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FORTRAN Code 

1..1 UCOll96 

C********************************************************************** 
c 
C ARCON96 
c 
c 
c 
c 

J. v. Ram•d•ll, Jr., c. A. Simonen 
Pacific Morthw••t National Laboratory 
P.O. Box 999 

c Richland, Waahington 99352 
c 
c 
c 
c 

Created: 
Revi••da 

April 24, 1996 
Jun• 25, 1997 

C D••eriptions Pro9ram to eatimate X/Q for control room habitability 
c ••••••ment•. 
c 
C Relationahip to other Hoduleas 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

Calhi SCENREAD 
RECORD 
INIT 

ME TREAD 
XOQCALCS 
PROC 

SHIFT 

SUMMARY 

Read uaer input 
Record model input in log file 
compute diffuaion coefficient• 
and other conatanta that don't change 
R·nd meteorological data 
Calculate relative concentration• 
Compute average• and accumulate 
count• in bin• 
Move old meteoroloqical data and X/Q• 
to the beginning of the data array• 
before r•ading new data 
Convert count• in bin• to frequency 
diatribution• and dat•rmine 95th \ 
X/Q value• 

c••********************************************************************* 

IMPLICIT NONE 

INCLUDE 'PA.RAM.INC' 
INCLUDE 'MET.INC' 
INCLUDE 'SCENARIO.INC' 
INCLUDE 'UNITS. INC' 
INCLUDI 'XOQ. INC' 

LOOlCAL*l uo 

CHARACTER*8 RTIKE 
CHARACTER*lO ROAT! 

1NTEGER*2 
INTEGER*2 

~HR, SHIN, SSEC, SlOO, EHR, EMIN, ESEC, ElOO 
YY, MM, on, HH, MIN, SS, HS 
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AJ'tCOK96 

RIAL DITIKI, PROCTIKE, SUKTIME, XOQTIMI 

C Get date and time of code execution 

RDATI • t I I 
RTIMI • ' : 
CALL GSTDAT(YY,MM,DD) 
CALL GBTTIM(HH,MIM,SS,HS) 
WllITI( ROATl(1:2), '(12)' ) MM 
WRITI( RDATl(4:S), '(12)' ) DD 
WRlTI( RDATl(7sl0), '(14)') YY 
WRITI( RTIM1(1:2), '(I2.2)' ) HH 
WRITS( RTIM1(4:5), '(12.2)' ) MIN 
WRITI( RTIMl(7z8}, '(12.2)' ) SS 

DITIME • 0.0 
PROCTIMJ: • O.O 
XOQTIMI • O.O 
SUMTIMB • 0,0 

c Open Scenario Input File 

OPEN( SCENUNIT, FILE•' ' STATUS•'OLD', ERR•997 ) 

c Read Scenario Data 

CALL SCENREAD 

IP( T!ST_FLG ) THEN 
OPEN(UNIT•qa_unlt,FILE•qa_file,atatua•'unknown') 
WRlTE(•,'(2X,A,A)') •qa_fil•. ·, qa_file 

END IF 

C Opttn 109 fil• and output pro9ram name and run date 

OPIN(UNIT•LOG_UNIT,FILl•LOG_FILE,STATUS•'NEW', ERR•998) 

WRITE(LOG_UNIT,l) 
l FORMA"'.'( I 

+ ARCON96.'// 

+ 
+ 
+ 
+ .. 

' Pr09ram Titlei 
• Developed rorz U.S. Nuclear Re9ulatory Commi••ion'/ 

Office of Nuclear Reactor Regulation'/ 
Diviaion of Reactor Pro9ram Mana9aJMnt'// 

+ 
+ 
+ 
+ 
+ 
+ 
+ 

' Dates 
' NRC Contact•: 

June 25, 1997 11:00 a.m. '// 
J. Y. L•• Phone• (301) 415 1080'/ 

J. J. Hayes 

L. A Brown 

e-mail: jyll@nrc.gov '/ 
Phonea (301) 415 3167'/ 
e-mail: jjh@nrc.gov '/ 
Phone: (301) 415 1232'/ 
e-mails lab2@nrc.gov '// 

' Code Developer: J. v. Ramadell Phone: (509) 372 6316'/ 
e-mail: j_ramadell@pnl.gov'// 

' code Documentation: NUREG/CR-6331 Rev. 1 '// 
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FORTRAN Code 

+ • Th• pr09ram waa prepared for an agency of the United State•', 
+ • Government. Neither'/' the United Stat•• Government nor any•, 
+ • agency thereof, nor any of their'/' employee•, make• any•, 
+ • warranty, expr••••d or implied, or •••wne• any legal'/ 
+ ' liability or reaponaibiliti•• for any third party''• uee,•, 
+ • or th• re•ult• of euch'/' u1a, of any portion of thi•', 
+ 'pr09ram or repr•••nt1 that its u1e by euch third'/' party•, 
+ • would not infringe privately owned ri9ht1. '/ ) 

WRIT!(LOG_UNIT,'(1X,A,2X,A,2X,A,2X,A)') 'Program Run', 
+ RDATl,'at',RTIME 

c Reco.rd uaer input on 109 f il• 

CALL RECORD 

c Compute variables that are functions of the acanario and 
C atablllty but not function• of wind •peed or direction 

CALL INIT 

c Read and proceae data 

DO WHILE .NOT. END_MET 

c Check on atatua of mat data f ila, open new file if nacea•ary 

INQUIRE( UNIT•MET_UNIT, OPENED•UO 

IF( .NOT. UO ) THEN 

c Open Meteorolo9ical Data File if another file existo 

IF( NEXT_MET .LE. NMETFILE ) THEN 
OPEN( MET_UNIT, FILE•MET_FILE(NEXT_MET), STATUS•'OLD', 

+ ERR•999 ) 
NEXT MET • NEXT MET + 1 

ELSE I No more meteorological data filaa 
END MET • .TRUE. 

END IF 
END IF 

CALL GETTIM(SHR,SMIN,SSEC,SlOO) 

C Read metaorol09ical data file• (<• 10,000 hour•) 

CALL METRJ:AO 

CALL GITTIM( EHR, EMIN, ESEC, 1100) 
Dl~IME • D!TIME + 3600,ft(!HR-SHR) + 60.*(EMIN-SMIN) 

+ + (ESEC-SSEC) + (El00-5100)/100. 
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ARCON96 
IF( TEST_FLG ) THEN 

WRITE(qa_unit,'(/2x,a}') 'ARCON95' 
WRITl(QA_UNIT,'(/5X,A,I6)') 'FIRST MET 
WRITB(QA_UNIT,'(SX,A,I6)') 'LAST MET •' 

• • , 

INDIF 

FIRST MET 
LAST MET 

C Compute hourly X/Q values 

CALL OITTIM(SHR,SMIN,SSIC,5100) 

WRITB(*,'(//A)') 'CALCULATING X/Q' 

CALL XOQCALCS 

CALL GETTIM(EHR, EMIN, ESEC, ElOO) 
XOQTIME • XOQTIME + 3600.*(EHR-SHR) + 60.*(EMIN-SMIN) 

+ (ESEC-SSEC) + (El00-5100)/100. 

C Procaaa first set of X/Q'e -- aet cfd limits, accumulate values 

CALL GETTIM(SHR,SMIN,SSEC,SlOO) 

WRITE(*,'(/A)') ' PROCESSING X/Q DATA' 

CALL PROC 

CALL GETTIM(EHR, EMIN, ESEC, ElOO) 
PROCTIME • PROCTIME + 3600.*(EHR-SHR) + 60.*(EMIN-SMIN) 

+ (ESEC-SSEC) + (ElOO-Sl00)/100. 

IF( .NOT. END_MET ) THEN 

c Move residual mat. data AND X/Q's to front of data arrays 

CALL SHIFT 

ENDIP' 

END DO End of data input and processing 

c Summarize and output resulta of calculations 

CALL GETTIM(SHR,SMIN,SSEC,SlOO) 

WRITE(*, '(/A)') 'SUMMARIZING CALCULATIONS 

CALL SUMMARY 

CALL GETTIM(EHR, EMIN, ESEC, ElOO) 
SUMTIME • 3600.*(EHR-SHR) + 60.*(EMIN-SMIN) 

+ (ESEC-SSEC) + (ElOO-Sl00)/100. 

C Normal end of program 
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IF( TEST_FLG ) THEN 
WRITB(qa_unit,'(/2x,a)') 'ARCON96' 
WRITE( QA_UNIT,100) DETIME, XOQTIME, PROCTIME, SUMTIME 

FORTRAN Code 

100 FORMAT( /SX, 'DATA ENTRY TIME (SEC) • Fl0.2, 
/SX, 'X/0 COMPUTATION TIME (SEC) • Fl0.2, 
/SX, 'DATA PROCESSING TIME (SEC) • Fl0.2, 
/SX, 'SUMMARY TIME (SEC) • Fl0.2 ) 

CLOSE( QA_UNIT ) 
END IF 

WRITE(LOG_UNIT,'(2X,/A)') 'NORMAL PROGRAM COMPLETION' 

GO TO 1000 

C Error end of pro9ram 

997 STOP ' UNABLE TO OPEN SCENARIO INPUT DATA FILE ' 
998 STOP ' UNABLE TO OPEN LOG FILE CHECK FOR EXISTING NAME' 
999 WRITE ( LOG._ UNIT, I ( 2X, /A) I ) 

+ ' UNABLE TO OPEN METEOROLOGICAL DATA FILE ' 

1000 CONTINUE 

END 
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ARCOR96 
&.2 m.oc& DAD 

BLOClt DATA 

IRCLUDI 'PARAH.INC' 
IRCLODI 'MST.INC' 
IRCLUDI 'SCSNARIO.INC' 
IRCLUDI 'UNITS.INC' 
INCLUDB 'XOQ.INC' 

c Set I/O unit• 

DATA SCBRURIT I 1 /, MET UNIT I 2 /, LOG UNIT I 3 I 
DATA QA_ONIT / 10 /, cro UNIT / 11 / 

c Initialis• th• mot data counter• 

DATA IND_MET / .rALsB. /, NEXT_MET / i /, TOT MET I o I 

+ PIRST_MET / 1 /, LAST_MET / HAXHOURS / 

C Initialize the XOQ counters 

DATA VIRST_XOQ I 0 /, LAST_XOQ I 0 /, TOT_XOQ I 0 /, 
+ calm_xoq / 0 /, in_aect / 0 /, out_aect I 0 /, elevated I 0 I 

C Wind Speed Conversion Factora 

DATA er / i.o, .447, .5144 / 

C Initialize the upper and lower X/Q bound• 

DATA CI.MAX I o.o /, CLMIN I 1.0 /, SAMAX I o.o /, SAMIN I 1.0 I 

C Sot flag for calculation of bin limit• 

DATA LIMITS / .TRUE. / 

IND 
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FORTRAN Code 

A.16 IOQCALC5 

SUBROUTINI: XOQCALCS 

C*********************************************************************** 
c 
C XOQCALC5 
c 
c J. v. Ramadell, Jr. 
C Pacific Northweat National Laboratory 
C P.O. Box 999 
c Richland, WA 99352 
c 
C Created1 December 16, 1994 
C Reviaeds June 24, 1997 
c 
c Description: Co~putea hourly centerline and sector-average X/Q 
C for control room habitability aaaeaemanta uaing the 
C final version of the 1995 modal for diffueion in 
C the vicinity of buildings. 
c 
c Other modules required: 
c 
c Calla: WINDYXOQ, CURVEFIX, WAI<ECORR 
c 
C*********************************************************************** 

IMPLICIT N(>NI 

INCLUDS 'PARAH.INC' 
INCLUDE 'MET. INC' 
INCLUDE 'SCENARIO. INC' 
INCLUDE 'UNITS.INC' 
INCLUDE 'XOQ.INC' 

INTEGER*2 Il, DIR 

REAL PI, RHU, UlO, TESTHT, cxoq, exoq, eff_ht, dwaeh 

PI • 3.141593 

C •• Add apace to QA file if QA output selected 

IF( TEST_FLG) WRITE(QA_UNIT,' (/2X,A/)') 'Subroutine XOQCALC5' 

DO Il • FIRST_MET, LAST_KET 

C •• Set Rhu and UlO to miaaing 

ulO • 999.0 
rhu • 91)9.0 
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ARCON96 
C ** See if •tability clas1 missing ••• if it i• •kip X/Q calculation• 

c •• 

c ** 

IF( (STAB(Il) .LT. l) .Oil. (STAB(Il) .GT. 7) ) THEN 

Stability cla•• miaain9 

CLXOQ( 11) • -1. 0 
SAXOQ( 11) • -1. 0 
MISS_XOQ • MISS_XOQ + 1 

if QA output 1alactad write out statue 

IF( TIST_FLG ) THEM 
WRITE(QA_UNIT,'(2X,I5,2X,I2,30X,2(1P!l0.2))') il, •tab(il), 

' clxoq(il), •axoq(il) 

c ** 

c ** 

c ** 

c ** 

c ** 

END IF 

CYCLE 
JJ:NDIP' 

Check for mieeing wind apeeda 

IF( (SPDL(Il) .EQ. 9999) .ANO. (SPDU(Il) .EQ. 9999) ) THEN 

Wind apeeda both miaain9 no X/Q calculations possible 

CLXOQ ( Il ) • -1. 0 
SAXOQ ( I l ) • -1. 0 
KISS .. XOO • HISS_XOQ + 1 

if QA output aalected write out statue 

IF( TEST_FLG ) THEN 
WRITE(QA_UNIT,'(2X,IS,2X,I2,2X,2F6.2,16x,2(1PE10.2))') 

& il, atab(il), ulO, rhu, clxoq(il), eaxoq(il) 
END IF 

CYCLE 

ELSE IF( (SPDL(Il) .NE. 9999) .AND. (SPDU(Il) .NE.9999 ) ) THEN 

both wind apeed• good convert speed antriee to m/a 

UlO • (SPDL(Il) / 10.0) *CF( SPD TYPE) * Cl(STAB(Il)) 

Convert upper epeed 

TESTHT • ( MUTl + MHT2 ) / 2.0 
IF( RHT .LE. TESTHT ) THEN 

RHU • (SPDL(Il) / 10.0) * CF( SPO_TYPE 
ELSE 

RHU • (SPDU(ll) / 10.0) * CF( SPD TYPE 
END IF 

NUREG/CR-6331 Rev. 1 120 

* C.:2 (STAB ( Il) ) 

* C4 (STAB ( I1 ) ) 

.. 

... 



' 

c ** 

c ** 

c ** 

!LSI IF( SPDL(Il) .NE. 9999 ) THEN 

Lower level good but not upper level 

UlO • (SPDL(Il) / 10.0) * CF( SPD TYPE 
RHU • (SPOL(Il) / 10.0) * CF( SPD TYPE 

ELSI IF( SPDU(Il) .NE. 9999 ) THEN 

Upper speed 9ood but not lower speed 

UlO • (SPDU(Il) / 10.0) * CF( SPD TYPE 
RHU • (SPDU(Il) / 10.0) * CF( SPD TYPE 

END IF 

Check to ••• if calm 

IF( (rtype .LI. 2) .AND. 

* Cl (STAB ( Il ) ) 
* C2(ST~B(Il)) 

* CJ (STAB ( Il) ) 
* C4(STAB(ll)) 

FORTRAN Code 

' ((ulO .LT. umin) .OR. (rhu .LT. umin)) ) .OR. 
' ( (rtype .G!. 2) .AND. (rhu .LT. umin) ) ) 
' THEN 

c •• Calm winds 

rhu • 0.0 

c •• See if wind direction• both misoing ••• if they are skip 

c •• 

c •• 

c •• 

' ' 

ELSE IF( (DIRL(Il) .EQ. 999) .AND. (DIRU(Il) .EQ. 999)) THEN 

Wind directions both missing 

CLXOQ( Il) • -1. 0 
SAXOQ( Il) • -1. 0 
MISS_XOQ • MISS_XOQ + 1 

if QA output selected write out status 

IF( TEST_FLG ) THEN 
WRITE(QA_UNIT, '(2X,I5,2X,I2,2X,2f6.2,2x,2i6, 2x, 

2(1PE10.2))') il, stab(il), ulO, rhu, dirl(il), 
diru(il), clxoq(il), eaxoq(il) 

END IF 

CYCLE 

Eatablish wind direction 

ELSE IF( (DIRL(Il) .EQ. 999) .OR. (DIRU(Il) .EQ.999) ) THEN 
DIR• MIN(DIRL(ll),DIRU(Il)) 
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ARCON96 

c •• 

c •• 

c •• 

c •• 

c ** 

c ** 

c •• 

&LS& 
IP( RHT .LT. TZSTHT ) THEN 

DIR• DIRL(Il) 
ELSI 

Diil • OIRU(Il) 
IRDIF 

SRDIP 

calculate downwaeh (negative if wO < 1.5 rhu) 

IF( rhu .GI. lJMIN ) THEN 
dwaeh • AMINl( 4.0 • arad • (wO / rhu - 1.S), 0.0) 

ILSI 
dwaeh • 0.0 

ENDU' 

calculate ~ffactive releaea height 

IF( rtype .IQ. 1 ) THEN 
•ff ht • rht - racht + t diff 

ELSI 
eff ht • AKAXl(rht + dwa•h, 0.0) - recht + t diff 

ENOIF 

do X/O calculation 

IF( RHU .LT. UMIN ) THEN 

calm ••• call windyxoq with wnin 

calm_xoq • calm_xoq + 1 

CALL WINDfXOQ( rtype, barea, diat, eff_ht, atab(il), umin, 
' naigy(atab(il)), naigz(atab(il)), aigzO, aigyO, 
' fO, wO, aw_cnat, cxoq, axoq ) 

clxoq(il) • cxoq 
aaxoq(il) • axoq 

Determine if wind blowing from release point to receptor 

ELSE IF( OIRl .LE. DIR2 ) THEN 

Direction window doesn't atraddle north 

IF( (DIRl .LE. DIR) .ANO. (DIR .LE. DIR2) THEN 

Wind direction ia in window -- calculate X/Q 

in_aect • ln_aect + l 

CALL WINDYXOQ( rtype, barea, diat, eff_ht, atab(il), rhu, 
+ noigy(atab(il}), naigz(atab(il~), aigzO, 
' aigyO, fO, wO, aw_cnet, ~xoq, axoq) 
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c •• 

c •• 

c ** 

c ** 

c •• 

CLXOQ(Il) • cxoq 
SAXOQ(Il) • exoq 

ELSI 

Wind direction is outaide window 

out eact • out aect + 1 

CLXOQ ( Il ) • 0 . 0 
SAXOQ ( Il ) • 0 . 0 

END IF 

ELSE 

Wind direction window straddles north 

IF( (DIR .LE. DIR2) .OR. (DIR .GE. DIRl) THEN 

Wind direction is in window -- calculate X/Q 

in aect • in 1ect + 1 - -

FORTRAN Code 

CALL WINDYXOQ( rtype, barea, dist, eff_ht, atab(il), rhu, 
+ nai9y(atab(il)), nsi9z(atab(il)), siqzO, 
+ •i9yO, fO, wO, aw_cnst, cxoq, axoq) 

CLXOQ(Il) • cxoq 
SAXOQ(Il) • axoq 

ELSE 

Wind direction i• outside of the window 

out aact • out aect + 1 

CLXOQ(Il) • 0.0 
SAXOQ(Il) • 0.0 

END IF 

END IF t end of X/Q calculations 

if QA output selected write out status 

IF( TEST_FLG ) THEN 
WRITE(QA_UNIT, '(2X,IS,2X,I2,2X,2f6.2,2x,i6,8x, 

' 2(1PE10.2))') il, stab(il), ulO, rhu, dir, 
& clxoq(il), saxoq(il) 

END IF 

END DO I met data do loop 
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ARCON96 

C ** Update maximum and minimum values 

00 Il•FIRST_MET, LAST_MET 
IF( CLXOQ(Il) .GT. 0.0 ) THEN 

CLHAX • AMAXl( CLMAX, CLXOQ(Il) 
CLMIN • AMINl( CLMIN, CLXOQ(Il) 
SAMAX • AMAX l ( SAMAX , SAXOQ ( I 1 ) 
SAMIN • AMINl( SAMIN, SAXOQ(Il) 

END IF 
END DO 

FIRST_XOQ • FIRST_MET 
LAST_XOQ • LAST_MET 
TOT_XOQ • TOT_XOQ + (LAST_XOQ - FIRST_XOQ) + l 

RETURN 
END 
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