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ABSTRACT

(Distribution Limitation Statement No. 2)

This report describes in some detail the addition of a fracture routine to
iJFr 66, a one-dimensional Lagrangian hydrodynamics computer program. The
report concerns itself mainly with the logic required in creating, following,
and deleting free surfaces using a simple tension criterion for fracture plane
location.
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SECTION I

INTRODUCTION

This report describes a method of handling material fracture in PUFF 66,

a one-dimensional Lagrangian hydrodynamics computer program. (The reader is

referred to AFWL-TR-66-48 for a detailed description of the basic code.) The

changes made to PUFF 66 are discussed and a listing of the revised program is

provided, with a sample problem demonstrating the use of the modified program.

The fracture routine creates right- and left-hand free surfaces or boundaries

at a location where the fracture criterion has been exceeded and then follows

these surfaces as the program progresses. If the two surfaces should come in

contact at some later time, they are combined, the free surfaces are deleted,

and the resulting zone boundary is given a new fracture strength. This report

is concerned with the code mechanics required in creating, following, and

deleting the free surfaces; no attempt is made to address the question of

fracture criteria. Tension is used as the fracture criterion although another

criterion could be substituted with little change to the rest of the routine.

Although this report is concerned only with PUFF 66, a radiation deposition

code, the same approach with minor modifications can be adopted to P PUFF 66,

the flyer plate version of PUFF.
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SECTION II

COMPUTER CODE IMPLEMENTATION

The insertion of a fracture or spall capability into PUFF can be separated

into two segments: (1) the criterion to be used in defining when a material

should fracture, and (2) the code mechanics used to create and follow the

free surfaces resulting from a fracture. As stated in the introduction, the

criterion used with this routine is simple tension. Once the magnitude of the

tension in an area is greater than the strength assigned to the material, the

material is considered to have spalled and the appropriate action is taken to

create and follow the resulting free surfaces. This criterion was chosen

because of its simplicity. The mechanics of handling the fracture are relatively

independent of the criterion and a more realistic criterion can be Incorporated

with only minor changes to the rest of the routine.

The routine identifies fracture by comparing the zone-mass-weighted average

tension of two adjacent zones to the strength of the material attributed to the

zone boundary between the zones. If the average tension exceeds the strength

of the zone boundary, the routine creates right- and left-hand free surfaces

at the boundary. The existing zone boundary is used as the left-hand free

surface, while a new boundary is introduced to act as the right-hand free

surface. This boundary is essentially imaginary in that it does not change the

zone number of the following zones. Both surfaces are given the position and

velocity of the original zone boundary; the velocity in subsequent cycles is

calculated using the same equation used to calculate front and rear surface

velocity in PUFF 66. The resulting free surface motion is followed cycle by

cycle by a special spell path in the HYDRO subroutine and, if the two surfaces

come in contact, they are combined, the imaginary zone boundary is deleted, and

the resulting zone boundary is given a strength of zero.

The majority of the additions and changes required to incorporate the

fracture scheme into PUFF are found in the HYDRO subroutine with minor changes

in the GENRAT, REZONE. EQUATION OF STATE, and FDIT subroutines. No new sub-

routines were needed. These changes are discussed in some detail in the follow-

ing paragraphs. Four new dimensioned variables were added to PUFF 66. Two of

these, TSPALL (801) and US (100) are located in the common declaration while

2
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XS (100) and SM (100) are dimensioned in HYDRO. The variable, TSPALL, is the

zone boundary spall strength in dynes per square centimeter and IF used in

several subroutines. US is the velocity of the right-hand free surface of a

fracture and is used in HYDRO and in the momentum calculation of the EDIT sub-

routine. The variable XS is the position of the right-hand free surfaces and

SM is the storage for the momentum edit of the spalled sections calculated in
HYDRO.

1. GENRAT

The material strength for the fracture criteria is read into the program

in the GENRAT subroutine as part of the material data. The existing material

variable PMIN is used for this purpose. It possesses the units of dynes per

square centimeter and is negative in keeping with the sign convention used in

PUFF. The material strength is converted to the zonal parameter TSPALL(J) at

the same point in the program that GENRAT initializes the other zone variables.

If PMIN is given a value of zero for a material, TSPALL(J) for the zones in

th at material is set to an arbitrarily large negative number which effectively

locks out the spall routine in the material. An option allows the user to read

in the spall strength for an individual zone boundary such as a material inter-

face. The flag for this option is NSPAL which is set to the number of specific

inputs desired. Each input consists of a separate card following the JEDIT

input card in sequence and contains the index number of the material involved,

the fractional thickness of that material at which the input is to be located,

and the material strength desired at that location. The spall strength is

given to the zone boundary nearest the indicated location after zoning is

completed. This specific input overrides the general material input PKIN.

2. HYDRO

Subroutine HYDRO contains the majority of the changes required in incor-

portating the spall routine. These are grouped for the most part into four

sections: (1) the check against the fracture criterion which creates the free

surfaces when fracture occurs, (2) the spall path which updates the velocity

and position of the free surfaces created by fracture, (3) the combine routine

which checks to see if the free surfaces have come in contact and if so deletes

them. and (4) a momentum edit of the spalled regions.

As the stress of each zone is updated, the stress in that zone and the

stress in the zone immediately preceding it are checked. If bor' zones are in

tension, the zone mass weighted average of the tension in the two zones is

3
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calculated and thip result checked against the material strength attributed

to the zone boundary r- ieen the two zones. If the tension exceeds the

boundary strength, :he iterial is considered to have fractured at that point

and the strength of the boundary is set equal to 1.234 as a flag to mark the

fracture during the rest of the program. These zone boundaries are then

treated as left-hand free surfaces by the spall path in HYDRO when their

position and velocity are updated. The right-hand free surface is also

created at this time. Given the same initial poaition and velocity as the

left-hand free surface (the position and velocity for the original zone

boundar'), this boundary is treated as a right-hand free surface in the spall

loop. The spall locations are indexed consecutively from left to right for

identification purposes and a check is made to update the index numbers for

spall locations to the right of the new fracture. Upon establishing a spall

location, the program provides an edit print giving the spall location, time

of spall, the zone nass weighted average of the stress of the C.o zorcs

involved, the strength at the zone boundary, and the total number of spalls

existing at that time. A flag is also set which calls for a momentum edit at

the completion of the HYDRO cycle.

The spall path in HYDRO keeps track of the free surfaces created by

fracture, calculating the velocity and position of the two free surfaces at

zones flagged by TSPALL(J)-l.234. As discussed above, the expression used to

calculate boundary velc'ity as a function of stress and time is the same as

that used to calculate the free ,urface velocity of the front and rear surfaces

in PUF' 66.

When HYDRO updates the positions of the two free surfaces of a fracture in

the apall I op, It checks to see if the surfaces have come together. If the

free surfaces have come in contact during the time step, the program "combines"

them. After combination t:,ý imaginary right-hand free surface is deleted and

the spall strength of the boundary reset. Given a strength of zero, the inter-

face may freely &eparate at a future time. Upon combination, the velocity of

the zone boundary replacing the two free surfacer, is calculated in such a way

as to conserve momentum, and the initial position of the boundary is calculated

as a ratio of the zone masses considerinp the relative positions of the free

surfaces prior to combination. As with the creation of the free surfaces,

any spall locations to the right of the one being combined must be re-indexed.

An edit print pro'ides zone number, position, and problem time at combination,

and a flag is set so that the zone is not checked for spall during that cycle.

4
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Before HYDRO is exited after completion of a cycle, a flag is checked to

see if a fracture occurred during the cycle. If so, an edit print routine

provides the momentum of all of the spalled regions. The momentum calculation

uses the mass of the zone and the average velocity of the two corresponding

zone boundaries.

3. REZONE

Some changes to the REZONE subroutine are necessary to keep track of

TSPALL(J), both as a variable and as a flag marking fractured zones, during

the combine and divide operations oi the subroutine.

The divide section of REZONE includes these changes necessary to re-index

TSPALL(J) to the right of the divided zone. The left half of the newly divided

zone takes on the same value of TSPALL(J) as the zone to the left of it unless

that zone is a spalled zone, in which case it assumes the value that the divided

zone held originally. The right half of the divided zone keeps the value of

TSPALL(J) held by the original zone. This is done to keep individual zone -

strength inputs from multiplying or spreading from their intended location

during divide (i.e., a zero zone strength input at a material interface will

remain as a value for only one zone).

In the combine loop of REZONE a check is made to see if either of the two
zones to be combined, or if the zone immediately on the left and on the right

of these two, is flagged as fractured zones. If so, that zone is bypassed and

the next zone is checked. This is necessary to conserve momentum in the

problem. The equations used to adjust the zonal parameters when combining two

zones will not conserve momentum in the region of a free surface. The spall

strength of the REZONE combined zone is the lesser of the two zones combined.

Provision is also made to re-index the TSPALL(J) variable to the right of the

combined zone.

4. EQUATION OF STATE

The only change required in the EQUATION OF STATE subroutine is the deletion

of PMIN from the equation where it was previously used to limit the tension

which a material could achieve. The equation

PI = AMAX 1 (PMIN(H), (El-TSl)*TS2*RHO(H))

was replaced by

P1 = (El-TSI)*TS2*RHO4))
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5. EDIT

The changes to the EDIT subroutine involve the momentum calculation which

sums all of the positive and all of the negative momentum in the problem.

These calculations must be corrected in the case of fractured zones to account

for the free surface velocities.

6
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SECTION III

USE OF THE MODIFIED CODE

The fracture routine has many applications such as studying the effect on

shock pulse profile and momentum transfer during fracture in materials and at

material interfaces. It can be combined vith a routine that calculates the

temperature of materials caused by energy deposition to remove front surface

vapor and melt, thereby significantly improving momentum calculations. Added

to the plate slap version of PUFF, the fracture routine can be used to allow

the flyer plate to rebound from the target giving a more realistic treatment of

flyer plate experiments.

Use of the routine is quite straightforward, requiring only a strength

parameter for each material in addition to the data already required by PUFF 66.

Its function can be suppressed in any material by simply setting PMIN to zero

for that material. Unless a large number of fractures occur, the execution

time in HYDRO and the total problem execution time are not significantly

affected by the routine,

Some problems with the REZONE subroutine can be encountered when using the

fracture routine. When REZONE is used to adjust the zone mesh in the vicinity

of a pressure pulse, the smaller zones in the problem will normally be found in

the pressure pulse. These, then, are the zones that will constrain or control

the size of the time step because the time step cannot exceed the shortest

shock transit time found in any zone in the problem. As the pulse progresses

an d attenuates, REZONE allows the zone size under the pulse to increase, there-

by letting the time step increase. This in turn allows the problem to reach
completion in fewer cycles. If two zones that are adjacent or in close prox-

imity should fracture, REZONE may not be able to adequately combine the zones

between them, and will produce small zones that may control the time step for

the rest of the problem, sijn~ficantly increasing the number of cycles and thus

the computer time required to complete the problem. This is especially true

for front surface fracture where the initial zoning is normally quite fine. A

similar problem can be encomntered for a single fracture near the front surface,

since, as discussed in Section II, REZONE is not allowed to combine zones in

the immediate vicinity of a fracture to conserve momentum. If the zone size in

the area of a fracture is small, these zones may then control the time step.

7
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One possible approach to correcting the first problem is to artificially

force the code to allow a certain number of zones or a certain distance between

fracture locations. This, of course, will produce a corresponding loss in

accuracy in fracture location. In the second case, the best solution is to

modify the combine section of RLZONE to allow momentum conservation while

combining zones in the area of the fracture. Neither of these corrections has

been incorporated into the present program.

A potential problem that should be kept in mind when using the fracture

routine again concerns the REZONE subroutine. While REZONE provides a fine

mesh, with correspondingly good resolution, for pressure pulses, it does not

do this for tensile pulses. A tensile pulse in PUFF 66 often travels in an

area where the zones are quite large, resulting in a loss of pulse resolution.

Short of major reprogramming or replacement of REZONE, one correction for cases

where this could be a problem is the use of uniform zoning throughout the

problem. This is not satisfactory in many cases because of the increase in

problem time.

The sample problem provided in Appendix II demonstrates the use of the

fracture routine with its various options. The problem is a two-material

problem similar to the sample problem used in the PUFF 66 technical report, run

with the fracture modification. Material 1 was assigned a strength of 5 x 109

dynes/cm2 . This value is somewhat smaller in magnitude than the trailing

tensile pulse at the front surface, thus providing an example of front surface

fracture. The boundary between the two materials was given a strength of zero

to demonstrate the option of assigning strength to individual zones, while for

the second material PMIN was set to zero suppressing the fracture routine in

that material. The normal PUFF output is listed with graphs of pressure versus

distance at several problem times. The solid vertical straight lines in these

plots indicate free surfaces while the dashed vertical line indicates a material

interface. Only one free surfice is marked for each fracture location. Start-

ing with the second plot, the deviation of the sample problem run without spall

is marked by a dashed line. Note that the material interface fractured before

the 1.31-microsecond plot.
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APPENDIX I

FORTRAN LISTING OF PUFF 66 WITH

FRACTURE CAPABILITY
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PROORAM PUFPF 66(INPUTOUTPUT9TAPE6tTAPE4)
C PUFF AA P66 10
C P66 20

COMbIOt CS(a01),fl(snl),E(6ol).P(So1)0Q(601)9S(601),SD(801IU(6O1),YP66. 30
107(R01) ,ZM(AO1) ,TSpALL(R01'IUS(100)

C P66 50o
COMM4ON AMU(&),CtJSPI(6),CUSPA(63,CUSPCE6),CUSPD(6),CUSPG(60).USPS(6P66 60
11,DISCPTI12htEOSTC(6),EOSTDg6)IEQSE(6),EOSTG(6)0EQSTM(6h$EOSTN(6)p66 70
2,EGSTS(6),JSND(6),JEDI?(I0),JORG(10),PMIN(G1,RMO(6),SSTOP(SI,SS(60P66 s0
31,5),START(S),TF.OIT(25),X(801lhYAOD(6),YMU(6),Y0(6) P66 90

C P66 100
COMMON CKSCOC1 ,DTNOTNI4,IT.JCYCSJp!NJSMAXJSMAXIJP2LJSTAPJTP66 110

C P66 140
C ZEROES COMMON P66 150

DO 1 Jml,13037 P66 160
1 CS(J)80. P66 170

CALL GENPAT P66 160
NEI P66 19~0

2 CALL HYDPCO P66 z00
C STOP PARAMETERS P66 210

IF (SMAX) 1191103 P66 220
3 IF (TIME-TS) 49618 P$6 230

4 IF (N-JCYCS) S9998 P66 240
5 IF (X(JSMAX)-CIKS) 6,6,6 P66 290
6 IF (SENSE SWITCH 2) 7,12 P66 260
7 PRINT 399 N P66 270
a WTAPEw1. P66 260

CALL EDIT P66 290

9 E,4D FILE 4 P66 310

PFWTND 4 P66 320
10 END FILE 6 P66 330

REWIND 6 P66 340
STOP P66 3S0

11 PRINT 36, N P66 360
STOP P66 370

C EDIT CONTROLS P66 360
12 IF (NJEOIT) 13914013 P66 390

13 J~JEDI(I)P66 400
IF (S'Jm'i") 14,16,14 P66 410

14 Do 15 Irn1,NJEOIT 641
JRoJEOIT(II P&G 430

1s WRITE (4) JORQ(IIJEDITfI)9S(J6.11,TIME9N PG6 440
JAUJO. 1 P66 490
IF (S(JU)*0(j")2 14,16,17 P66 460

16 PnTNEG.POTNEO.(S(Jq).@(Jn) )OTYNN P66 470
GOT0 16 p66 460

17 PDPOS.PDTPOS.(S(JS).0JIJ) IeDYNH P66 490
1s IF IM00(NONTAp~fl P0,19,20 p66 Soo
19 WTA:[EU P6 8 P. 0

CALL E;T pG6 slo
on TO 22 P66 530

20 If (MOD(NtNPSIN)) 22911912 P66 S40
21 WTADESO, 066 He0

CALL EDIT P66 960
C REZONE CONTROLS PG6 570
22 IF (JZPUL) 26,26*23 P66 see
23 IF (MODIA19NFOWN)l 26,84,26 P&G 590
24 IF IJSOA,-J?PuL.JSMAX13 26,26,25 p66 600



25 CALL QF7O'DE P66 610
C TIME STEP CALCULATION P66 620
26 SK2M-AMPJ1(.Q/SK?Mol.2*DTNHI P66 630

IF (SSTOPM-TIhqF) 2P9?8s27 p66 640
2? SK2HwAM!NU(,vi~sfluamSK2P) P66 650 a
26 DTNaDTNH 6 6

nTN.4uSKM P66 670
C TIME EMIT P66 660

IF (NTEDT) 32032924 P66 690
29 WTAPEm1* P66 700

CALL EDIT P66 710
!TwIT.1 P66 720
IF ýIT-26) 31.3nq3l

P66 730
30 ITUI P66 740

TFD!T(1'.fl. P66 750
*31 NTEflTuO P66 760

32 IF ITEOIT(IT) 35,35,33 P66 770
33 IF (TIME+DTNH~tFflIT(IT)) 35934934 P66 780
34 OTN'4uTEDIT(IT)-TIME P66 790

NTEnflTU P66 800
35 TIMEwTIMF*DTfJH P66 810

DTNaDTN~flTNm P66 820
NgN. 1 P66 830
IF (DTNH) 36.1h.? P66 840

36 PVInT 37. N P66 850
STOP P66 660

C P66 870
37 FORMAT C.//,2X*1SHDTN~no AT CYCLE*15) P66 880
38 FMRmiAT (//9?XsI~mSMAXuO AT CYCLE*!5) P66 890
39 FnAMAT (31H SENSE SWITCH 2 IS ON AT CYCLE 110) P66 g00

f*jn P66 910-

1?



SUPPOUTINF HYDO~r NYD 10
C NYD 20

COMMON Cq~lt(n~ERIO(0)080)SBIODRIo(01YY 30
1fiZ(Afll) ZM(AO1l .TSPALL(Rfl1) US(100)

C NYD so
CnM40N AMU(S),CUSP1(6),CUSPA(61.CUSPC(6)hCUSPD16),CUSPS(*lCUSPSt6NYO 60
1).O!SCPT(12),EOTC(6IE0STD(6).EOSTE(6IEGST$6ISoEQSTN(61,EOSTN(6)HYF) 70
2.UQSTS(6),JHNO(A3,JEDIT(10).JORG(10).PMIN(S),RHO(6),SSTOP(5).SS(30NYD 40
31,5).5TART(S),T~n!T(25loX(N01IYAOD(6l.YmUI6),Y0(61 NYD 90

C NYD 100
COMMON CKSCfiC 1,DYNDTNMI?,JCYCSJFIN.JSMAIJSMAX1,JRZLJSTANJTHYf) 110
1S.J?PULLINE,LOZHIZNNJEOJTNMTRLSNPRINNREZONNRZNSPECNTAPEoNMYD 120
27FOT.PflTNEGPDTPOS.SOURMSK2MSMAXSSTOPHTIHETSWTAPE NYC 130

C
DIMEWNSION XS(100), SM1100)

C HYD 140
SnURMwSSTnPm HYC 150
SKc2'm0o * YD 160
SMAX20, HYD 170

LLNI "Yo 190

C LEFT PnUNnARY CONDITIONS NYD 200
iti()uU(1 )-DTN*(S(21.Q(2) IZM(2) NYC 210
X(1)wX(l)*CTNNOII(1) NYD 220

C HYORO ZONE LOOP NYC 230
00 3A JwZJFIW HYD 240
1`10LD(J ) NYD 250
OOLfluQ~j) NYD 260
POL!'11P(J) NYD 270

C CHANGE MATERIAL INDEX AND ADD NEW ACTIVE ZONE NYD 260
IF (J-JRNMfl(N 2.1.2 NYC 290

1 LLeLL.1 NYD 300
2 IF (J-1-JTARI 9.393 NYC 310
3 NwI4ATe3 NYD 320

CALL SSCAL fNWM&TsFAOOJ.1) NYD 330
E(J'1 )uEAOD NYC, 340
IF (E(J.1l) 5,4,5 HYD 350

4 P(JO'UuO. NYC 360
0G% TO) A MYO 370

5 IF ID(Jol)) 6,6*7 "Yo 360
6 ptJ.1)ao. NYC 390

SIJ*1)80. "Yo '00
61 TO A HYD 410

7 CALL COIST (f(J.I'esn(J.1)#P(J*IU.LL) NYC 420
SIJ*1)oPIj'1 )-SntjllJ1 "Yo 430

c CHECK FOR SPILLED ZONE
a IF ITSPALL(J).Fa.1.23*)GO TO 9
C VELOCITY CALCULATION

IF CAftSIIIEJfl.LT.1.E.,3)U(J~m0*0

C COORDINATE CALCULATION
1(J~wX1J) .oTNmOI0fJ)

C nENSITY CALCI)LATION

on To 10
C SPALL PATH
C VELOCITY CALCULATION
9 yPALL63

iJ(J)a)IUIJ) -OTN*(4%(J I) 6QfJ* II)**?#AI JOI)

13



C DFRPNSITY CALCI1LATION
X(J)umX(J)*O/ ( ES(M) XJ1

C CHECK FOR COM4RINE
IF CZS(M%2.LTX(j)) 60 TO 10

ISMNISM-1
IF (MS-I.EQ.IS4) 00 TO 140
MO 130 IluMS9ISw-

13n US ( II ) US (I I
140 TSPALL(J)wm0.

ISPALLa1

"SISMOD8 0.0
POIN~T 66t JvX(J)%N9TT,4C
LTN~oLINF*?
IF (LINE.LF*Sfl) 50 To 1fl
P014T 69
LINEUo

in TF (tD(j).I.Tonon) PRINT 64t J#MS.%NoXS(MS)qA(J)lX(J1l) N 3

nvaflTNHn.t,/Z.4gJ) HYD S40
IF (L)U01.) 11.12.?tP NYDf 550

C ARTIFICIAL VISCnSITY CALCULATION4 NYO 560
11 Q(J)u(fl'J*C0*Cn-CIeCSIJ *ODUODAVGi NIY0 57

IF (')(j)-1.E5) 12,13,13 HYD SAO
I? O(J)DO. .mvn 590

nfloo.~ HYD 600

C ENCROY AnnITION FROK O[PnSITION HYD 620
13 Ir ETldE[flTNN-SSTOPt4) 14*14913 m4Y) 630
14, %INA To I YO '40

CALL SSCAL. (piwwhrAD00J) Hyr 650
rtjumtuj. AnD NYD 660

C STRFSS - STRAN CALC'JLAYTON i4'v) 670
Is VrL5U)V*MAVO mnY) 600

Sfl(J).5ftl I4.4,#3.eAMU(M4) VtLS NYD 690
VmCm3./2.*1D( JI *%tJ) "Y)) ?00
Fi'0jI /R~lH0(4I-1. NYO Ila
IFI*n "Y)) 720

I? Sn(j)sintj)*vO7Uj)OSOUTiP./(3.eVwC) "Yo) ?S0
In COnT IN NYO it1 soi1

IF q 2122 AY)) 77019 I H Y)) ?no
21 ntSTEftSn(JOV([LS/AVG H4Y) 6000

EUJ)atElj)*0.ISTF 000) 610
C 0 - t INTERPnLATION SCmEut mnY) It0

IV fogjll 2?'3.? "p)30
Zp CAL1 (IST l(Ej),fl(j)9P2omI MV0 644
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E1uE (J)-P(J)OflV HYD 6530
CALL EOST (Ej,Pf.I),Pl9P4) 94YD 860
ECJ)3E(J)-(P2.P(J).O(J).e30Ln)OfV/(2..(P1-P2I/P(J)) HYD 670

23 CALL EOST (F(.Ji,O(J),PJ)qM) NYe 660
s(j)sP(j)-sfl!j) MYD 690

C CHECK FOR FRACTURE

IF ( S(J3.GE*06..,S~jS::og0,)GO TO 41
IF cTSPALLcJ,.EO.1.234.0.TSPALL(J~sEQ*.0.0GO T0 41
IF (ISPALL.NE.0Os.TSPALL(JS2.E0.1.234)00 TO 41
SJ.(S(JJ.7M(J).5(J9)e2MI~jsl /(7m(Jl.2M4(JSfl
IF (TSPAL1.iJS)*SJ*@E*0.0)6fl TO 41
IF (MS.LE.99, GO TO 360
PRINT 70
STOP

3A0 IsmuISM*1
TIm? SM
PRINT 65.JSK(JS,,NTIMESJ*TSPALL(JS),!SM
TSPALL(JS)81 .234

LINE4LINr*3
IF (LINELT*Sfl) 00 TO 40
PRINT 69
LINFOO
no TO 40

390 Es(II)mES(II-I)

USII. )MU(I1

40 IF (11.GT,MS) AM~ T" 390
ES(msluN(js)
US (ms)au(js)

C SMAX CALCULATION
41 IF fS(J)-SMAX) Pgo,19.4
24 9wAxm5(j) NyD 910

JS04A NJ Nye 930
C SOUND SPEED CALCULATION HID 940
25 IF (DV) ?7924926 Wye 990
26 DFUfl~m1s0ft1OO(J) WyD 960

00 TO re NyD 970
27 flFuneu.99900 UD Nye 960
all CALL EGST (fIJ)*OFUO,.PF1IOGsM) Wye "I

DRORNO. gPV)DO.P(JiJ) IFUDO.OkJII IlO
IF (OPORMA) p9.19,30 ISO

24 CSfJIso. 0YIZ
on to 31 WYDOSO3

30 CI(JAmS@RT(DPOR0WI MYDI 040
31 ~l~(~.l2O1~(I4e~CeU~uJ.I.) lll

IF ITIPALLIJ161401.l36) *KR1SI0C9IJ).l.0C1*CsIJI.4,'CoOCS'ou)1351f
lug) -X (Jell
IF (sxIN.SK201) 38031,33 "T01064

32 SK81MasgaNI "T01411
JTSGJ "ToleGs$

33 weLL "YoI 090
IF fISPALL-O(.2)01 MS.NI1
I SPALL~o

C ENO OF CYCLE C14CCKS Mb) 100
IV jUgJjp 30,34,30 0KyeOiIO

34 I;M;N;!jI 35.393%03 4YO~ 3
35 jSM itJSMAX~01 0yOl I He

IF (LON7w1l 34ol?*36 WYD))48
C JSTAD CALCULATION NS 9
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36 Ir (J..JSTAR) 30,38,37 NyDl 160
37 JSTARE..-I HYDilTO

00 TO 39 MVD1160
38 CONTINUE '4YD1190

JSTARwJF IN-I NYD1200
39 IF (IS.LE90) RETURN
C SPALL MOMENTUM CALCULATION

I Sso
Iwo
MS. 1
Smmmo
00 63 Jw2,JFIN
IF (TSPALL(J)EO0l.234) 90 TO ef0
SMMwSMM.ZM(J) e(U(j).U(J.l) 4Z
IF (J*EQ.JFIN) 0O TO 62
00 TO 63

611 SMMUSMM.7M(j)*(1IS(Mi).U(j-l1)/2
MS.4S, I

62 18141
Sm(ImSmMM
SmMwo.O

63 CONTINUE
PRINT AT, (SM(J),.jmlI)
lot/$
LINEULINF#1#3
IF (LINE.LE.50) GO TO 64
PRINT 69
LINEaO

64 PFTURN
C
C
65 FORMAT (/* was. SPALL OCCURED AT ZONE0140 LOCATION*ElZ.*4 CM AT CY

ILeE0140 TIMEGOE11.4* SEC Si **Ei1.40 TSPALL(J)G*Egll4q/s9X*TOTAL
P 40O OF FRACTURES 13*131

66 FORMAT (/0 SSS COMBINED ZONE*1'. LOCATION*E1Z.4* Cm AT CYCLE*14*
I ?IMEm*E11.4# SEC*)

67 FoRmAT I'* MOME.NTUM AFTER FRACTURE*/(8E14,4fl
6A FORMAT (# NEGATIVE DENSIT% ZONE0I40 MS8013 * CYCLE NO01 4 0/,0 XS

1('4S)**E1'.' X(J)8*E1'4*4 X(J-12U*E14@4)
69 FnRMAT (IMI)
70 Poq*4AT (* PROGRAM HAS REACHED THE NoO F SPALLS DIMENSIONED*)

END MYDI220.
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SlIIROUTINE GENRAT GEN 10

C GEN 20

CnmmoN CS(S01),o(sfl1~,E(S01),P~slo(801),Q(S1)S801),SO(S01)9U(s01)9YEN 30

IOZeBOI) Zw::O1.sTSPALL:SOI,:US(100) E :

1),OISCPT(1 2).EGSTCISICG$TDtO),E@STE(6),EQSTS(G)oEGSTN(6)9EQSTN(6)UN ?0

2,EQSTS(A),JBNOI6,,jEDIT(10,,JORS(10),PMIN(6),RNO0a),SSTOP(5),SS(O0EN 
Go

31,S),START(5)gTEOITt25),X(So1IYADD(6IeYW$UI4)9y0(6) GEN 90

C GEN 100
CnO~"4N CKS,CO,Cl,D1N,OTNN,IT,JCYCS,J$IN,JSNAX 11JSNAX1,JPZL,JS*AROJTOEN 110
1S.JZPULL!NELO7NIZNNJEDITNMPTRLSNPRIN9NREZONONRZONSPECONTAPE9ONSEN 120

2TFDT,POTNEG,PDTPflS,SDURM,SQiMSMAX,SSTOPMTIWES9TS,WTAPE SEN 130

C GEN 140
flTMENS!ON MATL(63, NOEW6, NZ120), RZ(2c~v T(101@ T6L0109) GEN 150

C GEN 160
DTP4ENSION AA(f6,20), AC(10,i09,6), 8(6920)9 EDGE(G,2O~t EElo., E1151W 170

11nlnO9 SEN 160
C

DIMENSION P4SPALL(6) ,RSPALL(6) ,TT3PAL(6)
C GEN 190

C F.lU!VALENCE (CSAAI, (CSh121)9AC), i(S(6661),S), JCS(675I1bEOSE), GEN to0

I(CS(6901I.EE)o (CS(6911)oE!) GEN 210
C GEN 220
C READ ALL NON-ENERGY SOURCE DFPENDENT DATA GEN 230
I REAn 67. (DISCPT(I),tmwlw2) GEN 2404

READ 6A, NSPEC,NTEDT,NJEDIT,LOZH!Z,NSPAL
IF (NTFDT) 3.392 GEN 260

2 OFAl) 69, (TEDITdI)*ImjgN7EDT) GEN 270

3 IF (NJEO!T) 59,5,4 GEN 260

4 READ 68o 1JEflIT(IhoteloNJEOIT) GEN 290
5 IF INSRAL.GT.0)READ 680, (MSPALL(I~,ASPALLIh,?tTIpAL(IJ,!ulNSPAL)

REAn 68. NRZCNMTRLSJRZL ,JZPULtNPRIN.NTAPENREtZONJCYCS

1: RAD 69. CKSTSANSLE GEN 310
NmTwNMTRLS-1 GEN 320

REAn 68# 1NOE(MIM*1,NMTRLS) GEN 330
IF (NMT) 7,7,6 SEN 340

6 READ 68. (J8ND(M)9M~1,NMT) GEN 350

? gRAn 6g, JFIN#(NZ(L)oLu1,NRZC) GEN 360
READ 69o DXTIP4E9(R~fMINUjsNRZC) GEN 370

oEanX/RvZ GU EN 330

On A MR4*m1NTRLS GEN 390
DEAll 67, IATL(M) GEN 400

4 REAr) 69, RHOC4),Eoq?cc.O,EQSTO(M),EQSE(ml,1QUS?(Ni ,EQSTM(Ml,,ESTSSEN 410

1 (N) .PNN(M) SEN 420
READ 690 CUSPI(M~,CUSPA(M),CUSPCIt4~,CUSPD(M),CUSPS(M)OCUSPS(M) GEN 430

RrAn 60, YOIN),AMU(M) YAOD(M) YNU(P43  GEN 440

FnT()ESCM/QI()IQSEm*HI) SEN 450
NOEI).NOEtM4 SEN 460

a READ 69o (AA(4,flR(NPtEDSE(M,!),ZolINOEDI SEN 430
C CALCULATE ZONINGGE 6

.7.1GEN 490

OD 11 J*29JFIN GEN 500

IF (J-NZ(LZ)) 1091099 GEN 510

9 L7.LZ.1 GEN S20

10) nxonX*RZ(L2) GEN S30
11 X(J)ax(j-1)4DE SEN 140

C PRINT ALL NON-ENERGY SOURCE DEPENDENT DATA SEN S90

POINT m6 GEN 160

PRINT 67, (nIsCPT(Kl9KU1,12) GEN 570
PRINT 71 GEN SO0
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PRINT 13, NRZC,NMTRLS,JRZL,JZPUL,NPRIN,NTAPF.LOZNIZ,JFIN,JCYCS,NREGEN 590
M14 G~dEN 600
PRItIT 78. ANALE,TImF,CKS,TS GEN 610
PRINT 74 GEN 620
PRINT 75, tW7(!)9NZ(I)q!U1,NAZC) GEN 630
IF M'EDJY) 11913v12 BEN 640

12 PRIPIT 88, CJEDIT(!)sTu1,NJEDIT) GEN 650
W91TE (4) (flISCPT(t)9Iul,12)9NJFOIT GEN 660

13 IF (NEnT) 14,15.1' GEN 670
14 PRINT A79 (TEnIT(!)9I.1,NTEDT) BEN 660
1s .Jftlu GEN 690

DO 19 Mm) .NMTRLS GEN 700
IF (JAN0tm)) 17.16,1? BEN 710

16 .JR2wJFIN GEN 720
So0 TO 18 BEN 730

1? JR20JOND(m) GEN 740
Is Ti4KNSux(JB2)-X(JAI) BEN 750

PRINT 79, MATL(Mh9RHO(M)9JB1,J8Z,?$KNS BEN 76
JRIWJR2 BEN 770
PRINT A0, EOSTCbI).EaSTO(M),EaSTE(P4),EQSB(M),EQSTM(M),EQST8(M),EQBEN 780
ISTN('I)*PMIN(M) BEN 790
PRINT all CUSPI(M),CUJSPA(M),CUSPCCM)tCUSPD(M)hCUSPB(M),C"ISPS(M) BEN 800
PRINT 82, Y0P4),AMU(M)#YAOO(M),YMU(M) GEN 610
40EDENOE (P) BEN R20
PRIFIT 83, NoEn,(AA(MI),8(MI),EDBE(MI),131,NOEO) BEN 830

19 CONTINUE BEN 840
PRINT 86 BEN 850

c GEN 860
C BEN 870
C '4ULT!.ENERq3V SOURCE CALCULATIONS BEN 880
c GEN A90
c BEN 900

ANGLESCOS (ANtILE,57. 2957?95) BEN 910
no) 49 4581.NSPEC BEN 920

C READ ENERGY SOURCE DATA BEN 930
RFAD 68, NMNI)sNRRF GEN 940
READ 69, START(NS),SSTOP(NS),(T(KK),EE(KK),Kga1,NSS) BEN 950
SSTOPMBAMAX1 (SSTOPMSSTOP(NSfl BEN 960

C BEN 970
C CALCULATE ABSORPTION COEFFICIENTS BEN 980
C BEN 990

IF (NHNU) 20,26,20 GEN1000
C FOR ARBITRARY SPECTRUM BEN1010
20 READ 70, (T8L(I)9EI(IsI),Im1,NMNU) GEN1020

On) 24 MmlNMTPLS GEN103O
Kul G EN1040
On) 24 IulvNHN'J BEN1 050

21 IF (EDOF(M*K)-TRL(I)) 22,23,23 GEN1060
22 KuK*l GEN107O

an TO 21 BENI08O
23 AC(1ItM)U-RHO(M)*AA(MK)O(T8L(I)09(M9K) )/ANSLE BEN1090
24 CONTINUE GENi ion

ElTnTafT, BENIllO
no PS IIwl9NHNU OEN1 120
FT(1,I!)wEI(j9II)*ANGLE GEN1130

2r, fTTOTuEITOT+EI(1,II) BEN1 140
On0 Tn 34 BENI 150

C I-OR RLACK RODY SPECTRUM BEN1 160

K26 RFAO 69, (TAL(I),I.1,109) GENi 170
FTTOTep. BENI lao
no In P4*19NMTRLS BEN1 190
no) 30 Lui,NAA GEN1200
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Kul GEN1210
00 30 1.1,109 GEN1220

27 IF (EOGE('4,K).TRL(I)*T(L%) 28929s29 BEN1230
24 W*K*l SEN1240

00 TO P7OE15
29 AC(LIM)a-RH01M)OAAfMK)O(TRL(II*T(L) 3e.9(MKg/ANGt.E GEN1260
30 C04TINUE GEN1270

DO~ 33 La1.NSH GEN1280
EE(L)*EE(L)*APAGLE GEN1900
DO 33 IsI1,io' GEN1300
IF (1-99) 31931032 GEN1320

31 EI(L9,3EE(L)**01 GEN1320
GO TO 33 GEN1330

32 fJgL9I)uEF(L)**00l OEN1340
33 CONTINUE SEN13SO
c GEN1360
C CALCULATE ENERGY DEPOSITION GEN1370
C BEN 1390
34 MalGN19

Do '4 Ju2vJfIN GEN1400
ESU48u SN41
IF (J-1-JRND(M)l 36935936 GEN1420

3S M81441 GEN1430
36 IF INNNU) 37,40937 6EN1440
C FOR ARRITRARY SPECTRUM GEN1450
37 DO 39 1.1 .NHNU SEN1460

IF (EI(i,I)-1.E-201 39,38,38 GEN1470
38 ETZ*EI (lI)*(1.-EXP(AC(1IlM[t(X(JVK(.frl)) ) OEN14 80

El uiIuEI(1,I)-EIZ GEN1490
FSUt~uESUM.E IZ BEN 1500

3y Cfl-JTINtJE GENi5lO
Go TO 43 GENIS20

C FOR BLACK 90DY SPECTRUM SEN1530
40 0O 42 Lm1,NR4 GEN1540

00 42 1819109 GEN1550

IF (EI(Lfl)-1.E-20) 42941941 E16

El (L9I)uEI (L9I)-FI? SEN1SSO
FSUumEsuM.E!z 7 EN1590

42 CONTINUE GEN1600
43 S5(JNSIuESUNMe4.lS6E7/RHO(M)/(X(J1ox(J1

2 )I/SSTOP(N$l-STARTINS)) GEN161o
IF (SS(J.NS)-19E12/RMO(Ml) 4594,4t4 GEN1620

44 CoTNU EN1630
C ENERGY 14PUT EDIT GEN1640
45 IF (NMNIJ) 47o4694?7E15
46 PRINT (2 TBL(I)9Iw1,o'19 GEN1660

60O TO 48 GEN1670
47 PRINT 72' (T8L(1)9Iw),NMNU) GEN1680
4R P9114T 90 GEN1 690

.PRINT 499 EITOT9NSRSTART(NS)9SSTOP('4S1 OGENl70
PRINT ?6 GEN17 10
PRINT 77, (T(I)sEEII),ImlvNmSl GENI 720
PRINT 90 SENi 730

49 CONTINUE BEN1 740
C SENi 750
C CLEAR STORAGE FOR HYDRO GENJI670
C GENI?70

00 50 18196O10 GEN17SO
50 Cs(Ilu0. GEN1790
C INITIALIZE COUNTERS AND CONSTANTS GIN1900

NiOZESO SEN1610
Crial.91 BENI 530

19



C~u*25GEN1430

NTEDTm4 GEN1840
LTNr.0 GEN1860
PnTPOSwn. GEN1860
PnTNEGwO. GENiSNO
0TNmTTME GENISgO
flTN'4uTTME GEN 189o0
IF (NJEDTT) S3953,91 GEN1900

51 no 52 T.1,NJEOTT GEN1 910
52 JnRA(TEJEOIT(!) 

EI9053 COnTINUE GEN1 940
C INITIALIZE ZONE VARIABLES GEN19ROMe1lEi 

600 55 Ju29JVT" GEN1 970
YflZ(J)wyqfm) GEN1970
0(J) *RH4(M2 GEN1 980
?M(J)E(X(J)-X(J.1) )#D(J) GEN1900
TSPALL(J)U-PMINpq) E20
IF (PMNINM)*EQ.0.O) TSPALL(J)Gl.E.15
IF (J-JONDIM)l 55.54,95 E9l

s5 CnNTINUE GENZ202
C GEN2030
C TSPALL(J) INPUT
C

IF (NSPALeLE.0) 00 to 910
00 Q00 I10.NSPAL
MuMSPALL (I)
KPNJIND (N)
Tr (K2*EQ*0je20JFIN
IF (Ml.GT,I) 00 TO 050
Ku 1
Go TO m6p

850 KnJRNOc#4.1)
86n Tb4KSaX(K)O(X(K2) -X(Kfl@ASPALL(T)

IF (RSPALL(I3.GTs0*) *0 To 870

On TO A90
870 on 480 JmK,JVIN

IF (X(J)*GE*THKS) 40 To 690
880 CnNTINUE
6o0 MSPALL(ZIje
900 TSPALL(J)...TTSPAL(!)

PRINT 1649 (II#4SPALL(I)STTSPAL(I).I31,NSPALLI
910) CONTINUE
C 

E24c EPOsITION EDIT 
GEN2050

C GEN206oPRINT 84, (DISCPT(I)912l91i, GENpo~o
S'I'4CALuo. 

GEN2090no 44 J.2sJVi, 
GEN2100E'6co. 
GEN2110Dn Sf6 TmI*NSPEC 
GEN212056 EPGUSS(Ji1l*(SSTnP(I)-S1ART(I,,.EP. 
GEN2130IF (J-(jRNeD(14)*)) 51,57,5 GEN214057 mGH~q 
GEN2150so IF (Ep0ocgaSTG(m).1.E? S9.59,61 GEN216o59 IF (JgTAN) fin,60,61 GEN217060 JqTAP4.j 
GEN2180

61 f~mM()-x(.
1

)GEN21 90
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EROPAnEPG*RO (M) *oX 61EN2200
CALPAsEROPAO1 *E-7/4, 166 61EN2210
SUMCALMSUMCALOCALPA 61EN2220
PRINT AS* J~flX*X(j),ERSPACALPASUMCALEP6,YOZ(JlZ14(J),J 61EN2230
IF ('400(Jo5OI) 64962.64 61EN2240

62 IF (J-JFIN) 63,64,64 61EN22S0
63 PRINT 649 (OISCPT(T)9Iu1,12) 61EN2260
6' CON! INUI 6EN2270

IF (JSTAR) 65t6S966 61EN2280
65 JSTAPuJFIN GEN2290

66 PRINT 466N20
RETURN 61EN2310

c 01EN2320
67 FORMAT (12A6) E30
6R FORMAT (8110) GENE340
69 FORMAT (AE1o.3) N20
70 FORM4AT (2E15,7). 6EN2360
71 FORMAT (4614 *00** THIS PROBLEM WAS RUN WIT14 PUFF 66 **G*/E612370
7p FORMuAT (13M TABLE VALUES/tlOflO.3,,fl 61142260
73 FORMAT (/.6X ,4HN14ZC,4X,6H1MTRLS,6X ,41JR2L,5X.514JZPUL ,SX,5141PR11451.6112390

IS14NTAP!,4X,614L021412,61,4'J7114.SxS1JCYCs,4x,61414R11014,I,1011) 61EN400
?4 FORMAT (/12H4 ZONING St/ usfEN12410
75 FORMAT (IX96H RATI0110*3,014 TO 101414) 61EN2420
76 FORMAT (/1714 BLACK BODY IN4PUT/) 61EN2430
77 FORMAT (12H1 TEMPERATURE§X,714 CNEROY/910(PC12*39/fl 6E142440
?a FORMAT (/.5,5P4A146LE,6X.414T1ME.?X,31CK5,6E,2NTS9f4El0.3) 6112450

11491X,514TOJ8149SX,1l1MTMICKN4ESS :110:3) 611N2470
80 FnRMAT (/,10X,5HEQSTCl0X,514E05TD10X,5HlSSTE10XSNEQSTGl0XSH1QST141I142480

10K,514E0STSIOXSt4EGST1411X,41PMI14/N115.5) 61142490
a1 FORMAT (I, 10X,51CUSP1 1OXS14CUSPAlON,514CUSPCIOXS14CUSPDIOE,514CUSP6161142500

10XqS14CtSPS/8E15.S) 61142510
82 FORMAT (/,13X,214y0,12X,3HAMu,11x,414yA00,12E,314y4U,/,4E15.5) 611N2520
al FORMAT (/l,61 NO0E *13.19X,214AA1'.N,11l~461 E,441t1.320(1SX.311S./il) 611N2530
84 FORMAT (1141,12AAe/S140 J GX,214OX13X.1NE11E.4MgftgS10A.31CAL10X.7HSU61142540

IM CAL7E,74ER6S/(Im9X,2HY0Z,6X,914ZONE41 ASS4RO114J// SEN2550
as FORMAT 0HN 13ogE14.5914) 6114256O
66 FORMAT (111) 61142570
87 FORM~AT (/151 THE M1017 ARE/(10E10.3/)) Sf1N2560
SA FORMAT (/ISM T14E JEOITS ARE/1011o/1 614500
89 FORMAT ('%X(,5.EITOT,7XoN,1NBB,5XS1STARTBXS14SSTQP9,/,f10.3. 1.1106COSE;26

1-3) 61EN2610
gn FORMAT (1EN614620

660 FORMAT (110,2110.3)
164 7FORMAT (0 SPALL STRENGTH OF IN4DIVIDUAL ZON[Sio,/(U(14i. TSPALL(413

END 61142630.
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SIJRPOUTINIE REZONE RE? 10
C REz 20

COMMON CSglo(0)Ealo(0)C60)S61#D81t(O)YE 30
107('401 .?Mc801) ,TSPALL(CSO) ,US(100)

C REZ s0
COMMON AMLI(Ak),CIJSP1(6),CUSPA(6),CUSPC(6lCUSPOI6)hCUSPG(6),CUSPS(6RE? 60
I~DSP(2OCT()ESD6IGTEGPOT()ESM6#QT()E 70
2,EOSTS(639 JSND(A),JEDIT(10),JORG(10),PMIN(6),RNO(&1,SSTOP(5),SS(S0REZ so
31,5),START(5hoTEOIT(25),X(S01hIYAODg6)OYMU(6),YQ(e) RE? 90

C REZ 100
COMMON CKSC0,Cl1,DtNOTNHI?.JCYCSJPINJSMAXJSMAX1,JRZLJSTARJTREZ 110
1SJZPULLINE.LOMI?,NNJEOITNMTRLSNPRINNREZOW.NRZNSPECNTAPENREZ 120
2TEOT .PDTNFGPOTPOSSDURMSK2p4,SbAX, SSTOPM. TImETS.WTAPE REZ 130

C RE? 140
nTMENSION SSL(S1. SSR(5) REZ 150

C REZ 160
C REZONE AHEAD OF MAX STRESS REZ 170
C RE? 1S0
C DETERMINATION OF PULSE TO SE USED IN DIVIDE ROUTINE REZ 190

SSP4AXwSMAX RE? 200
SJSMAXmjSMAX RE? 210
IF (X(JSMAX)mXOSM) 1.7,7 RE? 220

1 DO 2 JuJSMAXtJSTAR RE? 230
IF (S(J)-*5OSMAX) 392,2 RE? 240

2 CONTINUE RE? 250
GO TO 7 RE? 260

3 PS.4A~mO. REZ 270
00 S JJujqJSTAR RE? 280
IF (RSMAN-S(jjHl 404.5 REZ 290

4 PSMAXuS(jj) REZ 300
JRSP4AXUjj RE? 310

5 CONTINUE RE? 320
IF (RSMAX-*5OSMAXP 7#6,6 RE? 330

6 SMAXBRSMAX RE? 340
JSMAXmJR5mAX REZ 350

7 XO9MnX(JSMAX) RE? 360
C MOMENTUM CALCMtATION RE? 370

JSMAXImO RE? 380
NOIVDw0 RE? 390
47comeon RE? 400
!MVpPPSO RE? 410
J.JSMAX RE? 420

a jJEJ1 RE? 430
IF (U(J)) 10.999 REZ 440

9 Er4VPPuEmvpp4U(j[.5)(ZM(J*1),ZM(J)) RE? 450
IF (J-1) 10910,R RE? 460

10 JEJSMAI.1 REZ 470
11 JeJo1 P(Z 400

17 (U(Jfl 12,13.12 REZ 490
1? pMyPuhVPsmp4~UgJlt..9.(Z~j.13.zm(J)) RE? 500

1F (J-JSTAP) 11911913 RE? 510
13 OTPPmEMVPPISMAX RE? 920

17 (DTPP) 14,14,15 RE? 530
14 SMAX8SSMAX RE? 540

JJMAXBSJMAX RE? 550
#mO TO 120 RE? 560

1s CONTINUIE RE? 570
C CALCULATE OPTIMUM ZONE SIZE FOR DIVIDE RE? 560

R7DKS2.*DTPPOCS (JSMAX)PFLOATIJ2PUL) RE? 990
JmJSMAX RE? 600

C NfV1OE ENTRY CHMECKS RE? 610
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IF (JSt4AX*50.JAHEAD) 16917t17 REZ 620
16 i.niveso REZ 630

00 TO 18 REZ 640
17 Jinveam REZ 650

JAHEAOUjSmAX.75 REZ 660
is jaJ.1 REZ 670

IF (JO1-JFIN) 19958956 REZ 680
19 IF IX(JI-X(J-1)-qZDX i0,20,21 REZ 690
20 IF (J-JSMAX-JOIV) 18#5095e REZ 7o0
21 ~JFIN08JFIN REZ 710

JgNnCKEQ REZ 720
Do 23 MelN#4TRLS PEZ 730
IF (J-1-JOND(M33 24922993 REZ 740

22 JRNflCKmM REZ ?50
23 CONTINUE REZ 760

MwNMTRLS REZ 770
C D)IVIDE LOOP REZ ?40
24 IF (J9NDCK) 25925927 REZ 790
25 R7Rm(.S*(X(J-1).E(J))-X(J-233/(X(J)-X(J-2) REZ 600

FLuE(J-I3.RlR*(E(J)-E(J-1))3. REZ 620

YOZLUYOZ(J-1).RZR*(YOZ(JI-YOZ(J-1)) REZ 630
fL~fl(J-l)#RZR*(D(J)-DlJ-I)) RE? 640

nlo 26 !ulNSPEC Eag
26 SSL(I)uSS(J-1,I3.RlRO(SS(JI3.SS(J-1,I3) REZ '60

IF (J-JRNO(i433 27929tZ? REZ 87Q
27 P7Ru(X(J.13-.5*(X(J3.N(J-1)))/IX(J.13-X(J13) REZ 660

FRU(J43.RR*((J3E(J3RE? 690
SnRESfl(J*1)#R?R*(SnIJ)-SD(J#.13 REU 900
YO7w*Y0Z~J.13.R7RO(Y0Z(j3-Y0Z(J.133EZ91
nl~on(J#1)*RlR*(D(J)-D(J*13) REZ 920
On 2A IwINSPEC REZ 930

2A SSR(I3.SS(J.1,13.R7R*(SS(JI3-SS(J.1,?33 REZ 940
IF (JRNOCK) 3303301 E~Z 950

29 EZPU(.SO(X(J)-X(J-1) ) #(X(J)-X(J2)) MEZ 960
rPaE(J3.PZR*(E(J3-FjJ.13I) REZ 970
SnRmSD(J) .RZA*(SOIJ,-SD(Jm.13 REZ 960
vflZWmYflO~ RZ*Z(J)Opp~o~)yolij.I33 REZ 990
nquflj3 .PZRO(f(jI-D(J-I1) PEZ1000
00 30 ImlNSPECCRZ1

30 SSP(I)uSV(J,!3.RlE.(SS(Jl).SS(J-1I33) REZ1020
GOf TO 33 IIEZ1030

31 Pm.*XJ.(- ((.3(*3 EZI 040
EL.F(J.*PZR*(E(J3-FqJ*13) REZIgol
SnLmSn(j) .RlR*fSnl~J)-SD(J.j)) REZI060

nOLauYOZ?*((J3.ZE(fl(3'D(J*1)3 cl @7Z06
fOn 32 IUINSPCC PEZIO@90

33 KAKI(JI liti110
XLm.S(X(J3.X(J-13 RElI 120
Z*4Ro(XR-XL)*DP PEZI130
7'4LO(XR-XI*f)L 0121140
IiS.U(J) RElilSo
ULu4(ZM(J3.lML)eL(fJ.13.IlM(J3.lMm)eU(,J)3.#(lMLelIM3 I~ .6
CALL EGST (ELDL.PLM) OECIl 1170
CALL EOST IERoPPUN3 prilZI@
SLOPL-SOL REllilg

al.,m SO (iI ello %
OR804J) ArEisto
CSLwCS(J3 RE71130
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CspmCS (J) PEZ1240
N4T=NMTPLS-l PEZ1250
IF (NP4T-M) 34049,34 RE71260

34 nnA 35 MluM9NMT PEZ1270O
35 JQNr)(I4T)*.IRNO(Mt)o1 PEZ1280
36 JCKxJ PEZ1290

JUJF IN PEZ13oo
37 xtj.1 ).xcj) PEZ1310

UfJ'1 I~ajf() PEZ1320
ZM(J*1)87M(J) REZ1330
D(J41U*OCJ) REZ1340

E(J'1~nE(J) PEZ1360

sfjlJ1)usfl(J) PEZ1370
Y0Z(Jo1).yoztj) Rfi1380
P(J.12.PcJ) PEZ1390
fm(J*1)mQ(J) PEZ1400
CsVJ*1)uCS(J) PEZ1410
TSPALL cJ*1)mT5PALL(J)
no 3A TmleNSPEC REZ1420

38 SS(J.1.!)ossCjtI) RE21430
jEJ-1 PEZ1440
IF (J-JCK) 39,39937 PEZ1450

39 X(J.1'uXp PEZ1460
X (41 XL PEZ14?0
tJ (J+I)OUJR PEZ1490
U(JI aUL PEZ1490
Z4(J*1874 REZISOO
Z'4(.J) u?ML REZISlO
n(j.1)u01R REZ1520
OWJuDL PE:Z1530
514.11uSp REZ154O
g(4I uSL PEZ1550
E(jol)*Ep REZ1560
E (4) EL PEZ1570
Snjl(.)umlnR PEZ15SO
S'm(J) UDL REZ1590
YOZ(J1I~uYozp PEZ1600
vflZ(J)o~nZL PEZ1610
P14.1 ).PP REZ1620
P(J) .PL PEZ1630
O(J.1DuQP PEZ1640
Q(J) uQL RE21450
CS(J*1)oCSR PEZ1660
CS(JIUCSL PEZ1670
YIPALL(Jo1ileTSPALL (4)
IF. (TSPALL(J.1)'.SY.TSPALL(J).A.?SPALL(J-1).NE.l.fl4) TSPALLg.j~mTSP
IALL(-1)
nn 40 ?.l*NSPEC NEZieSO

40 SS(J9.h.SSLMI NEZI10o
If (NJEDIT) 40444,41 RE2I?10

41 OM &3 ItsioNJEOIt 0E12172
Tr (4J701?T(Itl) 41042143 '(71 ?3@

42 JrDIytZ)&JED1Tt1Z,.1 *EZ1?'@

4s jsT*P~jgY&3.j 011I nO
4#0 Jfl'loPI'N.1 RIZI760

JAI4F.nnAfmJEAfel. QZ1190
c ('IVbD! LOOP Ell? CHECKS REulaoo

IV tJ7?N.?799) 47.57.57 DEZINlO
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47 IF (X(J)-X(J-1I-RZDX) 48924924 REZI820
46 IF (J.JSMAX..JoIv) 51,49,49 PEZ183O
49 IF 1JnIV-75) 57,50.5o REZ1S00
50 JAHFA~oJSMAX*JDIV REZiS5a

51 00 TO 57 REZ1160
51 JEJ.2 REZIS70

IF (J-JFpJ) 52.570S7 RE Z1660
52 IF (E(J*1 )) 53,S3,54 PEZIS90
53 NWHATm? REZ1900

CALL SSCAL (NWHAT,EA0D,J*1) REZ1910
E(Jol)nEADD REZ 1920

54 IF (J-1-JONDHM)) 95956995 PEZ1930
55 JpANDCK&0 PEZ1940

S6 00 TO 25 REZ19so
56 mu14' RE21960

J9NflCK. 1 REZ197o
Grn TO 27 RE71980

C END DIVIDE (19
57 NZDIVDwIABS(JFIN0-FN REZ1900
C REZ2010
C REZONE BEHIND MAX STRESS PEZ2020
C PEZ2030
56 S4AX8SSMAX PEZ2040

JSMAX@SJSMAX REZ2050
If CJRZL) 11691169%9 Rf 22060

59 IF (LOIHIZI 6o*619&0 REZ2070
60 IF (N-N67-100) 116*62,62 REZ2080
61 IF (N-NRZl25) 114,62,62 RE22090
C DETERMINE FIRST ZONE WITH ENERGY LESS THAN SUBLIMATION ENER"Y PEZ2100
62 Mali 6FZ21 10

flA 65 Ja?#JSTAP REYE120
IF (J-1-JPNfl(1)) 64,63,64 PEZ2130

63 ME0401 REZ2 140
61b IF IEIJ).EGSTr(M)) 66,65,65 otZaiso
6S CriJT I NtiE RE22160

JVNJSTAP RE22170
On~ TO 67 PEZ2180

44 JV.J-1 PEZE1j90
AT jFpNOaJFpj RE22 00

JujsM4AR : E2210
C METERMINE LAST ?ONE To THE LEFT OF JSMAX WITH S EQUAL TO OR REZZ2lO
C (GREATEr THAN .2*SMAX PE21130
68 jej.1 of z12.O

IF (SlJD/sMAI.. 2 1 49.6868 1226
69 JPLCUJ.1 REIRE60
C C0'4RINt ENTRY CHECKS 0E128l70

IF (JPLC-JV-JNZLI 70.70.74 at22260
70 IF (JSMAE.~JPLC.JZPUL) 115,11SM? :112290
C COmAINE FROM JPLC TO -49SMAX tEZ1300
?I JeJPLC RE22310

Onl ?I bISNmT4LS MC11320
IF J-j"No(~mn 73,72,72 01Z2330

72 Cn4T1'dUE 4122340
weNuTOLS KUM35

73 CnNy I quE otZ2360
Dm 14 mme),NmTPLS *EZI3?0
IF fJSMAN3J3AiO1014h 75,75,74 0122340

74 Co'NT 14o *t12390
MNT RL 1 R1Z2400

N3(I~S3 Sf 2420
4ATV 40 0C22630
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C Cfl'4RP'F FRnm JV TO JPLC RE72440
76 NRErGml PE?24SO
77 nO 78 mmi.NmTRLS PEZ2460

IF (JV$1-JOND(MI) ?9979978 PE22470
70 CMNTINUE PEZ2480

MoN4TQLS PEZ2490
79 CON'IN'JF PEZ2500

PZRE(X(JPLC)-X(JV))/FLOAT(JRZL) PEZ2510
jJmv REz2s2o

C COMAINE LOOP REZ2SIO
so IF (TSPALL(J.1).EQ.lo234) 00 TO 104

IF (JeLT.7) 00 TA MOO
IF (TSPALL(J)*Cool.234) 0O TO 104
IF (TSPALL(J.2),EQ.l.234.0.TSPALL(J43).EG.1.234) 00 TO 104

600 IF (Xlj.1 EX(J)-RZO) 6191049104
61 IF (J*1-JBND(4)) 62,104.62 PEZ2550
62 IF (NJEnIT) 6'%,A5,A3 PEZ2S6O
A3 On A4 I.1,eNJEfl!T PEZ2570

IF (Jo1-JEDIT(TIt) 64,104,84 REZ258o
64 CONTINUE PEZ2590
6s 7NINVoEIS(ZM(J*I)*?M(J#2)) RE22600

Do 06 InlNSPCCRZ21
66 SS(J*1,I)u(SS(J.1,1lOZM(Jel).SS(Ja2,?)OZM(j.)) O7MINV PEZ2620

1 *Zm(J*3)) REZ2640
ULU(U(J)(Zm(J)*lM(J*1l4U(J41)(ZM(J.1)*Zm(jot2)U(J2[)(ZM(J*2)*EZ2650
174J*3fl-IUP@ZMcJ*1,.ZMIJ*2)*Zm(j.32i)/IZMCji*Z$4J1[)ZmEJ*2f PEZ2660

I* PEZ2680
E(J.1)a(E(.J.1)Zm(j*1)0E(J*2)*Zmtj.2).UU(J)OU(I1l))E(U(J)*U(J1l))EZ2690

2J*2) )-(UL*UR)*(UL*URh'8. RFZ2710
Ej2uE(j.3).(u(j.2).u~j.3flO(U(J.22.U(J43fl'6,-(UR*UEJ'3))@(UR.U(JePEZ2720

13) )/Rs RF22730
U (J) BUL PEZ2740
U(J.1)mUU PEZ2750
snfjl(J.'(SD(J.1)OZm(J*1.OI)ODJ*2)eZM(J.2) oZep1NV REZtT
vflZiJ..(V0yzCj.1'9.2(J*lI.YOZ(J.?)*ZM(J*2I D.ZMINV REz2270
7'(J*1 ).UJ*)Z(J* 2 zt.a REZ2780

l(J.1~)m(0S(J.1)*'0(J.I)/z$0 REZ289o

Otj*1)*ZMJ.11/(x(j.I).E(JI) REZ2SZO
IF (TSPALLIJ.2).LT.TSPALLIJ.1).0.TSPALL(jol).C@.1.1341 TSPALLtJ.I)

IOTSPALL IJ*R)
IF ("-I) 8904SgA? RE2163@

a? If W-J..JND('41 69984989 *ZZIG~o
so CALL Fr'lT (CI I)*0(j),PlJlm.1) REZ265o

on Yto 90 REZ246
to CALL LOST lF(JloOlJl9P(Jl*M) NEZ2670
on CALL. EOST (E(j*I)#OIjb1)tPIj*UloM) *CZ2660

IF (jop.jRaf)(,fl 9,.eo1,9 REZ8690
91 CALL COST ([Jt&rngJ*3)*PJ2oN.1) RE21900

an TO 93 NEZIO10
op CALL MY)~ (CJt*lJ*3)*PJlm) *EZ2920
93 S(J)&plJ)tSfl(j) REZZ930

JieJ*l 01129sg

on J I.E (.31.11t 4112964

ki (JI I not(i 01.1 4112E?980
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DcJI~uDJlol) REZ30oo
S(JJ)nS(Ji'1b) REZ3010
r(J1)NE(J161) PEZ3020
SnflJ~oSDur.1Il REZ3030YoZCino'vZ(i~lol REZ3040
P(JI)wPcJ*I. PEZ3050
G(JI).Q(JI10l REZ3060CS(JI~uC3cjI.1l REZ3070
TSPALL (jI)UTSPALL(JI*I)
DO 94 wIt1N5PEC REZ3060

94 SSIJI.I)DSS(Ji.~loI REZ309095 CONTINUE REZ3100
I (J*2) *EJ2 REZ31i0P(J.2)*PJ2 PEZ3120
S(J*2)nPgJ*2l -SD(I.*2) REZ3130
IF (NJEOIT) 99'999,96 PEZ314096 DO 98 lIsIoNJEDIT PEZ3150IF (J-JEDI?(II)) 97,969ag PEZ316097 JFDIT(IIIUJEDIT(Il)- 1  PEZ31 7098 CONTINUE PEZ318099 JSMAXuJSMAX-1 R1Z3190
JSTARnJSTAl-1 PEZ3200
JAH4EA08JAMEAD-1 PEZ3210

JFINUFIN-1PEZ3220
IF (J.1-JPLC) 10~0910190 R123230100 JPLCOJPLC. *23.On 0 103 '4'4.lN'4?QLS PEZ3290
IF (J.-IBNfl(MMI) 10?9103.103 REZ3260102 JqNO(bmb&mp8ND(MM).1 RE23270103 CONTINUE RE23280

C COMMINE LOOP EXIT C14ECKS PEZ3290104 (4n T1 lfloSV069107i, NREG DEZ3300
105 IF (S(J.3)-.20SMAXI l0601100l10 REZ3310106 IF (Jf1-JPLC1 106,70,70 132

10 T (StJ.1)-.111SMAX) 1089115,115 nEZ3330
IOl jsj*I REZ3340

IF LJ-JIIND("Mn 60,309,50 130109 M.M4*1 NEZ3350
00 TO 60 REZ337o

11ft IF (J*i-JPLC) 111,70,70 IRC23370
11 JDJPLC-2 PEZ3390

112 IF (S(J)-*Z.S'441) 113,114,114 REZ3400
113 JEJ-1 RE23410

14 IFIJ-,Jvi '0'7o'112 PEZ3420
11' jvej E123430Nocr.62  PEZ344000 TO 77 ME23450C ENO C04IwSNE PE23460

Nb2.N EZ3460110 IF CNZDIVOONYCOM'3 12061109117 QEZ3690
11? Ir (LINC.55) ligl"16il$ 01123S001 lkf Polley 122 REZ3SIO

jg LI14FO .0 173201 LINEU@LINV,? R12)30PRINT 121* MJ*14Z0TVD,,42C0W11"#JSTA* 1

C '123540
1?) r~"A (iol'11ISNIElONE At CYCLEOI5, 1 4x "DDE4aO 1O,3 06H 1Oh1S62197NDELPE23S70iCEE*1,3,A)4 ZONEq.w,Ip2N~w jS74 3ol I5,IAD %(361M VFMR-AT (1411 0[13590
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SIORPOUTI'JE FnIT EDT 10
C EDT?20

COMMON CS(8o1),on8o1),E~8o1),P(801),Gc801).S(g01),SD(801,,U(Mol),YEDT 30
107(AO1),ZM(Afll'),TSPALL(8O1),US(100)

C(MO EDT 50
COMNAMUJ(6)CICJSPI(6)9CUSPA(6),CUSPC(6),CUSPD(6O)CUSPG(6)OCUSPS(AEDT 60

1),DTSCPT(12).EQqTC(6),EQSTnc6),EOSTE(6),EGSTG(6)ESTý'..'6),EOSTN(6)EflT 70
29FQSTS(6).JS.wD(6,EDIT(10),joRG(10),PmiN46 ),Rmo(6),SSTOP(5,sSS(S0EDT 40
31.5),STAQH5S),TrnIT(?5),X(Sol),YAOD(6).VMUi6),Va(6) EDT 90

C EDT 100
CnO~iON CKSC0.C1.DTNDTNItTJCYCSJilNJSMAKJSMAXIJRZLJSTARJTEDT 110
15.JZPUL.L INE.LOZMIZNNJEDIT.NMTRLSNPRIN.NREZONtNRZNSPECONTAPENEDT 120
2TFDT.PDTNEGPOTPOS.SDURMSK2mSMAXSSTOPMTIMETSWTAPE EDT 130

C EDT 140
C TAPE STO9AGE POO FUTURE EDIT EDT 150

JSTARDoJSTAP. 1 EDT 160
IF (WTAPE) 1#2@1 EDT 170

1 WRITE (6) N,TIMF,(01SCPT(I).Il,1~2),JSTARJFIN,JSMAX,JSTAPO,(JBNO(
111) 11.1816)
WDITE (6) (J.X(J).TSPALL(J).P(J).Q(j),ECJ),n(j),SD(J).S(,JI.CS(J),J
1.1 ,lSTARD)

C TOTAL '4OtENTili( CALCULATION EDT 210
2 EAVNEG.O. EDT 220

EmvpOSUO * EDT 230
ESl~aD * EDT 240
EKSI(M*D EDT 250
0'4A~an. EDT 260

On A Js2,JSTAPD EDT 270
IF (q(J)-QNAX) 49493 EDT 280

3 04AXafe(j) EDT 290
J'jMAXaj EDT 300

4 IF (TSPALL(J).NE.1.234)GO TO 60

'4SNMS. I
00 TO Al

60 EmV.Zm(J)*cU(J)#(J(J.I)1/2e
61 IF (EMV) 596t6
5 FMVNEG*EMVNEG.EP4V EDT 330

an TO 7 EDT 340
6 EMVPOSmEEVPOS*E'4V EDT 3s0
7 CONTINUE EDT 360
C TOTAL ENERGY CALCULATION fIN CALORIES) EDT 370

E5UmsE3Um#EJj)*Zm(j)/ 4 ,18 6 E7  ED? 360
EKSUMOEKSUMOM.ZMO(J).((U(J(J.))e(U(J)U(J(J1))/4,14E7/s. EDT 390

a CONTINiuE EDT 400
FTOTALOESUM#EKS(14 EDT 410
JMEJSMAX+3 EDT 420

C CALCULATE MOMENTUM OF MAIN PULSE EDT 430
EmVPLan, EDT 440

9 EMVPLuEMVPL.U(Jm)*O.5(ZM(Jm.1)eZM(JMfl EDT 450
IF (JM.JSMAx) 10911911 EDT 460

10 IF (U(JM-1)) 13.13911 EDT 470
11 IF (J4.1) 13913912 EDT 480
12 JmaJm-1 EDT 490

GOf TO 4 EDT Soo
11 JPMuJSMAX#4 EDT 510
C CALCULATE MOMENTUM OF PRECURSOR EDT Sea

EMVPREO * EDT 530
14 EMVPRUEMVPR.U(Jm)/2..(ZM(JM).ZM(JM.1)) EDT 540

IF (JM-JSTAR) 15911916 EDT 550
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is J.Au lt*I. EDT S60
On TM 14 EDT 570

16 EuvPPwuE"vL*FmVPQ EDT 5O0
nlvPP.E'VPPi'SMAX EDT 590
n rPULS*EUOVPLSMA I EnT 600

c CALCLILATt MAXIMUtM POTENTIAL MOMENTUM4 OF VAPOR EDT 610
h4'1 EDT 620

nn ?0 JE?,JSTAR ED 4
TV JJ'DM iAplist1 EDT 650

17 mum.1 EDT 660
in DFwE(J)-FoSTE(4M EDT 670

IF (DE) ?1921*19 EDT 660
19 IJAVGN(SQDY(LI(J-fl*')jJ-13*.?.DE).SQRT(U(J)*U(J).2.*DE))/2* EDT 690
20 EMVCIM=ELiVPM*4UAVG*Zm W) EDT 700
21 CONTINUE EDT 710
C PRINT OUTPJT VARIABLES EDT 720

JRNOjmJ84ND(I) EDT ?30
JRNfl2uJH4~n(2) EDT 740
JRNf03ujAPý!n(3) EDT ?SO
IF (LINE-SO) 23,22,22 EDT 760

22 PQI:ýT 25 EDT 770
LINFue EDT 780

23 LTNEULINE.7 EDT 790
PQ!NT 24, N,TImE,DTNH,JTS,ETOTAL,JIPINJSTAR,JSN4AX,SMAXX(.iSMAK),DTEDT 800
IpPgDTPIILS.EmVNC(S.EuVPosEuVPLEmvppr.mVppoEmv6I4,ROTPOSPDTNEGX(1 )EDT 810
2,E(JkND1),X(JRN02).X(JBND3),X(JF!N),JOMAX.QMAXX(JOMAX) EDT 620

QFTURN EDT 630
C EDT 640
24 FonhOAT (/,7XSHCYCLE.SX,4HTIMEIX,4MDTNM.9x,311JT2,bX.6METOTAL,6K,4EDT 850

IHJFIN,7X,5P4JSTAD,7,StqjSMAXSX*4NSNAX,4X.SMX(JSMAXE,/,I12s2EI2.4,IEDT 860
2l2vf12o4,3Il2s2F12 4 /t6 4HDTEPP6X 694OTPUL31 G*E,6EVNEG,6X,6HEMVPEOT 670
IOS97XISHFMqVPL*?,Sx.5MVP:4,SMx sEMVIPP,7Xt5NEMV M96N,X6HPDTPOS961,6NPDEDT 660
ATJEG,/,lflFl2.4,##,SX,41X(1),4E,614X(JSNO1);4X.CMX(JBN02194XSHX(JBNDOET 890
S3),5X,7HX(JF!4),7X,5NJQMAXRX,4NOMAX,4X,6I4X(JQNAX),/,5E12.4,I12,2EEDT 900
612.4) EDT 910

25 FnQ"AT f1m1) EDT 920
F-if)EDT 930-
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SURROUTINE [Q4T (El,01,p1,m) [OS 10
C [OS 20

COMMON Cs(Uolfl(so1).E(601).P(601hG(0(So).S(g011,SD(SOIIhU(6n12,vEOS 30
C 1@Z('O1),ZM(60lI .TSPALLISO1.IUgh1a00 [05 s0

COMMON Amu(6~,CU5p1 (e),CUSPAqe),CUSPCI6).CUSPDIGeýCUSPG6()oCuSs(stEos 80

2,~oDSCTS(eJJsEflge,~,J[bTD(10IoEfTE103,pMSTw(6JRo(CjS5ToP(S),sT(6EOS 60

31.5),STAQT(S),TEOIT(2SIoX(I011,YAOO(6J*YwU(6),YOt8I [05 90
C [OS 100

COMMON CKSCOC1.DTNOTNM,~tJCYCSJPINJSMAXJIWAX1,JRZL.JSTARJTEOS 110
15,JZPULLIN[,LOZMI7.NNJED1TNMTRLSNPR!NNREZONNBZNSPECNTAPENEOS 120
2TEDTPDTNjEGPOTPOSS0URMSE2MSMAXSSTOPWTJMETSWTAPE [OS 130

C [OS 140
IF (Dl) 2o1,2 [OS IS0

1 P1.0. Fos 160
RETURN [OS 170

2 VlURHO(M)/O1 [05 180
[NUEDI /RNO (M) EOS 190
['4uaENU-1. E OS 200
If (EMU) 397,7 [OS 210

C EOST FOR EXPANDED ZONES [OS 220
3 E~Jd2wFoS!N(.Oe(1.4V1)*V1 [OS 230

IF (ENU2*10*j S,S94 [OS 240
4 TSlmEOSTE(M)*(1.-[VP(ENU2)) [OS 250

go TO A [OS 280
5 TS~nEOSTE(m) [OS 270
6 TS2sENU6*(EQ7T.:-'.(olrST6(MI-EGSTH(m))OSQRT(ENUD) [OS 280

P~w(E1-TS1 )OTS2*?OlIOM)
RETURN [OS 300

C [OST FOR CnmPRESSEO ZONES [05 310
? IF (CUSPA Mn 10#10.6 [05 320
S ADGuEMU-CIUSPA (M) [OS 330

IF (APB) 10.10.9 [OS 340
C TWO-WAVE SOLID EOUATION E05 350
9 TS2U(CUSP1(M,.U(CUSPS(M4).ARG.CUSPO(M)J*ARG.CUSPC(MWneARG,.(1,-(CUSEOS 380

1Pfl(Ml@[NLI)/201 [OS 370
60 TO 11 [OS 360

C ONE-WAVE SOLTO [QUATION [05 390
10 TSZU(([OSTS(M)*EMU.EQSTD(m)2OEMU.EGSTC(m))2EMUO(1..(EGSTG(M)O[MU)/EOS 400

121) [OS 410
11 PjwTS2*El*EOSTG(M)*Dj [05 420

RFTURN [OS 430
EYD [05 440-
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SUBROUTINF SSCAL (NwHATOEADOJ) SSC 10
CnmmnN CqR01D ,r)(RO1'),E(ROl),P(AOI,90(801),S(8301),SD(801),U(AOlI),YSSC 20

1fl,(40l).7m(P01',,TSPALLI801),US(l003
C SSC 40

C'nMON A941 (6) qCLJSPI (6)CUSPA (6) sCUSPC (6) ,CUSPD (6) CUSPSG(6) ,CUSPS (6SSC 50

foDISCPT(12).EQ~STC(A),EOSTO(6),EGSTE(6)tEQST0(6)9EQSTH(6)tEoSTN(6)SSC 60
PEQSTS(6),Jt3ND(AlJEDIT(101.,JORG(1029PMIN(6),RI4O(

6 )oSSTOP(5)9SS(SOSSC 70
31,5,,STAQT(5),TEDIT(25),X(801~,YADD(S),YMU(6),YO(6) ssc eo

C SSC 90
COM~40N C'KStCntCi DTN,OTNM, !T,JCyCSJ~iNJSMAx,JSMAXIJRZLJSTAR,JTSSC 100

lS.J?PUL.LINELO7H17,NNJEOIT.NMTRLSNPRIN9PdREZONNRZ@NSPECONTAPE9NSSC 110
PTEDTPOTNEG.POTPOS.SDURMSK2MSMAXSSTOPM9 TImETSWAPE SSC 120

C SSC 130
EADDRO * SSC 140
~Of TO (1911916)o 14WIAT ssc 150

C fNEPGY ADDITION ROUTINE FOR ACTIVE ZONES SSC 160
1 nlo 10 1819NSPEC SSC 170

IF (IMESTAR~l) 109091SSC 1S0

2 IF cTIME-DTNH-SSTOP(I3) 3910910 S19

3 IF (J-2) 59495 SSC 200
4 SflUPRuAMTNI(SOIP94,SSTOP(I)-START(Il) SSC 210

5 IF (TIP4E-DTNH-START(I1) 6969? SSc 220
6 EADDOEADn.SS(JI)S(T!ME-START(I)) SSC 230

an~ TO 10 SSC 240
7 IF (TI'4E-SSTOP(I)) 68989 SSC 250
a EADDUEAnoss(jvI)OflTNM SSC 260

0') TO 10 SSC 270
9 EADOFDnEAO.S(JI)*ISSTOP(I)-TIME*DTNH) SSC 280
10 CONTTINUE SSC 290

OFTORN SSC 300
C ENFRGY ADDITION ROUTINE FOR ADDING ZONES IN REZONE SSC 310
11 no 15 I101NSPEC SSC 320

IF (TIME.SSTnP(I)) 12,14.14 SSC 330
12 IF (TIME-START(I)) 15915s13 SSC 340
13 FAODDEADD.SS(JI)*(TIME-START(I)) SSC 3S0

aO TO 15 SSC 360
14 EADOxEAofl.S(Jl)(SST0P(I)-START(I)) SSC 370
1s rCONTINIJE SSC 360

RETURN SSC 390
C ENERGY ADDITION ROUTINE FOR ADDING ZONES IN HYDRtO SSC 400
16 n0 20 I.1.NSPEC SSC 410

IF cTIl4E-OTNH.SSTOPC~l) 17,19919 SSC 420

17 Ir CTINE-nTNH-START(Il) 20020918 SSC 430
is FAD~uEAODSS(Jio)*(TINE-OTNN-START(II1 SSC 440

Go TO 20 SSC 450

19 EAOOUEA~flSS(JT)OCSSTOP(l)-START(I)) SSC 460
20 CONTINUE SSC 470

RETURN SSC 460
END SSC 490-
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