1+HZATTR/HEATEX) **MULR
POAACOU(J,K) =OAMEX* (1+0AMTR/OAMEX) ¥¥ M ULK
2 CONTINUZ

IV (RTL%2.LT.CLIPT.OK.ETINE.GEL.1981.)530 TO 56
20 58 J=4,7

PREDEM(K) =DLMEX + DINTE*MULZL

C EXPONENITAL GROWTH FORECASTER - DEW 21 NOV 77
DEMGR=1+0nATR/LENEX
PREDEN(K)=DEMAX*DaiGrd¥{U LX

I SR

33 PHZPCD (K) =PRLDZE (K)/ (6. 76*PUSAGE (K) )



Appendix IV E
New Plant Construction Limitations

In Main Program:

195 CNdMAﬁ=flﬂle(NnhG.LA?NMT.TIﬂh.H,IKEG) — e

C

OO0

el eNe)

C

FUI NEW BULILD LIAITS - DEW 28 MOV 77
TF (§BLeGT.J.u) CRUAA=CAPN&s (116k, IFEG)
SUAFOS=0.0
SUANUC=D.)

DO 79 J=1,4

FUNCTION CAPNEW (TIME,IREG)

REVISED LIMITS TO MATCH HISTORICAL LWR GROWTH

THIS FUNCTION INTEODUCES LWR NEW CAPACITY LIMITS FOR EACH REGION AND

TIME PERIOGD. THE DATA IS CONTAINED IN THE TABLE CAPTAB'.

THE SWITCH IS 'NBL*' WITH DEFAULT VALUE OF 0 WHICH IS CHANGED THROUGH

THE PROCEDURE 'MASTER®.
THE CHANGE ONLY OCCURS IN *MAIN®* AFTER STATEMENT 195.

DIMENSION CAPTAB({9,51)

DIMENSION CAP1{9,10), CAP2{9,10), CAP3(9,10),CAP4 (9,10),CAP5(9,11)

EQUIVALENCE (CAPTAB(1,1),CAP1), (CAPTAB(1,11),CAP2)
EQUIVALENCE (CAPTAB(1,21),CAP3), (CAPTAB(1,31),CAPY)
EQUIVALENCE (CAPTAB({1,41),CAPS)

REGIONS
I II I11 v vV VI VII VIII IX
1947
DATA CAP1/
* 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0,
* 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0,
* 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0,
x 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0,
* 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0,
¥ 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0,
* 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.065,
* 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0,
* 0.0, 0.0, 0.072, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0,
* 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0 /
1957
DATA CAP2/
* 0.575, 0.000, 0.000, 0.000, 0.000, 0.000, 0.000, 0.000, 0.450,
* 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0,
* 0.690, 1.750, 1.357, 0.000, 0.000, 0.000, 0.000, 0.000, 0.000,
* 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0,
¥  1.991, 0.000, 2.927, 0.545, 2.267, 0.000, 0.000, 0.000, 0.000,
* 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0,
*  0.000, 3.795, 3.481, 2.295, 4.225, 1.065, 0.850, 0.000, 0.000,
* 0.0, 9.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0,
* 0.828, 3.728, 1.060, 0.538, 3.262, 1.065, 0.000, 0.000, 2.403,
* 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0 /



IV.E(2)

C 1967
DATA CAP3/
* 0.000, 0.906, 3.044, 0.000, 3.389, 3.042, 0.912, .330, 2.184,
* 0.000, 0.000, 0.000, 0.000, 0.000, 0.000, 0.000, 0.000, 0.0OO,
* 0.000, 2.984, 4.101, 0,000, 4.944, 5.544, 2.400, 0.000, 1.103,
* 0.000, 0.9000, 0.000, 0.000, 0.000, 0.000, 0.000, 0.000, 0.000,
* 3.506, 4.072, 8.539, 2.270, 3.213, 2.463, 4.444, 1.240, 2.318,
* 0.000, 0.000, 0.000, 0.000, 0.000, 0.000, 0.000, 0.000, 0.000,
¥ 3.530, 6.772, 6.439, 2.256, 5.680, 7.415, 2.084, 1.240, 7.029,
* 0.0090, 0.000, 0.000, 0.000, 0.000, 0.000, 0.000, 0.000, 0.000,
* 1.300, 4.432, 6.196, 0.000, 5.499, 3.803, 2.300, 1.240, 3.487,
*  0.000, 0.000, 0.000, 0.000, 0.000, 0.000, 0.000, 0.000, 0.000 /
c 1977
DATA CAP4/

2.5, 2.5, 2.5, 2.5, 2.5, 2.5, <367, 2.5, 2.5,
3.450, 3.450, 3.450, 3.450, 3.450, 3.450, 0.546, 3.450, 3.450,
4.400, 4.400, 4.400, 4.400, 4.400, 4.400, 0.726, 4.400, 4.400,
5.350, 5.350, 5.350, 5.350, 5.350, 5.350, 0.905, 5.350, 5.350,
6.300, 6.300, 6.300, 6.300, 6.300, 6.300, 1.084, 6.300, 6.300,
7.250, 7.250, 7.250, 7.250, 7.250, 7.250, 1.264, 7.250, 7.250,
8.200, 8.200, 8.200, 8.200, 8.200, 8.200, 1.443, 8.200, 8.200,
9.150, 9.150, 9.150, 9.150, 9.150, 9.150, 1.622, 9.150, 9.150,
10.10, 10.10, 10.10, 10.10, 10.10, 10.1%10, 1.801, 10.10, 10.10,
11.05, 11.05, 11.05, 11.05, 11.05, 11.05, 1.980, 11.05, 11.05 /

A IR B AR BE B BE BF BE BRI

C 198

DATA CAPS/
12.00, 12.00, 12.00, 12.00, 12.00, 12.00, 2.160, 12.00, 12.00,
13.20, 13.20, 13.20, 13.20, 13.20, 13.20, 4.344, 13.20, 13.20,
14,40, 14.40, 14.40, 14.40, 14,40, 14.40, 6.500, 14.40, 14.40,
15.60, 15.60, 15.60, 15.60, 15.60, 15.60, 8.700, 15.60, 15.60,
16.80, 16.80, 16.80, 16.80, 16.80, 16.80, 10.90, 16.80, 16.80,
18. 00, 18.00, 18.00, 18.00, 18.00, 18.00, 13.10, 18.00, 18.00,
19.20, 19.20, 19.20, 19.20, 19.20, 19.20, 15.30, 19.20, 19.20,
20.40, 20.40, 20.40, 20.40, 20.40, 20.40, 17.40, 20.40, 20.40,
21.60, 21.60, 21.60, 21.60, 21.60, 21.60, 19.60, 21.60, 21.60,
22.80, 22.80, 22.80, 22.80, 22.80, 22.80, 21.80, 22.80, 22.80,

C 199

Hd K % N R W g ® N

2“-0' 2“:0, 2’4-0' 2“.0, 24-0' 2uo0. 2“.0’ 2“-0' 2400 /
C START OF EXECUTION

ITINE=IFPIX (TIME+1.0001)
IF (ITIME.LT.1) ITIME=1
IF (ITIME.GT.51) ITIME=51
C HALF OF BUILD LIMIT PER SIX MONTH PERIOD
CAPNEW=CAPTAB (IREG,ITIME) /2.0
RETURN
END



Appendix IV F
New Data Output Procedures

In Main Program:

TYo=1.0
C y v el r Pt ~y "
C ITITIALIZATI1ON FOR DATA ARRAY OUTPUT D ® WHITE 28 FEB 18
C

ARYR=14970

JA=15

ZuR=0.4

TahN=1Jd.7
C

i (ARYR.GT.1997) 50 TC 13
C
C FURMATS

2000 FURMAT (82X)
2002 FORMAT (10F2.2)
2003 FORMAT (10F3.3)
2009 FOUMAT (-15P10F%.3)
C
C CKREATION OF ARRAY LILENTIFERS
WRITE (5, 2005)
2905 FURHYAT (** ENTER RUN 1ILY)
READ {5,2036) INPNAM
2006 FURMAT (Av)
AxITE (5, 2007)
2007 FORMAT (** &NTER SHORT DiSCRIETION')
KtAD(5,2008) INPT1,INP12,INP1T3,1INPTY4,INETS
2008 FORMAT (5A3)
L=1997-AkYR+1. 1
WRITE (Ja,2910) L,INPNAM,INPT1,INPT2,INPT3,1NPT4,INPTS
2010 FOXMAD ('IRANGE(1)=',15,', IRANGE(2)=1G,IRANGE(3)=128,",
¥ P NAMELIST(3)=1 ' ,'NAMELIST(2)=1 ',/,
*IINPNAME='1Y,A8, %" INPIITLE=''? 548, 191,
* /et 3t)
C
C THZ NAME IDENTIF£R LIST
WEITE (JA,2031)
2031 FORMAT (*NgW ©NG MID ATL 3-N CTL W-N CTL SCU ATL E-$ CTL ',
* '-35 CTL MOUNTAINPACIFIC NATIONALY)
WRITE (JA,2011)
2011 FOXMAT (" YZAL ' ,"LOCATION' ,*ELE DML ',"PEAK DXD',
* VAVG COST' ,'®xS COST','IND COCST!,! ' ,YF0S CaP ',
¥ VYFOS GEN 1)
WRITE (JA,2212)
2012 FORHAY (*CAP COA ','CAP CAS !,'CAP CIL ','CAP LKk !,
¥ YCAP LUWRP' ,'CAP ULTGR','CAP MFBEK'!,'CAP I.C.°',
* YCAP HYwun','CAP TOT ')
WRITE (J4,2013)
2013 FORMAT {*GPI COA ','0F1 GAS ','ObT OIL ','0PT1 LWER ',
* YOPT LWRP',YOFT UTGLY ,'0OPT MFLR','OPT I.C.',
* 'OPT UYDE','OPT TOT ')
WRITE (JA,2014)
2014 FORMNAT ("SEW CLOA ", YHEW GAS ','NEiw OIL ','NEW LWK ',
* 'Niw LWEP','NxW HTGRY,*NLK MFBE','WEW I.C.',
X VN HYbau', *NeW TIO0T L



IV.F(2)

WRTITE (J&,2215)
2015 FOXHAT (*GLN COA ','GLN GAS ','GEN OIL ','GEN LWR ',

* "\;.‘CN L“f\i""ﬁf;h tiTGB."GLN MFLB"'GEN I.C..'
® YGEN HYLE®Y,'GEN 10T ')

WRkITE (JA,2016)
2016 FORMAT {*UF CCAL UF GAS UF OIL UF LWk UF LWkP UF HTGR',
* ¢ UF ¥FLP UF 1.C. UOF HYDR UF TOT ')
WRITE (JA,2017)
2017 FORMAT('UFC COALUFC GAS UFC CIL UFC LWE UFC LWRPUFC iTGRY,
* 'UFC %FBEUFC I.C.UFC HYLRUFC 10T ')
ARITE (JA,2918)
201% FORMAL ('FUN COA FOM GAS FOM OIL FOM LWR FCd4 LuP FOM HTG?,

* * FOM MFE FOM I.C FOM HYD FOM TOT!)
WRITE (JA,2G19)
2019 FORMAT ('5CB COA oC3 GAS ECH G1L EPS COA EPB GAS EPB OIL',
* ' CST U3C8CUM U308CON U308!')
WRITE (JA,2020)
2020 FOKMAT (*&CJ COA ICU GAS BCU OLL EPU COA ¥PU GAS EPU OIL',
* ' SWU COSTSWU DMD')
WRITE (JA,2021)
2021 FORMAT('BRC TOT kC GAS RC CIL KC BELE 1IND TOT IND GAS IND OILY,
* ' INL ELL IND CUAY)
WRITL (JA,2U22)
2022 FOKMAT {(*&CI TOT ACI GAS ACI CIL RCI ELE RCL COA ',

* ' POT ENG TUT OIL TOT GAS TGT COA TOT 0&G')
WRITE (JA,2023)
2023 PORMAT(*Cap INV I8D 1INV RAT DLAS KIC TOT AST SPA CAP OPKR REV')
c
13 CONTINUE
C
g5 CONTINUF

C
C KLoLGIONAL OUTPJT FGR DATA ARRAY D E WHITE 28 FEB 78
C

If {(RT1ds+.p).LT.ARYK) GO TC 89
c SKIP5 IF NOT YRT YFAK Y0 STAKT REPOK1
C

IGYR=RLIME

ISW=3% (RTIMu~IRYK)
C I5% IS 4eRO FGR AMNIAL PLRIUUS, ONE FOK SZIMIANNUAL PERICDS
C
C CALCJLATIONS OF NiWw PLANT ADDITICNS

1F (I3W.80.0.0) Gu TO 305
C SUMMATION DURING NON-REPGETING ELRIOD

DO 301 J=1, 3

301 ANCAP (LKbG,J)=CTOBC2 (IBEG,J, 1)+C1L03C2 (IREG,J, 2)
DO 302 J=1, 4

302 ANCAP (LikkG,J+3)=CT0OBC3 (1REG,J,1)+CTOEC3 (IREG, J, 2)
ANCAP (L 25,8)=CTCBC1({IEsG,1,1) +C10BC1 (IKEG, 1,2)
ANCA? (1K©G,9) =CTOBCH (LR£3,1,1) +CTOBCH (IREG, 1,2)
AN CAP (IREG,17) =040
PO 303 J=1, 9

303 ANCAP {LRit3, 10)=ANCA2 {IKZG,10) +ANCAP (IREG ,J)

305 COATINU R



o0

C

C

In

IV.F(3)

Main Program:

i¥ (ISW.NE.y.Q) GC TO 89
SKIPs CUTPUT LFf NOT sEPORTING PERICL

 RIKLG=IRLEG

i
2942

WRITE (JA,2042) RTIM:,RIkoG,EbsDEZW(IREG),REGPCD,PELEC (IREG),
2ER, LK, ER, TCCAR,Z R

FORMAT (2F8.U,8Fu.2)

WRITE (JA,2003) (EXSCAP (IkEG,Jd) ,J=1,9) ,REGCAP

WRLTE (JA,2003) (OBTCTAP (IREG,J),Jd=1,9),LER

WKITS (JA,2003) (ANCAP({IKLG,J),Jd=1,10)

WR1TE (JA,2003) (GEJEZLE(IREG,Jd),Jd=1,9), REGGEN(IREG)

WRITE (JA,2003) (USAGE(LRiG,d),Jd=1,9), ZiE

W2ITs (JA,2003) (FULCON (1REG,J),Jd=1,9)

WRITE (JA,2003) (CCSTOP(J) ,J=1,9)

COALCB=FUECON (IREG, 1)

GASCB=FUECON (IKsG,2) + FULCCN(LR&G,8)*(1-FOIL{IREG))

OILCB=FULCON{1KEG,3) + #UECCN(IKEG,8)*FCIL(IREG)

ARITE (JA,2003) COALCH,GASC3,0ILCB,CFYLB1(1),CFULB1(2),CFULB1(3)

COALCH=COALCB*30.17

GASCN=GASCB*0.97 29

OILCN=0ILCB=*D. 1591

COALPN=C¢ULB1(1)*0.261

GASPN=CFULB1({2)*1.193

OILPN=CFULB1(3) ¥uU.058

WRLTE (JA,2093) CGALCN,GASCN,GILCN,COALEN,GASPN, OILPN

" WRITE (JA,2000)

*

89

WRITE (J&,2009)

WRITE (JA,2003) CAPINV (IREG),TADINV(IREG) ,KRBASE,WRKINC,ASSETS,
SPA (LREG) 4KEVENU (LREG)

CONTINULZ



IV.F(4)

B el 2R T et N ——— B

777 WRITE (I®¥,956) UGSDEBT,USYCON
WRITE (IW,957) USCAPZ,USTINV
WRITE (IW,958) USANDT
WRITE (IW,959) USADTX
WRITE (IW,960) USLIAB
SET UP OUTPUT TO BE RETURNED TO IFC MODEL BEFORE INTEGRATING TO
NEXT TIME PERIOD

NATIONAL OUTPUT FOR DATA ARRAY D E WHITE 28 FEB 78

2NN NeNeKe!

IF (RTIME.LT.ARYR) GO TO 780
SKIP IF NOT YET REPORTING PERIOD

OO0 60

SUMMATION OF NEW PLANT ADDITIONS
Do 312 J=1, 10
BY PLANT TYPES
ANCAP (10,J)=0.0
DO 312 K=1, 9
c BY REGIONS
ANCAP (10,J) =ANCAP (10,J) +ANCAP (K,J)
312 CONTINUE

0

WRITE (JA,2042) RTIME,TEN,USDG,USDC,USELPR,PRCRES,PRCIND,ZER,
* USTCCA,USTCGE

WRITE (JA,2002) USTCAP(1),USTCAP (2),USTCAP(3),USTCAP(4),USTCAP(5),
* USTCAP (6) ,USTCAP (7) ,USTCAP (8) , USTCAP (9) , USK

WRITE (JA,2000)

WRITE (JA,2003) (ANCAP{10,J),J=1,10)

WRITE (JA,2003) USTGEN(1),USTGEN(2),USTGEN(3),0STGEN(4) ,USTGEN(5),
* USTGEN (6) ,USTGEN(7) ,USTGEN (8) , USTGEN(9), USG

WRITE (JA,2003) USTSAG(1),USUSAG(2),USUSAG(3),USUSAG (4) ,USUSAG (5),.
* USUSAG{6),USUSAG(7),USUSAG (8),USUSAG (9),USU

WRITE (JA,2003) USFCON(1),USFCON(2),USFCON(3),USFCON (4) ,USFCON(5),
* USFCON(6),USFCON(7),USFCON (8) ,USFCON(9),USF

WRITE (JA,2000)

UBRAR=URANUS*1000.,

WRITE (JA,2003) TCOALB,TGASCB, TOILCB,ZER,ZER,ZER,CU308,URAR,ZER

ASR=ASEPT/1E+ 06

WRITE (JA,2003) TCOALN,TGASCN,TOILCN,2ER,ZER,ZER,CSWU,ASR,ZER,ZER
WRITE (JA,2009) RCTEGY,RCTGAS,RCTOIL,RCTELE,TINECO,TINGAS,TINOIL,
* TINELE,TINCOL,ZER

TOTOIL=USTOIL+1,0E15% (USFCON (3) +USFCON (8))
TOTGAS=USTGAS+1,0E15%USFCON (2)

TOTOAG=TOTOIL+TOTGAS

TOTCOA=USTCOL+1.0E15%USFCON (1)
TOTENG=USTGAS+USTOIL+USTCOL+1.0E15%USF

WRITE (JA,2009) USTENG,USTGAS,USTOIL,USTELE,USTCOL,
* TOTENG,TOTOIL,TOTGAS,TOTCOA,TOTOAG

WRITE (JA,2003) USINV,USTDIN,USRBAS,USWRKC,USASST,USSPA,USREVG
C

C
780 CONTINUE



FILE: 8JoI3?

PLiOPT A CONVuLgSATIONAL MONIIOK SYSTEA
EJD1sP: PROCLDURE CUPTIUNS(MAIN); BJLO0010
BJ300020
/¥ axkAY DATA DiISPLAY PKOGEAN BJLN2030
BJLOGOUO
TALS PROukAY IS LISIGNED TO READ DATA STOELRD IN AN ARBAY FORM BJLO0050
ON THE LNPUT FILE VYINDATA' AN TC EROLUCE SELECTED DATA TABLES AND BJEOUO6O
GEAPHS., THa PARAMNETLRS OF THI DATA AKKAY AKE OBTAILNED THROUGH A BJLOOO70
GBET DATA COMMAND WHICE INITIALLY READS THESE FROM THE SAME INPUT FILE. EJD0O0OS8O
TdE PROGwAM ALS0 PROVILES THZ OPTION OF READING IDENTIFYING DATA NAMES BJD00090
AS WELL AS Tuk DATA ITSLLF ANL INCCRPORATING THESE IN THE SELEZCTED BJLOO0100
QUTPUT. THE PROGEAM IS DESIGNED T0 BE OPERATED INTEKACTIVELY FROM A BJn00110
TERMINAL WITH Tdbh OUTPUT SENT LZITHER TO THE TERMINAL OR A PRINTER. BJLID120
BJIDOG 130
TUE DATa Is STORED IN A FOUR-LCIMENSIOWAL ARKRAY. THE LEVELS 3JD30 140
ARE A5 FOLLOwS: 1. LATA CASE BJLO0150
2. LIMLNSION 1 3JD00160
3. DUDIMENSICN 2 BJLOO170
4, DUIMENSION 3. BJDOO 180
THE DATA I3 READ UP IN THE SEQUENCE, I.E. THE HIGH&R LAVELS ARE SPECI- BJLOO190
FIEu AN THE LOWEST LEVLL L5 THEN READ IN SEQUENCE, ETC. BJDOU 200
BJL00210

BY SETIING THE NAMLLISE VARIABLES TO 1, GNE CAN ALSO READ 1IN NAMES BJLO00220

IDLNTLFYING
IS LPuCIFIuD USING

INDICES AT THE NAME FOK

Tiln YINPNANE?

EACH DIMENSION LEVEI.
AN 'INPIITLE'

iy 2
Liio

DATA FILE.

THE GENHKRAL rOk¥

1.

2e

3.

THZ PERSON
DAVID L.
41T

END OF

1/ %%k Rk %

OF AN INPUT FILE WOULL Bt AS FOLLOWS:
THE DATA IDBENVIFICATIUN WHICH IDENTIFISZES THE DATA
AND 1S5 READ USING Tidk 'GET DAIA' STATEMENT WHICH KEADS
VARIABLES ACTUALLY IDuLNTIFIZD THERE.
E.G. I[NPNAME='CASEAZ?, INPTIIILE='TEST CAS: OF 31 JUNE',
IRANGH {1)=5, LRANGE {2)=1), IEANG: (3)=15,
NAMELIST (1) =1 ;

THE NA®E L1ST SZCTION WHICH CONTAINRS THL NAMESS FOK ANY
DIMaNSIONS wilCS5e 'NAALLISTY WAS SPHECIFIED AS 1.

HelGe ACCOUNTT ACCCUNTZ2 ACCCUNT3 +e... I0TAL

THE FCRAAT 1S 10 A(B)y L.£. TN 8-CHARACTER NAMES TO A RECOLD.
THE DATA SLCTION WwHICH CONTAINS THt ACTUAL DATA TC BL READ IN.

THL OibsR IS SEGJENCRD UPWARDS TdROUGH THa DIMENSION LEVELS.

LeF. VAR(1,1,1,1), VAR(1,1,1,2), VAE(1,1,1,3), esee
VAR (1,1,1,LRANGE(3))
VAR (1,1,2, 1), VA2 (1,1,2,2), esee ETC.
THg FORMAT IS 1u F{8,4), I.3. TEH 8-DIGIT NUMBERS PER BU-CHAK
RECO&L.  WHEN TdE LOWEST LIMENSION REACHES ITS LIMIT,
THE §EXT RHAD SbyulJsNCF THEN STARTS ON A NEw R&CORD.

TO CONTACT
WidlTE

R E38-422
TeL X3-8029

WITA ANY QUESTICHS IS:

DESCRIPTIIVE HLADLX */

INITIAL DATA AND STHUCTURES %k dxdskdokikpiokkkkikikkkixkk /

THE CASEBJID00230
VARIABLES IN THe INPOT BJLOOG240

BJL00250
BJLOO260
BJIp00270

WHICH FOLLOWS BJL)20280
ONLY THEDJDOO 290

BJLOO300
BJDO0V 310
BJLO09320
BJLUO 330
BJIDI2340
8JIDY0 350
3JL0U360
3JD)0 378
3JL0038¢C
BJLOO 390
BIDOOUI0
BJDOO410
BaDOO420
BJLIDU30
BJLO0440
BJLOG450
BILOV4GO
BJTIO4T70
BJDOO 4830
BJLOOUYO
BJLOO590
BJDPOUS10
3JL00520
3JD00530
33p00540
BJEQY550



PIL:: BJulLS? PLLGPY A

DCL MAXCASE INITIAL(4); /= MNAXIMUN MUMBER CF CASES ALLOWED
DCL NCASH ANITIAL (Q); /¥ NUXBER OF CASES AVAIIABLL */

PCL MAXKANGE (3) INITIAL({(3)0); ,/* RANGES OF ARRAY LIMENSIONS */

DCL CASuNAdL (WAXCASE) CHAR (8) CTL;

DCL CASETITLE (MAXCASL) CHAR[4U) CTIL;
DCL DNAME?1(HAX&ANGE (1)) CHAK{8) CTL;
DCL LNAME2 (MAKKANGZ (2)) CHAR({8) CTL;
DCL DNAHE3 (MAKKANGL {3)) CHax (8) CTL;

DCL DATA(MAXCASE, SAXKANGZ(1),5AXKANGE (2) ,HAXKANGE (3)) CTL;

/% DATA SELECTEL FOR LISPLAY #*/
DCL DISPDATA (10, JAXRAKG: (1)) CTL;
DCL 1 15D{1Q), /% DiLSPLAY INDEX KEYS %/
3 ICH,
3 1b2,
3 ID3;
DCI NSEL INITIAL {G); /% NOMBLR OF ITLUS SZLeCTIuD ¥/
DCL KS,KF FIXi&D; /% TABLE T1ML KASGES */

DCL INJATA FiLE INPUT STREAM NV (FB BACSIZE (80) BLKSILE (800)
FILs QUTPUT STLEAY PRINT ENV(FB KRECSIZE(133)); /* PRINTEkR */BJD00780
FILL UUTPUT S5TREAM PRINT ENV(FB RECSIZs(133)); ,/* TERMINAL*/BJC00790

DCL 20UT
DCL TOUT
DCL DOUT FiLt VARYABL.;, /* SELECTrL OUTPUT FILI %/
DOUT=T0UT;

- /%  END OF INITIAL BLOCK =/

1/%%%4%%x  PROGRAN CONTROL ELOCK ok kkioksiordk s ks kkdokdhikkdkiokdodok £ kkkk /

/*
CALL OATARD; /* KEAL DATA */

/% INTERACTLVE SECTION %/
DCL 1S¥ CHAk(1); /* SLLECTIUN CHALKACILER */
NSEL=0; /% NO ITENMS IN SELRCTIOW LIST AT THE STAKRT %/
M12: DISPLAY (' '),
ULSPLAY ('YOU iAVE THE FULLOWING GPTIONS!);
DISPLAY (*U. DISPLAY THLS LIST AGAIN.Y);
DISPLAY('1. LIST LATA DIknCTORY.')
DISPLAY (2. SELLCT DATA FGE A DISPLAY.');
DISPLAY (*3. PKOLUCE A TA4AEBLE.Y);
DISPLAY (*4. PRODUCHE a GLRAPH.Y);
DISPLAY ('5. CHOSS5-SECTILIOUNAL 1ABLEISY);
DISPLAY (*$. TERMINATZ T:dE PRCGEAM. ') ;

M14: DISPLAY(' ');
DISPLAY ('S.LECT A PRUCLLUKE') REPLY (ISK);

IF ISE='41' |
IP ISW='1' |
IF ISW=12" |
1F I5W='3" |

Ww='LY THLN GO TO M12;
W='D' THiN CALL DIRTS;
#=9S' THLN CALL SELS;
W='T! THELN CALL TABS;

x/

CONVERSATIONAL MONITOR SYSTLid

BJLOO560
3JD00570
BJLO058C
33000590
5JDO0600
BJLOU610
BJDI0620
BJLUGE 30
8JD00640
B3JL00650
BJDO0GESO
BJLOG6T0
BJDOU6GEO
8JL00690
B3JD00700
BJDOO710
BJLOO720
BJ D007 30
BJLID740
BJLOO750
BJLUDT60
BJLOOT770

BJIDO08IO
BJL00810
3J4D00820
BJLOO830
BJDO0R Y0
BJL00850
BJDOOB6O
BJDGUETO
BJLCOO8BBY
BJEL00890
BJD0O0900
BJLOVU910
BJDO09 20
BJL00930
BJILOVS 40
BJLOOS50
BJLOU960
BJDBOO970
BJLO09E0
BJDO0990
BJDO1000
5J001010
BJLO1020
BJDG1030
BJLO1040
BJDO1050
BJL01060
JD0 1070
BJLO1930
3JD01090
3JD91190



FILe: 4dJiois? PLIUPT A

If iSéd='%"' | ISw='s

LF 1S4=15Y | I3w='X

IF ISW='9' | ISw='(
GG TO nl4; /% RAPLATS

izl CALL

-‘-

Tite N CALL

Ru{des5T =/

/* LND OF 2PRCGRA MG CONTKOL BLOCK */

1/%%sk%%  KLADING THE LATA
DATARD: PROCLLUKEL;

DCL IRANGE(J); LCL

R kR kR Ok ok R R kR ok R R Rk SOk Rk

NAMALIST(3) ;

TheN CAIL

CONV EZRSATIONAL MONITOR

GKAPS;
CROSS ;
CUITS;

DCL DIKwY CHAx(8); LI w2haY CHAK(G) ;

DCL INPNAMz CHAK({R) ;
ON ANDFILE(INDATA) BUGLIN;
NCASe=NCASE-1;

DISPLAY(* ')
DISPLAY ('DATA LEAL
GO0 IO DRIG;

JND;

DEZ2: NCASIZ=NCASE+T
IF NCASE>MALCASE THuN DU,
NCASE=MaAXLASE

DISPLAY ('"DATA KEAD TuRMI

RETUKN;
SND;

ExMINATL ON

NATEL ON

/% GBT DATA CASE IDLNTITFIERS ¥y

IRANGLE (%) =1;
GET DATA FIL. (LNDATA);

PUT FILs(TOUY) DATA({INPNAME, NPTITLE,IRANSE(1),iRANGE(2),IRANGE(3)),;

IF NCASE = 1 THaN DO;
HAXRANGE (*)=LKANGL {*);
CALL ALLCC;
sNDs

DO =1 T0 3;

NAMESLIST (*)=0; 1NPNAME=!

IF IRANGE (1)>HAXRANGL (I) PHEN DC;

DISPLAY (*DATA niA)) TuRMINATIEL BY INVALID oIHAZNSION RANGE');

NCASE=NCASz-1;
RETTaN;
wND;

N T
uND

CASHENAAE (NCASE) =INPHNANL;

CASLTITLE (WCASE) =INPTITLE,

If NAMRLIST (1) =1
THEN Gul FILO(INDATA)
((D¥aME1(I) b0 I=1 TO
(COLUMN (1), 10 A(8));

IF NAMELIST(2)=1
THZEN GET MILs (INDATA)

ELIT
IKANGE (1)))

DCL INPTITLY CHAK (409);

ENLFILE');

; INPTITLE=*

MAXILHUN NUMBER OF CASESY),

’

SYSTEM

BJp01110
BJLO1120
BJCO1130
3JD01140
3Jb01150
BJD011690
3JEO1170
BJp0 1180
3JD01190
3JC01200
BJDO01210
BJIDO1220
BJD01230
BJLO1240
BJD01250
5JLO1260
3Jb01270
BJD0O1280
BJDO1290
BJDO1300
BJDU1310
BJDO1320
BJL01330
3.JD0 1340
BJLJ1350
B8JD01360
BJLD1370
BJDO1380
3JDO1390
BJBO 1400
BJLo1410
BJDO1420
8JD01430
8J3C01440
BJD) 1450
BJDOTUBD
BJLO147¢
BJIDO 1480
BJBO1490
BJD0O1500
BJLO1510
BJIDI 1520
BJLO1530
BJDO154¢0
3.JD0G1550
5JLd15690
BJE0 1570
BJLO1580
BJLG1590
BJLO1600
3J201610
BJL01620
3JDJ1630
BIDO1640
J01650



PLICPT a

FILE: 3JVISP

((DNANE2{I) DO I=1 TO 1KANGL(Z2)))
(COL (1) ,10 A(8));

IF WAMELIST(3)=1 THrN LO;

(NOCONVFRSION): GHY #ILi (LNDATA) £DIT(DI1KRY,D2KLY) (COL(1),2 A(8));

GuT FILE({INDATA)
EDIT ((UNAMEI (L) 20 I=1 TC 1BANGE(3)})) (A(8));
L ND,;

DO I1=1 TC IRANGE(1);
DO I2=1 TO LEKANGL(2);

;4T FILu (INDATA) wDIT (DV1KRY,D2KEY) (CCL(1),2 A(8));

IF DNAHs1(IY) =¢ VoqiEN CNAMET(IN)=D1KEL;
ir DHANLZ (IZ)=? ' THoaN DNAMEZ(IZ) =D2KiY;

327 PILs({LNDAIA) uDIT
((DATA (HCA35,11,I2,13) DC I3=1 TC IRANGL(3)))
{F{8,4));
=ND;
SND;

DISPLAY (*DATA CaSi HEAD.Y);

GO 10 DRZ2; /% RBPZATS DATA FEAD UNTIL oND CONDITIONS */

b9y s wieTUOLW,

END DATAERD;
/¥ END OF UDATA READ SECLIICN */

J¥%xEx STORAGS ALLCCATION PUOCHEDURS
ALLOC: PROCELUR=;

ALLOCATZ DATA,

ALLOCATE CASENAME;

ALLOCATE CASzTITLE;

ALLOCAT E DN¥a{z1l;

DNAAZT=1? t.

ALLOCATE DNAARZ,;

DNAHE 2=1 '

ALLOCAT + UNAd¥3;

DNAWr3=" '

ALLOCAT & ODISPDATA;,

DISPOATA (*)=0;

END ALLCGC;

/% END OF ALLOCATION PrOCzLURE =y

AR FRAEKFPERFFEFFRFEFORFKRE /

1/%%=xxx  DATA UIR£CTURY

DIRTS: PROCEDURE;

DCL ARSP CHAR (1) ;

DISPLAL (*DO ¥YOU Wisu TO 4AVE A LATA LIRECTORY?Y)
REPLY (ARSP) ;

IF ARSP~='Y' THuN RETURN;

##**#****;x**m##n#**#***##*m#***#*****#**/

DOUL=TUUT; /% OJIPUL TC TERMINAL %/
PUT FILE(DOUY) 2AGE EDIT (YDATA DIRLCTOERY?Y) (A)
PUT FILE(DOUT) SKiP{2) «CIL("SATA CASES') (A);

CONVERSATIONAL HONITOR SY

(o B
Ddn

3JbU 1660
BJLO16T0
BJL01680
BIDO1690
BJB01700
BJLO1710
EJDJ1720
BJu0G 1730
BJDO1T740
BJEO1750
3Jb017560
BJLO1770
3JDO17380
BJLO1790
BIL01800
BJDJI181I
BJDO 18 20
8JLO1830
BJIDO 1840
3JD01850
3J501860
BJLO13870
BJLV1880
3J0 1290
BJp01300
BJDO191¢C
8JD01920
BJDU1T930
3JD01940
3JL01950
BJDO 1960
BJBI1970
BJLO1980
3JD01990
BJD02000
BJLU2010
BJL02020
BJDO2030
BJILG2040
3Jb02050
BJDO2V60
BJb02370
BJIL22030
BJDO2090
BJL02100
BJL02110
BJLD02120
BJGOZ130
3JD02140
3JD02150
8JI002160
BJLDVZ170
BIDO2180
BJLO2190
BJIDG2200



FILi: B8JDISP

(COL (1) ,11
PUT FILi(DOUT)
EDLT (*VARIASLo', (LNA Y
(COL (1), 11 (X(3),A(s)

PLT FILE(DOUT) SKIP(2);
PUT FILE(DGUT)
/% WRITING Tk
DO J=K3 TO KF;

PUT FILz{DCUT)

LDIT (DNAMET (), (LLS2DATA (I,d)
(COL (1) 4A(8) 4X(3),10 (F(11,3)));

ND;

/¥ PRINTING oaTA

PUT ¥FILe (DOUT)

DO I=1 70 NCAss;

PO J=1

IF 135D.iCl(Jj =1 THEN

PJT FLLL(DOUT)
(COL(M) ,X(5) ,A,4);

/ENEXT CAGEx/

SHD;

T2U:

SND;,

DISPIAY (!
DISPLAY (*DAYA TABLE COMPLETZD') ;

IF DOUT=TOUT THEN DO;
DISPLAY (* 00 YOU WISH TO PR
Ib SKSP='Y!

DOUT=POUT;
GO TU T1g;
LN

ExD;

RETURYN;

END TABS;

1/ ook dekok
/* 2LGTS
GRAPS:

DCL SKS5P CdAn (1) ;

IF NSELLT
DISPLAY (*HU OATA CURKENTLY
RETUKN;

<ND

/% eRAPH Ti4x

(X{3),A(8)));

/I

ECIT('YLAx"Y)
DATA %/

{COL(3),4);

CASk TITLuS */
SKIP {2} ;

GO TU T2U;

TixN LO;

PrCCeDURL
YDISPDATA?
PRCCLOURE;

(Y-4XI5) VS.

ResPONSE CHARKACTIER >/

SELECTEL');

(A-AXLS)

© THIS TABLE?')

1

LO 1=1 50 NSZL))

Z0IT (CASENAME (I) ,CASLTITLLE (1))

R&PLY (SKSP) ;

R RO R IR AR RR R ROR RRR R R R R R Rk R kR ko
UDIMENSICHN

(TLME ON X-AKIS) %/

CONVERSATICNAL MONITOR SYSTEHM

3JD33310
BJL03329
3JD03330
3JdD03340
BJIJL03350
BJID03360
BJLO3370
BJUO33R0
5JL033390
BJILUV3400
5Jud3410
3JT03420
33003430
oJLJI3440
BEJDO3450
BIDA3460
3JLO3470
BJL034890
BJLO3430
BJD03500
BJD33510
BJD03520
8JDJ3530
BJIL03540
3JD03550
3JLY3560
5JIC03570
B3JD03580
BILU3590
B3503600
B3JLO3610
BJDO 3620
5JT03630
B3JDO3640
8JC03650
BJIDO3660
BJL23670
BJICQ 3640
BJD(3690
BJLO3790
B3aDO 3710
BJDD3729
EJDO3730
33003740
BJL03750
BEJDO3760
BJIJLO3779
$8JD03780
BJIDN3T790
B8JD0O 3800
B8JID03810
BJD03820
BJDO383¢C
BJLO3840
BJDO3850



3JDIS2 2LIOPT n CONVERSATLIONAL

FiLu:

IF KD3<) | KD3>MAXKANGE(3) TuEN 3C TC 520;
/¥ ASSIGNING DATA INDICLS */
NSEL=NSEL+1;

ISD(NSEL) «ICN=KCN;

ISD(NS&L).IC2=KL2;

ISD(NSEL) . ID3=KD 3;

/¥ ASSIGNING DATA */

DO =1 TC HaXaANo:r(1);
DISPVATA(NSsL,1)=DATA (KCN,1,KD2,KD3);
SND;

DISPLAY (' ACCL2TLDY) ;

IF 4SEL=10 TiiiN DO;
DISPLAY (* MAXIMUM NJSDER OF VARIABLES SELECTED.Y);
RETUEN;
END;

GO TU S20; /% FOR NIKT SELECTION */

END SELS;

1/**:}:*** TABL & PROCLDUK ***#***#*‘4‘****#******#******#***#*##*******/
TALS: PRCCELUKL;

DCL SRSP CaAk(1); /% SiORT Kc<SPONSE WOKRL %/
DCL ARSP CHAK (4) ; /> LCNSLR HESPCNSE %/
T1: DISPLAY('DO YOU WiSk TC PEODUCE A TABLE?Y)

IFT SRSP-='Y¥' THEN RETURN;

EEPLY (SRSP) ;

IF NSkEL=3 THLN DO;
DISPLAY {*NC UATA SELECTEL.");

LONITOR

BETUEN;
4ND;
T10: DISPLAY (* &NTER STAKITING TIMY INDLX NUMBLE.') REPLY (AKSP);

K5=ARSP;

IF K3<1T | KSO>MAXRANGR (1) THEN GG 10 T10;

T15: DLSPLAY ("ENTEE FINAL TIfAL LNDEX NUEBLE.') EEPLY (AKSP);
KP=ARS?2;
§OKECKS |

KE>HMAXBEANGE (1) THREN GC IO T15;

DOU£=T0UT; /% OUTPUT IO TERMNINAL */

TABZ2: ENTRY, /% DEPENLENT wNTEY PUINT %/
T18: ; /% LABLL FOR RLPEAT GUTBUT */

/¥ TABLEL DIPLAY */
PUT FILE(DOUIL) PAGE LLIT('SELrCT:EL DATA TABLE')
PUT F1LE{DOUT) SKIP(2)
EDIT ('CA3EY, (CASENAMZ (ISL.ICN (1))
(COL(N) , 11 (X(3),A(0)));
PUT FILs(DOYT) 35KLP{1)
EDLIT("REGLIONY, (DRANE2 (ISD.102(1))

(A);

LO I=1 TC NSEL))

DO I=1 TG NS:L))

SYSTEA

BJLO2760
BJDp02770
BIB02780
BJLO 2790
BJLO2800
BJL02710
BJD02820
3JL02830
BJp02840
BJL02850
BJp02360
8JL02870
BI002830
33002890
B3JDO2900
BJLD2910
BJDOZ920
BJDUZ2930
BJL02940
BJDO295C
BJDO2960
BJLD2970
BJL02980
BJLV2990
BJD0O3000
BJLO3010
BJDG3320
BJIDO03330
BJLO3040
BJP03050
BJLO3060
JL03070
BJB03080
BJuo 3090
BJLJ3100
BJIDU3110
BdDp03120
3JD03130
EJDO3140
3JD03150
5ID03160
BJLO3170
BJBU31920
BIEO3190
BJIDO 3200
BID03210
BJL03220
BJLO3230
BJILO32490
BJD0 3250
B3IDO3260
BJDO 3270
B3L93280
8JD03290
BJLO3390



FILE

PUT

PUT
PUT

PUT
PUT

PUT
PUT

piae

END
/*

1/ %%

SELs:

v 3Julse COaVLnSATIONAL

PLIGC2Y A

FLLE(DOUT)
«DIT ({ (I, A3 ENAHE(I),CASETITLE(I))DO I=1 TC NCASE))
(COL(1) ,F (o) ,X(1),A(8),X(2),A(40));

PILZ(DCIT) SKLE(2) EDIT('UIMENSION-1 NAM2S') (A);
FILE(DOUT)

ZDIT(((I,0NA %L1 (L)) uC I=1 10 MAXRANGE(1)))
{COL({1),10 (F(),X£(1),A(8)) )

FILE(DOUY) SKIDP(2) ELLT('LiXENSIGN-2 NAMES') (A);
FILE (DOUT)

EDIZ{((L,LIANEZ(1)) DO I=1 1L MAYXRANGE(2)))

(COL(1) ,tu (F(4),X(1),A(5)) );

FILE(DOJT) 3KLIP(2) ELLT ("DIMENSIGM-3 NAMES') (&) ;

FILL (DCJT)
BDLT (0, ',u,' ', ((I,CNANES3(I))D0 I=1 70 HMAXRANGE (3)))
(COL{1) , 10 (F(4),X(1),A(8)) };

FILE(LOUT) SKIP({2)

EOIT(*LND CF DATA OIRLCTIORYY) (A);

DIRES,
END OF CONTANTS SEC1IOW %y
KRR K SulLusCTION PROLLDURE $##*#*##**#x*#**s$####*#**##*##*###**#*/

PROCEDUKE;

ON CONVERSION GU TO 351;

NSE

bCL

51
Ir

ifF

LISPLAY (' YOU

DIS

SRSP-=1Y"?

L=0;
SRSP2 CHAR(4) ; /% SeLuCTICiv WOKD */

DISPLAY (*o0 YUU #€ISH TO SzLzCT DATA FOR DISPLAY?Y)
v SBSP-~=¥Ypr3" THEN RETURN,

ASEL=) Va8 UISPLAY (*NO oSATA CURBRoNILY SELECTED.')

PLAY (1. CAS3, 2. Tilg KXEGIUN, 3. THY VARLABLZ.');

THu

DISPIAY('USE vHE INDEX NUMBrksS FROM THE LATA LIRECTORY'),

bIS

510

PLAY (' ZNTL«

(ZuwC) To

: DISPLAY ('CASE
KCN=SR3P;
IF XCN=U THEN GG 90 S1;
IF KCi<0 | KCNO>NCASE THEH GO 10

INDEX?') «ZPLY (SR3P);

$19;

DISPLAY ("REGION INLEK??)
Ko2=545P;

IF KD2=0 THLN GO Tu 319;
I¥ KD2K0 | KL2>MAXZANGE (2)

KEPLY(SESP) ;

THN GC TG S515;

DISPLAY (" VAXIAGLE I¥JDEX2Y)
Ko 3=Saues
IF KD3=0 TieN GO T0 $15;

REEFLY {SR5P) ;

KONI1OK

REPLY (SB5P) ;

aflli B ASK.D T0 GIVE THE DATA INDsX NUMBERS FOk:');

RETJIKN TO THE NEXT HIGHLST INDEX LEVEL.');

3YS5T el

BJE02210
BJDG2220
8JB02230
BJL02240
33002250
BJLO02260
33002270
BJL02280
5Ju02290
3J002390
BJL02310
33002320
BJL02330
BJDO23490
BJL02350
3JL02360
BIL02370
Bapu2380
8JD02390
BJC02400
BJDO2410
BJB02420
pJD02430
BJLO2449
BJL02450
BILJ2460
BIDO2470
BJDO2480
BJDO2490
BJDI2500
BJuo2510
BID02520
BJLO2530
BJD02540
8JL02559
BJILO 2560
BICN2579
BJD0 2580
BILNZ599
BJD0Z600
BJILD2610
3JD02620
BJL02630
BJD02640
BID02650
BJp02660
3JC02670
BJDO 2680
BJIBU26950
8ID02700
BIJLG2710
33002720
BJLOZ2730
BJDO2740
3JLI2759



FILn: BJIDIBS PLICEY A CONVLESATIONAL HMONITOk SYSTEH

KS=6; KP=dLXRANGE(1);

/% DATA VALUZ KANGES =/
YMAX=1; YHIN=0;
DO I=1 TG NSEL;

LO J=KS 10 KF;

iF DISPOATA(I,J)>YAAX THEN YBAX=DISPSDATA(L,d);
IF DISPDATA(L,J)<YMIN TiuEN YHIN=LISPDATA(I,Jd);

END;
wND;

/¥ CREATING £Hs PLOT GRLD */

DCL $Rin(120,50) CHAE(1); /%* GRAPE GKiL */
GRID (*,%)=* ';

GRID(*, 1) ='_%; ,¥ BCTION LINE */

BJDL03860
BJCI38BT0
3JD0 3880
BJDO38Y0Q
5JD03%900
3JDN3910
B8.ID0G3920
BJDO3930
8JD03940
BIDO3950
BJLI39bU
3JL03970
8JD03980
EJLU3990
BJDJ40OOO

DCL PT (11} CHAK (V) INITIAL(Y Y, "+Y 100 VWL, 0Lt Y0, 0G0, T 0 JY, 9Ky, Y4Y) 80004010

XAXIS=100;

JESTEP=KAXLIS5/ (KF=-KS+1), JXHAX= (KF—KS+1) ¥JXSTEP;

DO J=K3 TO KF;
JX=1+ (J-KS) *JXSTER;
DO I=1 TO NSEL;
1Y=1+4Y% (DISPLATA {I,J)—~YMIN) /(YMAX-YMIN);
17 GKID (JX,1Y)=' ' | GEID(JK,IY)=*_"
TdaN SRID(JA,IY)=p%(I);
ELSE GRID (JX,IY)=PT(11);
END;

SND;

/% PRINTING T GLAPH %/
DOUT=TOJT,; /% OJTPOT ¥C TIRMNINAL */

G50: PUT FILkn(DOUT) PAGL EDIT({'SELLZCTEL LATA GRAPdH')

DO i=5u TO 1 BY -1;
Ri=1;
IVALUE=YHIN+ {(BI-1)/49) = (YHAX-YHIN);
PUT FILZ (DUUT)

LDIT (YVALUZ," |, (GKID(J,I) LCC J=1 10 JXMAX))

(COL(1) ,F(",2) ,4,13) A(1));
4ND;

IXB=12,/JXSTuP;

PUT FILla(DOJT) LELT ((LNAMENI(L) DO I=KS TO KF BY IKB))

(COL (1) ,X(5),8 A(12));

PUT FILJI(DOUT) SHLiP(2) ESIT('REFERENCE L131Y) (COL (1) 4A);

2UT FILE(DOJT)

SDIT( (2L (1) ,CASENANE (ISCLICN(L)) ,CHAMEZ (ISL.ID2(1)),

DNAMZ3 (ISL.ID3 (L)) DC I=1 TG HNSiL))

(COL (1) ,X(3),A(2),A,A{10) ,A(10),X(10) ,A(2),A,A(10),A(10));

DISOLAY (* GuAPH COMPLETLDY)

1F J0UTL=TOUT THEN DGC;
QISP LAY ("PRINT THLIS GuAPH??Y) RiPLY (SRS?),;

(COL (1) ,A);

BJLO4WO20
BJDOUO 30
53004040
BJDO4O50
3JD04060
SJCRLDTO
3Jp0493#8Q
SJLO4 090
BJIDOUI00
BJDO4110
3JDO4120
BJLGH130
BJUO414C
BJDOU150
BJIDO4160
33004170
BJDOU#4180
BJD0O4180
BJILOL239
BILOY210
BJDO4220
5JDOL236
BJDOU240
BJLO42590
3JLQ426C
BJLOU4270
BJDOU 280
3J008290
BJD04 300
BIZ04310
BILOU32¢
BJIDLOLW330
BJIDOL 34D
BJvdG 350
BJIDOU360
B3JDO4 370
BJD04380
BILO4 390
BJUO4A400



FILE: BJOIisP PLIGPT A CONVERSATIONAL MONIZIOK SYSTEH

[F SRSP='Y' THcN DC;
DUUT=POUT;
G0 TO G503
D

GND

KETUEN;
END GRAPS;

1/%%%%%%*  DATA TASLx CKOSSECTION PKCCELURE — ##kksikskkssckkskckxkrkikk/
ChO5S: PRCCEDUKE;
DCL SRSP CHAK (1) ;

DISPLAY (DO YOU WLISH 70 PHRODUCE CRGSS-SECTIONAL TABLuS?') ER&PLY (SKSP),
IF SEsp-='Y' THEN BLTUKN;

/¥ TO SAVE CJRELNT LA1A =/

NSDATA=NSEL;

DCL 1 ISV (1<),

3 icy,
3 1Dz,
3 1D3;

DO 1=1 TO 10;
ISV.ICH (1) =1SL.1ICN (L,
1SV.ID2(I)=18D.1D02(1);
ISV.ID3{I)=1I50.1ID3 (i) ;
END:

/% DATA SAVulL */

/% TABLLE TIML S5PANS %/
KS=b; KF=MAXRANGE (1) ;

DOUT=POUT; /% OUTPUT TU PKRINTLR */

/% TABLES: CASES OVepr SELECTLD DATA */
DO IC=1 70 NCaSE; /% TABLES =/
D0 JC=1 TC NSLATA; % COLUMNS %/
ISDLICN(JC)=IC; /*CALpx/
DO K=T1 TC HALRANGE (1) ;
DISPDATA(JC,K)=J)ATA(IC ,K,ISDI0Z(JC) ,I530.1D3(3IC)) s
END;
END; /% 1ABLE SLTU?2 COHPLETEL */
CALL TABZ;
LAND;
/% YCASL' TaBLES COAPLETLZD */

,% TABLES: DATA OVisk CASES %/
DO JC=1 TC NSDATA;
NSEL=NCASE; /% COLUUNS=NO. CF CASLS */
DO IC=1 TO NCASE;
ISDLICN{LC)=IC; /*CASE NUMBE&*/
ISDaibZ (IC)=ISV.1D2 (JC) ;
ISD.ID3(IC)=ISV.ID3(JC);
DO X=1 TO MAKRANGL (1) ;

3J294410
BJIDO4420
BJILI4u430
3JDO4440
BJLO4450
BJDO4460
BJIDOL470
BJLO4L4BO
5JD004490
3JD04500
BJLOU510
BJDOU520
BJLJ4530
3JD04540
BJLOU4559
BJDOU560
BJLO4STO
BJDOUSE0
BJDO45990
8J004600
BIDO4610
BJLOU620
BJDOU630
BJLQ4640
BJRO4650
BJDOU660
BJDGH46T0
BJIDO46EO
BJLOL699
BILO4700
BJDO4710
BI04720
BJDOU730
BJLOU749
BIPOLT 50
BIDO4760
BJLOL4T770
JDO47890
BJuG479¢
BJpo4ago
8JLO4810
BJbBO 4R 20
3JD04830
BJDOV4B4C
BJL04850
3Jb0O4 860
33104870
BILO4880
BIDOUR90
BJLOU90
BJDOY9 10
BJDOU4929
BJDO4930
3JDO4340
BILOY950



FlLu: paulSe PLIGPY i

DISPDATA({IC,K)=uavA(1C, K, IsL.182(iC),I

LD,
END;
CALL TAs2;

END;
/% VDATA' TABLES CUMPLLTEL %/
/% KESTORING SOLECTEL LATA %/

NSEL=dS0ATA;

DO 1=1 7O 10;
1SD.ICN(I)=I5V.ICN{L);
ISD.ID2 (1) =18V.EiL2(i);
1SD.ID3{1;=18V.103(1);
LU K=1 TO MALRANGE (1) 3

Dl
53D
SN
/% SALECTED DaTA KESTOW&u

*/

CONVERSATIUNAL

DISPLAY {'CHOS5~-SECTIGNAL TABLES COMPLETEL.Y);

RITURY;

END CRUSS5;

Jx®=xwk  TUIMINATION
QUITS: PROCEDURE;
DISPLAY (*PROGKAN TERMINATED?) ;
EXIT;

END QUITS;

PROC DU KL

END BJLDLISP,

VAR R L LR LR LT L

*#*5##**####»****s*******#**t#*#****x/

nNo OF PEROGEAH

[l
Disa

FAE RO Ak R ROk Rk kKK

103 (IC));

AONITOR

. SPDATA(I,K)=LATA{ISL.ICN(I),K,ISC.I02 (L),ISD.ID3(I));

SYSTEM

B5JDO4960
BIJLO4970
BJIbOU9”80
BIpo4990
3JL005000
BJL05010
8JDO5020
3JD05030
BJDG52490
3JD05950
BJDO5260
BJILO5970
3JDA35080
83L05090
LEIDO05100
BJL05110
BJDU5120
BJLO05130
BJIbO5140
3JD05150
BJDO5160
3JD05170
BJDA5180
3JL35190
BIDO05200
BJDO5210
8JL05220
8JD05230
BJIDO5240
3JD05250
5JD05260
BJD05270
3JD05280
330525290



3

'

Appendix IV G
Fuel Price Changes

In BLKDATA:

“DATA CLPR/

Loli 1SV

0 1 2 3 4 5 6 7 8 9 BIM16320

* 4.16, 4.99, 4.88, BJM16330

X BoB4, H.92, 490, 4.92, .52, 4.50, 4.42, 5.08, 4.RB6, 4.77, BJM16340

* La69, 4.5E, H4.48, 4.39, H.45, 4.44, 4.54, 4.75, 5.00, 5.50, BJM16350

* 6.00, 6.50, 7.00, 7.50,12.90,24.82,26.29,27.76,29.27,31.18, BJM 16360
CHANGEL JIGHEK CCOAL PRICES TC MATCH MZ BJM 16370
*¥*33.31,35.76,38.59,41.29,44.93,48.30,51.22,54.17,57.31,60.64, BJM16380
¥64.54,68.74,73.15,77.36,R4.00,90.52,97.05,103.16/ BJM 16390

DATA CLPR/ BJM16400

0 1 2 3 i 5 6 7 f q BJM 16410

* 1.93, 2.60, 2.54, BJN 16420

* 2.51, 2.53, 2.53, 2.68, 2.78, 2.77, 2.78, 3.09, 3.01, 2.90, BJM 16430

* 2,88, 2.89, 2.99, 2.89, 2.88, 2.86, 2.88, 2.92, 2.94, 3.09, BJM 16440

* 3.1, 3.15, 3.27, 4.00, v.)2, 8.18,10.38,12.22,13.22,14.33, BJN16450
¥15.46,16.74,19.12,19.59,21.14,22.97,24.79,26.85,29.06,31.43, BIM 16460
%¥33.97,36.82,39.75,43.03,46.55,50.48, 54.54,59.06/ BJM16470
DATA TNGPR/ BJM 16480

0 1 2 3 4 5 6 7 8 9 BJIM16490

’ 6.0, 6.5, 6.3, BJIM16500

* 6.5, 7.3, 7.2, 9.2, 10.1, 10.4, 10.8, 11.3, 11.9, 12.9, BJM 16510

* 14.0, 15.1, 15.5, 15.9, 15.4, 15.6, 15.7, 16.0, 16.4, 20.0, BJM16520

* 2440, 29.0, 32.0, 60.0,150.9,155.0,160.0,165.0,170.0,175.0, BJM 16530
¥201.9,23049,264.2,3)1.0, 345.0,395.0,451.0,510.0,585.0,656.0, BJM16540

* 713., 785., £S1., 922., 99%.,1005.,1168.,1262./ BJM16550

2 _ BJM14310
© COAL TRANSPORTATION COS1 (CENTS/MBTU) BJM 14320
| BJN 14330
DATA FTRANC/ BIM14340

D YEARR 47 1952 1457 1962 1967 1972 1977 1982 1937 1992 BJM 14350
. REGION 1 BJM14360
¥16.00,16.00,16.90,15.00, 14.00,21.00,45.09,#7.9,107.3,131.7,143.0, BIN14370
LEGION 2 ' BJM14380

* 9.35,10.37,12.32,11.16, 9.9¢,20.00,34.4,65.1,94.4,119.5,123.5, BJIM14390

. KEGION 3 BIM 14400
* 3.51, 3.53, 3.60, 3.67, 3.23, 3.20,17.2,14.9,5.9,-4.2,-34.9, BJM14410
REGION 4 BIM 14420
¥).36, 7.21, 0d3, H.19, 7.14, 8.10,-13.0,-26.4,-48.5,-75.7,-129.0,BIN14430
LEGION 5 BIM 14440

* 8.36, 8.6, 9.41, &.4b, .78, 8.80,37.6,73.6,94.7,114.8,122.8, BJIM14450

o BEGION 6 BIX 14460
* 4,95, 2.03, 0.03, 2.43, 2.4, 2.20,11.8,47.6,56.1,67.9,54.5, BIM14470

. BEGION 7 BJIM 14480
%¥20.00,20.00,20.00,20.00,20.00,20.00,0.00,0.00,0.00,0.00,0.00, BJM14490

> REGION 8 BJM 14500

¥ 4.68,4.46, 3.17, 2.40,2.50, 2.50,-39.1,-58.1,-77.8,-101.3,-157.7,BIMN 14510

REGICN 9

BJM14520

¥20.00,20.00,20.00,20.00,20.00,20.00,-3.1,-3.9,-16.4,-23.2,-57.4/ BJM14530



IV.G(2)

BJIM14540

_ GAS TEANSPORTATICN (TPAWNSMISSION) COSTS (CLNTS/MBTU) BJM 14550

BJM 14560

DATA FTRANG/ BJM14570

COYEARR O 47 1952 1957 1962 14567 1972 1977 1982 1987 1992 1997 BJIM14580

COREGLON 1 BJM14590

A 24.00,24.00,20.20,20.46,17.01,12.00,50.00,65.30,8%.40,111.6,145.9,BIJ414600

© REGION 2 BJM14610

XU 95,19 8H,20.06,20.7%,15.42,19.50,35.00,45.70,59.80,78.10,102.1,BIM1462¢C

HAGION 3 BIM 146 30

* G 90,10.81,12.12, 10,72, 12.004,12.10,35.00,45.70,59.80,78.10,102.1,BI41464¢C

CORIGLON 4 BIJM 14650

% 7.83,11.45,11.16, 6,84, 478, Ba89,-29.0,-32.7,-42.7,-55.8,-72.9,BIM146640

C RIGLOW 5 BIJM 14670

G225, 11.51,15.0.2,17.55, 16.22,16.50,-10.0,-13.1,-17.1,-22.3,-29.2,BJM114680

REGLOH 6 BJIJM1469(

B oh 45, T.26, Y.04,10.248, J.04, 8.10,25.00,32.70,42.70,55.80,72.90,BIMN1470(

CoRECION 7 BIM1471¢

0473, 1edl, 2.00, 4214, dodd, 4.50, -5.0, -6.5, -8.5,-11.2,-14.6,B3111472(0

¢ ELGLON 8 BJIM1473C

— e, e e e+ S
CALEASE 2.0 BLK DATA DATL = 78229 11/45/33

% 5,00, Y.31,11.74,13.29, 11.06,11.00, -5.0, -6.5, =-8.5,-11.2,-14.6,BI814740

2 KREGION 9 BJM 14750

*13,45,13.11,14.00,14.00, 15.54, 15.50,35.00,45.70,5%.80,78.10,102.1/BIJN14760

i BaM 14770

0 0IL TRANSPORTATION (AND REFINING) COST (CzZNTS/MBTU) BJM1478¢C

“ BIM 1479¢(

DATA FTRANCG/ BJM1480C

© YEALR 47 1952 1957 1962 1967 1972 1977 1922 1987 1992 1997 BJIH1481(

T REGLON 1 BIM1482C

*=3,97,-10.8,-%9.0L,-13.9,-19.0, 0.00, -5.0, -6.5, =-8.5,-11.2,-14.6,BIM1483(

C RAGYON 2 BJIM 148 4(

*= 1,53 ,-11.6,-11.9,-15.9,-17.0, ).00,20.0¢C,00.00,00.00,00.00,00.00,8I41485(

Z REGYON 3 BJaM 1486¢(

*19,15,11.44,20.46,17.99,12.86,22.00,15.29,19.60,25.60,33.60,43.80,BIM1487(

O REGILON & BIM1488(

%16, 70,-5.92,-6.12,-1.60, 1.10, 1.11,10.00,13.10,17.10,27.30,29.20,BIJN1489(

C REGLON 5 BIM1490¢(

¥ 0.00, -7.3, =5.7,-10.0,-12.7, 0.00,-10.0,-13.1,-17.1,-22.3,-29.2,BIN 149 I(

L REGTION 6 BIM1492¢

®27.52, =1.2, -6.7,-0.2%, 4.64, 10.0, -5.0, -6.5, -8.5,-11.2,-14,6,BIMN149 3!

< REGION 7 BJIM 149 4(

© 5.95, 2.57, 3.3, 2.64, 1.285, 10.0, -5.0, -6.5, =8.5,-11.2,-14.6,BIN1495(

C XEGION B BJIM 149 6¢

* 3ua70,-1646,-29.0,-21.0,-21.0, 1.00,20.7C,26.10,34.20,44.60,58.40,BIM1497

C REGILUIN 9 BJM 14981

*-1242,-12.7,-14.3,-17.3,-17.9, 0.00,30.DO,39.20.51-20,67-00,87.50/BJM1Q99(



IV.G(3)

In Fuels:

63 CONTINJE

[OR YN’

(@}

CORReCY Ry AND SLEPLIFI AL SUATe FUBL PRICES D & WHITE 29 AR 78
I (RILHC.LE.1975) 30 10 200

pu 2uJ I=1, 9

DaPLATHED KoGAdUNAL FULL »kiCES 3/E9U

EoC= (FOrupei (1) +118T35 (9, FTRANC, TINE, 11,1)) / (WP1 (1) *1.0£08)
KPS=(FOFUPK{2) +TIUL3S (9, PIRANG, TINE,V1,1) )/ (WPI (M) *1.0508)
fP0= (FOr JPR{3) +TINLLS (9,0TRAlNC, T1i,11,1)) /(APL (M) *1.0503)

JS=NZ (L) +1
JF=NZ (Z+1)
00 213 d=J3, JF
STaTh EC 5 AND PEICZS, wITH HMARKUE
XEGPR (J) =kP3*1.u
KaOPR (J)=RFO% 1.0
KIC2E (J)=RoC»1.9
XIGPR (J) =REG* 1.0
X1OPR (J)=RPU*1.9

210 CONTIAUZ

200 CUNTINTE

END OF RuV1Shy FURL PLICES

JI=0
DU 62 1=1,9



