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ABSTRACT

The methodelogy of analysis and a description of applicable computer soft-
ware relative to the ORR-PSF Irradiation Experiment data are pre-ented.
LFems obtained from processed data include: 1) irradiation exposure time,
2) megawatt-hours of exposure, 3) average temperature of each thermo-
couple during normal irradiation conditions, 4) standard deviation of each

thermocouple temperature, and 5) a histogram of irradiation time for sev-

eral temperatures for each thermocouple.
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1. INTRODUCTION

The U.S. Nuclear Regulatory Commission is conducting an extensive research
effort for characterization of irradiation effects in various steels.

Part of this program is conducted at Oak Ridge National Laboratory in

the Oak Ridge Research Reactor Poolside Facility (ref. 1). Mechanical
test specimens are irradiated in one capsule which simulates a Light

Water Reactor Pressure Vessel and in another capsule which simulates a
typical pressure vessel surveillance pachage. Specimen temperatures are

maintained at approximately 288°C by an automatic control system (ref. 2).

Reactor power and specimen temperature data are recorded every hour during
normal operating conditions and more frequently during transients. These
data are processed in order to characterize the temperature and neutron
fluence environment associated with physical property data obtained from

the irradiated metallurgical test specimens.

Data selected to characterize the irradiation environment are:
1) accumulated megawatt-hours of irradiation,
2) irradiation exposure time histogram at five temperature intervals,
3) average temperature of each thermocouple, and
4) standard deviation of each thermocouple temperature.
Calculations for the above four items are not performed if the experiment
is not in-place norif the reactor power is below 5 MW, and they are not
commenced for a particular start-up until the applicable average specimen

set temperature increases above 285°C. Calculations for individual
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thermocouples are bypassed if their temperature decreases below 270°C.

Details regarding the methods of analysis and computer implementation
of the above fuactional requirements are presented in the remaining sec-

tions of this report.






The average temperature and standard deviation calculations are based on

two observations:

1) annealing effects are not important below approximately 270°C, and
2) characterization data should be based on essentially steady-state
conditions.,

In order to incorporate annealing effects into the analyses of metallur-
gical data, the integral exposure parameters are accumulated only when
annealing is thought to be important and steady-state conditions are
achieved after each start-up. Programming details are given in

Appendix A.

In mathematical temms, the average temperature is defined by

O
T(e) = + fx(r) T(1)d- (2.1)
and b
0
r= j ((1)dr (2.2)
o
where
T = t ime
& = time interval over which data are processed,
x(t) = zero or unity as defined by irradiation and capsule con-
ditions,
I = effective irradiation time,
T(t) = thermocouple temperzcure,
T(O) = average thermocouple temperature defined over 0.

The variance,as defined over the effective irradjation time O, is

o5 = -

)
S T f x (D) [T(1) — 71'—(0)]2 dr . (2.3)
0



Determination of the variance by utilizing equation 2.3 requires that the
average temperature be available from equation 2.1. This approacn
requires that the data be processed twice in order to obtain the variance
and the average temperature. It is possible, however, to obtain both

the average temperature and the variance of the temperature in a single
pass through the data. Note that the average temperature at time

© 4+ A may be written as

. 1 fO+A
T(O + 4) = N J x(1) T(z)dr. (2.4)
o
It may also be written as
T’0+ 8) = T+5 | x(1) T(t) dt + T { x(1) T(z) dr (2.5)
o 0
or
N " N 1 [O+L
T(e+ &) = [;fi—ri T(®) + = +3 | x(t) T(t) dr . (2.6)
‘. L . ,
X i )

If the integral is approximated by using the trapezoidal rule,

-

T@) + if $ h\' {1(9) + T + A)J . 2.7
. )

T(O+ 1) = 3

(1
IT + 4
\

The same approach may be employed to obtain the variance in a single pass

through the data. The variance at time @ + A is given by






If the integral in equation 2.13 is approximated by using the trapezoidal

rule and second order effects are neglected,

2.'1-'
Towa b-+a|

’

2 2 r kb
(o, + C) + [—-—-—-—T < A] l_TOM/Z -

T = [T(0) + T(6 + 8)]/2 . (2.15)

+4/2
The average temperature and variance of the temperature is com-
puted by the recursive relations defined by equations 2.7 and 2.14,

respectively.



3. DATA PROCESSTNG CONSIDERATIONS

Capsule dara are ‘ecorded on-line in a digital format by a Digital Equip-
ment Corporation LSI-11 microcomputer on a RKOS hard disk unit. This
comp:ter operates under a single job RT-11 monitor and is dedicated to
the ORR-PSF irradiation experiment. Consequently, another computer
which can read RKO5 hard disks is needed to process data off-line. A
Digital Equipment Corporation PDP-11/60 which operates under a RSX~11M
multi-user moniter is utilized for this task. This computer is located
at the Hizh "rux [sotope Reactor (HFIR).

The computer program which processes the data obtained on-line, PSFTH,
is normally and most conveniently used to accumulate irradiation bistory
over a one month interval . Ancther computer program, COMBO, is emploved
to combine monthly data into cumulative data over the duration of the

experiment,

One RKO5 hard disk contains about 2 1/2 months of data and is retained

at the on-line process computer during this time. When a hard disk is
full, it is taken to the HFIR computer facility for storage and processed
into monthly characterization data. The monthly data are keypunched for
permanent storage on cards and processed with COMBO on the ORNL DEC-10

computer system.

Alternative data processing and archiving scenarios are practical with
exiscing software and hardware available, but the one outlined is quite

sufficient and convenient.
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Table 1. Cumulative Characterization Data for the Simulated Surveillance Capsule Through June 23, 1980.

Hours of Irradiation Time = 1075.29
Megawatt Hours of Irradiation = 32017.57

Thermocouple Hours of Irradiation Average Standard
kkk<T<270 270<T<280 280<T-296  296<T<306 306<T Temperature Deviation

TE 1 20.84 283.91 770.55 0.00 0.00 281.25 2.43
TE 2 15.77 4.70 1045.66 .37 0.00 291.15 1.64
T® 3 17.82 3.12 1054. 34 0.00 0.00 288.49 1.74
TE 4 7.11 9.33 364.74 694.12 0.00 295.39 3.03
TE 5 16.15 3.29 1049.00 6.83 0.G0 289.70 1.87
TE 6 8.25 10.78 977.42 78.84 0.00 292.32 1.99
TE 7 -
TE 8 19.50 7.78 1047.84 0.17 0.00 286.18 1.82
TE 9 10.81 8.75 702.94 352.80 0.00 295.18 1.87
TE 10
TE 11 20.05 131.04 924.21 0.90 0.00 281.90 1.40
TE 12 19.23 106. 34 949.71 0.0¢ 0.00 283.51 2.84
TE 13 18.63 5.61 1010.84 40.21 0.00 289.42 2.70
TE 14 19.20 2.80 698.51 354.77 0.00 294.82 2.58
TE 15 19.21 5.31 1050.77 0.00 0.00 287.64 1.6
TE 16 23.64 11.49 1040.16 0.00 0.00 285.61 1.69
TE 17 19.20 9.98 1046.09 0.00 0.00 287.05 1.43
TE 18 20.65 11.53 1043.11 0.00 0.00 288.24 2.41
TE 19 19.82 15.85 1039.61 0.00 0.00 284.07 1,13
TE 20 27.85 46.31 1001.14 0.00 0.00 283.61 2.37







Table 2. (Cont'd)

Data for PSF Specimen Set 1/2 T
Hours of Trradiation Time = 4174.92
Megawatt Hours of Irradiation = 118294.17

Thermocouple Hours of Irradiation Average Standard

T<270 270<T<280 280<T<296 296<T<306 306<T Temperature Deviation

TE 301 51.66 7,32 4076.80 39.18 0.00 290.09 1.10
TE 302 53.58 11.88 4109.48 0.00 0.00 286.38 0.87
TE 303 50.65 9.51 4114.77 0.00 0.00 287.29 0.96
TE 304 47.90 9.29 4117.15 0.58 0.00 291.08 0.76
TE 305 47.59 10.03 4117.30 0.00 0.00 227.65 0.95
TE 306 49.06 14.41 4111.44 0.00 0.00 286.61 0.87
TE 307

TE 308 53.9) 7.92 4113.09 0.00 0.00 289.18 1.15
TE 309 55.29 10.46 4109.19 0.o¢ 0.00 287.58 0.90
TE 310 55.78 24.03 4095.14 0.06 0.00 285.55 1.03
IE 311 55.95 22.99 4096.03 0.00 0.00 285.90 1.16
TE 312 48.89 7.07 4118.79 G.17 0.00 288.64 0.91
TE 313 48.84 7.08 4117.35 1.67 0.00 289.96 1.05
TE 314 56.02 10.28 4108.62 0.00 0.00 289.11 0.95
TE 315 56.74 11.20 4107.00 0.00 0.00 285.13 0.90
TE 316 55.02 4.38 4115.54 0.00 0.00 287.57 0.77
TE 317 50.94 7.68 4116.31 0.00 0.00 290.87 0.89
TE 318 50.5% 7.70 4116.68 0.00 0.00 289.30 0.99
TE 319 52.62 16.36 4105.94 0.00 0.00 285.26 0.83
TE 320 50.99 12.05 4111.88 0.00 0.00 287.53 1.34
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APPENDIX A
USER'S MANUAL FOR PSFTH
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The first step requires keypunching c¢nd file formatting so that the paper
tape format is consistent with formact "6" of PSFTH. The second step requires
that the paper tape reader handler (PR:) be installed and that the data

be transferred with the FLX or PIP utility.

The data analysis program PSFTH may be executed by the monitor command,
“RUN PSFTH", when the appropriate disk is mounted and DK2: is the user
default drive. Program control data are input from the terminal in an
interactive mode so that the amount of input data required is case depen-
dent. Data that may be required as input, however, are:
1) input data format,
2) reset interval for integration,
3) printing interval for output data,
4) option for printing intermediate data,
5) date and time the irradiation facility is inserted to the reactor
face,
6) date and time the irradiation facility is retracted from the reactor
face,
7) filename of temperature data,
8) number of records in temperature data file,
9) number of specimens and specimen set numbers to be analyzed,
10) filename of initialization data,
11) unit number of initialization data,
12) filename of restart file,
13) unit number of restart file,
14) elapsed time and megawatt-hours associated with initialization
data,
15) time adjustment of initialization data,
16) time histogram range number for each thermocouple for the time adjust-
ment,
17) filename of output data, and
18) unit number of output data.


















2)

3)
4)
3)
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the average temperatureof all thermocouples with the applicable
irradiation specimen set must achieve a temperature of 285°C
before the calculation is initiated,

the reactor power level must be greater than 5 MW,

the irradiation facility must be inserted, and

initialization is based on the first entry which satisfies the

above conditions.

Calculation of the variance of the temperature for each thermocouple is

accomplished with equation 2.14 and with the same restrictions as listed

for the average temperature calculations except that the variance is

initialized to zero. In addition to reading Appendix A carefully, the

user should also study the program listing in Appendix C prior to exe-

cuting PSFTH. Internal documentation of PSFTH is fairly complete.
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Table A.l. Sample Execution of PSFTH. User responses are underlined.

RUN PSFTH
INPUT DATA FORMAT! 1+2+3:4+5, OR & 4

RESET CALC. BY DAY: MONTH, OR YEAR: Os1 OR 2 1

PRINT RESULTS BY DAY, MONTH OR YEAR! Os1» OR 2% 1

ENTER 0s1+2 DR M FOR: NO» PARTIAL ALL» OR MODULUS PRINTING OF INTERMEDIATE DATA O
ENTER 1 IF EXP. IS INSERTED DURING DATA COLL. 3

ENTER DAY-MTH-YR OF INSERTION 23 9 80

ENTERK MR-MIN-SEC OF INSERTION 2

ENTER 1 IF EXP, 1S RETRACTED DURING DATA COLL. Q

INPUT FILENAME OF TEMPERATURE DATA DK1iSE23.DAT

INPUT NUMBER OF RECORDS 450

INPUT DAY-MTH-YR FILE BEGINS

INPUT & OF SPECIMEN SETS TO BE ANALYZED 3

INPUT SPECIMEN SET #°S TO BE ANALYZED 2 3 4

INPUT 1 IF INIT. DATA ARE TO BE INFUT FROM DISK 1

INPUT FILENAME OF INIT. DATA

INPUT UNIT NUMBER OF INITIALIZATION FILE 3

INPUT FILENAME OF RESTART FILE RSSE23.DAT

INPUT UNIT NUMBER OF RESTART FILE 4

INPUT ELAPSED TIME AND MWM FOR INIT, 49 402,27
INCONSISTENT INPUT DATA

INPUT IRRADIATION TIME ADJUSTMENT 1,75

INPUT RANGE # FOR EACH TC IS SET ©

2083
INPUT RANGE ¢ FOR EACH TC 1S SET 3
20%3
INFUT RANGE ¢ FOR EACH TC IS SET 4

2083
INFUT FILENAME OF OQUTFUT DATA
F
INFUT DATA FOLLOMW:
INITIALIZATION OF TINME AND MEGAWATTS
IRRADIATION TIME ADJUSTMENT
LOGICAL RECORDS IN INFUT FILE
FORMAT IDENT. OF INFUT DATA
CALC. RESET PARAMETER
FRINT FARAMETER

0.450E403  0.134E405
0.17SE401

450

a

1

1

" u W

i

U

FILENAME OF INPUT DATA = DK1:SE23.DAT
FILENAME OF RESTART DATA = RSSE23.DAT
FILENAME OF OUTPUT DATA = XX

FILENAME OF INIT. DATA = RSSE17.DAT

INSERTION DATA AND TIME ARE: 23~ 9-80 13:52! 0









Table B.1. Execution of COMBO. User Responses are Underlined.

.SET TTY WIDTH 132

.EX COMBO.FOR
LINK: Loading
[LNKXCT COMBO Execution]

INPUT FILENAME OF INPUT FILE 1

*AUG31.DAT

INPUT FILENAME OF INPUT FILE 2

*SEP.DAT

INPUT FORMAT ID. FOR EACH INPUT FILE: O OR 1
*1 0

INPUT # OF SETS AND SET #'S COMBINED

#3234
INPUT DAY-MTH-YR OF COMBINED FILE
*30 9 80

STOP

END OF EXECUTION
CPU TIME: 0.64 ELAPSED TIME: 1:23.23
EXIT
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L
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NOUT
IFLG
IXI AG FOR DAILY TRIF

OGICAL UNIT & OF OQUTPUT
]
L
JXM LAG FOR MONTHLY TRIPC
|
(

DAT
AG FOR DETERMINING INITIA

IXY FOR YEARLY TRIPS

INTH JUNTS RECORDS AFTER EXF. WITHDRAWL

NFAS ASS COUNTER FOR FORMATS 5 AND ¢

INN COUNTS RECORDS AFTER EXFP. INSERTION

NAU X SWITCH FOR PRINTING INTERMEDIATE(AUXILARY) DATA
DTNXT IME BETWEEN 24 HR. CLOCK TRIF AND LAST RECORD
IDAY IAY $

IMTH ONTH

I1YR YFAR

IM HOUR

IM

T«
8

IHL HOUR & OF LAST RECORI
IML MINUTE & OF LAST RECORI
ISl ECOND & OF LAST RECORI
FL REACTOR POMER

FLL REACTOR FOWER OF LAST RECORI
TEMPERATURE 0OF A GIVEN T(
TEMFERATURE OF A GIVEN TC {

RANGE & FOR HISTOGRAM

aAavG., TI IMFP., FOR FRESENT &

AVG. TMFP. CALLC. SWITCH

TIME BETWEEN TWO RECORDS(CURRENT
CURRENT RAD. EXPOSUERL T IME

!

AVERAGE RX. POUWER

MEGAWATT-HOURS OF RADIATION EXPOSURE




SRR SRR R R R LR R R R R RS R R R R R R R R RS R Rl
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FORMAT( ENTER DAY-MTH-YR OF INSERYION “,%)
READ(S » %) TDNSRT
REXINCI)=IDNSRTCID#CIDNERT(2) -1 %314 C IDNSRT(3) -80) %1000
WEITE(S+1202)
FORMAT(° ENTER HR-MIN-SEC OF INSERTION ‘%)
READ(S+¥) INTH
KEXINCD)YINTM(2)HINTMO 1 ) %60
CONTINIE
WRITE(S.1203)
FORMATCY ENTER 1 IF EXF, 1S RETRACTED DURING DATA COLL. “»$)
READ(S+ 8 IRCTR
IFCIRCTR.NE.1)G0O TO 708
WRITE(5Se¢1204)
FORMAT (" ENTER DAY-MTH- YR OF RETRACTION “+¢)
READ(S « %) TDRCT
REXOT (1 =TDRCTC DA CIDRCT (2 =1 38314 (IDRCT(3)-80) %1000
WRITE(S.1209)
1205 FORMAT(® ENTER HR-MIN-SEC OF RECTRACTION “»%)
READ(G» 62 10TM
KEXOTC2=T0TH(2)410THO1 ) 850
708 COATITNUE
WKITE(%e1000)
1000 FPORMATCY INPUT FILENAME OF TEMPERATURE DATA “»8)
READ(S« 1007 ) (FILNM(K) s K=1+12)
1007 FORMAT (1241)
WRITE(5,1008)
1008 FORMAT( " INFUT NUMBER OF RECORDS “+8)
READ(Syx)LRL
IFCIDFOR.GT.4)60 TO 888
CALL ASSIGNID FILNM 12 "0LD »'NC"»1)
DEFINE FILE 2(LRL+256sUsNR)
GU 10 889
CONT INUE
FILNMC12)=0
UFENCUNIT =7 o NAME =F ILNM» TYPE="0LD " »
FORM="FORMATTED »yACCESS="SEQUENTIAL * )
389 CONT INUE
WRITE(S+1001)
1001 FORMAT (" INFUT DAY -MTH-YR FILE BEGING “s%.
READ(S« ) (CTDAT (K ) sK=193)
WRITE(S,1030)
1030 FORMAT (" INFUT & OF SPECIMEN SETS T0O BE ANALYZED “»8)
READ(S+#)INSET
WRITE (S5,1003)
1003 FORMAT(* INFUT SFECIMEN SET #°S TO BE ANALYZED “+8)
READ(S o) (IFPF(K) s K=1sNSET)
WRITE(S,1015)
1015 FORMATC INFUT 1 IF INIT. DATA ARE TO BE INPUT FROM DISK “»$)
READ(S+¥ININIT
ADlI=0,0
DD 831 K=1,1%5
FILDAT(K)=DF ILE(K)
IFININIT.NE.1)GD TO 4
WRITE(S21002)
FORMATC INFUT FILENAME OF INIT. DATA ‘%)
EEAD(S»1009)FILDA:
FORMAT (15A1)
WRITE(S,1012)
FORMAT O INFUT UNIT NUMEBER OF INITIALIZATION FILE “+%)
REAL(S,» %) [51
FILDAT(1%)=0
DFENCUNIT=IS1 +NAME=F ILDAT» TYFE="0LD" +FORM= "FORMATTED * »
ACCESS="SEQUENTIAL ")
o 750 1=1,4
[FOIFFCI) LT 1,0R.IFPCL) .GT.4)6D TO 750
READCIS1 »2000) (XTLAIK) sh =19 7) v ISETsXTLEBy IXX ¢ XDASH




700
750
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s XTH XDASH, 1 XK
READCIS1 2001 (XTLA(K ) s K=197) TF
READI(ISI 2001 (XTLAIK) oK=197) o XF
READLIS1,2007 ) XDUN
KEADCIS1L. 2007 ) XDBUM
READCTIS 12007 ) xDUM
g 700 J+=1.20
READCIS1» 2004 XDUMe (XMUWHC Jo ISETIX) o IX=1e7)
CONT INUE
CONT INUE

e R R R R R R R R R R R R R R )

4

1013

1014

1

CONT INUE

WRITE(S+1013)

FORMAT (" INFUT FILENAME OF RESTART FILE “»%)
RKEADN(S 1009 F ILRST

WRITE(S+1014)

FORMAT(" INFUT UNIT NUMBER OF RESTARY FILE “»8)
READ(S»®) ISOUT

FILRST(15)=0
OPENTUNTIT=ISOUT oNAME=F ILRST»TYPE="NEW »FORM="FORMATTED " »
ACCESS="SEQUENTIAL )

I A R R R A R e R R )

1004

WRITE(S,1004)
FORMAT(° INPUT ELAFSED TIME AND MWH FOR INIT. DATA “+9)
READ(S %) THE XK » XWHS

I R A A R R R R R R R R R R R R R R ]
CH¥IRTEST FILE DATA IF READSSRESRY

1020
3001

C¥ssapD

3002

o1

IF(NINIT.NE,.13G0D TO S

XX1-ABS(TF -THEXR?

X2 =ARS ( AWMS - XF ]

IFOXd14x22.0L7.0,0001260 70 S

WRITE(S»1020)

FORMAT (Y INCONSISTENT INPUT DATA ")
WRITE(S,3001)

FORMAT (" INFUT IRRADIATION TIME ADJUSTMENT “+%)
READ(S«2)ADY

ADJUSTRENT TO THE SPECIFIED HYSTRESSIS BAND

[0 S1 J=1+4

IFLOPPC D LT 1,0R.IPF( ) .GT.4)G0 TO S1
IS=J0PP():

WRITE(S»3002)01S

FORMAT (" INFUT RANGE & FOR EACH TC IN SET “+12)
READ(S %) [AR

DO S1 K=1+,20

L=1AR(K)

AMUH(K» ISeL ' =XMUHIK s IS L ) $ADY

CONT INUE

R R R R R R e R R R R R ]

5

1005

1004

43

71

Clt’ttll‘l.tli‘llttl.“llllll'iti“..l“l.““‘illltllt‘l‘l“l“l‘.‘l““'

CONTINUE

WRITE(S21005)

FORMAT " INFUT FILENAME OF OUTPUT DATA “+$)
READ(S,1007)FILSAV

WRITE(S.1006)

FORMAT (" INFUT LOGICAL UNIT NUMBER FOR OQUTPUT DATA “»%)
READ (5.8 ) NOUT

IF(NDUT .NE.S)60 TO 71

DO 43 K=1915

FIIL SAV(K)=DF ILE (K)

G0 TO 7

CONT INUE

FILSAVIO15)=0

OFENCUNIT=NOUT o NAME=F IL SAV TYPE="KeW” +F ORM= "FORMATTED “ »
ACCESS= "SEQUENTIAL ")

CONT INUE

WRITE(Sy 1010 THEXR « XWHS s AL LEL s TDFOR » IRST o IPRNT o F ILNMsF ILRSToF ILSAV
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1 oF ILDAT
1010 FORMAT ¢ INFUT DATA FOLLOW: "/
1 INITIALIZATION OF TIME AND MEGAWATTS = “3E10.3,2X,E10,3/
2 IRRADIATION TIME ADJUSTHENT = “3E10.3/
3 LOGICAL RECORDS IN INPUT FILE = ‘y14/
A FORMAT IDENYT. OF INFUT DATA = 913/
B . CALC., RESET PARAMI TER = "»13/
C FRINT FARAME TER = “913/
4 FILENAME OF INFUT DATA = “912A1/
S FILENAME OF RESTART DATA = '915A1/
) FILENAME OF ODUTPUT DATA = " »15%A1/
7 FILENAME OF INIT. DATA = "915A1)
IFCINSRTEQ.IDURITE(S»1230) IDONSKRT s INTM
1230 FORMAT (" INSERTION DATA AND TIME ARE: o129 - 9129~ o12+2X%y
P I20°8 212078 032)
IFUIRECTRGEQ. DWRITE(S» 1231 IDRCTIOTH
1231 FORMAT RETRACTION DATE AND TIME ARE! "2 129"~ "9 %20’ “912+2%y

1 1227323122 37+1I2)
C
CREXEND OF THE INFUT SECTION
C
R s TP P s TS s T
CXERINITIALIZE VARIABLES IF THE INITIALIZATION DATE DATA ARE NBT INFUT
CHERAND RESET AS SPECIFIED
I R TS eIt L
IFLG=0
IXD=0
JXM:0
JXY =0
IWTH-O
NFASS=0Q
INN=O
el O
DTNXT=0.06
o B03 I=1+4
8014 1ATOCT Y =D
IF(NINIT.EQ.10G0 TU 3
8 NINIT=0
IFCIFLGL.EQ,0G0 TO 3
FTIE=DTNXT
XMW-FLEDTNXT
NREC=NREC-1
3 CONTINUE
IFOIFLGL.ER.1)GD TO 9
[FLG=1
R AR R R R R T ST
CEERINITIAL IZF THE READ LOOFP
TIME=TME XK
XMW XWHS
IbAY=IDAT(1)
IMTH=TDAT(2)
IYR=1IDAT(3)
ISTRT=0
NREL =0
9 NEXX =0
i0 NREC=NREC+H1
NEXX=NRXX$1
KK -NREL
[FINREC.GT.LRL)GO TO 41
IFCILFORWLHNE . 1)GO TO 31
KEAD(D "KEKsEND=A2yERR=45)DAy IHy IMs IS IT» IMWT» TC
IF(DACL)Y JEQ. "EMFT )GOD 1D 40
TENLI=0
GO 16 50
31 CONT INUE
IFCIDFOR.NE L2060 TO 32



B P W R

. KEaAb

o1

1504
1507%
531

1505
1501

1502

a0
“U4
41

204,

204
45

2740

S0

36

y

FEAL O KKENP =42 ERK=45) DAy THy IMs IS IT» IWT» TC» INDTR
IF. . PACL) Qg EMFT GO TO 40

AEND=O

0 0 50

T CONTINUE

1F (CTUEDK JNE 3260 10 23

READ 2 i Ry END=42FRR=45)DAs IHs IMs IS 1 T+FL2 TCy IMDTR
IYIPAC) JEQLENPT o2 TO 40

TEND=D

Go 0 S50

G0N T TNLUE

i (l.’f’dﬁ',ht,.d)ﬁﬂ YO 3‘

REAINL O B s b ND=42 s ERR =45 )NODAY » IH» IMs IS I ToPL» TCy INDTR
"'\INMAV oEO.‘E"')G() '0 40

LENL: ©

GN " 50

CONTINUE

IF«IDFOR.GT.H)G0 10 450

DATA ORTAINED F4i'M THE HARD COFY UNIT
IF(NRST.EQ.1G0 TO SO

IF(NPASS.EQ.1)B0 TD 531

NPARG=1

REALC 7+ 1503) TRAGH

URITE(Se 1504 TRASH

W AIDFOR.E 2 560 "0 531

DD /01 K=124

Kr ADC/+2503) TRASH

WRITE(Ss1504) RASH

CONT TNUE

WREC=0

WRYY =0

GO 10 10

SORMAT( “+A4)

FORMAY LAQ)

CONTINUE
IF(IIFOR.EQ.SIKEADI( 7 1501 (DAK) o K=1o3) s IHe IMs IS 1Ty IWT
IFCIIFUR EUAIREADC 7o 1 SOSI(DACK ) sK=193) o IH» IMy IS IT IWT o PL
FLUMMAT(IFA., 0+S13s0 0.1

FORMAT(3F4.09513)

READC 7 s 15022 END=423(TC(JsK) 9 J=1920) 1K=1+4)
FORMAT(20F4,.0)

TEND=0

51 TO S0

TEND=1

WRITE(S ) 2041 )NREL

FORMAT(® *EMFTY RECORD® DETECTED AT NREC = “»14)
GO TO 4C9

1EMLE =1

BPRITE (S.20%2)LRL

FORMGT (Y EXCEEDEDR INPUT LOGICAL RECORDS OF “+74)
G0 Tis 40€

TEND= 1

WRI e Sr7043)NREC

FORAATC(" *(™* DETECTED NREC = "»14)

ChwTINGY

WEITE(59.°040)

FOKMAT ¢ EREOR WHILE READING DATA )

Gu 10 4T3

COUNTINUC

IFULINFOR.FR.AIGU 10 S6

CEs¥ck Al FOWER DATA

(FCIDFOR.EGL3.0RIDFOR.EQ.4)GO TO 56
IF(NRST .EQ.1)G0 TO 56

IY=800

IMXX=ITMTH

IFCIXMEQ. 1) ITMXS=IMTHE]
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R R R R RRRRREEITSETRANT RO OARARAT DT~

e

e

1CAF=JPF (1)

IFCICAP LT L OR. [CAP.GT.4)G0 TO 200
TCAV(ICAF)Y=0,0

0o 100 J=1.20

THF=TCu Js TEAP)

TMFL=TUL (Je 1ICAF)

TCL < Js ICAF ) =THF

TR ANRXYX EQ. 1) THPL = THP
TAV=(TMFP+TMFL) %0, 5

IRNG=1

TFCTAV.GT . 270.0) IRNG=2
TECTAV,.GT.280.0) IRNG=3
[FITAV.GT.296.0) IKNG=4
IFLTAV.GT . 306.0) IKNG=5
ICAVCICAR Y =TCAV(TLAP Y 4 TAV
THANRXX.NE . 1)GO TO 7%
INACNINIT EQ L ANDNREC . EQ.1)6GD TO 100

CRYRIMITIaL1/ZE VARIABLES FOR RESETS

73

75

“g

CaxxsSE]

99

100

J00

o 73 K=1¢9

YMUWH I+ ICAF R ) =0.0

XMWHC e ICAP » IENG ) =DTNXT
XMWHL Sy JLAP 71 :0,0
XMWHC 1v ICAP &) =TAV

G0 10 190

CONTINUE

1eonkF=1

T CIATOCICARP) JEGQ. Q) ICOMP=0
IFCTAVLT L TCUT ) ICOMF=0
IFI(FPLLLTLFOCUT) TCOMF=0
[F(NSRTED.EQ.O) ICOMF=0
TRW=TRV

IFCICOMFLEQ 16D TO 98
TRW=0.0

LX1=0,0

CONTINUE

TRUX=1,0-TRUW
IFCICOMP.EQ.OYGO TO 99
THARL = XxMWH( 1y ICAF s &)

TBARL AT INITIALIZATION
1IFCTBAKL .LT.TCUT) THARL=TAV
IBAR=TEAKLXTRUX+TAVETRUW
AMWH( Jy ICAP» &) = TBAR

TXX=( TAV-THAR Y X%X2
Cxi=(TBAML - TBAR )Y RX2

CONT 1rIUE

YHUH s JCAF s 7= (XMWHC s TCAF » 7 #EX T )R TRYXH TXXXTRW
AMWH( S ICAF 2 TRNG 7 = XMWHC Je TLAF» IRNGYHDELT
CONTINUE

TCAVCICAP 1=TCAVUICAFR) /20,0
IFCTCAVLICAF) (1, 285. 00 TATDCICAF )Y =1
CONT INLKE

CREFBYFASES PRINTING [F NEFREMT JNE, 1

400

THANPENT NE , 1)6GO TO 420
CORN T INUE

CepxkOUIEUT DaTA FOR FACH IRRADIATION SET

2000
2001

pit S0C I=1+NSET

TEC WP (T LT L ORGIFFPCTY.GT . A)GO TO 500
ISET=JFF(I)

WEITE(NOUT s 2000 CTLACLT ) 2 TT=19 79 iSETs TLEBy IDAY »
DASHy XMTHO IMTH ) s DASH 1T YR
WETTE(NOUT » 2001 s TLCCL )2 1 T=197) 9 TIME
WHERITE CNOUT» 2001 c(TERCET Y TT=197) 9 XMW
FORMATO 1 s 7A8s [ 3vAds T AsALlendieidl o L)
FOEMAT « "o 208 : 22X+ F10,2)

WRITE CNINIT 20020

WRLIE (WY g 2033
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APPENDIX D
LISTING OF COMPUTER FROGRAM COMBO

N o S S|







10
20

30

43

CONTINUE

GO TO 30

CONTINUE

LUT=1

CALL RDX1(NSET,»ISET»TIMIL»XMWHL+X1,LUT)
CONTINUE

CEXS*READ THE SECOND INPUT FILFE

40
S0

60

IFCIDF2,6T7.0)60 TO So

DO 40 J=1,sNSET

L=ISET())

READ(291006) IST2(L) o IDY2(L) s MTH2(L) s IYR2(L ) » TIM2 (L) » XMWH2(L)
READ(2+%) CIX2(KsLyM)yM=197)sK=1,20)
CONTINUE

GO TO &0

CONTINUE

LuUT=2

CALL RDX1(NSET»ISET»TIM2»XMWH2,X2,LUT)
CONTINUE

CEXXCOMBINE DATA FROM FILES 1 AND 2

70

8¢
?0

DO 90 I=1+NSET

L=ISET(I)»

TIML)=TIMI(L)4TIM2(L)

XMW L) =XMWHL (L) +XMWH2(L)

[0 80 J=1,20

DO 70 K=1.+95

X3CIoL o K)=X1CIoL o KI#X2(JsL ¢K)

TX1=TIMIC(L) /TIMCL)

IX2=TIM2(LY/TIM(L)
VARI=X1(JsL s 7)X%2
VAR2=X2(JsL+7)%%2

X3Cholo&)=X1Cdo Lo 6)RTXLI4XD2(Jr L2 6)XTX2

X3( M Le7)=VAR1XTX14+VAR2XTX2

CONT INUE

CX¥¥0UTFUT DATA FOR EACH IRRADIATION SET

2000
2001

2002

2003

2004

2007

100

C

[0 100 I=1sNSET

L=ISET(I)

WRITE(3+2000)(TLACIT)Y»IT=1»7)+L+TLEyIDAY,

1 DASHyXMTHC(IMTH) »DASHY I YR

WRITEC(3,2001)0(TLCCIT) »IT=17)TIMCL)

WRITE(Z»2001)(CTLD(IT)»IT=1+7) s XMMW(L)

FORMAT(IHL+ 7AB13+A4,13,A1+A3A112)

FORMAT (" "2 7AB22X»F10.2)

WRITE(3,2002)

WRITE(3,2003)

FORMAT (1HO» 27X, "HOURS OF IRRADIATION WITH »15Xs»’ AVERAGE '

1 STANDARD ")

FORMATC(® ’»’ THERMOCOUFLE ¥%%<T<270 270<T<280 280<T<296"»

17 29671306 306 T<x%x TEMFERATURE DEVIATION’)

FORMAT(’ "+4XsABySF10.2,2F12.2)

WRITE(3,2007)ELANK

FORMAT (" “,AB)

DO 100 K=1,20

STDIV=SART(X3I(KslL.» 7))

WRITE(3+2004)TCIDCK L) v (X3(KsLoM)eM=1+5)»

1 X3(KelL+&)eSTDIV

CONTINUE
CLUSE(UNIT=1,FILE=FIL1+ACCESS="SEQIN")
CLOSE(UNIT=2,FILE=FIL2+ACCESS="SEQIN")
CLOSE(UNIT=3,FILE=FIL3,ACCESS="SEQOUT ")

STOP

END

CEEEREREEREERE SUBROUTING RDX1T SEXERXEEERXRARARE KRR RN RR RN R RKC

C

SUBRCUTINE ROX1(NSET»ISET»TMs XMW X,LUT)
DIMENSION ISET(1)sTHM(1)sXMW(1) s X(2004+7)
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