United States
Derartment of the Interior

Geological Survey

- G - - P - -

Computer Program for a
Generic Western Coal Region Simulation Model
Developed to Investigate Potential Applications of

System Dyramics Modeling to the EIS Process

Py Robert K, Mark, Devid S. Harwood, Richard R, Doell,

ani Evelyn R. Newman

P I R g

Coen File Report 78-32)

This report is preliminary and

has not teen edited or reviewed

for confcormity with Geological
Survey standards and nomenclature.

Menle Parks, California
1678



This generic western coal region model (WCR) was prepared to
investigate possible apolications of system dynamics simulation
modeling (Forrester, 1961; 1962) to the reqgional EIS process,
It is intended as a tool fcr research and perhaps a starting
point for further work., It is not intended for actual

application in.its present form,

The model is driven by wuser selected <coal develooment
scenarios and impacts are simulated in the mining, land, water,
cdemographic, political, and environmental sectors. Interaction
are based upon hypothesized causal relations. Provision is made
for system delays and feedback effects among the sectors, ALt
variables (such as electric generation capacity, industrial water
user, number of miners, sulfur dioxide =emission) are summed or
averaged over the region, The model has a time horizon of Rig

years (197C-2000),

#embters of the Northern Powder River RBasin EIS Task Force
reviewed this model duriﬁg our research effort., We believe that
the task force benefiteb from exposure to this system Hdynamics
model perspective, but the preliminary status of the modelino
effort precluded formal application of it to this €IS. The EIS
task force was not able tc commit extensive staff time to this
experimental effort, The time required for refinement and
adjustment of a model‘ for the Northern Powder River region

extencded past the time by which the task force was required to



complete its assembly of analytical tools and information and
proceed with its analysis and writing of the statement.
Prospects for future use of system dynamics modelina 1in support
of EIS preparation by the Geological Survey are uncertain., The
collaborative effort between the modeling research team and those
concerned with EIS preparation @asted one and a half years, N;
further exploratory efforts are active at this time, although
they may be reinstituted after the professional community has had
the opportunity to evaluate and critique the modeling effort.

The five county region of southeastern Montana (Righorn.,
Custer, Powder River, Rosebud and Treasure Counties) was used as
a source for much of the data. In many cases where data was not
readily available, other sources or estimates were used. 1In
additicn, where specific information was not available we —chose
to hycothesize the nature of some causal relations rather than

omit threm from this experimental model,

The mocdel source cojde was written for the Honeywell Multics
system. The main pbrogram and most of the subroutines are in "old
fortran",; one (wcrcat) is in PL/1., The overall structure of the

model is shown in the figure on the following page.
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kkkkkkkkkekk Western Coal Region (QR-26=-77)askthkkhkshw

This is the "main®” program for the western-coal regions model,
Its major functions are to call the various sector subroutines as
neeced, store the oprorer calculation for the output, and to
construct the ocutput tables an<d graphs. It also includes a few
data statements, but Like all other constants, these <can be
.altered by the set statements,

A detailed understanding of this master program is not needecd in
order to run the model.

To run the model: Type "ec wecr"” (terminate all lines with
a "return™)
program wcrerd (subroutine output) prompts "n:".
Type "0" to set nmew plot variables
"G"™ to retain plot variables from previous run (if any)
or "99" to stop

wcrerd (subroutine wcrcat) then promots “type show, set, or run”
"show" is used to examine constants and is terminated by ":*
for example:
type shows set, or run: show

show: c(1C)
c(10) = 5,0
show: H

tyce shows, sets, Or rung

"set"” i1s used to change constants. Changes remain in effect
until reset or the run is terminated, "set” is also
terminatec oy "J/"
for example:

type shows, Set, Or run: set

set: c(10)=7.0,tc(%)=2,5,s5witch(99)=1;

type shows set, or run: ’

note, switch(99)=1 turns on the table printout

"run" is used to beoin execution
]

kkkkrkk*kkkdkk* gtart program statements ***titt**ti_i*ti**tttii*.i»i
conmon time
cormon/dt/dt
common /t/ tnam(3S),tmxx(35),ttim(3S),tent (35)
common/graph/putsmax,min,flo,fups,opsymsiisnput
common/system/v(1000),c(1000),tcC(10NQ) Lt
common/energy/ctime
common/switch/switch(100)
integer switch
integer indgcs, lndgo, wtrgo., demgo, polgo, envgo
integer opsym(10),13i(10)
real flo(10),fup(10)
real put(1®),max(10),min(10)



model termination date, iteration time interval., ancd
time between ordiering decisions,
tstop=2000.0C
dt=0.1
t1=1.0
c time after which development scenario is held constant
ctime=0,0
¢ data neeced for polot routine
norint=10

nput=%
¢ default value for coal development scenario being simulated
ncdp=6
c
c ........................................................
¢ switch array (0 is off, 1 is on)
c
do S5 i=1,10C
switch(i)=0
5 continue
c
¢ subroutine switches (0 is cff, 1 is on)
c
indgo=1
wtrgo=1
Ilndgo=1
demgo=1
polgc=1
envgo=1
mingo=1
c »
data mingo/1/
¢ output arrays
c
do 6 i=1,1C
flo(i1)=0.
fup(id)=0.
6 continue
c
¢ set output symbols
(o
data opsym/Coat1','2%, 3,04, S 4% VY
 =—we=ecemececec—ecmcececeeecemmeteeccmteesem—ee._te——————
¢ initialize constants
c
call wecrco
c
10 continue

¢ prompts for S variables to be plotted
call outout(ii)
c

c initiali;e dictionaries
call indic
do 305 1=1,35
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S tnam(i)=0,0
do 315 i1=1,10
rax(id==-1,0e10
min(i)=+1_,0e10
S continue

initialize variable array

do 1C1 i=1,1000
v(i)=0.0
1 continue
initialize levels

call werin
time=1971.0

following statement permits the use. ¢cf set statements to
alter constants, initial values, default values, etc.
for any given simulation. (see instructiens fer making
simulations). Subroutine wcrcat is written in pl1.

call wecrcat (voscortcorswitch,ncdprfles,fupsrtstopsctime)

tpy is ar abbreviation for tons per year

initial synthetic fuel capacity rillion tpy
v(14)d=energy(3,ncdp,1970.0) /c(3)

initial electrical generaticn ncminal capacity toy
v(5S)i=energy(1,ncdo,1970.)/¢c(28)

initial coal export capacity million tpy
v(8Q)=energy(2,ncdo,1970.0)

initial coal mine capacity million tpy
v(82S)=totcecl(ncdps,1970.0)
krate=1
ac to 507

contirue
kput = 1
aec tc 60N

continue
if(time.ge.tstop) goto 95
krate = 2

kput = 2

continue

kpor=0

timestime+dt

ago to 500

continue
kpr=kpr+1
if(kpr .le, nprint-1) geoto SS
go tec 600



90 continue
if(time .lt. tstop-dt) go to 5C

€ =—===-cemcemcmcemacecceemcec—ecmeceemecm—e——————
85 continue
if (switch(99).ec.1) write(21,¢2)
oRr format(' 014°")
rewind 20
c
call grapoh
c
go to 10
f ==memmmmcccmmeeemeemmem e mmm—mem e mmm—mm———————————
¢ preliminary output subroutine
c
600 continue
c
¢ put(*)soutput var
c

put(id=time
do 700 i=*,nput-1
put (i+1)=v{ii(i))
700 torntinue
do 620 i1=2,nput
if{max(id.lt.put(i)) max(iY=put(i)
ifimin(id.gteput(i)) min(i)=sput(i)
620 continue
write(20) (put(id,i=1,nout)

¢ for output table, set switch(99)=1
if(switch(99),ec.t)dwrite(6,99)(put(idsi=1,npout)
if(switch(8%).,ec.NDunrite(21,9¢)(put(i)s,i=l,nput)

Ge format{(1h L,6f10.2)
c
go tc (40D,90), kput
¢
f mmmmmmmemcmmecmmaceemmammmmmmmmmemmme——mmm—————————
c
so0 continue
c
¢ sector subroutines
c
call werind(ncdprindgo)
call wermin(ncdposemingo)
call werwtr(wtrgo)
call wecrdem(demgo)
call werlnd(lindgo)
tall wcrenv(envgo)
call wcrool(polgorncdp)
¢

eo to (27,70), krate
end
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Ehk kA Rk ke kK k ok Industry Sector (08-26=77) #*kktkkthk stk

This sector simulates the growth ¢f the coal 1industries in the
recions, so as to provide Adata for impacts of these industries in
other mocdel sectcrs, and to accept feedback which may 1influence
the g¢growth of the industries, Tre sector is divided into three
subsectors: synthetic fuel production, electrical generation,

and coal export. There are three principle exogenous inputs to
the sector: these are the assumed scenarios for synthetic fuels.,
electricity, and for coal export capacity in the region, These
exogenous variables are the primary "“driving forces™ of the model
and thus determine the vrelative magnitude of 1eve lopment.,
impacts, etc.

The decisive process for each of the subsectors is the ordering
ancd construction of new facilities. It is assumed that the
scenarios represent economically and/or politically
"desirable”" developments whick utility management will try to
attain. However, the desired rates of accuiring new capacity
may be modified by several other factors., such as
"political climate” for industrial crowth, labor shortages, water
shcrtages, etc.

The basic wunit of energy is one million tons of coal (at 9000
btu/lb). In additicn, for the =electrical generation subsector
the model also calculates the number of "stancdard 1000 megawatt
electrical generation (mwe) plants", and for the synthetic fuel
subsector the number of "standard 257 million standard cubic feet
per day (scfpd) nolants"”,

The fcllowing text generally describes all three subsectors.
The program tegins in each subsector by calculating scenario
plannecd capacities v(3),v(38),v(?3) for each of the industries by
calling the function "energy" which contains the data for the
scenarios being modeled. Note that these three calculations are
macde for times tc(3), tc(3R), ani te(73) into the future; these
planning horizon time <constants are the perceived times for
construction of the three different types of facilities. Ffor
synthetic fuels and electrical generation the scenarios must be
dividecd by the ncminal <capacity wutilizations cof these two
incdustries, ¢c(3) and ¢(28), since the scenarios are for enerqgy
cutput and the mode L uses plant capacity. The model
assures., for planning purposes., full use of export
capacity. By setting switch (02) to a value of 1, the model will
transfer all dJemand for enerqy to the export sector.

The next actions are to determine construction, plannings, and
regulatory delays that may be influenced by labor shortages and
political <climate for industrial aqrowth, and to set the delay

variables in the subsectors. Following this, the model
determines plant ancd caracity depreciation rates. In the case of
electrical generaticn the oplants are derated rather than

cdeporeciated since older plants are generally used less and less
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for btase load as they age.

The variables which initiate ordering are the capacity initiation
rates v(S),v(40),v(75). They are calculated from the deficit
between scenario polanned capacities and what is expected to be on
line at the planning horizon times (present canacities plus those
in planning and construction less those that will have also been
depreciated). These rates can also be influenced by possitle
coal shortages and may be influenced by water shortages, if
desired (by setting switch (01) to 1). Lastly, the 'subsectors
calculate future coal needs to be used for coal mine planning in
the mine sector.

applicable switches in the sector (default value is C = off)
switch number function
01 hypothetical water shortage feedback
02 total export ootion
40 political climate feedback
0¢ construction labor shortage feedtack

**tt.tt**t**t**** start program statements *xkthkkhbhkhhhdd

subroutine wecrind{(ncdp,indgo)
integer indgo

common statements
-common/system/v(1000),c(IN00),te (1QC0) Lt 1
common time
comrmon/dt/dt

switch statements

cormen/switch/switch(10C)

integer switch
if indgo=C, subroutine is not executed, 1if indgo=1 (de-
fault value), subroutine is executed for all iterations.
if indgo==~n, subroutine i's executed for n iterations only.

if(indgo.eq.0) return

if(indgo.gt.?) go to 10

if(indgo.lt.0) indgc=indgo+i

continue

coal mine planning 4delay plus regultatory delay years
(minimum planning time plus maximumr reculatory delay
times Fermi functicn of political climate index.
Fermi has a value of 1/2 at an index of =~C.1)
pci=c(420)
if(time.gt.1970.0) pci=v(420)
v(819)=tc(819)+tc(818)/(1.0+exp(loci+0.1)/0.15))
tc(807)=v(819)
coal mine construction delay time (nominal time divided

10
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20
c

c
c

by one less the fractional constructional labor
shortage) years

v(826)=tc(826)
if(v(232).1t.0.0) v(232)=0.0
if(switeh(04).eqg.1) v(826)=tc(R26)/7(1,0-v(222))

------------------ synthetic fuel subsector ---=---c--c-cocon—-

tpy is 2an abbreviation for tons per year

synthetic fuel scenario (output) million toy
v(1)=enerqy(3,ncdps,time)
syn fuel scenario planned capacity million tpy (tesf is the

planning horizon time, tc(2), shortened by the Fermi function
for times near the model starting time)
tesf=tc(2)*(1,0-C1,0/(1,0+exo((time=19720,0)/1.7))3))
v(3)=c(2)*energy(3,ncdpsrtine+tcsf)/c(3)
total export option
if(switch(D2).eq.1) v(3)=90
synthetic fuel planning Jelay polus regulatory delay years
(see also analagous note for coal mine planning delay)
v(22)=tc(22)+tc(21)/(1,C+exp((pci+0.1)/0.,15))
tc(b6)=v(22)
synthetic fuel construction delay time (nominal time divided
by one less the fractional construction labor shorace) years
(the total delay is aoporticned into the three delay macro
functions in a manner to better model the construction
process)
v(26)=tc(2€)
if(switch(04).ec.1) v(26)=tc(26)/7(1.0-v(232))
synthetic fuel construction time constants years
tc(2)=0,1R7S*»v (254)
tc(10)=C.1875*v(26)
tc(12)=0,.6250*v(26)
synthetic fuel water shortace multiplier (hypothetical)
(mocdeled as the sine squared of the fractional water to industry)
v(23)=1.0
iflswitch(01)eec.1) v(23)=(sin{v(143)%2,14159/2,0))**x2 D
initialize synthetic fuel capacity in planning and in construc-
tion to steady state in 197C (for syn fuel, nothing is assumed
to be in planning or in construction in 1670)
if(time.at.1973.C) co to 20
vtemp1=0,0
vib)=delay3('vS5',vtempl,tc(é),v(7))
v(8)=delay3('vé',vtempl,tc(R),v(9))
v(10)=delay2('v2',vtempl,tc(10),v(11))
v(12)=cdelay3('viC',vtempt,tc(12),v(13))
continue
initialize coal shortage allocation function(assume no shortage in 1970)
if(time.eq.1670.0) v(823)=1.,0
synthetic fuel plant average lifetime years (initialize as
if all previous plants were new in 1970)
tc(16)=tc(15)/2.0

11
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tc(18)=tc(15)/2.0

if(time,eq,197C.N) v(16)=dlinf2(*'v12',0.0,tc(16))
if(time,at.1970.0) v(16)=4Linf3('v12',v(12),tc(16))
v(18)=dlinf3('v1€'sv(16),tc(18))

synthetic fuel capacity depreciation rate millien toy/year
v{1S)=v(18)

synthetic fuel capacity in construction million tpy

(v(9)s v(11), ancd v(13) are the capacities within the delays)

v(2S)=sv (M +v(11)+v(13)

synthetic fuel future capacity deficit million tpy

(if an excess is evident, the deficit is taken as C)
v{&)=amaxt(v(3)=(v(1&)+v(25)+v(7)=-v(1S5)+tc(2)),0.0)

synthbetic fuel capacity initiation rate million tpy/year

(the functional relationships are to prevent unreal

oriering rates even wher deficits are very large; c(5) is max rate)
v{5)=v(822)xv(23)*(c(S)*sir(1.11*v(4)/c(5))/t1)

if(v(a),agt 1,42%c(5)) v(5)=c(5) :
synthetic fuel construction initiation rate million tpy/year
v(é)=delay3('v5',v(5),tc(6),v(7))
synthetic fuel capacity coming on Line million tpy/year

(that is, the amount coming out ¢f the last delay macro, v{(12))
v(8l=delay3('vb6',v(b6)otc(2),v(G))
v(10)=delay3(*'ve? ,v(8),tc(10)ov(11))
v(12)=delay3('vi10'ev(10),tc(12),v(13))
synthketic fuel standard plants (number)
v(20)=v(14)/c(20)
synttetic fuel stan<ard plants under ccnstruction (number)
v(28)=v(25)/c(20)
synthetic fuel future ccal capacity million toy
(present caosacity + current mine planning and construction
delay times multipolied by the difference between current
synfuel plant compoletion and Zepreciation rates times the
nominal cacacity utilization factor. This number is used
for planning new coal mine develooment)
v(24)=(v(14)+(tc(807)+v(826))%(v(12)=v(15)))*c(2)
synthetic fuel current coal needs million tpy
v(27)=v(14)*xc(3)

synthetic fuel capacity level equation million tpy
v(14)=yv(14)+dt*(v(12)-v(15))

sm—e-—m------- eolectrical generation subsector —----~~c-cc-—-oc--

electric generation scenaric (coal input) million tpy
v(37)=energy(fencdpsrtime)

electrical generation scenario planned capacity million toy

(see also the note for analogous synfuel statement)

tceg=tc(38)+(1,0-(1.0/(1.0%+exp((time~-1920.0)/1.7))))
v(38)=c(36)*energy(i,ncdp,time+tceg)/c(38)
total export option
if(switch(02).eq.1) v(38)=0.0
electrical generation planning plus requlatory delay years
(see also the note above for anmnalogous coal mine 4delays)

12



o

OO OO

O 00000 W

[o 20K o I o N o |

v{S56)=tc(56)+tc(S5)/(1.C+exp((pci+0.,1)/0.15))
tc(41)=v(56)
electrical generation construction delay function (including
Labor shortage effects years (see also the note for
analogous synfuel statement)
v(é1)=tc(61)
if(switch(04).ea.1) v(61)=tc(£1)/(1,0-v(222))
electrical ceneration construction time constants years
tc(43)=0,1875*v (&)
tc(45)=0.1875*v(51)
te(467)=0,625C+*v(61)
electrical generation water shortage multiplier (hypothetical)
(see also note for analcagous synfuel statement)
v(S7)=1.0 :
iflswitch(01).eqge1) v(S7)=(sin(v(143)%3,14159/2.0))*+2,0
initialize electrical generation capacity in planning and in
construction to steady state in 1970
(differerce in 1970 betweern future planned capacity and
present existing capacity “divided by 1 + the total time
throuch the planning and construction processes)
if(time,agt.1970.0) go to 3C
vtempZ2=(v(38)=v(S55))/ (1.C+v(61)+tc(L1))
v(i1)=delay3('vil'svtemp2,tc{b41),v(42))
v(43)=delay3('vi1'svtemp2,tc(b43),v(44))
v(4S5)=delay3('vé2'svtemp2,tc(4S5),v(bL6b))
v(47)=delay3('véS',vtemp2,tc(47),v(48))
continue
electrical generaticn plants mean age years
(in the model the electrical olants are not physically
depreciated because it is assumed that the modeling time
does not go out. far enouvgh., However, their utilization
factcrs are Jegraded with time, A mean age
is neesdecd for this)
if(time.ea0.1970.0) v(50)=v(55)*time
v(51)=0.0
if(v(5%).g9t.0.0) v(51)=time-v(50)/v(S55)
electrical generatior loacd factor
(new plants are assumecd to operate at a load factor of
80% for the first 9 years)
v(52)=0.8~-0.4%(v(51)-9.0)/28.0
if(v(52).1t.0.0) v(52)=0.0
Ff(v(S51).Lt.9.0) v(s2)=0.8
electrical generation normal utilized capacity million tpy
v(S3)=v(S2)*v(S5S)
(statements for v(62) through v(A4) are used to determine
how much exisiting capacity will be degraded during the
planning horizon time interval for electrical olants)
elec. gen. capacity depreciation planning age years
v(62)=v(S51)+tc(28)
elec. gen, capacity cdepreciation planning fraction cer year
if(v(62).Lt.9.0) v(¢£2)=0.0
if(v(62).0t.9.0.and.v(é2).le.S.0+tc(28)) v(6D=((v(62)-G.0)/tc(3?)
1y«0,0143
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if(v(62).gt.9.0+tc(28)) v (63)=".N143
elec. gaen. planned capacity depreciation rate
million toy per year

v(é4)=v(63)*v(55)
(as for planning electrical olants, statements for v(55)
through v(6?) degrade the utilization over the planning
horizon time interval fcr coal mines)

elec. gen., cocal use depreciation planning age years
v(65)=v(51)+tc(807)+v(326)
elec. ger. coal use depreciation planning fraction per year

if(v(b5).le,9.0) v(es)=0,0 -

if(v(65).0t.9.0.and.v(65),le,9.0+tc(807)+v(826)) v(64)=(((v(65)=9,
10X/ Ctc(807)+v(826))))+0,0142

1f(v(65).ct.9.0+tc(BC7)+v(826)) v(66)=0.0143

elec, gen. planned coal use Zepreciation million toy/year
v(£7)=v(46)*y(55)

electrical generatior caracity in .construction mitliorn tpy
v(A0)Y=v(44)Y+y(4Lb6)+v4LE) )

electrical genmeration future capacity deficit rillion tpy
v(39)=amax1(v(28)=(v(S2)/c(3R)+v(b60)+v(L?)-v(6L)*tc(32)),0.0)

electrical generaticn capacity initiation rate million tpy/yr

(the functions prevent unduly large ordering rates)
v{(40)=v(823)*v (573 +(c(40)*sin(1,.11xv(29)/c(aN)) /1)
if(v(3%9).ct.1.42+c(40)) v(40)=c(4N)

electrical generation construction initiation rate miltion
tpy/year

v(L1)=delay3('vil',v(4D),tc(L1),v(42))
electrical generation capacity coming on line miltlion tpy/yr

(see alsc note for analogqous synfuel statements)
v(43)=delayR('vé1',v(41),tc(L3),v(44))
v(45)=delay3(*'véa2',v(42),tc(LS),v(L6))
v(L7)=delay2('viS',v(LS),tc(Ll7),v(4R))

electrical generation standard 100" mwe plants {(number)
v(S4)Y=v{(55)/c(54)

electrical generation effective standard 1000 mwe plants
v{(59)Y=v(S2)/c(5¢4)

electrical generation standard plants under construction (number)
v(68)=v(60)/c(54)

electrical generation future coal caonacity million tpy

(presert utilized capacity + rates added - rates “Jepreciated

taken over the total mine planning + constructicn times)
v(58)=v(S3)+(v(47)-v(67))*c (3R)*(tc(807)+v(226))

time weighted electrical generation growth
v(L9)=v(Ll?)+time

electrical generation level equations

electrical generation nominal capacity million tpy
v(55)=v(55)+dtxv{47)

time weighted electrical generation capacity
v(50)=v(50)+dt*v(49)

--------------- coal export subsector =-=--cr---cm-cmcocemcmconax

14



¢ coal export scenario rillion tpy
v(71)=energy(2,ncco,time)
¢ coal expecrt senario planned capacity million topy
¢ (see alsc note for analogous synfuel statements)
tcce=tce(723)«(1, 0-(1.0/(1.D+exp((time=-1070,0)/1.7))))
v(73)=c(72)+enerqgy(2,ncdpstime+tcce)
¢ total export ogtion
if(switch(0Z2)eeq.l) v(72)=v(72)xtotcol {ncdpstime+tc(73))
¢ coal expecrt planning plus recqulatery delay years
¢ (see also note for analogous statements concernino coal
¢ mine planning at the beginning of this sector description)
v{(87)=tc(87)+tc(RE)/(1.0+exp((pci+0.1)/0.15))
tc(76)=v(R7)
c coal export construction delay function (imcluding lLabor short-
age effects years (see alsc note for analogous synfuel)
v(%1)=stc(®1)
if(switch(C4)eeq.1) v(91)=tc(91)/(1.0-v(232))
= tc(78)=0.1875*«v(91)
tc(52)=0,1875+v(91)
tc(942=0,625C=v (51)
¢ fraction exported by slurry pipeline
v(ES)=¢c(89) ’
¢ coal export water shortage multiplier (hypothetical)
v(g83%)=1,0 )
if(switch(01)oeq.1) v(88)=21,0-v{(89)*(sin(v(143)+2,14159/2,.0))**0,5
¢ initialize coal export capacity inm planning and construction to
steacdy state in 1977, (see also note for analogous statements
¢ in electrical generation subsector)
if(time.gt.1970.0) go to 40
vtemp3=(v(72)=-v(S0))/ (1. 0+tc(75)+v(91))
v(74)=cdelay3('v7S',vtemp3,tc(78),v(77))
v(78)=z=delay2('v7&',vtemn3,tc(7R),v(709))
v(G2)=delay2('v78',vtemp3,tc(92),v(52))
v(S&4)=delayI('ve2',vtempT,tc(94),v(55))
40 continue
¢ coal export capacity averace Llifetime years (initialize as
c if all capacity were new in 1970)
tc(82)=tc(R1)/2.0
tc(84)=tc(81)/2.0 , .
if(time.eq.1970.0) v(82Y=dlinf3(*'yv78',C.Crtc(82))
if(time.,gt.1973.0) v(82)=3linf2('vO4',v(94),tc(82))
v(84)=dlinf3('vR2',v(82),tc (84))

(2]

¢ coal expert capacity depreciation rate million tpy/year
v(81)=v(84)

¢ coal export capacity uncder construction million tpy
v(86)=v(79)+yv(93)+v(995)

¢ coal export future capacity deficit million tpoy
v(74)=amax1(v(73)-(v(80)+v(86)+v(77)-v(R1)+tc(73)),0.0)

¢ coal export capacity initiation rate million topy/year

(see also note for anmalogous synfuel statements)
v(75)=v(223)#v (224 (c(75)*sin(1.11*v(74)/c(75)) /1)
TfF(v(746),qt.1.42%c(75)) v(75)=¢c(7S)

¢ ccal export capacity construction ihitiation rate million

15



tpy/yeer
v(76)=delay3(*v?S5',v(75),tc(76),v(77))

coal export capacity coming on line million tpy/year
v(78)=cdelay2('v76',v(76),tc(?78),v(79))
v(G2)=delay3('v78',v(78),tc(92),v(93))
v(%4)=delay3('v02',v(92),tc(Q4),v(95))

coal export future ccal capacity million toy
v(0)=v(80)+(tc(807)+v(826) )+ (v(Q4)-v(81))

coal export capacity level egquation million tpy
v(E8D)=v(80)+dt* (v (QL)=-v(%1))

return
end
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*rtktxrrkixdhkxr Mining Sector (QF=-24-77)%ddkthkhkkthkrhrdhhkhkhhhx

This sector models the erowth of coal mines in response to the
user 1industries and keeps an accounting of coal reserves anrd
resources.

The coal mining subsector structure is very similar to the  user
industries, anc the annotation for wcrind will explain the
mocdeling rational.

The reserves subsector removes coal from reserves accordina to
mine output and initiates exploration to convert resources into
reserves when the static reserve 1index gets too lowe. As
resources are depleted., it becomes more difficult to prove up
reservess, an<d more land must be stripoed per unit of production.

applicable switches (set to 1 tc activate, default value is 7)

switch number function

C3 political climate feedback
Cs construction labor shortage feedback

Akt khh Ak khkkkkd*X*GL Mt Crogram Statements hsndddthdakahk kb td knksd

mining sector file name
subroutine wcrmin(ncdp,mingo)
integer mingo

comrmen statements
common/system/v(1C0CC),c (1000),tc (10002,
cormon time
commen/dt/at

switch link statements
cormon/switch/switch(100)
integer switch '
see industry sector descriction concerning analogous indao
if(mingo.ea.0) return
if(mingo.at.0) co to 10
if(mingo.lt.0) mingc=mingo+1
continue

------------- -=== ¢coal mining subsector =---===-----c-s---cc-o---

coal mine planning delay plus regulatory delay years
calculated in wcrind
coal mine construction delay time (including labor
shortage effects) years calculated in wcrind
coal mine construction time constants years
tc(BCGY=D_1875+«yv(R2%)
tc(828)=0,1875*v(82¢)
tc(2303=0,625C+v(82¢8)



¢ tpy is ar abbtreviation for tons per year
¢ future ccal needs million tpy
V{R1€)=v(24)+v(S58)+yv(S0)
initialize coal mine cacacity in planninc and construction to
¢ steady state in 1970
if(time.gt.19706.0) go to 20
vtempbé=s(v(B816)-v(825))/(1.0+tc(BC7)+v(R26))
v(B07)=delay2('vB&0é",vtempb,tc(807),v(808))
v(80G)=delay3I('vel7',vtemplb,tc(RD9),v(21N))
v(228)=delay3('vFfDG ' ,vtemplb,tc(82%),v(R29))
v(E30)=delay3('v828',vtemplb,tc(830),v(RT1))
20 continue
¢ coal mine averace lifetime years (initialize as if all
¢ mines are new in 16970)
tc(812)=tc(811)/2.C
tc(814)=tc(811)/2.0
if{time.eq.1970.N) v(812)=dlinf3(*'vRIN',0 . 0,tc(R12))
= if(time.gt.1970.0) v(812)=dlinf2('v830"',v(830),tc(812))
v(814)=dLlinf3("vR12',v(812),tc(P14))
¢ coal mine depreciation rate million tpy/year
v(811)=v(814)
¢ coal mines under construction million toy
v(832)=v(810)+v(829)+v(E21)
¢ future coal mine capacity deficit million toy
v(817)=amaxT(v(216)=(v(8?25)+v(F32)+v(808)=v(811)*(tc(807)+v(R26)))
1,C0.0)
¢ current coal capacity needs million toy
v{801)=v(S3)+v(27)+v(80)
¢ fractional coal shortage
v(820)=0.0
if(time,eq.1970.") v(&D1)=yv(R25)
FF(V(8C1) . qtov(R25)) v(R2D)=(v(RN1)=v(82%))/v(R2S)
¢ long term (averaged) fractional coal shortace
VIE21)=dlinf1('vF2C ', v(820),tc(R21))
¢ coal srortage allocation function
v(E23)=1.0-v(821)
¢ coal mine outoput million toy
v{(802)=aminl(v{(RC1),v(925))
¢ coal mine utilization
v(E02)=1_.N
if(v(B25).gt.D.0) v(803)=v(RD2)/v(825)
¢ coal mine average utilization
v(804)=dlinf1('vB03',v(803),tc(R04))
€ static reserve index multiplier
v(824)=1.0 )
FfCv(84R) L t.10.0) v(82L)=(sin((v(R48)/10.0)+*(3,14159/2.0)))+«+0,.3
if(time.eqg.1970.0) v(824)=1.0
¢ coal mine capacity initiation rate miltion tpy/year
v(B06)=v(824)*v(804)*amax1(v(817)/t1,0.0)
¢ coal mine construction initiation rate million tpy/year
v(807)=delay3('vB806',v(806),tc(807),v(ROR)) v
¢ coal mine caracity comirng on line million tpy/year
v(809)=4elay3('v807',v(8D07),tc(RD9),v(81C))

~
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v(828)=delay3('vR00"', v(2(09),tc(R28),v(R2G))
v(83C)=delay3('v828',v(828),tc(f30),v(&31))

coal mine capacity level ecuation mitlion toy
v(E25)=v(825)4dt*x(v(83M)=-v(811))

total coal mine production scenaric million tpy
v(827)=totcol(ncdo,time)

---------------- coal reserves subsector =---==-cccccccccccanana-

cocal extraction rate mitlion tpy
v(841)=v(802)
averaqge coal extraction rate million tpy
v(84S)=dlinf1('v841',v(841),tc(845))
static reserve index years
v(847)=11.0
if(v(841),a0t.0.0) v(847)=v(R42)/v(841)
average static reserve index years
vI(848)=dlinfl1( ' vRLA7 ', v(R47),tc(84LR))
perceived exploration needs
v(85C)=0.2
Tf(v(848).11.20.0) v(8SOI=10.0%(1.0-(sin((v(848)/20.2)%(3,14150/2,
1M)))=+x0.3)
resource depletion ratio
V(8S51)=v(R44)/(c(R51)~-v(R44))
coal grade reserves proving multiplier
v(EsS2)=1.0
Tiflv(851).1t.7.0) v(852)=(sin((v(RS1)/7.0)*(3,.14150/2,0)))=+x2_0
reserve proving rate million tpy
v(843)=v(84S)*xy (A5D0)*xy(RS2)
ccal grade land stripcping multiplier
v(gs52)=1.0
Tf(v(851), Lt 7.0) v(8S52)=(sin{(v(51)/7,0)*(3,1415Q/2_ N)))**(=-2_0)

coal reserves level eouations

coal reserves tons
v(B42)=y (BL2)+4t*(v(RLT)-v(R41))
toal resources remaining millions tons

v(844)=v(844)~-dt*v(BL3)

return
end
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COAL RESERVES SUBSECTOR
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kxrkrrkkrxkarrctkrssr Demcgraphic Sector (D8=24=77) ktkakhkthbhhhbhhrhhn

The democraphic sector calculates the number of laborers
recuired to construct an< operate the mines, corversion plants
and export facilities specified hy the inpdustrial sector of the
model. This industrial labor force together with an
excgenously determined agricultural labor force v(214) and other
primary Llabor v(229) (primary manufacturing, recreation, etc.)
work through multipliers to cetermine the needed opublic v(225)
and private v(223) service labor., The availabtle service labor
v{(226,224) is a time delayed function of the indicated service
labor categories. Public and private service indices v{(228,230)
are indications of how well the need for service labor 1is being
met,

Total pooulation v(227) is determined by applying specific

family multipliers to the wvarious Llabor forces plus the
exocenously determined indian population v{(215). Indians in the
industrial labor force are accounted for separately

vi(208,210,216). This allows scme flexibility to accomodate
possibtle large and abrupt increases in indian employment through
specific 1indian employment clauses in future leases for coal on
the reservations.

A Etoom ingex ( A. Ford,1976 ) dis calculated v(2237) as a
function of service shortages. Boom conditions cause a decrease
in construction worker productivity v{(235) and an increase
in service delay times v(23¢€), thus acaravating the boom

conditions.

Note that there is no way of analyzing local '"boom and bust”
cycles related to local cevelooment., It is quite possible that
specific towns within the region will experience a relatively
larce irflux of constructicn labor and related service personnel
ands, after the construction phase is completed, the construction
labor will move to a new site still within the region but far
enouctk away from the first site so that town experiences a "bust"”
in population, Such an effect could not be recorded in this
aggregated model of the region.

Demographic variables are agaregated over the entire region.
switches (default value = 0)

set switch(21)=1 to exclude indian reservations oooutation
set switch(22)=1 to stabilize agricultural labor at 1975 level

khkkkdhkkdekxkdakd gtart program statements #rkdkhkddbrkbdddkrbdhbhkkat
subroutine wcrdem(demgo)
integer demgo
commen/system/v(1000),c(1000),tc (1000,
common time
commen/dt/dt

switch array
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common/switch/switebh (10D)
integer switch

if (demgo.eg.0) return

if (demco.gt.N) gote 10

if (demgo.lt.C) demgo=demgo+1
continue .

operations labor (number of workers)

electrical onerations labor
v(240)=c(201)*v (54)

synfuel operations labor
v(241)=c(2C02)*v(20)

export operations lakor
v{(242)=c(2C2)*v(80)

mine operations labor
v(243)=c(2CL4)*xv(E802)

industrial operations labor
v(201)=v(240)+v(241)+v(242)+v(243)

construction labor (number of workers)

electrical generation construction labor
v(202)=c(205)xv(4B8)/(tec(b1)*D,4£250%c (54))
synthetic fuel construction labor
v(202)=c(206)*v(13)/(tc(26)+0D.625D%xc(20))
export constructicn labor
v(204)=c (207)*v (8A)/tc(G1)
mining construction labcr
v{(205)=c(208)xv (R32)/tc(826)
indicated industrial construction labor
v(206)=v(202)+v(203)+v(204)+v(205)
boom ccnstruction productivity multiplier
v(235)=20,5+4C.5/7(1.0+exp((v(234)-0,21)/0.055))
industrial construction lLabor
if(switch(25).ea.0)dv(206)=yv (2C6)/v(2235)
construction work force
v(211)=v(20G)+v(210)
construction labor/employment ratic
if(v(211).eq.C.0)v(212)=1,0 :
if(v(211).gt.0.0)v(212)=v(206)/v(211)
construction labor deficit
v(213)=v(206)-v(211)

reference agricultural labor .
v(214)=0,63%4292 Cxexp(=0,023%+(time~1970.0))
if(switch(22).ec.1.and.time.ce.1975.0) v(214)=2400.0

reference indian population
v(215)=4125,0%exp(0.0164+(time~-1907C.0))+24674L*xexp (0. .N301*(time=1970
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1.0))
iflswitch(21).ec.1) v(215)=C.0
indian industrial work force fraction
v(21¢€)=0.0
Tf(v(215).gt.0.0) v(216)=c(225)/ (1. 0+exp((((v(208)+v(210))/v(215))
1-0.13)/0.025))
nonindian construction labor transfer rate
1if(v(213).ge.0.0)v(217)=(1,0-v(216))*v(213)/¢tc(217)
if(v(213).1t.0.00v(217)=(1.0-v(216))*v(213)/tc(218)
indian construction labecr transfer rate
1f(v(213).0e.0.0)v(21R)=v(216)+«v(213)/tc(219)
if(v(213).1Lt.0.0)v(218)=v(216)*v(213)/tc(220)
operations work force
v(219)=v(2C7)+v(208)
operations labor deficit
v(220)=v(201)=-v(219)
nonindian operation labor transfer rate
- 1f(v(220).ge.C.0)v(221)=(1,0=-v(21€))*v(220)/tc(221)
TF(v(220) Lt . 0. w(221)=(1,.0=v(216))%v(220)/tc(229)
indian operaticn labor transfer rate
Fif(v(220).0e.0.0)v(222)=v(216)*v(220)/tc(222)
1f(v(220) . Lt.0.0)v(222)=v(216)*v(220)/tc(237)
other primary labor
v(22%)=¢(230)
indicated private service labor
v(223)=c(209)*xv(214)+c (21D *xy(208)+c(211) *+v(207)+c(212)+v(209)+c (2
1122y (2101 +¢c (227)%v (229)
boor service development multiplier
v(236)=0.,5+0.5/(1.0+exp((v(234)-0.165)/0.04))

private service labor
v(237)=tc(224)
if(switch(26).ea.0)v(227)=v(237)/v(234)
v{(2284)=dlinf1('v224"',v(223),v(237))
indicatecd public service Llabor
v(22S5)=c(214)*v(214)+c(215)+v(208)+4c(216)*v(207)+c(217)*xv(209)+c (2
T1R) *yv(210)+c(228)*y(229)

public serVice labor
v(238)=tc(226)
if(switch(26).ec.0)v(238)=v(238)/v(23¢)
v(22€6)=14linf1('v226',v(225),v(238))

total populaticn

v(227)=2¢c(219)xv(214)+c(220) xy(207)+v (215)+¢c(222)xv(226)+c(222)+v (2
124) +¢(224) v (209)+c(229)%v(229)
if (switch(25).eqQ.00v(227)=c(219)+v(214)+c(220)*v(207)+v(215)+c (22
1220w (226)+c (223 *v(224)+(c(224)%(,S5+.5/ (1. +exp((v(234)-,33)/.0R)))
2xv(209))+c (229)*v(229)
public service labor index
v(228)=v(226)/v(225)
private service labor index

27



v(23C)=v(224)/v(223)
boom index
v(233)y=((2,.5/v(228))+(0.5/v(230)))-1.0C
average boom index
v(234)=dlinf1('v234%,v(232),tc(234))
urban population
v(231)=c(231)x(v(227)=v(215)+y(214)%¢c(219))
fractional construction laber shortage
v(232)=0.0
if(v(206).ne.0.0) v(232)=(v(206)~v(211))/v(208)

Level equations

nonindian cperations labor
v{(207)=v(207)+dt*v(221)
indian operations labor
v(208)=v(208)+dtxv(222)
nonindian construction labor
v(209)=v(209)+dt«v(217)
indian construction labor
v(210)=v(210)+dt*v(218)
return
end
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kktwehkkkktrwnwrse | and Sector ((P=26=77) sukrkhkrrthkhhdkh khk bk khkk

The land sector keeps track of land wused 1in agricultural/open-
space, urban/industrial, and mine/reclamation <catagories, The
agricultural/open~-space catagories are range and forest Lland
v(361), dry crop LlLand v(362), and Jrrigated land v(362),
Provision is made for exogenous transitions between these
catagories v(322,332), Land 1is <converted from agricultural to
urban/industrial v(360) in responce to indicated requirements
v(302,303) <calculated from 1industrial development and wurbtan
population. Conversion from agriculture/open-space to stripmined
land v (364) is governed by the land stripoing rate v{(3C]), Mined
land, after a mining anc reclamation detay ( tc315,t¢c¢317,tc219 )
is converted to interir reclaimed (or non-reclaimed) catagories.
Land undergoing reclamation is in one of three categories, v(316)
(to range land), v(218) (to dry <crop Lland), or v(320) (to
irricated land), From the interim catagories, land either returns
to the aagricultural/oper-space catagories or deteriorates to
inducecd tadlands v(373),

units are 10e2X acres.

kkdk kA rrhrbrnr gtapt program statements *vkhkrdrkk bk bk Rk kkhdhdkh
subtroutine wcrlnd(lndgo)
intecer lncgc
conmon/system/v(1000),c(1000),tc(1000),¢t1
common time
common/dt/ct
if (Lnd4co.eq.C) return
if (Lndgo.gt.0) agoto 10
if (ILndqo.lt.C) Indcec=lindqo+1
continue

lan< stripping rate
v{(30C)=v(802)*xv(853)*c(3ND)

indicated industrial land
vi(302)=(v(S54)+v(62))*xc (301X +{(v(20)+v(28))*xc(302)+(v(824)+y (8
110))*¢c (3N3)

indicated urban land
v(3D33)= ¢c(304)*v(231)

net urban land deficit
v(304)=v(302)+v(303)~v(360)

fracticnal urban lan< surplus
v{(332)=amax1(=-v(2D4),0.0)/v(340)

range land urbanization rate
v(305)=amax1(v(304),0,0)+c(375)/¢t1

4ry croo land urbanization rate
v(306)=amax1(v(304),0.0)*c(306>/¢t1

irrigated land urbanization rate
v(307)=arax1(v(204),0.0)*c(207)/¢t1

range land/iry crop land conversion rate
v(332)=2.0

dry crop land/irrigated land conversion rate

30
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v(333)=0.9
range land strippinag rate
v(30E8)=v(30D)+c(208)
dry crop land stripoing rate
v(309)=v(300)*«c(309)
irricated land stripping rate
v(310)=v(30C)*c(310)
non-reclamation initiation rate
vI(311)=v(364)%xc(311)/tec(311)
reclamation to range land initiation rate
v(312)sv(364)*xc(312)/tc(311)
reclamation to dry crop land initiation rate
v(3123)=v(364)+c(313)/tc(211)
reclamation to irrigated land initiation rate
v(31L)=v(364)*¢c (2140 /tc(311)
range land reclamation completion rate
v(2315)=delay3('v312',v(312),tc(315),v(216))
dry crop land reclamation completion rate
v(317)=delay3('v213',v(213),tc(317),v(218))
irrigated land reclamation completion rate
v{31%)=delay3('v314',v(2314),tc(319),v(320))
long term unreclaimed rate
v(324)=v(365)%«(1.0-c(328))/tc(32%)
unreclaimed to badlands rate
v(328)=v(365)%xc(228)/tc(328)
Long term range land rate
v{325)=v(366)*(1.,0-¢c(232%))/tc (229
rance tand to badlands rate
v(329)=v(366)*c(329)/tc(229)
Ltonag term dry crop land rate
v(326)=sv(367)%x (1. 2-¢c(330))/tc(330)
dry crop land to badlands rate
vI(330)=v(R67)*xc (330X /tc(230)
long term irrigated land rate
v(327)=v(268)*(1,0-¢c(331))/tc(321)
irricated lands to badlands rate
v(331)=v(368)*c(321)/tc(321)
total land
v(389)=v(360)+v(281)+v(262)+v(3A2)+v(364)+v(316)+v(218)+v(320)+v (3
1465)+v(268)+v(367)+v(362)+yv(369)+v(373)

level equations

‘urbanized lan-

v(260)=v(360)+dt*(v(305)+v(326)+v(307))
rance land
v(361)=v(361)-dt*x(v(305)+v(3NE)+v(332)-v(3225))
dry crop lant
v(262)=v(362)=-dt*x(v(308)+v(309)+v(333)=-v(232)-v(326))
irrigated land
v{363)=v(263)-dt+(v(307)+v(310)-v(333)-v(327))
striomined land -
v(384)=v(364)+3t+x(v(308)+v (30 +v(2310)=-v(311)-v(312)=-v(313)=-v(314)

21



1)
interim unreclaimed lang
v(365)=v(365)+dt*(v(211)-v(324)-v(228))
interim reclaimed range land
v(266)=v(366)+Ct*(v(315)-v(325)-v(329))
interim reclaimecd dry crop land
v(367)=v(T67)+4t*(v(317)=-v(326)=-v(330))
interim reclaimed irrigated land .
v(268)=v(368)+dt*(v(319)~v(327)-v(331))
Lonc term unreclaimed land
v{2609)=v(369)+4t+v(224)

" induced badlands

v(373)= v(?73)+dt*(v(328)+v(329)+v(330)+v(331))
cumulative stripped land
v(37L)=v(374)+4t+v(200)
total minino disturted land
v(375)=v(399)-v(341)-v(262)-v(262)~- v(360)
land undergoing reclamation
v(376)=v(316)+v(318)+v(327)
return
encd
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kkktdhkhkk etk Water Sector (DR-2¢~-77)ttkrhkhkrdxtrth bbbk rhdrbhhdhesn

The water sector is based upor a functional relationship between
expected water yield at some percent deficiency (eg. a yield that

is arbitrerily expected to be met in all but 2% of the vyears)
and the active storage (reservoir) capacity v(111,116). Both
yield and storage capacity are normalized to mean annual flow
v(1C8&,114). Net yield v(112,117) is calculated by

subtracting reservior evaporation v(110,115) from gross yield.
The vyield thus peaks at some finite value of the storaae index
(storage cacacity/ mean annual flow). The yielHd function
depends wupon the hydrolooic statistics of the stream flow (Riggs
and Henderson, 1973).

Since in-stream flow reservation schedules have been proposed for
fish and wildlife protection (ranging from about SC%Z to 857 of
the mean annual flow)e an "effective flow”™ v(109) is calculated
as the remaining flow after reservation, and is used as a
parameter 1in vyield-storage function. Provision is made for
"political feedback”™ to weaken fish anA wildlife flow
requirements in the event of severe shortage v(134,157,135,126),
The fish and game index v(137) measures the deoree to which the
instrear flow reservation 1is met. A subjective "free flowing
river index" v(107) is also calculated as a function of the
cumulative storace index v(106).

The water sector represents the entire drainage basin. The
industrial water recuirements are taken to he v(17D) times the
irdustrial reaquiremenrts in the region,

Water requirements and projections are calculated from the
irdustrial sector. The projected water deficit v(146) is divided
by the marciral yield v(118%) to calculate the projected stcraae
deficit v(119), The Adecision to build ad+diticonal storaqe
capacity depencds upor a "henefit/cost”™ analysis v(1€632,122),
"Cost" v(121) depends wupon the annualized <cost of storaaqge
capacity and the rarginal yield (incremental acre-feet/year yield
per acre-foot storage). “Benefit" v (1671) is calculated as a
(lLinear) function o©f the ©projected fractional ceficit v(142),
Available water is allocated by a "water allocation function”
v(129),

The agoregated cdrainage basin mocdel tends to overestimate yield
and wuncderestimate resource development because it assumes that
water available at any point within the basin 1is available at
every points ancd that reservoirs are of optimal efficiency. That
is, storace 1is generally assumed to be on the lower, main stem,
portion of the Basin's river system, For these reasons it can be
assumed that water resource impacts woulcd exceed those simulated.

units are thousand acre~feet (1.0e3af)

krk kb A RAR R A AR LS Start program statements *rkdkthkhhdrhk kh hbddkok
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.subroutine wecrwtr{(wtrgo)
intecer wtrgo
commen/system/v(1002),c(1000),tc(1000),t1
common time
common/dt/dt

switch array (0 is off, 1 is on)
common/switch/switch(100)
integer switch
real ifrf,myf,fof

(see note for analogous indgo in industry sector description)
if (wtrgo.eq.0) return
if (wtrgo.gt.0) go to 10
if (wtrgo.lt.0) wtrgo=wtrgo+1
continue

indicated irrigation water to agriculture in basin
(increase in consumptive use since 1970)
v(126)=¢c(126) +(time-1970,)+*¢c(125)/30.

miscellaneous water reguirements {in basin)
v(127)=¢c(123) +(time=-1G670,)*c(124)/30,
indicatec industrial water requirements (in region)

v{128)=v(20)*c(132)+v(59)*xc(131)+v(802)*c(123)+v(8D)*x¢c (134)xv(89)
developing industrial water requirements
v(129)=v(128)+v(28)%c(132)+v(6E)*xc(131)+y (810X *c (133)+v(79)+
1¢(134)+#y (R9)
diversion point index
(fraction of industrial water from surface sources within btasin)
v(13C)=c(120)
basin/regcion water to industry multiplier
v(170)=(c(8)+c (7)) /c (&)
effective indicated industrial water requirements (in basin)
v(131)=v(1230)*v(128)*v(170)
effective cdeveloping industrial water requirements
v(132)=v(130)xv(12G8)*xv(170)
indicated water requirerents {(in basin)
v(132)=y(131)+v(127)+v (12¢)
cumulative storage index

(storage/mean annual flow years)
v{106)=(v(10S)+v(165))/c(106)
free flowing river index {fFermi function of storage index)

v(107)=1.01/1.04+exp ((v(196)=-0.5)/0.1))

instream flow reservation index

(political accommodation to shortage’

fermi function of fractional deficit)
v(135)=ifrf(v(150))

mean instream flow reservation
v{126)=c(136)xyv(135)

mean effective stream flow

(initial instream flow - instream flow reservation)
v{108)=dlinf1('esf',c(108)-v(126),tc(109))

effective storage index
v(108)=v(105)/v(109)

evaporation
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v(11C)=v(10S)*c(110)
gross yield )
v{111)=v(10G)*gyf(v(108),v(109)/c(106))
net yield .
v(112)=v(111)+v(172)=-v(110)
yield defecit
v(113)=v(133)=-v(112)
fractional yield deficit
v(134)=amax1 (0, 0,v(113)/v(133))
perceivecd fractional yield deficit <(perception delay)
v{15C0)=dlinf1(*v134,v(134),tc(120))
yield surplus (returned to instream flow)
v{151)=-amin1(v(113),0.0)
mean instream flow
v(152)=v(13€X+v(151)
fish & game index (fraction of reservation)
v(137)=fqf(v{152)) :
water allocation function
call wafiv(112),v(131),v(127),v(126),v(140D),v(147),v(142))
v(14C) water to industry
v(141) wester to miscellaneous
v(142) water to acriculture
fractional water to industry
v(1642)=1.0
ifF(v(1231).gte.D) v{143)=1,.0=-v(13D)*« (v (131)=y(14N)) /v (131)
fractional water to miscellaneous
v(144)=1_0
Fiflv(127).ct.C.0) v(144)=v(141)/v(127)
fractional water to agriculture
v({145)=1,0
Ff(v(126).ct.N.0) v(145)=v(142)/v(126)
developing effective storage index
(includes storage under construction, v(103))
v(114)=(v(105)+v(102)) /v (109)
develoning evaporatian
v(118)s(v(105)+v(103))*c (110D
developing gross yield ’
v(118)=v{10G)*xgyf(v(114),v(109)/c(106))
developing net yield
v(117)=v(118)+v(172)=-v(115)
marginal yield (acre-feet yield per year per acre-foot stoaae
decreasing function of storage index)
v(118)=myf(v(114),v{10G6)/c(106)¥)=-c(110)
v(118)=amax1(v(118),0.0)
weighted planning water deficit
V(166)2c(166)xy(132)+4c{1467) %y (127)4c(148)*v(126)-v(117)
fracticnal planning water deficit
v{160)=sv(146Y/ (v(146)+v(117))
indicated storage caopacity deficit
(water deficit/marginal yield)
Fif(v(118),0t.0.0) v(119)=v(146)/v(118)
perceived storage capacity deficit (perception delay)
v(120)=dlinf1('v119',v(119),tc(122))
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¢ marginal cost

¢ (annualized cost of storage/marginal yield)
v(121)=10200.0
if (v(118).ct.0.0) v(121)=c(121)/v(118)

¢ marginal value

¢ (lirear function of fractional deficit)

¢ 'demand curve' for industrial water
v(161)=c(161)+v(16Q)*(c(162)~c(161))

¢ benefit/cost ratio
v(163)=amax1(v(161)/v(121),0.0)

¢ reservior utility multiplier

¢ (1-Fermi function of 'b/c' ratio)
v(122)=1.0
if(v(163).1t.8.0) v(122)=1,0-1.0/7(1.0+exp((v(143)=-¢c(127))/c(128)})
if (v(118),le.0.0) v(122)=0.0

¢ water storace capacity growth

(construction initiation rate)

v(101)=amax1(0.0,v(120)*v(122))/tc(101)

¢ completed storage capacity

¢ (consrtuction completion rate)
v(102)=1elay3('vi01',v(1C1) ,tc(102),v(103))

¢ storage capacity depreciation rate

(sediment filling rate)

v(104)=v(105)/tc(104)

o

level equations

o0 o006

storace capacity
v{105)=v(10S)+dt*x (v (102)~-v(104))

¢ sediment-filled storage '

v(165)=v(165)+4t*y(104Y

c

100 continue
return
end
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kkd ks kexrdrrkrrreal fyunction 1frfexrrdind b dbnnr

instream flow reservaticn index (ifrf) represents a poolitical
accormodation to water shortage by relaxing the instreanm flow
reservation,

ifrf 1is a3 Fermi function of fractional water deficit (f),.

real function ifrf(f)

if(f.gt.1.0) pause'ifrf’
ifrf=0.140.9/¢1.0+exp((f=-0.6)%2,.0))
return

end

kkkkkkikkht gross yield function (0S=11=-768) *ikkrrrers*
The cross yield function (gyf) is the fraction of mean effective

stream flow that coul< be expected to be available in Q2% of the
years. It is crudely estimated for the Yellowstone River Basin.

Effective stream flow is initial instream flow less instream flow

reservation,

x is the effective storage index (effactive storage/mean effective

stream flow).
m is mean effective stream flow/initial instream flow.

real function gyf(x,m)

real x,m

as=_2%0+1,41+m+0.,20*m+m
E=0.001+0.215*m=-0.,237*mam+0 283 4mamem
c=0.266+N,872+m=0,476+xmsm+Q ,3SA+mam=p
if(m.lt.0.0) pause’cyf m<0?
if(m,ot.1.0) pause’gyf m>1"
gyf=(b+(c-a+a*b)*x=-1,0)*exp(=a*x)+1.,0
return

end

kdxkxkkxkkbrrrkrreal function fgf*************

Fish and game function (fgf) is a 'measure' of the mean instream
reservation (x) against an instream flcw schedule.

real function fgf(x)
xx=x/1000.0
faf=,011+.123%xx+,0054F % xx*xx
if(x.qt.6187.0) fgf=1.0
if(x.lt.,0.0) pause'fgf'
return

end

38
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khkxkhkkr ekt atrrxtyater allocation function (L4=13=74) kdtkxhdhsk

Allocates water net yield (ny), based upon indicated requirements
for incustry (dw), misc. (mrw), an+d agriculture (aw), Allocations
are wis, wms 3and wa. .
waf can te modified to reflect water rights.

subroutine waf(ny,iwsmuwsawowioswmowa)l
real ny,iwsomwsawrswirwmowa
fzny/(iw+tmuwt+aw)

if(f.gt.1.0) f=1.0 .
wiziwxf

wm=mwx f

wazawxf

return

enc

Arkrrkrkkkurrrrrrxmarginal yield function (0S-06=-70) k+kkkkhddunrnhns

The marginal yield function is the derivative of the gross yield
function (gyf) with respect to the effective storage index (x),.
See arcss yield function.

real function myf(x,m)

real x.,m

3a=,250+1.41%*m+2 . 2C+m*m
b=0.001+7,215+m=0,2237+m*m+C .28 3«mems*m
c=0.266+0,878+m=0,476+m*m+0,.354*mermem
if(m.lt.0.0) pause'myf m<O'

if(m.gt.1.0) cause’ryf m>1"
myf=(-ax((c~-at+ta*xb)+x=-1.0)+(c~-a+a*b))+exn(~a*x)
returnr

end
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ke k bk bk kkrkerd Political Sector (7=22=77) *kkkkhkthhkbhtrdtd st

This sector calculates a "political climate for industrialization
incdex," v(41¢4), which is a time average of a weighted sum of
several other incdicies. These are: (1) acricultural ovolitical
index, v(402), based on an exogerously supplied estimate; (?)
coal revenue political index, v(404), based on a ratio between a
severance tax and all other revenue to the political wunit? (3)
industrial capital political indexs, v(406), based on the amount
of industrial capital 1invested 1in the region; (4) perceived
political <climate for Jndustrialization, v(407), based on some

perception delay of political climate:’ (5) environmental
political index, v (40%), based on a perception of environmental
quality- (6) future shock political incdex, v(410), which

attempts to model resistance to rapid change’? and (7) federal
political index, v(412), which models pressure from the national
level for development when there 1is 3 ga2p between actual and
expected (scenario) capacities.

The hypothetical indicies are calculated in various wayss, but all
have the property of having values between -1 (complete
opposition to development) to +1 (thorough support for develoo-
ment). Values of 0 are neutral.

switch Hdefault value =0, set to 1 for feedback

switch number function
L0 colitical climate index feecback

khkkekrkk kFr ek ktd Start program statements %k kdkhkkdkkhdkbdkbthkdhd ks

sutrcutine wcrool(polgogosncdo)

integer polgosncdp
cormon/system/v(1000),c(1300),tc(1000),t1
common time
common/dt/dt

c

¢ switch Link statements

c
common/switch/switch(100)
integer switch

c

¢ (see note for anmalogous indgo in industrial sector “escription)

c
if(polgo.2Gg.0) return
if(oolgo.gqt.0) go to 10

. if(polgo.lt.0) polgo=polgo+!

10 continue

c

¢ relative aagricultural revenue

c

v(401)=¢c(401)
agricultural oolitical index (relative agricultural revenue)

41



v(432)=2.0/(1.Crexp((v4CN)=-1.00/0,.2))=-1,0
relative .coal revenue
v(40T)=v(B802)*xc(432)/c (403D
coal revenue political index (relative coal revenue)
v{404)=1,0-1.0/(1.C+exp((v(403)-0.1)/0.04))
relative industrial capital
v{40S)I=((v(59)+v(€8))*c(4D4)+(v(20)+Vv(2R)
1T )*c(40S)+(Vv(BN)+V(REI I+ (LNEY+(v(RI2I+Vv(R2S5))*c(L07))/c(4DB)
industrial capital political index (relative industrial capital)
v(406)=1,.0-1.0/((1.0+exp((v(LNS)=-5,0)/1.5))
perceived political climate index (perceived political climate)
v(407)=2.0*sin(1.5708%(v(415)+1,0)/2.0)-1.0
political environmental quality index
v(425)=((v(S69)*+2+(abs(v(572))/C.075)**2+y(SEL)+*2+
1 (v(S568)/0.1)«*2) /4 ) *xx S
environmental political index (peqgi)
v{(408)=0 ,7+exp(=(v(425)=-1,0)**2)=-1_0
perceived relative lifestyle change
v(L09®)=((energy(l,ncdprtime+tc(409))+energy(2,nccdostime+tc (400))
1 =v(27)=-v(S53))*c(L16)+(totcol(ncdprtime+tec(40O))=-v(R2S5))*c(4617))/
1 (c(b616)*(v(27)+v(52))+c(4L17)*v(R25))
future shock political index (relative lifestyle change)
v{410)=1.0/7(1.0+exp(v(409)-3.5)/0.1)Y-1.0
relative enerqy production gao
v(611)=(v(827)-v(802))/v(827)
federal political index (gap)
v(4612)=1,0-1.0/(1.C+exp((v(411)-0.25)/0.1))
weigchted indicated political climate for industrializatiom index
v(412)={(v(LlD2)*c(40G)+v(40L)Y+c(L10)+v(4NAYxc (L1 1)+v (L07)*c(412)4+
1 V(LOB)#c(613)+yv(LT10)*c(414)+v(L12)%c(415))/Ce(40M+c(410)+
T e (L11)+¢c(L12)+c(L13)+c(4L14)+c(L15))
political climate for industrialization
v(414)Y=dlinfl1('"vi&12',v(413),tc(L14))
political climate output to other sectors
v(L20)=v(414)
if(switch(40).ea.0) v(420)=c(420)
perceived political climate
v{415)=4linf1 (' va 14 ,v(414),tc(L15))
return
end
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*xxwkukkrx* Fnyironmental Indicators Sector (1N=0S=77) #**dkrdknssk

The environmental sector of the model estimates relevant effluent
residuats as linear functions of the various industrial
construction and cperation activities and as functions of total
population and lLand use.

Provision has been made to model a partial control of waterhorne
effluents and their delayed, partial release to the environment,
In this way the model simulates short-term control of waterborne
effluents and also a gradual leaching of these pollutants into
the hydrologic system. Several of the air pollutants have been
taken as specified by the New Source Performance Standards (NSPS)
but oprovision has also been madje to model additional control to
hold the effluents below the NSPS., The decree of wurkan sewage
treatment (none, primary, secondary) 1is <considered to be a
function of the public service index calculated in the
Jemoagraphic sector. -

For ease of presentation, the effluent residuals are normalized
to nominal values, whick, it should be noted, are not meant to be
viewed as acceptable or unacceptable values. These normalized
values are also not eguivalent to relative ambient concentrations
and are no substitute for analyses of site specific ambient
concentrations. Moreover, these normalized and averaged wvalues
underestimate impacts primarily because they do not recognize the
nonlinearities, synergistic effects, or the critical near-source
"hot spots.”

This sector also calculates an average opooulation orowth rate
which may be considered as a measure of Llocal social and
political disruption., Gilmore and Duff (1976) suggest that a 5
percent annual growth rate is about as much as a small community
can manage without experiencing the ill effects of 5o0om-town
growth, The model also calculates an wurban/industrial land
impact parameter cropcrtional to the ltand area in urban,
industrials, and mining use. This parameter indicates roughly the
degree of change in traditional land use,

In addition to the population gqrowth impact and the land impact
parareters, two other indices are calculated for wuse 1in the
political sector for the calculation of a political environmental
quality index. One is a coal comversion air impact area index.,
which is a measure of the portion of the area affected by stack
emissions, and the other is a reciprocal instream flow index.
The latter is a measure of how well the desired instream flows
are being met and perhaps a measure of stream assimilative
capacity.

It would pe wvery desirable to derive ambient resiiual
concentrations from the residuals emission data and calculate
direct impacts that could then be incorporated into opolitical
environmental quality index, However, until this is possible.
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the resicduals are simply left in the form of separate normalized
values,
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O 0006

subroutine wcrenv(envgo)
intecer envgo
common/system/v(100C0),c(1000),tec¢(1000),t1
common time
common/dt/dt
¢ (see note concerning analogous indgo in industry sector description)
if(envgo.eq.0) return
if(envgo.at.0) go to 10
if(envgo.lt.0) envgo=envgo+1

10 continue

¢ fraction of new source performance standards (nsps) emitted
= v(5C1)=¢c(501)

¢ fraction controllable water-borne residuals oromptly emitted
v(502)=¢(502)

¢ fraction controlled water-borne residuals ultimately emitted
v(S03)=c(503)

¢ sewage treatment coefficient :
v(S04)=0.3+0.7/C1.0+exp((v(228)=-20,8)/0,1))

[a]
'
J
)
]
1
]
[}
!
]
]
]
]
[}
]
[}
[}
1
'
[}
]
[}
[
]
L}
)
1
]
J
]
]
'
[}
]
t
[}
]
'
]
]
[}
'
1
[}
]
1
]
]

resicduals (water) tons/yr

o0 00

sediment runoff from construction
v(505)=v(28)+xc(SOS)Y+v(A8)*c (S0&)+v(BE)*+c(S5D7)+v(832)xc(S5N2)

¢ sediment runoff fror operations
v(S0€)=v(802)+c(50G)+(v(20) *c(S1D)+v(SC)+c (511))*v(502)

¢ delayed sediment runoff from operations
v(507)=delay3('dsro’,(v(2D0)2c(S1C)+v(59)*c(511))+«(1.0-v(502))*v (50
123),tc(507),v(S08))

¢ sediment from mined/reclaimed lands
v(S09)=(v(316)+v(218)+v(320))*xc(512)+(v(2HSI+v(369))2xc(513)+(v (366
1Y+v (267)+4v(36E8))*c(514)+v(273)+c(515)

¢ total sediment runoff

v{(510)=c(570)+v(SOS)I+v(508)+v(507)+v(509)

dissolved solids
¢ current operations effluent
v(511)=v(B802)*¢c(S571)+v(S59)*x(c(572)+c(573)+v(502))+v(20)«c(S74)*xv(S
102) :
¢ delayed operations effluent
v(512)=delay3('doe',(v(56)*c(573)+v(20)2c(574))* (1 ,0~-v(502))*v (503
1),tc(512),v(513))
¢ sewace effluent
v(514)=v(SO4)*v(227)%xc(575)
¢ mined tands leaching
v(515)=yv(374)+c(516)
¢ total dissolved solids effluent
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v(S17)=c(S17)+v(511)+v(512)+v(514)+v(515)
biochemical oxygenrn cdemand (bod)

v(518)=c(S518)+v(20)*v(SC2)*c(519)+v(227)xv(504)*c(520)
organics

v(S21)=¢c(521)+(v(20)%xc(522)+v(S9)*xc(S22))*v(502)+delay3('org',(v(?

10)Y*¢c(522)+v(S9)*xc(523))*(1,0-v(502))*v(503),tc(521),v(522))
heavy metals

v(525)=c(525)

residuals (air) tons/yr

s02
v(53C)=c(S520)+(v(20)*c(531)+v(S9)*c(522))*v(S01)
nox
v(533)=¢c(S533)+y(20)*¢c (S34)+v(59)+*¢c(535)+¢c(542)%v(227)
hydrocarbons
v(536)=¢c(S34)+(v(20)%x¢c(S37)+v(S59))*c(538)+c(543)*v(227)
particulates
v(539)=¢c(S39)+(v(20)*c(S540)+v(S9)*c(541))*y(50D1)

relative residuals normalized to nominal (1975) values

sediment
v(545)=v(510)/¢(545)
fractional sediment
v(554)=yv(545)=-1.0
dissolved solids
v(54€)=v(517)/c(54L6)
bod
v(547)=v(518)/c(547)
fractional dissolved solids
v(555)=v(S44)-1.C
organics
v{548)=v(521)/c(548)
heavy metals
v(54G)=v(525)/¢c(5469)
so?2 )
v(SS5C)=v(52C)/c(550)
nox )
v(S51)=yv(533)/c(SS1)
hydrccartons
v(552)=v(536)/c(552)
particulates
v(553)=2v(536)/¢c(553)

- - e A W W e e h TR W W T W e T W T T TE W SR e W Ees T W W W W W

relative or fractional indices

relative instream flow
v(S56C)Y=sv(152)/c(106)
reciprocal instream flow index
if(v(137).ne.0.0) v(569)=1,0/v(137)-1.0
fractional sediment/water index
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v({S61)=1.0
if(v(S6C)ene,0.0) v(561)=(v(545)-1,0)/v(560)

coal conversion air impact area index
vI{S64)=((v(S9)*c(SE4)+v(20) *c(565))*y(SP1)**2)/(v(399)/0,64)

urban-industrial impacted lands thousand acres
v(SE8)=(v(360)Y+v(36L4)+v(365)+v(ZA)+v(3723)+v(316)+v(318)I+v(320))*c
1(565%)
relative impacted land index, normalized to nominal (1975) value
v(567)=v(566)/c(567)
fractional impacted lands
v(568)=v(566)/v(299)

population rate of change calculation
if(v(570).eq.0.0) v(570)=v(227)

instantaneous fractional growth rate people per year
viS71)=2(v(227)-v(570))/(v(227)%4t) .
average fractional poo. growth rate people per year

v(S72)=smooth('vS71',v(S571),tc(572))
'‘previous population’
v(S570)=v(227)

return
eng
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ENVIRONMENTAL !MPACT INDEX SUBSECTOR

_mean fish & game
instream reservaton
flow index
urban-ind\ URBAN IND. LAND 1%2 137
AIR IMPACT AREA MEAN RVER
MULTIPLIER FLOW AT i

| MOUTH

_relative
instream
flow
560

interim
unreciaimed
iand

long term
unreciaimed
land

369

slec. gen. ! 1otal
."'or;“i land total
prants \ 399 populatian

59

STD._ ELEC. GEN. . 7
AIR IMPACT N i
AREA \ '
T\.',sa/-»——-\‘\ AN
syn. fue! T~< coal

std. piants conversion
air impact
arec index
_ 564
STD. SYN.FUEL - ’
AIR IMPACT - 4
AREA . <

AVERAGE
FRACTIONAL |TC
POPULATION
GROWTH

RATE 572

I 400RW

Coal Conversion Air Population Change
Impact Area Index Index
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Some of these constanrts are based upon little or no data.
all time constants (tc) in years,

subroutine wcrco
commen/system/v(1000),c (1000, tc(1000) ,t1

rate at which plant ordering decisions are made vyears
t1=1.0

abbreviations list

1.0et million

syn. synthetic

tpy tons per year .

msc fpd million standard cubic feet per day
btu british thermal unit

lb pound

elec. electrical

gen. generation

mwe megawatt electric

1.0e2 thousand

af acre-feet

std. standard

misc. miscellaneous

ac acres

sed. sedinent

ds dissolved solids

eis environmental impact statemert
bod biochemical oxycen demand

org. organics

so? sulpher dioxide

nox nitrous oxides

part. particulates

nsps new source perfermance standards
agri. agriculture

- W e S D T @ W N R B D e e W A e e N D e W N T e N A W W W W G e e W U A A e W S W e e e e W e

industrial constants (energy in millionrn tons coal)

syn. fuel exogenous scenario modification value

c(2)=1.0
syn. fuel nominal capacity utilization
c(2)=0.7
synthetic fuel maximum ordering rate million tpy/year

c(5)=35.C

syn. fuel standard plant coal use

million tpy/250 mscfpd std. plant at 9000 btu/lb
c(20)=8.0

syn., fuel planning horizon time years
tc(3)=2.0
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syn. fuel plant average lifetime years
tc(15)=2¢5.0

syn. fuel maximum regulatory delay years
tc(21)=6.9

syn. fuel minimum facility planning time years
tc(22)=1.0

syn. fuel nominal construction time years

tc(26)=3,0

elec. gen. exogenous scenario modification value
c(36)=1.0

elec. gen. nominal capacity utalization (new polants)
c(38)=C.8

electrical generation maximum ordering rate million
c(40)=4.2

elec. gen, standard plant coal use

mitlion tpyl1OOD mwe std plant at 90NQC btu/lb

c(54)=4

elec. gen. olann1ng horxzon time years
tc(38)=8_.0

elec. gen. maximum requlatory delay time years
tc(S55)=6,0

elec gen. minimum facility planning time years
tc(5¢)=1.0

elec. gen. nominal construction time years

te(51)=3,0

coal export excgenous scenario modwfwcatwon value
c(72)>=1.0

coal export maximum ordering rate million tpy/year
c(753)=30.0

fraction exported by slurry pipeline
c(89)=0.0

coal export facilities averagce life time years
tc(81)=40,0

ccal export planning hor1zon time years
tc(73)=7.0

coal export maximum regulatory delay years
tc(8¢)=6.0

coal export minimum faC1l1ty Dtann1nq time vears
tc(87)=1,0

coal export nominal construction time years

tc(91)=2.0

original coal resources million tons
c(851)=60000.6

average mine utilization time constant years
tc(804)=3,0

coal mine average lifetime years
tc(811)=40.0

coal mine maximum requlatory delay years
tc(818)=4.0

coal mine minimum facility planning time years

54
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tc(8193=1.0

coal mine nominal construction time years
tc(82%)=1,0

coal production shortage averaging time years
tec(821)=5,0

coal extraction rate averaging time years
tc(845)=5.0

static researve index averaging time years

tc(848)=5,0

eis region fraction of coal development profile
c(6)=0.39

river btasin fraction of cdp
c(?7)=0.44

water sector constants (water in 1.0e3 acre-feet)

storage construction initiation
tc(101)=1.0
storage construction
tc(102)=5.0
sediment filling
tc(104)=100.0
effective stream flow averaging time
tc(109)=3,0
yield deficit perception
tc(120)=5.,0
approx, rmean river flow at mouth (at 1970 diversion level)
c(106)=8800.0
evaporation/storage ratio
c(110Y=0.03
mean annualized storage cost [$/af/yr] at 7.3%5 discount rate
c(121)=1%,5
misc. shortage in 1971
in Yellowstone Basin
c(123)=0.
misc. consumptive use increase (1970-2000) in drainage basin
c(124)=1410,
consumptive use shortage for irrigation (in 1970)
in drainage tasin
c(12¢)=0.
increase in consumptive use (1970-20390) for irrigation
in drainage basin
c(125)=540,
Fermi function "b" for reservior utility multiplier
c(127)=1.5
Fermi function "a"
c(128)=0.1
fraction industrial water diverted within drainage tasin
c(13C)=1.0
water (1.0e3 af/yr)/1000 mwe plant
c(131)=15.0
water (1.0e3 af/yr)/250 mscfpd syn. fuel plant
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c(132)=10.0

water/mining (1.Ce2? af/1.0eé tons coal)
c(133)=0,05

water/export by slurry pipeline (1.0%e3 af/1.0e6 tons coal)
c(134)=2.7

nominal mean annual instream flow reservation
c(13¢)=4000.0

planning weight for industry
c(146)=1.0

planning weicht for misc.
c(147)=1.0

planning weight for agriculture
c(148)=1,0 .

*marginal value' of water at 0% deficit ($/af)
c(161)=5.,0

*marginal value' of water at 100% deficit
c(162)=300.0

R e I R e el e T e e R

demographic sector constants (workers/1.0eé tons coal/year)

operations workers/1000 mwe plant
c(201)Y=100.0

operations workers/250 mscfpd syn. fuel plant
c(202)=600.0

operations workers/1.0e6 tpy coal exported
c(203)=3.8

operations workers/1,0eé tpy minecd
c(204)=25.0

construction worker-years/10°00 mwe plant
c(2025)¥=350¢C.C

construction worker-years/25S0 mscfopd syn. fuel plant
c(206)=540C,.0

construction worker-years/1.,0eé tpy coal export capcacity
c(207)=40.0

construction werker-years/1.0e6 tpy coal mine capacity
c(208)=20.0

privete service/agri. labor
€(209)=0.99

private service indian incdustrial operations labor
¢(210)=0.99

private service/nonindian industrial operations labor
c(211)=0.99

private service/nonindian industrial construction labor
c(212)=0.99

private service/indian industrial construction labor
c(213)=0.99

public service/agri. lator
c(214)=0.38

public service/indian industrial operations labor
c(215)=0.38

public service/nonindian industrial opnerations labor
c(21€)=0.28

public service/nonindian industrial construction labor
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c(217)=2.3¢8

publi¢ service/indian industrial construction labor

c(21&)=0.38

agri. labor family multiplier
c(219)=2.77

nonindian operations labor family multiplier
c(220)=2.0

public service family multiplier
c(222)=2.77

private service family multiplier
c(223)=2.77

nonindian construction labor family multiplier
c(224)=2.3

indians in industry
c(225)=0.1

private service/other primary labor
c{(227)=0.,99%

public service/other primary labor
c(228)>=0,38

other primary labor family multiplier
€(229)=2.0

other primary labor-indiginocus
c(230)=100C0.0

urban fraction of non-indian & non-agri.
c(231)=,66

nonindian construction labor in-migration time
tc(217)=1.0

noniniian construction labor out-migration time
tc(218)=1.0

indian construction labor in-transfer time
tc(219)=1.,0 .

indian construction labor out-transfer time
tc(220)=1.0 '

nonindian operation labor in-migration time
tc(221)=1.0

nonindian operation labor out-migcration time
tc(229)=1.0

indian operation lakbtcr in-transfer time
tc(222)=1.C

indian operation labor cut-transfer time
tc(230)=1.0C

private service labor time constanrt
tc(224)=1.0

public service labor time constant
tc(226)=2,0

bcom index smoothing time
tc(224)=.5
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tand sector constants (land in 1.0e3 acres)
stripced land/coal ratio (1.,2e3 acres/1.0eé tons

c(300)=0.22¢
land (1.0e3 ac)/1000 mwe plant
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c(301)=C.5

land (1.0e3 ac¢)/250 mscfpd syn. fuel olant
c(¥d2)=1.0

land (1.0e3 ac)/1.0e6 tpy mining capacity
c(202)=0,15

urbarn land/urban population (1.0e3 ac/capita)
c(204)=0.0002

rangeland urbanization fraction
¢c(305)=0,91

dry crop land urbanization fraction
c(306)=0.08

irricated land urbanization fraction
c(307)=0.01

rangeland mining fraction
c(308>=0.91

dry creo land mining fraction
c(309)=C.08

irrigatec land mining fraction
c(210)=0.01

non-reclamation fraction
c(211)=0.,20

reclamation to rangeland fraction
c(212)=0.70

reclamation to dry crop land fraction
c(313)=0.05

reclamation to irrigated land fraction
c(214)=C.05

unreclaired to badlands fraction
c(228)=0.75

‘reclaimed rangeland' to badlands fraction
c(229)=0.25

‘reclaimed dry cropo land' to badlands fraction
c(230)=0,1C

'reclaimed irrigated land' to btadlands frazction
c(231)=C.C¢<

time constants

reclamation initiation
tc(311)=1.0

ranceland reclamation
tc(315)=5.0

dry crop land reclamation
tc(317)=5.0

irrigated land reclamation
te(319)=5,0

unreclaimed/badlands
tc(328)=10.0

‘reclaimed rangeland'/badlands
tc(329)=25.0

‘reclaimed dry crop land'/ba+dlands
te(330)=25.0

‘reclaimed irrigated land'/badlands
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tc(321)=30.0
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political sector constants (1,0eé6 dollars/1,026 tons coal)

relative agri. revenue
c(401)=2.0
coal severance tax rate
c(402)=0.3
1970 political unit revenue
c(403)=5n0.C
capital (%$1.0e6)/1000 mwe plant
c(4604)=250.0
capital (3$1.0e6)/252 mscfpd synthetic fuel plant
c(405)=450.0
export capital/output ratio (%$1.0e6/1.0eb6 tpy coal)
c(406)=0,0
mining capitat/output ratio (31.Ceb6/1.0ebé6 toy coal)
c(407)=0.7
capital normalizer
c(408)=1000.0
conversion / lifestyle weight
c(416)=0.8
mining / lifestyle weight
c(4173=0.2
lifestyle perception tinme
tc(429)=15.C
agri. revenue index weight
c(L09)Y=7.0
coal revenue index weight
c(410)=10,0
industrial capital index weight
c(411)=1¢C,C
perceivad industrial climate index weight

c(412)=5.1
environmental index weight
c(413)=5.0
future shock index weight
c(L14)=7,0

enercy gap index weight
c(415)=8,0

political adjustment time
tc(414)=3_0

political perception time
te(415)=2,0

political climate optional constant
c(42C)=0.0

environmental sector constants (tons/year)

elec. gen. std. plant: 1000 mwe at 80% load factor
syn. fuel std, plant: 250 mmcfd at 70% load factor
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fraction of new source performance stds, (nsps) emittec
c(501>=1.0

fracticn contrcllable water-borne residuals promptly emitted
c(502)=0.1 :

fracticn controlled water-borne residuals ultimately emitted

c(S02)=C,5
sediment runoff tons/year
sed. per syn., fuel std. plant under construction
c(505)=0
sed. per elec. gen, std. plant under construction
c(506)>=0
sed. per 1.0eb tpy transportation facility under construction
c(537)=0
sed, per 1.0e4 tpy ccal mines under construction
c(508)=C

sed, per syn, fuel std, plant operation (*controllable?)
c(510)=57.

sed. per elec. gen., std. plant operation ('controllable")
c(511)=428%,

sed. per 1.0eb6 toy coal mire oceration
c(509)=951,

delay time for 'controlled' sediment years
tec(507)=20.

excess sed. per 1.0e3 acres mined/reclaimed lands

lands undergoing reclamation
c(512)=5.e3

unrecaimed lands
c(S13)=6.e2

reclaimed lands
c(514)=0.e3

induced btadlands
c(515)=10.e3

misc. sediment runoff (eis region)
c(570)=8,6e6

disscolved solids (ds) tons/year

ds per 1.,0eé6 tpy coal mine operation
c(571)=620.

ds per elec, gen., std. plant operation ('uncontrollable’)
c(572)=2%2.

ds per elec. gen. std. plant ooeration (‘controllable’)
c(573)=3758.

ds per syn. fuel std. olant operation ('controllable?)
c(574)=2722.

delay time for 'controlled! dissolved solids ‘years
tc(S12)=2.

ds per caoita, untreated sewage effluent
¢(575)=0,05

4s per 1.0e3 acres mined lands leaching
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c(516)=C
misc, ds effluent from eis region
c(517)=¢t.6eé

biochemical oxygen demand (bod) tons/year
misc. bod effluent (eis region)
c(518)=0

bod per syn. fuel std. olant operation ('controllable')
c(516)=1.8

bod per capita, untreated sewage effluent
c(520)=0.03
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organics tons/year
misc. orcanic effluent (eis region)
c(521)=0

org. per syn, fuel std., plant operation ('controllable")
c(522)=27,

org. per elec. gen. stcd. plant operation ('controllable")
c(523)=58%,

dJelay time for 'controlled' organics years
te(S521)=20.
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heavy metals tons/year

misc. heavy metals effluent (eis region)
c(525)=0

so2 effluent tons/year

misc., sol2 effluent (eis region)
c(530)=C

so2 per syn, fuel std olant operation
c(531)=1800

sol per elec. gen. std. plant operation
c(532)=45600.
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nox effluent tons/year
misc. nox, effluent (eis region)
c(523)=0

nox rer syn. fuel stcd. plant operation
c(534)=2900.

nox per elec. gen, std. plant cperation
c(535)=2360C0.

nox per capita
c(542)=0

hydreccarbons . tons/year
misc. hydrocarbton effluent (eis region)
c(s26)=0
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hydrccarbons per syn., fuel std. plant operation
c(537)=122, '

hydrocarbons per elec, gen. std. plant operation
c(538)=528.

hydrocarbons per capcita
c(542)=0

particulates tons/year

misc. particulate effluent (eis region)
c(53G6)=0

part. per syn. fuel std. plant operation
c(540)=412,

part. per elec. gen. std. plant operation
c(541)=20000C.

nominal (1975) values for residual- normalization
sediment
c(545)=,86e7
dissolved solids
c(546)=,46e7
bod
c(547)=.L56e3
organics
c(548)=7.1
heavy metals
c(549)=1
so?
c(55C)=.14e5
nox
c(S51)=.11eS
hydrocarbons
c(552)=,17e3
particulates
c(553)=,63e4

impact area for air pollution soguare miles
std. syn. fuel plant

c(565)=340C.
std. elec. gen. plant ¢ at nsps)

c(564)=34A0C,

impact area multiplier for urban-industrial lands
c(566)=1,5

nominal (1975) imracted land area 1.0e2 acres
c(S67)=.11e?

population arowth rate smoothing time constant
tc(572)=5,

return
end
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thkkrkkkrrkkrrhkt Jnitial Levels ([P=248=77) srdrstrkkhhdnkndr

sutroutine wcrin
common/syster/v(10CC),c(1000),tc(1000),t1
industrial sector (million tons coal)

coal reserves
v(842)=26600.0

coal resources remaining
v(844)=324000.0

initial time weighted electrical generation capacity
v(50)=0.0

demographic sector (number of workers)

nonindian operations lator
v(207)=300,0

nonindian construction labor
v(209)=75.0

water sector (thousand acre-feet)

mean instream flow
v(102)=delay3('v101',C.0,tc(102),v(103))
storage capacity
v(1025>=0.0
mean instream flow reservation
v(136)=c(13¢)
sedirent filled storacge
v(165)=",0

land sector (thousand acres)

urbanized land
v(3580)=6.5
(indicated urban land)
v{(202)=y (360)
rance land
v(3261)=9328%,.C
dey crop land
v(362)=1920.0
irrigated land
v(383)=1R4,0
stripmined land
v(364)=0.0
reclamation land
v(365)=C.0
v(36€Y=0.0
v(367)=0.0
v(368)=C,0
v(369)=0.,0
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induced badlands
v(372)=0,0

return
end
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Akt ktkkkixuerr*x*xReal Function Energy (06~28=77)xrxhadtrark ks

Values of ncdp less than 50 are routed to polynomial
calculation, Values of ncdp greater than S0 are
routed to the table look-up calculation

real function energy(ntyp,ncdpsretime)
cormon/system/v{(1C0C),c(1000),tc(100D) ,t1
common rtime

common/energy/ctime

rtime is real time, ctime is clip time, etime is energy planning
time, and time is a local variatble.

real syn1(11),syn2(11),syn3(11),synsd(11)

real elel(11),ele2(11),eleX(11)seled(11)

real exel1(11),exp2(11),exp3(11)rexpb(11),expS5(18)

cdata syn1/'syn1',5.0,197C.0,2020.0,0.0,0.0,0.0,0.0,2.5,5.2,7
1.6/

data synZ/'synZ'zS.C’1970.0;2000.0;0.0r3.0r0.0123.0'10.3:37.
17,45,.0G/

data syn3/'syn3',5.0,1670.0,2072.2,0.0,0.0,0.0,61.0,57.8,74.
16,81.4/

data synA/‘syn&'o5.0,19?0.0r2000.0o0.0,0.010.0r61.0178.7006.
13,114.0/ :
data elel/'elel ' ,5.0,1070.0,2000.2,0.2+1.2,3.2,2.8,2,.8,2,8,32
1.8/

data ele?/'ele2'sS5.0,1970.0,2000.2,0.8,1.2+,3.8,5.4,°.6,13.9,
118.1/

data ele3/'eleld',S5.0,1070.0,2000.0,0.R,1.2,9.4,5.4,11,.2,13.1
1,15.C7/ :

data eleld/'eled',5.0,1970,0,2C000.0,7,88,1.2,9.4,11.0,15.2,19,
15,23.7/

data exp1/'exp1',5.0,1970.0,2000.0,6.1,19.58,41.1,41.4,41,4,4
11.4,41,4/

data exp?2/'expl'eS5.0,1970.0+,2000.22,6.1+,19,6,41.4,69,0,55.3,5%
11.7.,68,0/ '
data exp?/'exp3',5.0,1970.0,2070.0,6.1+,19,6,41,4,49,3,88.5,1
128,0,167.5/

data expsd/'expb',5.0,1970.0,20C0.0,6.1,19,6,41.4,89.2,145,7,
1202.3,259.0/

data eXDS/'eXDS'r1.011970.0’19F3.Qr3.517.0r10.5:14.0017.5121.0’
124.0,27.0,28.0,29.0,61.0,61.0,96.0,96.0/

if ctime > 1970 then scenarios are clipped after rtime > ctime
to scenario value at ctime,

tirezetime
if(ctime,.gt.197C.0.,and.rtime.gt.ctime) time=zamini(etime,ctime)

if(ncdp.gt.50) go to 1000
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¢ polyromial calculations ==--cccccmccmcancacacooo

c
e=C.C
00to(100,200,200),ntyp

¢ synthetic fuel

100 goto(11C,120,130,140,15C,16D) ,ncdn

110 3a=,727161
b=.851666
cc==3,54572e~2
d=5.19651e~-4
goto 400D

120 a=1.26895S
b=,314412
cc=4,.862R7e-2
d==-1,17682e-2
goto 4CO0D

130 a=3,3%08?2
b==-1.62899
cc=.,32283
d=-6.00905e-3
coto 4000

140 a=6,24255
b=1.49346
cc=0.32882¢8
d==-1,.870N%e<-2
e=3,04421e~4
coto 4009

150 goto 160

160 2=6.04196
b=1.€3108
cc=0.324294
==2,082%%e-2
e=4,29212%e -4
goto 400N

¢ electric generation

200 coto(210,220,230,240,25C,260)sncdo

210 as=.397743 ’
b=.30707¢
cc=-4 ,89236e-3
d=0.C
goto 4000

220 a=_,12989¢
b=.561536
cc=~-,040081
d=9.70258e~-4
goto 400N

230 a=,622447
E=.253134
cc==-2,11733e-2
d=6.62330e~4
goto 4000

240 a=1.57729
E=6.21602
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250

260

cc=~0,617522
d=1.7656Le=2
e=-1,80021e~4
goto 4090
a=3%_,5097°%
b=5.98806
cc=0,1673N2
d==1,924808e~2
e=3.66135e~4
goto 4000
if(time.lt.1980.12)coto 250
a=-78,7665
b=3.28416
cc=1.5848
d==5,79623e~2
e=7.96009%e~-4
goto 4OOQC

¢ export

3co
310

330

350

360

aoto(210,320,230,34C,2350,350),ncdo
a=C.0C

b=0.0C

cc=0.0C

d=0.2

goto 40CN
2=-9,30001
b=1,123322
cc==-1,93334e~2
d=C.C

goto 4000
a=-2,3718?2
b=,57449¢4
cc==-8,76558e~3
d¢=C.C

coto 407N
a=C.,C

O
OO O
o

c 40QC
2C1.346
8.3359
-0.934234
«141C3e-2
.C

o 4000
38.9533
«31451
0.882511
2.04806e-2
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g ===—=-==-- table look-up calculation ======ec-=-

1000 continue

rew=ncdp~50

go to (1200,1200,110C),ntyp
¢ synthetic fuel
1100 o¢o tec (111C,112C,71130,1140,115M,116N),new
1110 energy=tlu(syni,time)

return

1120 energy=tlu(syn2,time)
return

1130 energy=tlu(syn3,time)
return

1140 energy=tlu(synéd,time)
return

1150 energy=0.0
return

11760 energy=0.0
return

¢ electric generaticn
1200 go to (1210,1220,1220,1240,1250,1260),new
1210 energy=tlu(elel,time)
return
122C energy=tlu(elel,time)
return
1230 energy=tlufele3,time)
return
1240 energy=tlu(eledé,time)
return
1250 energy=7.%
return
1260 energy=0.8
if(time.ge.1975.7) energy=4.3
if(time.ge.1980.0) energy=10.8
return
c export
1300 go to (1%210,13220,1330,1340,1350,1360),new
1310 energy=tlu(expt,time)

return

1320 energy=tlu(exp2,time)
return

1330 energy=tlu(exp3,time)
return

1340 energy=tluf(expé,time)
return

1350 energy=tlu(exp5,time)
return

1360 energy=tlu(expS,time)
return

c

<
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4000 t=time-197C.0
if(t.gt.32.0)g0to 5000
yza+brt+ccrtrt+detotrttortatet*t
6000 iflncip.ge.b.and.ncdo.le.6)y=C,.1+y
energy=c(5)*10.0%amax1(y,0.0)
return
S000 tt=a+b*30,0+cc*900.C+d*27000,N+e*21000°0
A4z=b+cc*6N ., 0+4+2270C.0+e+108000
y=tt+dd*(t~30.0)
goto 6000 ,
end

C **dsaksxrrixnser*x*Real Function Totcol (D4~CE8-70)axkrusnrrx
c
- real function totcol (ncdosetime)
totcolsenergy(l,ncdpretime) +energv(2,ncdor,etime)
1+energy(3,ncdpretime)
return
end
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35
40

41

45

50

55
60

txkkkkwsctr Table Look Up (real function tlus, 9=25=75)sdarsthkkns

tlu(t,x) should be in the form tlu('name',t(2),t(2),t(4),
t(5) seeerx) where t(2) is the abscissa interval between
succescsive “data points, t(2) and t(4) are the lower and
upper ranges of the abscissar, and t(S),... are the
ordinate values starting at t(X). x is the input variable
for which the value of tlu is desired.

real function tlu(t,x)

real x,t(1)sa .

common /Jt/ tnam(3S),tmxx(35),ttim(3S),tent(35)
common time

if(x=t(¢3)) 15,10,20

tlu=t (%)

return :

write(é,16) x,t (1)

format(' x=',e10.4,' below range of table ',ad)
pause 'tlu’

return

if(x=t(4)) 55,500,285

do 4C i=1,35

if(tnam(id) 35,3C,35

tnam(i)=t (1)

tmxx(i)=x

ttim(i)=time

tent (i) =1

goto SO

1f(t (1) .eq. tnam(i)) goto 45
continue

write(6,41)

format (' capacity of tlu error tables exceeded')
cause '"tlu!

cgoto SC

tent(id=tcnt (i) +1

if(x .gt. tmxx(i)) tmxx(i)=x
i=(t(L)-t(3))/t(2)+1,.0e-"?

izi-1

goto 60

1=(x=t(3))/t(2)

3a=si*t-(2)+t (3)

i=1+5

tlu=st (i) +(t(i+1)-t(i))*x(x=a)/t(2)
return

enc
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C *x*xsrdxxrrksr Sybroutine Graph (D4=C7=77) *tkrxssrknsr
c
¢ It scales the variables and plots them. It is a modified
¢ versior of a routine written by Patrick C, Doherty of the
¢ Computer Center Division
¢
sutroutine graph
cormen/graph/put (10),max(10),minC1C),flo(10) ,fup (1M ,0opsym(10).,
1ii(10),nput
common /t/ tnam(3S5),tmxx(35),ttim(3S),tcnt (3S)
impticit real (i,m)
integer i,iplots,itempsriisropsym
character*24 string
double precision time
real putesemaxorin,lolim(1DM),uplim(10)
intecer pline(£é1)
real atem($S)
write(6,99)
write(21,99)
opsym(2)="1"
opsym(2)="2"
opsym(&)="3"
opsym(S)="4"
opsym(&)="5"
98 format(1x,5147/)
99 format(///)

write(6,98) 1i(1),1i(2),i3(3),33(€L),33(S)
write(21,98) 1101),31(2),11(3),11(¢4),11(5)
call clock_ (time)
call date_time_ (time,string)
write(6,122) string
write(21,122) string

122 format (2x,a24/)

&co format(1x,2ab,2x,2a4)
do 120 i=2,nout
if(min(id.gt.0.0) min(i)=0.0
if(fup(id),eq.C.0) goto 101
max(id=fup(i)

101 if(flo(id.eq.0.7) go to 102
min(ids=flo(i)

1C2 az(max(i)=-min(id) /4.0
if(a.le.0.0) a=1.0
c=alog1C0¢a)
t=aint(c)
if(b.gt.c) b=b-1,0
az1.C+aint(a*10,C**x(-b))
c=a
if(c.qt.?2.0) a=5.0
if(c.gt.5.0) a=10.0
if(min(i),ge.0.0) goto 102
c=a+x10.0+«+b
d=aint(abs(max(i))/¢c)
e=aint(abs(min(i))/e¢)
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103

104

106

108
110

114
120
130

140

150
155
1690

170

180
190

195
200

205

f=d+e .
if(f.gt.2.0) a=a+a
a=a+*10.,0*xb

i=0

if(min(i)) 104,110,106
if(j*a.le.min(i)) goto 110
i=ji=1

goto 10¢

if(j*a.gt.min(i)) goto 108
i=i+

coto 106

i=j-=1

continue

do 112 k=1,5

atem(k)=j*a

j=j+1

tolim(id)=atem(1)
uplim(i)=atem(5)
write(6,114) opsym(id,atem
write(21,114) oosym(id),atem
format(1x,21,2xs28.2,4(7x,e8,2))
continue

cdo 200 idiplot = 1,10

read (20,end=205) (put(id,i=1,nput)

-if (iplot .eq. 1) go to 150

do 140 i=1,61

pline(i) = " "
pline(1) = "_"
pline(16) = "_"
cline(31) = "_"
cline(&g) = """
pline(&1) = " "
co to 160

do 1SS i=1,61
pline(i) = "_,"
continue

itemp = put(1)+1,.0e-2

do 170 i=2,nput
1=¢0.Cx(put(id=lolim(i))/(uplim(id=Llolim(i))
if (L .gt. é60) (=60

pline(l+1) = opsym(i)

if (iplot .eq. 1) go to 190
write(5,180) (pline(i),i=1,61)
write(21,180) (pline(idei=1,61)
format{(ix,6x,61a1)

go to 200

write(6,195) iterp,(pline(id),iz=1,61)
write(21,195) itemnr,{(pline(i),i=1,61)
format(1x,i5,1x,6131)

continue

go to 130

continue
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240

245

330

340
350

co to 24
write(6,
write(21
format (/
rewind 2
end file
do 340 i
1if(tnam(

format ("
1f6.0,"
continue
continue
return
end

n
245)
2245)
/111)
C

20
=1,25

i) .,eg. 0.0) goto 350
write (6,330) tmnam(idsrtmxx(idottim(id,tent (i)

exceeded table
count=",¥5,32)

.l’al""
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kkkkrdrhk kb kb rxr Syubroutine Indic (1D0=14=-77) *kdr kbt h b dtd %

initializes dictionary for cdelay functions

o 000

suk routine indic

common/sm/ansm(3S),arsm(35) ,alsm(35)
common/dl1/andl1(2S),aldl1(35)
common/dl3/andl3(35),al1dl2(25),a12013(3%),813dL3(3S),ar1d13(35),
1ar2dl12(35),ar3413(25)
common/de3/ande3(35),al1de3(35),al2de3(35),at3de3(2S),ar1de3(25),
1ar2de3(35),ar3de3(35)

do 10 1=1,35

ansm(i)="_0

andl1(¢i)=0.C

andl3(i)=0.C

ande3(i)=0.0

10 continue
return
end

kkkkkhkkbrixkrbkitx e Sybroutine Output (0S=02-77) s+ rkkrdddkkhk kb rahs

sets output variables for plotting
uses system command read_Llist_Sprompt
requires link >sss>read_Llist_ promnt
use n=C for prompting, n=5 for repeat
other values of n can be preset

use n=99 to stop

OO0 0000000

subroutine output(ii)
integer 1i(10)

call promot("n: ",n)
if(n.eq.%99) stop

if{n.,eqg.%) return

catl promot ("ii(1): ",ii(1),"i7C(2): ",ii(2),"11(¥) s ",ii(3),
139 (4): ",1i08),"i0(5): ",ii(S))

return
end
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/* «x+xwexxx Procedures wcrcat and prbcat *xxexsds */
/* * /
wercat:prbecat: proc (ve co tces switch, ncdps flo, fup, tstop, ctime)d’

del (v (10C00Y, ¢ (1000), tc (1000), flo (10), fup (1N}, tstops, ctime) float’

del (switch (100), ncip) fixed:!
del (int, in2) fixed, (string, subl, sub2) char (12) wvar,
dcl (name, conversion) cond,
on name (sysin) go to error;
on conversion begin,
put skip Llist ("errors,try again")’;
go to enter,
end’,
del (sysin, sysprint, file2?1) file’
del a char (4);
put file (file21) edit (" 014")(a),
put skip fite (file21);
put skip file (file21);
enter: put skip Llist ("ENTER showsset,CR run,")/
get list (a)’
if a = "show" then go to show,
if a "set " then go to set’
if a “run " then go to run;
co to enter,
show: put skip list ("show:")’
get list (string).
if string = "?" then co to enter;
if string "ncdp"” then put list (strinc, "=", ncdo)’
if string "ncdp™ then go to show’
if string "tstop" then put list (string, "=", tstop)’
if string "ctime" then put Llist (string, "=", ctime):
if string “ctime"” then co to show’
if string "tstop” then go to show’
in1 = index (string, "(");
in2 = index (string., ")");
if in1*xin2 = 0 then go to error2;
subl = substr (strings, 1, in1-1);
sub2 = substr (string, in1+1, in2-in1-1);
if subl = "v" then do-’
put List (string, "=", v (sub2))’
oc to show’

nn

end,

if subl = "¢" then do-
put list (strings, =", ¢ (sub?2)):
go to show;

end.

if subl = "tc" then do:
put List (strings, "=", tc (sub2)):
go to shows

end.,

if subl1 = "switch" then do’
put list (string, "=", switch (sub2));
go to show,

end,;
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1f subl = "flo" then do:
put Llist (string, "=", flo (sub?2))’
go to show’

end’,

if subl = "fup"” then do’
put list (string, "=", fup (sub?2))’;
go to show’

end’
error?: put skip list ("error,try again."™:
go to shows .
error: put skip list ("error,try acain."”)’;
set: put list ("set:")’
get data;

if tstop <1970.0
then go to errorl;
else if tstop >2050,0
then go to errorl;
put skip;
go to enter’
errorl; put skip list ("tstop out of bounds")’
go to set;
run: put skip file (file21) data (ncdp)’
put skip file (file21);
return;
end,;
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third order exponential material (conservative) delay

real function delay3(aqns,qa,del,ol)
cormmon/dt/dt

common/41e3/an(35),al1(35),312¢(25),al23(35),ar1(35),8r2(35),ar3(35)

do 10 i=1,35
if(an(i).eq.C.0)goto 20
if(an(id.2q.qgn)goto 30
continue

write(6,15)

format(//' dictionary capacity exceeded

pause 'delay3'

al=qg+*del

delay3=q

return

an(i)=qgn

ar1(i)=q

ar2(i1)=q

ar3(id)=q

al1(i)=q*del /3
al2(i)=qgrdel /3
al3(i)=qg+del /2

delay3=gqg

al=g*del

return
ar1(i)=3,0+al1(i)/del
ar2(i)>=3,0+*al2(i) /el
ar3(i)=3,0*al3(i)/del
al1Cid=al1(i)+dt*(qg=-ar1(i))
al2¢id=al2(¢id+dt*Car1(id=ar2(id)
al3(id)=al3(id)+dt*(ar2(id~ar3(i))
delay3=ar3(i)
gl=al1(id)+al2(¢id)+al3 (i)
return

end
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**exxktasx*k Real Function DLlinf1

(2-21-77)

first crder exponential information delay

real function dlinfl(xn,x,t)

common/dt/dt
common/dl1/an{(3%),al (35)
do 10 i=1,35
if(an(i).eq.0.0)goto 20
if(an(i).eq.xn)goto 30
continue

write(6,15)

format(//' dictionary capacity exceeded in function dlinf1')

pause 'dlinf?!
dlinfl=x
return
an(i)=xn
al(i)=x
dlinfl=x
return

al(i)=al(i)+dtx(x~al(i))/t

dlinfi=al (1)
return
end
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first order exponenfia[ information delay

real function smcoth(xns,x.,t)

common/dt/dt

commen/sm/an(35),ar(35),al (35)

tt=t

do 10 i=1,35
if(an(id.eqg.0.0)goto 20
if(an(i).eqg.xn)goto 30
continue

write(6,15)

format(//' dictionary capacity exceeded

pause ‘'smooth'
smooth=x
return
an(i)=xn
ar(i)=x
al(i)=x*tt
smooth=x
return
al(id=al(i)+dt*(x~-ar(i))
ar(id=al(id/tt
smooth=ar (i)
return

end
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wer.ec

This is a series of multics commands which are invoked
by typing "ec wcr". 1If the mecdel wuser wants to
store simulation runs in a file (segment named record)
which can be renamed, saved, printed, etc. then type
"ec wecr record"™.

&command_Lline off

Bif [exists file file20]

Lthen delete file20

io attach file20 vfile_ file2d0

8if [ecual &1, record.]

Rthen &qoto record

Lelse 8§goto no_record

8label record

io attach file21 vfile_ record =-append
wercrd

close_file -all

gquit

&label no_record

io attach file21 vfile_ discard

werecrd

close_file =-all

8if [exists file discard4] &then delete 4discard
Equit

The last two pages contain an example of
one of the models simulation runs,
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