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SUMMARY

I. Project Title

Thermal-Hydraulic Model Verification for Advanced Reactor Core Protection Calculator
System

II. Objective and Importance of the Project

The objective of this project is to verify the thermal-hydraulic model for
advanced reactor core protection system, RCOPS. Since the DNBR module in RCOPS
was developed based on the best-estimate faster-running DNBR program(CETOP-D),
it 1s necessary to verify the functional design and database of the DNBR module.
The thermal-hydraulic model verification is important in order to get approval of
KINS on Topical Report(TR) about the functional design improvements in RCOPS.
The TR approval is a prerequisite for the successful localization of the RCOPS and

its application to domestic nuclear power plants.

IM. Scope and Contents of Project

This project compared the RCOPS DNBR module(STATIC) against the CETOP-D
code because the RCOPS DNBR algorithm is the same as the CETOP-D. The
RCOPS STATIC module and its database was verified by comparing the STATIC
DNBR with the CETOP-D DNBR which was calculated at various core operating
conditions. In order to get an approval of KINS on TR, the TR on the improved
functional designs in the core protection calculator system was submitted and revised
by incorporating the reviewers comments. Module test and Unit test were performed
to verify and validate the RCOPS on-line software. Additional Module test was
performed to test the DNBR module due to the functional design change of the
number of axial node for the DNBR calculation, i.e., 20 node to 40 node. The RCOPS
DNBR margin was predicted by estimating the overall DNBR uncertainty for UCN 4
cycle 10.



IV. Result and Proposal for Applications

The results of this research project are the functional design verification of the
RCOPS DNBR module, Topical Report on the CPCS functional design improvements
for the RCOPS, Module Test and Unit Test, and thermal margin assessment of the
RCOPS. The functional design of the RCOPS DNBR module was verified by
comparing the RCOPS DNBR with the CETOP-D DNBR at various core operating
conditions. The RCOPS TR on the CPCS algorithm improvements was approved by
KINS. The simplified module test of the RCOPS DNBR module was passed by
satisfying the acceptance criteria. The errors in both the on-line software and off-line
Fortran simulator were corrected through the preliminary Unit Test. The mean error
and standard deviation of the RCOPS DNBR were predicted to be lower than the
CPCS ones by 04%-1% and 0.2%, respectively. The overall DNBR uncertainty
factor(BERR1) was also predicted to be 0.8% lower than the CPCS one. The
minimum DNBR(MDNBR) of the RCOPS appeared to be 0.3%-1.0% higher than the
CPCS MDNBR at a typical core operating condition.

The RCOPS was decided to be implemented in new UCN unit 1&2 with the
KINS approval of the TRs on the algorithm improvement and system design. It is
anticipated to participate in a domestic and international project replacing CPCS with
the localized RCOPS. Since the algorithm improvements for the RCOPS such as the
DNBR module are not dependent on the hardware platform, they are applicable to
improve the algorithm of the legacy and Common Q CPCS operating in nuclear power

plants of Korea and USA.
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°ko] (Abbreviations)

ASI
CEAP
COPP
CPCS
DB
DNB
DNB-OPM
DNBR
DSVT
FDR
IST
LBOC
LEOC
LISP
LMOC
LPD
MDNBR
MSCU
RCOPS
SBOC
SCTF
SCU

. Axial Shape Index

. Control Element Assembly Processor
: Core Protection Processor

. Core Protection Calculator System

: Database

. Departure from Nucleate Boiling

: DNB Overpower Margin

. Departure from Nucleate Boiling Ratio
. Dynamic Software Verification Test
. Functional Design Requirements

: Input Sweep Test

. Long Beginning of Cycle

. Long End of Cycle

. Live Input Single Parameter

. Long Middle of Cycle

: Local Power Density

© Minimum DNBR

: Modified SCU

. Reactor Core Protection System

. Short Beginning of Cycle

. Single Channel Test Facility

. Statistical Combination of Uncertainties
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¥ 1 /WA STATIC REAY A3 AAN(AFE-EE 6)

I H of %k 2 A gk 22H%) 27 A 1}
FDNB 2.24370 2.24754 0.01
FDNBF 2.37020 2.37043 0.00
FDNBX -0.06350 -0.06391 0.00
FDNB 1.40631 1.40632 0.00
FDNBF 2.17061 2.17061 0.00
FDNBX -0.07605 -0.07605 0.00
FDNB 2.73141 2.73140 0.00
FDNBF 2.21833 2.21832 0.00
FDNBX -0.21036 -0.21036 0.00
FDNB 1.20920 1.20914 0.00
FDNBF 1.65897 1.65894 0.00
FDNBX 0.13805 0.13805 0.00
FDNB 2.49227 2.49227 0.00
FDNBF 2.61163 2.61161 0.00
FDNBX -0.11117 -0.11118 0.00
5 : : :

[ & NDX=20 (u=0.011, 0=0.011)
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Az E 1198 el 115970(2F 97%)7F 0.5(DNBR unit) w]wke] z}o]ES Ho]ar lTh
3%9] A dAy= vf$- 2 MDNBR Aol 2 Holi ¢la CPC ISTS] MDNBR Hu 3842
27F 0.0093%1 A& e uf AFAFTE wEAHA] KR ARlgrHoe] Hasith &
H, LPDDCY] 4% EA4 Aldxts 1295 /HF 127470 (2F 98%)7F 25% MH ZFol &
Hola glom A7F 100%E Z¥she 4A9%= 1770ejth. CPC ISTe LPDDC Hdl 3%
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¥} On-line SCTF ] DNBR¥ LPD Z7]#tS& Wl o]ty DNBR Z7]gkel HA9 F
o ol ZbzE -0.16233% 0.3038= Alae] 1.2%7]9] A3H(-0.0030, +0.00023)e] W] wl-$-
A3 Hd 3822 00093 Butx Atk LPD %7139 HAie Ao Xol(Aexh= z+
7} -0.03358% < 3.72864% = 2lare] 1235719 A#(-0.0026%, +0.0118%)°l Hlal] vi-¢- &
AL & 4 Arh LPD %7139 Hul 2po]7t 8.8 %avg(Case 5) = Hu] 3823 22%avg
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3£ 2 COPP(RCOPS) IST v A& A x(2010.7.15)

MDNBR 2 %} AR T LPDDC #}o] s T

(DNBR unit) (1198 7H) (% avg) (1295 7H)
-6 1 -25 507
-5 2 25 67
-4 2 75 4
-3 7 125 4
-2 11 225 4
-1 10 325 4
-0.5 3 425 2
+0.0 1159 525 3
+0.5 3

3 3 RCOPS DSVT e®|A9 Z¥4(2010.7.1) : DNBR Initial Values

DSVT Off-line On-line 2}o] 2}o]
Case No. (Fortran) (SCTF) (DNBR unit) (%)
1 1.6833 1.5210 -0.1623 -9.64178
5 1.6327 1.3921 -0.2406 -14.73633
11 3.7297 4.0335 0.3038 8.14543
15 6.1346 5.9810 -0.1536 -2.50383
24 1.7553 1.7012 -0.0541 -3.08209
20-2 1.6623 1.5133 -0.149 -8.96348

¥ 4 RCOPS DSVT dH|Al% Z3(2010.7.1) : LPD Initial Values

DSVT Off-line On-line =} o] Z}o]
Case No. (Fortran) (SCTF) (% avg) (%)
1 235.5269 243.8638 8.3369 3.53968
5 235.7052 244.4938 8. 7886 3.72864
11 133.4635 133.4333 -0.0302 -0.02263
15 87.8497 87.8202 -0.0295 -0.03358
24 242.1221 242.0768 -0.0453 -0.01871
272 219.2561 223.4020 4.1459 1.89089
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Tae-Young Yoon, Dae-Jin Lee, Wang-Kee In, Jong-Sik Bae, "Advanced Core
Protection Calculator Algorithm for Shin-Ulchin 1&2,” ICAPP2010, San Diego, CA,
USA, June 13-17, 2010.
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IR N EREEREREREEREERNEEERSNEEEEEEREEREREREREEEEZEE RN NN

BIW 1 5 10 15 20 25 30 35 40 45 50 55 60 GBS T FH 80 8% 90 95 100
-0,2538 -0,1533 -0,0519 00361 0,1240

ERROR WALLES

MIMIMUM VALUE = -0,2863  MARIMUM VALUE = 0,1353  HEAW VALLE = =0,0803

SUMMARY OF STATISTICS FOR € X{IX,I=1, 1099}

MUMBER OF DATA POINTS 1095

HEAM -.002643E537E-01
STAMDART DEYIATION 0,5487003135E-01
MEDIIAM -, 0227267 742E-01

STAMDART SKEWMESS
STAMDART KURTOSIS
I PRIME STATISTIC

0,1191643470E-02
2,107585192
10201, 51353

OME-SIDED 9595 LOWER TOLERAWCE LIMITS FOR A
MORMAL LIMIT = XBAR - K#STODEY {(WHERE K = 1,723}
MOMPARAMETRIC LIMIT = ®{ 43» IS -,1462832683

- 1448065357

OME-SIDED 9595 LUPPER TOLERAWCE LIMITS FOR &
MORMAL LIMIT = XEAR + K#STODEY {WHERE Kk = 1,723} = 0,4427630373E-01
MOMPARAMETRIC LIMIT = ®{1053» IS 0,4558301651E-01

RESILTS OF THE D' PRIME MORMALITY TEST:
SAMPLE SATISFIES DPRIME TEST AT PUBLISHED PROBABILITY LEVELS

#ikik THIS DOES WOT IMPLY MORMALITY sk
(SEE AMSI STD M1%,15-1574, OR APPEMDIX B OF WW-FE-02003
THE DPRIME STATISTIC FOR PROB = 0050 IS 10126,75000
THE TIPRIME STATISTIC FOR PROE = ,3350 IS 10235,83574
THE DPRIME STATISTIC FOR THIS SAMPLE OF SIZE 1095 = 10201,51953
AMD CORRESPOMDS TO A PROBABILITY OF 28462

BASED UPOM IMPUT DPRIME STATISTIC RAMGES SAMPLE IS JUDGED TO BE; MORMAL
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5 AT MEEd

_g_tg-o

L=

m (

RCOPS /MA#A= 2A&x 1257 2 aU $4 949 gAd =4
A a7l 98 FaA=J ol 9@ RCOPS 7 s

Report) & AHAdste] Q187 7] dell AEete] 51
g 9 9N ES Ttk g, RCOPS =4

T e HAadmss e

RCOPSE Ae94e fAd w

g
)
2
Ho
k1
o,
N

712 CPCS WM 5ol Hes Hirstar drt. CPCS AE 9

2 EBANAA ThsAE RF
RCOPS7} CPCSell Hl&f 7] 4]
of mls] @A3 tE AR o
th. RCOPS9| 7% b4 =<l

s

o
=d & A3 R

Q

O

)—U

o F
M o

7

T

1

o
Y

l
ol
N o

12Pd =

('07.8.1~'08.7.31)

4l
A

22 A=

('08.8.1~'09.7.31)

AP =

('09.8.1~"10.7.31)

A (%)

=0 | el

= =9

= =9

=

9]

M | i

e )

O

|1
I
&

O | g | ofrt | e | A | X
2 ol | | rle | b | 2

N
Hy

K=

.

=

=]
T

4
4



1) =EAA 2 dx
=) pil e B k%) (3] 9]) A5/ FUHA| a0
N A = - y{. A —
Ty o s |7 (13)7)
1
2
AA |3
4
5
Effects of Axial Nodal Sections | 4] °1¢}7],
in a Faster-Running DNBR AApE ket | 2008 KNS | dejd,
= Program 23] NS5 A
Thermal Margin Budget of a _
Simolified C A Q1<H7],
uk g implified Core | A s | 2009 KNS A
Thermal-Hydraulic Code for . = 5
.]‘J_§| HH S
OPR1000
3
4
5
1
2
A |3
4
5
Optimal Number of Axial Nodes| o] 9}7]
i Faster-Running DNBR Gl da=d Al 'P:@r,
1 er—-nu - - hd Ty
1;1 a ras fr nrgrlgL. "’Fe—ﬂ] _}% Q 2008 JNS X%;a’] N
rogram' or an On-Line (NTHAS6) Al 21_],
Application Hlj 52
=9 Examination of a Simplified e KA A==Reis 1&g}~
Thermal-Hydraulic Program for %t %] (ICON | 2009 ASME | JH4,
ul 3z
=3t a PWR Core Protection System [E17) LB
SEH
Advanced Core Protection A YA} =2 & ;—]j}:]
Calculator Algorithm for = 3] (ICAP | 2010 ANS O]gl.;’
. . 1 O 3
Shin-Ulchin 1&2 P2010) DES
5

rf
(o,
ofrt
Jp
e
lo




B2 A 13d=(2007.8.1 - 2008.7.31) ATFAL W& 2 Ay

Al. RCOPS €=#ird 754 3l Database #H<

i)
rlo
=
o
it}
ok

RCOPS <4385 25 o]g3le] DNBR AXMS stz WA" 71547
2 Databaseo] W3t #HZFo] F@sth RCOPS d48nde] DNBR A4 WHHES FHZ
DNBR AZ7A14F s1=9] CETOP-D9} £ =2 CETOP-D Z=9 RCOPS DNBR #AAt%E
(STATIC)?] Lugl&S vl of2e 96719 HFAE ARZE o]&ste] CETOP-D

59 DNBR AXFE3ZE vwsle] RCOPS STATIC RE9] 7s4A %
DatabaseE AZ3dct 13 A1& RCOPS STATIC 259 7lo] AZEAE ZAyE HoFE=
Ao 2 DNBR A4t =t 429] ztolo] mE ks udstd HSAE Axes ZFH =
AotEth Faz RCOPS STATIC &3 CETOP-D¢ DNBR Al == 7l zh2t 203
4009 == 7o w2 H 4 DNBR (MDNBR) WZtE B Av= 13 A2¢F 2t}

A2, @ EE(STATIC) 7 &4 3 A2 A3 4

DNBR AA|7F A4S 918 STATIC REL 879 E23 179 REESABFE)o T 17
A3 Z=AIGE wpel o] pAEGom 7 559 ¥ 9 =¥ wWeE Aoskitl. RCOPS
STATIC 2E9 99 92 =8 W= CPCY U35t Aolsty the duegs BE

== & ©

Adoll= Wsh7l gl=% 3ksith. RCOPS STATIC =il s AFAIR

Database°ll tigh to] HTAIAY} BEAPE AR sdstal dAA(EdgAd R &4
AlE) B ESAE HUE 3T Algolrh. B3 RCOPS® sl #-&Aldl= DNBR A&

STATIC ¢1g& RE9 Z4& w2 HA DNBR, 2125 E A% (Quality) % &
=9 AH(Static) AAS $13 Aol {rtHowR = 2 DNBR #< 784l
=

o=
pi h= = h
7] 98 Zag A F4ErESs AT STATIC 289 F87]s R =

-
-

1Block 1): 2E J=A5 A

Zo] 2o BEST RE¢ DNBR Azl o3 &
HEES AostE Zolt. RCOPS the dudE REZYEH
CPC DNBR ZE(STATIC)¥} &3}t

iz L

Q
@)
@)
=
b
>,
do
ol
)

™

FRE) g

MC = calibrated, normalized core coolant mass flow rate



HEAD(:=43%2 74t 2 DNBR 24 2E) &4

P = corrected primary coolant system pressure, psia
Tcmax = maximum compensated cold leg temperature, °F
oCALC = maximum compensated core average heat flux,
9% of rated power
PF = CEA deviation penalty factor for DNBR
Thavg = average hot leg temperature, °F
Tcl,Tc2 = scaled cold leg temperatures, °F
Thl,Th2 = scaled hot leg temperatures, °F
Hin = inlet core coolant specific enthalpy, Btu/lbm
HF = saturated liquid specific enthalpy, Btu/lbm
HFG = latent heat of vaporization, Btu/lbm
HEAT(:=A &8 EX &4 ZE) 48+

PDAVG = average of the hot pin power distribution
PDi = relative power in axial node 1 of the pseudo hot pin
(i=1 to 20)

[e]
A2 DNBR AXFS Y& %29 FHEFE(¢ci)),
= A x}(Axial shape index)Z #AFskt}

¢c(i) = TR - PF - PDi i=1 to 20 (2.1)
P1ST = PDAVG - TR (2.2)

Z ¢ (1) - Z ¢ (1)

i=1 i=11
20
AHP = X ¢.@ (2.3)
i=1
o] 71 A,
TR = azimuthal tilt allowance
pc(i) = hot pin heat flux at axial node i, i=1 to 20
P1ST = integrated one pin radial peak
AHP = hot pin axial shape index

of=d AN SA4E 2HdEFE olgste A s st A A2vE #

Mo
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ZAJAFSPLIT) % %ﬂﬂl% g4 % JAAHPFRGN)E AA 7 3 =4 H I
ol A

(QAVG)¥ Az}t u&

QAVG=(0.01¥¢pCALC)*(FLUXO0/0.0036)*BERR1*PFRGN (2.4)
QHOT = QFPC*QAVG (2.5)
o 71 A,
FLUXO0 = core average heat flux at rated power, Mbtu/hr—ft2, constant
PFRGN = region-dependent algorithm allowance(El %+ E2, constant)
BERR1 = DNBR overall uncertainty factor, constant
QFPC = Fraction of power generated in the fuel rod plus cladding

DNBR calculation, constant
QAVG = core average heat flux, Btu/sec ft*

QHOT = heat flux generated in the fuel plus the cladding, Btu/sec ft?

5 29 99 ¥ =9 W bey 2u
¢ & ¥4 (From Block 1):

P = corrected primary coolant system pressure

PF = CEA deviation penalty factor for DNBR

PDAVG = average of the hot pin power distribution

PD1 = relative power in axial node i1 of the pseudo hot pin (i=1 to

20)
TCMAX = maximum compensated cold leg temperature
#CALC = maximum compensated core average heat flux, % of rated
power

=YW

pci) = hot pin heat flux at axial node i, i=1 to 20

QAVG = core average heat flux with penalty, Btu/sec ft?

QHOT = heat flux generated in the fuel plus the cladding, Btu/sec ft?

TIN = core inlet temperature, °F

PREF = system pressure, psia

P1ST = integrated one pin radial peak

FSPLIT = hot assembly flow split factor
5% 3Block 3): 21-%=5 328 EHEFT A4
E5 3oA= 55 2014 Axtd 207 =29 12%E FEHEEE A&t 217 = Aol A
o] 12 FHEXE P =, Newton 2 Bessel®] HIFHE o] &35lo] 217 == o



Mol A2G SHEEEE AATSa ¢o] 200] HEE 2AI ofHA Ao 217 == A =
Hiex ol ddge vl A= dF5(QHOT)E ©83ko] DNBR Attel] da3d 21

s
st7] 91gk %3 ==(JSTAR)E AA gt

PHIC21(1) = ((¢c(1)  ¢c(2))*FZCOF(1)+FZCOF (2)* ¢c(3)+

FZCOF(3)* ¢c(4))* FZCOF(4) (2.6)
PHIC21(2) = (FZCOF(5)* ¢c(1)+FZCOF(6)* ¢c(2)+FZCOF(7)* ¢c(3)+

pc(4))* FZCOF(4) (2.7)
PHIC21(20) = (FZCOF(5)* ¢c(20)+FZCOF(6)* ¢c(19)+

FZCOF(7)* ¢c(18)+ ¢c(17))* FZCOF(4) (2.8)
PHIC21(21) = ((¢c(20)  ¢c(19)*FZCOF(1)+FZCOF(2) * ¢c(18)+

FZCOF(3)* ¢c(17))* FZCOF(4) (2.9)
PHIC21(i+2) = (FZCOF(8)* ¢c(i+2)+ FZCOF(9)* ¢c(i+1)

pc(i+3)  ¢c(i))*FZCOF(4), i=3, 17 (2.10)

ZFLUX(j)=QHOT=*PHIC21(j), j=1, 21 (2.11)
o1 7] A,

FZCOF(1-9) = Constants for Newton’s difference formulas and Bessel's
formula for interpolating to halves, constant

PHIC21(i) = 21-point relative hot pin heat flux distribution, i=1 to 21

ZFLUX(1) = 21-point hot pin power distribution, i=1 to 21, Btu/sec-ft*

2l 8 ¥ 9= (From Block 2):

pc(i) = hot pin heat flux at axial node i, i=1 to 20

QHOT = heat flux generated in the fuel plus the cladding, Btu/sec-ft*
Zens

DX = axial node length

NDXP1 = number of axial nodes (=21)

JSTAR = node number to start searching minimum DNBR

ZFLUX(@) = 21 point hot pin power distribution, i=1 to 21, Btu/sec—ft”

E = 4(Block 4):
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Aol 7] F(CH2)%= AALgth of& 2] % DNBR Attel] a3 2 4 ¥e 2 5
W] g AAbe
CH2 = (RADIAL(2)xD(2)/A(2) RADIAL(3)*D(3)/A(3))/
(RAA2+DD2P/A2P RADIAL(3)*D(3)/A(3)) (2.12)
DHYDG) = 4.xA®G)/PERIM(®), i=1, 4 (2.13)
F() =  GINFS=*A®) (2.14)
HG) = CHPT (2.15)
o] 71 A,
A@) = flow area for channel i, i=1 to 4, ft*
GINFS = hot assembly inlet mass velocity, lbm/s ft’
PERIM (i) = wetted perimeter for channel i, i=1 to 4, ft
CHPT = 1nitial value of enthalpy as a function of temperature
D1 4) = effective rod diameter for channels 1 to 4, ft
RAA?2 = effective normalized radial peaking factor for the artificial
channel 2’
49 o9 2 =9 ¥Hge oo 2o
RS
MC = calibrated, normalized core coolant mass flow rate (from Block 1)
PREF = system pressure, psia (from Block 2)
TIN = core inlet temperature (from Block 2)

FSPLIT = hot assembly flow split factor (from Block 2)

A42 =
CHH(1)
CH2,CH(2)=
HECO(j)

DHYD()
F(i)

H®3) =
H2P(1)

ratio of the flow area for channels 3 and 4 with respect to
channel 2

ratio of the flow area for channel 4 with respect to channel 2
enthalpy transport coefficient at the core inlet(first node)
initial value of average enthalpy transport coefficient

product of conductivity and Prandtl number to the 0.4 power,
ie., kxPr 0.4, j=1 to 5

hydraulic diameter of channel i, i=1 to 4

inlet flow rate in channel i, i=1 to 4, lbm/s

inlet enthalpy in channel i, i=1 to 4

enthalpy in boundary channel between channels 2 and 3

at node 1



H22(1) = enthalpy in boundary channel between channels 2 and 3

at node 1

£5 5(Block 5): 4 DNBR(MDNBR) A4H

EF 59 4= Prediction-Correction’ A3 S o]-&alo] AEAG Ao 7] %3¢k A= o]
1 S5 BHE WA e Fetrh Aul WA ] FolE FaE dofRl R FRo|A ] AR
2y} ey E o] &3sle] AADHS(Critical heat flux)E AlXtela =4 4 DNBR(MDNBR)
9 Ao AxE A Aul WA FolE 93 udket RxAle] dastng oy 71H A

nEdow PAE RADE(RE L A9y wEAMe] Hie] ol §HTh 1Y AdE BE 59
N EREE MR 2SR wAAT-DIARH WA E T2 ANERAE A

B 5olA] 7F ro A dgy] Akks 98] e ReANS Fdhts HRERS B
87e] 4EFE(SAT, PROP, MODMN, CIJMIX, DIFFER, TRANS, DIVERT, CHF)°.& +
dEo] Atk SATS 4% =4t olA E3P3e 24X AAtss PROPS 37 9 24
o BEAAE ARt AEFEY AHEEE MODMN2 245 whaAF F
(Multiplier) & A7) 93 Aoz Fav% 240 = Sher-Green #2418 245 AHH)
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FrotE Estr] 918 AR RS o]&ste] Aitsith A BFEl DIFFER+
dgulo] A FWek MaleSs AAtstt A B FE TRANSE Huf29] gy
dey] AGAFE Aately A BEE DIVERT: 3w $58% BEA 02

A

rbr

>,
mlo
R

o M
%

i3
oz
rSE

o
L)
Ho
o
)

wy
O
ofo
of
Ol
=

> 9

4
"
i
)

= [©)
ol ﬂ]'& CHF nga 74]*&?&5} ob&e] HlTtd S =4 FHEE] CHF ¥ARJMA:

ofg
i
i

)
22
ok
i

Qw5
A32 = ratio of the flow area for channels 3 and 4
with respect to channel 2 (from Block 4)
A42 = ratio of the flow area for channel 4 with
respect to channel 2 (from Block 4)
NDXP1 = number of axial nodes (from Block 3)
QAVG = core average heat flux, Btu/sec ft>(from Block 2)
PREF = system pressure, psia, (from Block 2)
pc(i) = hot pin heat flux at axial node i, i=1 to 20 (from Block 2)



JSTAR

node number to start searching minimum DNBR,
(from Block 3)

DX

axial node length (from Block 3)

ZFLUX(@) = 21 point hot pin power distribution, i=1 to 21,
Btu/sec ft* (from Block 3)

F@) inlet flow rate in channel i, i=1 to 4, lbm/s (from Block 4)

H() = inlet enthalpy in channel i, i=1 to 4, (from Block 4)

CH2, = initial value of average enthalpy transport coefficient for use in
CH(2) subroutine DIFFER (from Block 4)

HECO(j) = product of conductivity and Prandtl number

to the 0.4 power, 1.e., kxPr’0.4 for use in
subroutine PROP, j=1 to 5 (from Block 4)

DHYD() = hydraulic diameter of channel i, i=1 to 4 (from Block 4)

H2P(1) = enthalpy in boundary channel between channels 2 and 3
at node 1 for use in subroutine TRANS (from Block 4)

H22(1) = enthalpy in boundary channel between channels 2 and 3
at node 1 for use in subroutine TRANS (from Block 4)

P1ST = integrated one pin radial peak (from Block 2)

HFG = latent heat (from Block 1)

HF = enthalpy of saturated liquid (from Block 1)

e

FDNB = minimum DNBR

FDNBF = flow rate at location of min. DNBR

FDNBFS = correction factor for a non uniform heat flux distribution
at location of min. DNBR

FDNBQLOC = local heat flux at location of min. DNBR

FDNBX = quality at the location of min. DNBR

TF = saturation temperature

= 6(Block 6): MDNBR ¢ #|d| A< =4 Fa01x A4
B2 oA =4 H4 DNBR A w=toxo A%(XST), vlvd 43 =9 2
(FKST), 12429 A&FF4(GPRFST), g3 S7HDhST) ¥ d/44(QLOCST o
st} =3 RCOPS U2 ¢xel% ZE(HEAD)IA DNBRS A4sh7] 18 FUH5E(XY,

XXY, LNX) %= #Al4tstar 71421 DNBR 23255 183 #F A4 DNBR(DNBRST)S] 4t
= e

Z HA

)

r-{m

ol o

E_Q
=

XST =  FDNBX (2.16)
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GPRFST
DhST

FKST

QLOCST =
CHF1C =
CHFID =
CHFIE =
XY =
XXY =
LNX =
DNBRST =

4714,
CCHF5 8
EDNBI =
EDNB?2 =

ol
W
FDNB

FDNBF
FDNBES

FDNBQLOC

FDNBX
HFG
HF

Hin

MC

¢CALC

FDNBF

XST = HFG + HF - Hin
FDNBES

FDNBQLOC

CCHF5 + CCHF6 * PRST
CCHF7 * PRST

CCHEFS

GPRFST(CHF1C)
GPRFST(CHF1D + CHF1E * GPRFST)
In(GPRFST)

EDNBI1 * (FDNB + EDNB2)

= Coefficients for CHF correlation, constant
DNBR adjustment factor, constant
DNBR adjustment offset, constant

=9 W ted 2o

minimum DNB ratio (from Block 5)

flow rate at location of min. DNBR (from Block 5)
correction factor for a non uniform heat flux distribution
at location of min. DNBR (from Block 5)

local heat flux at location of min. DNBR (from Block 5)
quality at location of min. DNBR (from Block 5)

latent heat (from Block 1)

enthalpy of saturated liquid (from Block 1)

inlet core coolant specific enthalpy, Btu/lbm, (from Block 1)
calibrated, normalized core coolant mass flow rate

(from Block 1)

maximum compensated core average heat flux,

9% of rated power (from Block 1)

CEA deviation penalty factor for DNBR (from Block 1)

system pressure, psia, (from Block 2)

minimum static DNBR

quality at the node of minimum DNBR

(217
(2.18
(2.19
(2.20
(2.21
(2.22
(2.23
(2.24
(2.25
(2.26
(2.27

_ T T e e = O T T



GPREFST = hot channel mass flux at node of min. DNBR, MIbm/hr-ft*

DhST = hot channel enthalpy rise to node of min. DNBR

FKST = f-correction factor at min. DNBR

QLOCST = hot channel heat flux at node of min. DNBR, Btu/sec—ft*

XY, XXY, LNX = intermediate variables for DNBR update

MCST = BEST core coolant mass flow rate

PEST = CEA deviation penalty factor for DNBR

¢CALCST = BEST compensated core average power, % of rated power

PRST = primary coolant system pressure
E5 7Block 7): AEy]-2% H|& A\l
5 72 a2 g A2l M o] gy ek 219 H&(CPINI, CPIN2, CPOUTI, CPOUT2)&
AARgILE o] 5L 35 RCOPSY the dug]s REMHEAD)Z AfEo] A dE588 7
Abshed] o] &¥th w3 £ FAHAE e AL Hu2E(Thmax)E AXtel7| = ot

Thavg = average hot leg temperature, °F (from Block 1)
Tcl, Tc2 = scaled cold leg temperatures, °F (from Block 1)
Thl, Th2 = scaled hot leg temperatures, “F (from Block 1)

TF = saturation temperature (from Block 5)
PRST = primary coolant system pressure (from Block 6)
R
CPIN1 = enthalpy temperature ratio of water in pump legs 1 and 2,
Btu/Ibm-F
CPIN2 = enthalpy temperature ratio of water in pump legs 3 and 4,
Btu/Ibm-F
CPOUT1 = enthalpy temperature ratio of water feeding steam generator 1,
Btu/Ibm-"F
CPOUT?2 = enthalpy temperature ratio of water feeding steam generator 2,
Btu/Ibm-"F
Thmax = maximum hot leg temperature including uncertainties, ‘F
TSAT = saturation temperature of water, °F
= 8(Block 8): +& AAAY &9
RCOPS9| the darels BE BollA ALtE WFES STATIC &

olM AE-3t7] 9lsl DNBR
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A3 RCOPS DNBR EE(STATIC)® 7|47 &%=

Step (5)

- Call PROP(J,NCHANL)

Yes
Yes

!

Call SAT
Call PROP
NO | GRID=.FALSE.
GRKIJ(J)=0.0
Yes
Step (2)

- Call CIJMIX(J,NK,NCHANL)

Yy

Step (3)
- Call DIFFER(JM1,NK,1,NCHANL)

Y

Step (6)

'

Step (5A)
- Call DIFFER(J,NK,5,2)

Step (10-11)
- Call DIFFER(J,NK,3,NCHANL)
| - Call DIVERT(J,4,NK)

- Call DIFFER(J,NK,2,NCHANL)

No

O

Yes

Step (8)
- Call PROP(JP1,2)

| Call CHF(J,FAA, XX, QDNB(J))

!

No

Step (9)

Step (4)

- Call DIFFER(JP1,NK,6,2)

Yes

19 A4 RCOPS DNBR EE¢ &% 5 35%
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RCOPS DNBR EE%F AMHEE 3(£F 3)9 duzs #HAUWES oo 2ok
DX = ZFUEL/NDX (4.4-26)
NDXP1 = NDX+1 (4.4-27)
NDXPZ = NDXFZ+1 (4.4-27a)
where,
NDX = number of axial nodal sections for the DNBR calculation, constant

NDXFZ = number of axial nodes of the pseudo hot-pin power distribution, constant

Construct NDX-node and NDXPIl-point power distributions

PHICM(NDX) and

PHICN(NDXP1) by interpolation. The interpolation is skipped if NDX is equal to 20.

If NDX is equal to 20,

Then, for i=1, 2, ---, NDX
PHICM@) = ¢c(i)
Increment index 1 to NDX

and for i=1, 2, ---, NDXP1
PHICN@) = PHIC21(i)
Increment index i to NDXP1

and go to the Beginnings of “j-loop-3B”.
Otherwise, set equally spaced axial power locations:
For i=1, 2, ---, NDXPZ,

XXLG) = (1-1)/(NDXPZ-1)
Increment index i to NDXPZ

DDX = 1/NDX
N1 = NDXPI1
AA = 0.0

For j=1, 2, .-, N1 (Beginnings of “j—loop—-3D")

For i=1, 2, ---, NDXPZ-2 (Beginnings of “i-loop—-3E”)

If AA is less than or equal to XXL(i+1), go to eq.(4.4-27h)
Increment index 1

End of “i-loop-3E”

¥z7 = 0.5 = (PHIC21(1)+PHIC21(i+1))
If XXL(@G+1)-XXL(i) is greater than 0.0001,

Then, FZZ = PHIC21(i+1)-(( PHIC21(i+1)- PHIC21(i))
#(XXL(3+1)-AA))/(XXL(+1)-XXL(31))

(4.4-27h)

(4.4-27c)

(4.4-27d)

(4.4-27e)
(4.4-271)
(4.4-27g)

(4.4-27h)

(4.4-271)



If N1 is equal to NDX+1, PHICN(j) = FZZ (4.4-27j)
If N1 is equal to NDX, PHICM() = FZZ (4.4-27k)
AA = AA + DDX (4.4-271)

Increment index j
End of “j-loop-3D”

If N1 is equal to NDX,

Then, go to the Beginnings of “j—loop-3B”.

Otherwise, N1 = NDX (4.4-27m)
AA = 05«DDX (4.4-27n)

Increment index j

And go back to the Beginnings of “j~loop-3D”.

Compute NDXP1-point hot-pin power distribution, ZFLUX using the relative hot-pin
heat flux distribution, PHICN and heat flux generated in the fuel, QHOT:

For j=1,2,--- NDXP1 (Beginnings of “j~loop—3B”)

ZFLUX({G)=QHOT*PHICN(j) (4.4-28)
X({) = (-1)*DX (4.4-28a)
Increment index j

RCOPS DNBR EE% AHEE 6(5F 6)9 dauds #4WES oo 2o
For j=1,2,--- NDXP1 (Beginnings of “j-loop-6A”)
JP1 = j+1 (4.4—63)

Calculate linear heat distributions of four channels:

For i=2,-* NCHANL (Beginnings of “i-loop-6B”)

QPRIM@G) = QAVG*PHICM(JM1)/P1PB*RADIAL()*3.14159*D(i) (4.4-75)
Increment index i
End of “i-loop-6B”

QPRIM(1) = QAVG#(PHICM(JM1)/P1ST)*3.14159+D(1)*RADIM1 (4.4-76)
QPRIZP = QAVG*PHICM(JM1)/P1PB*RAA2%3.14159+DD2P (4.4-77)
QPRIZ22 = QAVG+PHICM(JM1)/P1PB*RA A22+3.14159+xDD22 (4.4-78)
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B4.

1.1%¢1 WhHe == $71 402 A9 04% = MDNBR 2x17F A A3 1F4steE A

RCOPS DNBR EE3 CETOP-D<] DNBR Al4tgio] 5ds 2= DNBR =& 71 22
749 Z¥7ke] MDNBR #2 A= dA&oF gvf. 28y RCOPS DNBR =% 47} 4091 7
$- MDNBR 2.2}7F 0%7F obd A2 RCOPS9 74 /\]63% A & =
of o& AHE EHEEE ALY "ol 5 = A3
rE)E I E ARESHAINE RCOPSO 749 Al:j%e—%%z%— AN ZHES
Ag 207 =9 EHHEIZE eI o2 thA] 4070
MDNBR Al4tell AFgat7] w&olth, ofgt =4l ¥t mAlgh
== 7F 4091 3% RCOPS<t CETOP D¢ MDNBR $xt7F 2HAb sk
RCOPS DNBR E &9 F7} #ES 98 w4 593 98327 #de 49 CETOP-D
° ] =
3 B

o-l
O
=
U
Ir
>

tiH] RCOPS¢F CPCSe MDNBRS Haslsith o] A L
9FS AAsAL DNBR EERS] QA5 H7tshr] 9lgh Aoty 1
HE¥7 U3 4% CETOP-D MDNBR thH] RCOPS$H CPC
Ell Aolty, CPCS MDNBR2 4%-8% A%E9 925 Holx
MDNBR®] 2= 0%°]t}. whebs RCOPS DNBR EE9 7| 547

[e )
AR o] FoAHSTS & F Atk

DNBR?] 9= 4
HkH o RCOPS
atabase®] 71 # 9]

w
ZEE

13 %0
o I O

e

e
)
s
Ho
k1
w)
Z,
os)
=
2
do
k1
o%
o
%
r o
kT
ri
M
ofl
N

>

CETOP-D ZE=%E 7|¥te 2 3= DNBR A4 e RCOPS A& weh =4 dAof
TE FHH o A F e Wets =E313 DNBR dF% S7MEE A3
CETOP-D ZE=+ A&t B9 DNBR A4S 98] =4 91 2H(Tuning factor)E ©] &
FREA AT FHEHJAAFSPLIT) S #S ZAste] B3 =4

gt = 1o Hd =4
304 @ B4R MDNBR Aldto] o] oA =5 gt} o] 2 Qs 43 =M
= CETOP-D® MDNBRe] #=¢ w44Ee uetdu. 19 B6: Ul 297

OPR1000 x=41¢] 4% AA$AA CETOP-D MDNBRe®] 7]¥ DNBR ZAl4F3=(TORC)$]
MDNBReIl #]3] 10% ©]4 22 A& BT o) vhde dxz AgeA
CETOP-D #ZE=9] ZAHAAHFSPLITE A&t H=dt mygdes 29 & IS
oth welbA CETOP-D Z=¢} %93 DNBR A4 HHE4

59 4% Database ¢ FSPLIT #< A slelH A4HdA DNBR o2& dA3
7N - e Aew FeE



¥ Bl =412 3927 DNBR 2E(STATIC)S] DNBR &= 9 2}
A& 2R DNBR =& B xH%) | EFAXH%) 23 A] (%)
CETOP-D 4% /' ST‘SEC 13 1.4 1.0
W4 STATIC
A 1.1 1.1 29
Q07 ==
cpc  mapar| 1= STATIC 04 1.8 26
; U7 A STATIC 09 - 01
7 . . .
A (811 cases) Q07 )
¥ B2 7§ STATIC REAE A3 JA(HHE-EE 6)
AT Haer of| A gk 2 A 7k Q2 AH%) B4 A3
FDNB 2.24370 2.24754 0.01
1 FDNBF 2.37020 2.37043 0.00 =3}
FDNBX -0.06350 -0.06391 0.00
FDNB 1.40631 1.40632 0.00
2 FDNBF 2.17061 2.17061 0.00 =3
FDNBX -0.07605 -0.07605 0.00
FDNB 2.73141 2.73140 0.00
3 FDNBF 2.21833 2.21832 0.00 53
FDNBX -0.21036 -0.21036 0.00
FDNB 1.20920 1.20914 0.00
4 FDNBF 1.65897 1.65894 0.00 =3
FDNBX 0.13805 0.13805 0.00
FDNB 2.49227 2.49227 0.00
5 FDNBF 2.61163 2.61161 0.00 =3}
FDNBX -0.11117 -0.11118 0.00
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150~ NDX=30 EOC
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; NDX=10

10 1 1 1 1 1

Burnup

1% B3 93 == F£(NDX)o W2 w4 24 DNBR(MDNBR) H| i

MDNBR(RCOPS)
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4|2 NDX=40(1=0.004, 6=0.004) |
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BE2 C 34dE(2009.8.1 - 2010.7.31) A7 g 2 A

Cl. STATIC =543 (DNBR == 4 W7o W& F7143)

RCOPS ¢18lE #HES 93 Alde e ol 2EAE (Module Test)¥ ©9JA) 8 (Unit
Test)o] TR, AZEY o] &2l I HFHF dFoR o]Folry & AP oy 79
Function Block(E2E)o2 Fd% dug|Zd & vg A" AdzEz3s o7kt 3498 o
o ¥ o4 g vl w5 tele] FRE o APARE 27}

so] REo RE AL 5

Y5 4 BE Aol

N ﬂ-llo F\r —L]

o~
Joi
u]m

& G AH(Unit Test)S Fato] 344

RCOPS DNBR Al4F == s WA (2070 A4 407H)°] @& DNBR R E(STATIC)®| =
NS F7t2 S8ty g8 279 AldAEE Asstgr. 18 C1-C2% STATIC
E9 A0 EE 60 Uik REAY YJEAE 2 o FEHANE HoFe
¥ (ZFLUX) ¥3lo] w2 # 4 DNBR(FDNB)¥ %717 %= (FDNBX)
.2 AEARE o] &3] KOPECAA EEAIHS 343 A4y 53
S 7

o

.
191 Black Box A9 $ATT. 4499 AYARE Agoinz

SIS Il



1 189 R HFERIML 23.6017
1 130 R HPERIMZ §.9004
1 191 R HFERIM3 0.27354
1 132 R HPERIM4 0.08525
case S06-01 1 193 R K1 1.4
5000 1 194 R ABETA  0.0035
i 1 135 R COMIX  92.843
150 1 197 E a3
* .3 k.3 .3 .
*ggise *ggise 1 198 R Cu3 1
xdix wdix 1 139 R CAkl  0.234
%o wdox 1 200 R Cak2 O
¥hal_s* xhal_s* 1 201 R Caki 0
1 1 R HF 701.350000 1 02 R CBEL  6.46
1 2 R HFG 417 950000 1 203 R CEB:Z o
1 3 R QATG  51.21 1 204 L CBB3 0
1 1 R PEEF 2250 1 205 R cccl -0.2
1 c R JSTAR & 1 206 R cccz o
1 5 R DX 0.311875 1 207 R CCC3 u
1 208 R CNPCL 1
1 7 R TFLUXL 24 .155130 1 203 R CNPCz  0.33
1 8 R ZFLUKZ 40247505 L 1l R CHPCS 1.5
1 3 R TFLUXZ  56.339880 1 21l R SRECDK 1
1 10 R ZFLUN4  63.022026 1 212 R CCED -~ 0.664966
1 11 R TFLUXE  £9.704172 1 213 R CCHE3  405.32
1 12 R ZFLUKE  71.244931 1 214 R CCHF4 - —0.1039929
1 13 R TFLUX?  72.785691 1 215 L NCHaNL 4
1 14 R ZFLUKE 72 526136 it 1t R RaDIAL1 1
1 15 R TFLUXS  72.266582 1 217 R RaDIALZ 1
1 16 R ZFLUK10 71 471351 1 18 B RaDIALI 1.03624
1 17 R TFLUX11  70.676121 1 213 k RaDIAL4 1.043705
1 18 R ZFLUK12  69.560589 1 2= R D1 7.5127
1 19 R TFLUX1Z 68445057 1 22l R Dz 1.8782
1 20 R TFLUN14 67 467586 1 222 '3 D3 0. 08834
1 21 R TFLUXLE  £6.490115 1 223 R D4 0.02714
1 22 R ZFLUN16  66.109067 1 224 R Rasl  IN13412
1 23 R ZFLUXL1?  £5.728019 1 225 R DD2F  0.213437
1 24 R ZFLUN1E8 65 716974 1 22b R al 0. 25065
1 25 R ZFLUX19  £5.705929 1 227 R Az 0.06266
1 26 R TFLUKZ0  66.175336 1 228 R A3 0.002325
1 27 R TFLUXZ1 66 644743 1 223 R ad 0.001216
1 28 R ZFLU22  67.787887 1 3l L a2p 0.007342
1 29 R TFLUX23  £8.931031 1 231 R ZFUEL  12.475
1 30 R ZFLUK24  70.339252 1 232 L WEPC 0,975
1 31 R TFLUXZE  71.747473 1 233 R FERIM] 24.8846
1 32 R ZFLUNZ6  73.514652 1 e p E PERINZ 6.2211
1 33 R TFLUX2?  75.281831 1 235 R FERIM3 0.33209
1 34 R FFLUK28  77.435581 1 2db R PERIN4 0.12311
1 35 R TFLUX29  79.589330 1 237 R CCHES  —0.67757
1 36 R TFLUK30 81 864574 1 38 R CCHFE  6.6235E-04
1 37 R TFLUX31  84.139817 1 233 R CCHE?  3.1240E-04
1 38 R ZFLUX32  B86.089236 hol e 210 R CCHFB D DB3ZAS
1 39 R ZFLUN33 88038656 - -
1 40 R ZFLUX34 88104925 2 ! R FDNE = 2.241647
1 41 R ZFLUX3S 88 171194 2 z R FDNBF ~ 2.376204
1 42 R ZFLUX3E  84.796986 2 3 R FDNEFS 1.045297
1 44 R ZFLUX3E  72.675242 2 5 R FDNBE  —0 062473
1 45 R TFLUK39  63.927705 z b R TF 652.723744
1 46 R ZFLUX40  46.874427 2 7 L 11SWvSTh 0
1 47 R ZFLUX41 29 821148 2 8 L 11SWVST62 0
2 9 B bSWVSTET 0

19 C1 RCOPS STATIC 2549 f4=#HAE 1(DNBR AlXt== 4=40)



®pul=s*
E=Tml 2
*®] %
®]o%
xhs]l-==*
1

I ) e

b b e e e e e e b e e e e e e e e e e

HF
HFG
QAVG
PREF
JSTAR
DX

ZFLUE1
ZFLUXZ
ZFLUE3
ZFLUX4
ZFLUES
ZFLUXER
ZFLUE?
ZFLUXR
ZFLUES
ZFLUELD
ZFLUH11
ZFLUE12
ZFLUH12
ZFLUE14
ZFLUE1E
ZFLUE16R
ZFLUH17
ZFLUE1R
ZFLUH19
ZFLUEZD
ZFLUE21
ZFLUEZ22
ZFLUH23
ZFLUEZ24
ZFLUE2E
ZFLUEZ 6
ZFLUE27
ZFLUE28
ZFLUH29
ZFLUE3D
ZFLUE3L
ZFLUH32
ZFLUE33
ZFLUH34
ZFLUE3S
ZFLUE36
ZFLUE3?
ZFLUH38
ZFLUE3D
ZFLUE40
ZFLUE41

Adaddnddddnnndddddndddgdddddoddd i dd D] DA

19 C2 RCOPS STATIC E&A

Casze S06-02
hold

2000

run

150
*pul=se*

* 0%

*dq]*

*]o*
xh=]—=*
701. 350000
417 950000
E2.234200
2250

34
0.3118%5

7206176
9.368029
11.529882
13.691735
15.853588
17.9932922
20.132255
22474263
24816270
27.315913
29815555
32.630468
35.445380
39.133585
42.921789
47 988631
53.055474
59 225763
65 . 396051
72.309477
79.222902
86293963
93365024
.300969
L236913
.159490
.082066
.441660
.8012532
.426861
137.052469
137 .120026
137.187584
133 .4493380
129.711176
120.185512
110.659847
93.770371
76.880895
50.803544
24 .726193

— 40 —

3]
=

1449
1490
191
192
193
194
1395
196
197
194
1949
200
201
202
203
204
205
206
207
208
209
210
211
212
2113
214
215
216
217
2148
2149
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237

[ S N ]
Lot L]
[ RN i u ]

hsl-r=

R R R R R i el e el e el = T e e e e S e g e N e el el el a el = e S S S S Sy Sy S ey Sy =

OO0 ] O O W LD

nal e lan s Rl Bon e e B e a s R e a e B n Rl Rl Rl s R R s e a e a e e a Rl Rl R B Dl s B n e a e e a R e a e R o R R Ron R R B R R a e a e e n oo R o

HPERIHM1
HPERIHMZ
HPERIM3
HPERIN4
KIJ
ABETA
COMIX
cio

cuz

cua
Chaal
Chi2
Chhl
CBE1
CBEZ
CBE:
CCC1
CCC2
CCC3
CHPC1
CHPC2
CHPC3
SKECDK
CCED
CCHF'3
CCHF 4
HCHANL
RADIALL
RADIALZ
RADIALZ
RADIAT4

PERINZ
PERIM4
CCHFS
CCHF&
CCHFE?
CCHF#

FLHB
FDNEF
FLDHBFS
FONBOLOC
FDHBX

TF
115WVSTE
115WYSTE
BSWVSTET

23.6017
.9004

.27954
.08525

.0035
2.843

ra o Qa
(5]
.

N
o

HHOHROO | OO0 WH OO OO0
™

1

1
1.03823
1.043705
7.5127
1.8782
0.08898
0.02714
1.03412
0.213437
0.250865
0.06266
0.002925
0.001216
0.007342

6.2211
0.33209
0.12311
—-0.67757
£.8235E-04
3.1240E-04
—0.083245
*h=l-1*
1.393440
2.170205
1.080133
120.185512
—-0.059671
652 . 723744
0
2 0
0

oledztg 2(DNBR AlA=E =40)



C2. RCOPS ©@9{ A&

Common Q CPCS tiH] 7}d¥l RCOPS ¢alg]Fol tiste] RCOPS HSA @& F3ato]of gt}
CPCS 2 18|& AFAIEL Aae] 1&2%57] Common Q CPCSe] #HEAE W 2 HAjol upg} 4=
et o] Aate] M2 RCOPS ATAIE-E FORTRANS 2 FdH Off-line ¢ags F=9] A
g A3} Single Channel Test Facility (SCTF)ol412] On-line ¢igls AlFZ23E vuste] 4
& =93 AA E9gte]l QAPHS] oS glEke Aot

o
ol jf
ot E
o,
1=
2
flo
=8
>,

A
2
2 i

ol FO
o
ot
Ho

2 X &Rl ﬂ]d /\]?ﬂoﬂ/ﬂ TRAI7F Qe
A= Algeith deA g JEE Y Ald(Input Sweep Test, IST), &

Z A& (Dynamic Software Verification Test, DSVT) % 2A17F & ©dw4 A& (Live Input
Smgle Parameter Test, LISP) .2 o] F=aj3it},

ol
rEE
ole
o
)
B F
[

gO{

A9 AFAST) O HA2 RCOPS ¢iglFo] 8185 499 WA & B geussEe] =
gho] AN EEZ 27)3t5 =4S #let= Aolth. RCOPSE 5% AArZZ A4 COPPYl| thate]
oF 200071 <} Al & A ZZ A A0 CEAPO diste] oF 120071 AlFAEE AME-gtth o] & AlE
A5= RCOPS YEWFE9] etz 9 shehx] 9 7pi 4 Wl §9] Fo diste] RCOPS 7199
S F83] Egeth ISTY 59 3871+ a3 2
- On-line (SCTF) ¥ Off-line (FORTRAN) 270¢] t2 HZEAIE Z=ola Aikd
DNBR#Z} LPD 3te] #fol2 58 AAE 34 EFAE §h2 ehdd|dlo] 2184 7k o]s}o]
ofof gt}
- RCOPS st=sojdl] E3td 2ZE o7 BE ASAY A5 et G4z 27
shx] oo} gttt
- ~ZEY o] QFI} WARA olof dr}

b

1%l C32 COPP IST /MEf=g yvedl Aoz Algaze]l A4, A3, SCTF Alg, IST
Fortran 59 2 SA 849 Hdxlo] wel &t COPP ISTE 337 98] a3 4
Zo] A2 =(CPCONV, SWPVER, CPCSWTS, LUNCH) % RCOPS DNBR &S A&
= CPCSWTS =ZE=g F43tdt. CPCSWTS FE=e F8 ARFE
SWEEPINS 717} A&t A EF8 CPCDolME F2 DNBR EE W49 TSATS
Z937] f8 =2 M (sweep(65) 9} LA A7 =4 FFH(GIN) A9 S /& A
Qe AEFE SWEEPINo|A:= DNBR A E34% 7442 BERRIY
Database F4 %2 W73ttt RCOPSe] COPP ISTE 93 CPCSWTS HE=2o] AMHFE
CPCD¢} SWEEPIN®| A WA WL vz 2o}

ABFE CPCD AW &



SUBROUTINE CPCD

*
>k sksko sk sk sk sk sk skttt sk skosk sk kool sk sk sk sioiokoskosk sk skokok skokoskoskoskoioiokokoskoskokosiorsiokokoskoskokokokekokoskokokokosk

C
C************************************************************
C *
C RCOPS STATIC MODULE (CETOP-D) *
C *
C AUGUST 2009 *
C Consistent with RCOPS_CPCDndx_2008m01_MDL6dp.f =
C in Rev06/STATICndx *
C *
C W. K. IN(KAERI) *
C

C

C

COMMON/GENER/IGEN,ITAPE ITAPEIN,NIN,NOUT
! COMMON/SWEPT/SWEEP(66),ISWEEP(39)
! COMMON/SWEPT/SWEEP(66) ISWEEP(63)

COMMON/SWEPT/SWEEP(90) ISWEEP(7)
!

¢ wki 2010.7.14
equivalence (sweep(65), TSAT)

fffff (Fe) ———-
STATIC DNBR PROGRAM..MODULE 5

C
C
C CALCULATE INITAL VALUES FOR FLOW AND ENTHALPY.
C

cwki2008.05.6
GIN = MCST = GINREF/0.0036
c GIN = MCST = GINREF/0.0036 * VIN/0.02177

GINFS=GIN*FSPLIT

M B 78 SWEEPIN AUl
SUBROUTINE SWEEPIN
* SWEEPIN ACQUIRES INPUT DATA AND SETS UP INITIAL CONDITIONS
* FOR EACH TEST CASE OF THE CPC INPUT SWEEP.
* CALLED FROM CPCSWTS

cwki 2010.7.15 DBASE(2037) = BERRI
dbase(1914) = berrl

1% C4% COPP(RCOPS) IST X9 CPCSWTS =9 %8(TAPE1D)S =A]3 Zolth
TAPEI11> 200071¢] COPP IST Al@#ts std = Case ID9 SCTF A@4A3 2 Off-line
2ol AN¥gAE ¥3eta gl 17 CHe TAPE1ILS] WFAe 2 %2 (Format)S H.o]
T Ao Z 9719 Record® TAHo 9o 2HI 9H ] Record”’} Z} Case ¥ & HHE-F
th. SCTF$ Fortran oS5Z23%9 F8 Hu4 <AA+= H4& DNBRX)Y AE=4E%
(LPDDC)©] t}.

i Cl& COPPel digh IST elHAIg A (20109 7€ 1569 7I5)E f&°Fg 2otk 2000

— 42 —



O

el Al@A3(E MDNBR(HSG X) ko] 05 o] 10.0 o]skel 499 &= =(LPDDC)
T =4 Hi A8 Ee] 1000% UlUPol 747k A% A3boltt,. MDNBR¥ LPDDC9
Q2= On-line RCOPS X2 A& X (SCTF)2] Alg 2 3}e} Off-line RCOPS &9 Ak
Z(RCOPS Fortran Simulator)e] «SZA3}te] zpo]E oujsitt, MDNBR 23 #4118 ¢35k
Al 25+ 1198 7ol 115970 (eF 97%)7F 0.5(DNBR unit) v 9ke] 2fo] & Holal Qlt},
3%¢] AN ¥A3E v 2 MDNBR Aol 2 Holi i CPC ISTS MDNBR Hu 3 &

2k7F 0.0093%1 As e uf AJFARTE AR R R dRlqfH o]l g sttt
#H, LPDDCY] A% EAA Aldxts 1295 /MF 127470 (2F 98%)7F 25% ol x}o]
Holi glow ¢x7t 100%E Z2Fst= A$% 17700tk CPC IST¢ LPDDC Hd &
Q2}7F 22% ©]2 =2 On-line AXE o] % Off-line Fortran Simulatorel] t3st F7} 7
o] g g3}t

¢

OIN o ot %0 J&

4 AZEY o AFA)d(Dynamic Software Verification Test, DSVT)9 Z4 & HA 7|5 Ala
| 13t RCOPS AZES o] 54 AlF Aurt AA el ot o & He o]dlo] J=A& &ls)
= Blolth, ASAE A5E B 49719 ANAARE Aist, o]l5 Aldats e AA7|EA L] b
RCOPS AZEo]e] 54 755 sl E1E 4= dojof sttt CPCSe| DSVT Al8AEE 74
Ao A9NE FAH 0 glot B Ao A= RCOPS DSVTE fl8iA] tlxA ) Algxts oF 107)
= A2kskdt. DSVT &3 §871€2 t=3 2.

- On-line SCTF % Off-line Fortran®]A] A4tEl Z=7] DNBR¥ LPD gko] ISTol A

A4E #4 BAE 54 49 el lojof s}

n-line SCTF % Off-line FortranolA AAtd &2 wh-g A ZHEE JAZAH A4
WA Al ZE) o] B8 M9 oluiel glojef gkt
ZES o] 77t HAEA gFolof gt

9
B 2

B ot o

3 C29F C3% 2010 7€ 1Y 7122 RCOPS DSVT <u|lAlg A% Off-line Fortran
Z 223 On-line SCTF ¢ DNBR¥ LPD %7]3t ¥ X2 AXA|ZFES v gk Fl o]t}
DNBR =71#¢ a9 Hd Aol 727 -0.16233 030382 2larg] 1235719 A3
(-0.0030, +0.00023)°ll #H]s] wi$- =t} LPD x7|#ke] FHae Ho Aol ZHzE -0.03358%
9} 3.72864% =2 2laig] 12%7]9 ZA3(-0.0026%, +0.0118%)° Hvl&l] vl & A & T U
t}. DNBR % LPDe] ¢]3t dxt2 HAAZFE On-line SCTF$} Off-line Fortran®] A€ 2
W7t 2 ZolE Hola Ut} wEkA On-line AZE9o] ¥ Off-line Fortran Simulator®l

e Frha Sl e AS g1 &

AANZE 948 dddHS Alg(Live Input Smgle Parameter Test, LISP)& 23-ox A= o]

RCOPS 9] COPP/CEAP 19 st=9ol& F3f ¢lo] 52 COPP/CEAP &) tdh $8&AZEY Y]
o} AP rZEo]o] AT 2ALE L3I} B LEJ RCOPS AZEJ 0|9} st=glole] 54 uk3o] A
A BN QA A RS AFskal s 2410 & A BEo hste] B3 st=dgof

o 2TEGo]e] A2vle Hrbehe

2
2 YA LT, Aew % new

LS

St S
[e) = [e) 2~
Y T F8 A W 44

o]
AZ7] Ao 2 A5 (CEA) 1A el

oE



o

dalel 27t 1709 €4 WaE 54 WA
A

Abetth 3 C4e 5709 LISP AlEAIR S HolFe Ao = =P RCR=
A7 A5 AR Aol LISP Ag9] 88752 ARt Als wiste] ofaja Ak 4/
A RS AITHEE YAZ FA2lE BA Alghe] oY 71 34 B EE vE SR Fortranol Al
AAHE 58 ] ool lofof gt

717 Cow= LISPe] A WA Al dExts 2 on] Al@4 ¥ (Fortran £9)& HoF+ A0=2 A=
2 YA FEEE b 127 100%904 90% 2 #HAshs 4 $-01th. DNBR E# A4 (DNBRLM)
= FAgh(1.28050)°]1 22 LPD EH AAX(LPDLM)+ &4 7k(388.88) 2.2 7tz A A= th, RCOPS
F8 duglE 2E(FLOW, UPDATE, POWER, STATIC)S A&57]= 713 &7 Folxth Wzt
A HxLr o] 7hAao] wrE DNBRO 93k A HAl EY(First Trip)©] 05220l A5t vlA Y E
H(Last Trip)< 0.589%0] wAgt Aoz o=} webs] RCOPS %2 Off-line Fortran <=
A3}= DNBR Ef 227k gk 7]E9] LISP AlE 3] 87]15(3 4 050%, U 0.65%)S w53}
Aoz el RCOPS On-line SCTFIA19] LISP Alg< 20104 7€ 319 &4 @35 olth

rir



# C1 COPP(RCOPS) IST

RjAIY A ¥H(2010.7.15)

MDNBR 2 %} AR T LPDDC #}o] s T

(DNBR unit) (1198 7H) (% avg) (1295 7H)
-6 1 -25 507
-5 2 25 67
-4 2 75 4
-3 7 125 4
-2 11 225 4
-1 10 325 4
-0.5 3 425 2
+0.0 1159 525 3
+0.5 3

3# C2 RCOPS DSVT d®Ald A#(2010.7.1): DNBR Z7]% & X284 A1t

DNBR Initial Values (DNBR Units) DNBR Trip Times (Seconds)
Case No. Off-line On-line Off-line On-line
(Fortran) (SCTF) (Fortran) (SCTF)
1 1.6833 1.5210 0.854 0.8
5 1.6327 1.3921 NT 0.15(JTRP=80)
11 3.7297 4.0335 5.307 0.15
15 6.1346 5.9810 NT 0.15
NT
24 1.7553 1.7012 0.15
5.707(AUX)
27-2 1.6623 1.5133 0.757 0.15

¥ C3 RCOPS DSVT dH A& Z23(2010.7.1): LPD =713k 2 AxZ AR A|7F

LPD Initial Values LPD Trip Times
C N (LPDDC) (Seconds)
ase 0. Off-line On-line Off—line On-line
(Fortran) (SCTF) (Fortran) (SCTF)
1 235.5269 243.8638 0.857 0.8
5 235.7052 244.4938 NT 0.15(JTRP=80)
5.807
11 133.4635 133.4333 0.15
5.307(AUX)
NT
15 87.8497 87.8202 0.15
32.707(AUX)
NT
24 242.1221 242.0768 0.15
5.707(AUX)
27-2 291.2561 223.4020 0.907 0.15




3 C4 RCOPS LISP Al3#t=

Case No. L Transient time
Description
(DSVT case no.) (sec)
1a7) Reactor coolant pump speed ramp 10
100% to 90% rated speed (1190 to 1071 rpm) '
Ex—core detector ramp
2(18) 15.0
100% to 125% power
2(19) Cold leg ternpeorature ramp O 15.0
553.5 to 543.5 °F (289.7 to 282.2 °C)
Pri
40) rimary pressur.e ramp 2 15.0
2250 to 1946 psia (158.2 to 136.8 kgem™a)
Non-target CEA withdrawal
5(21) 4.0

50 to 60% withdrawn (190.5 to 228.6 cm)




Generate +
Test Data+

Verify/Check «
Test Data+

Single Channel
Facility Tests

Input Sweep Test«
Simulations'

Statistical Analysis«

Deviation Test ‘

13 C3 RCOPS COPP

INTAPE+ »

(TAPE1)+

CPCCONV+ |l

TAPEQ «

SWPVER+

TAPE4«

TAPEQ «

TAPE4«

RCOPS+
SCTR+

Software+

Implementation Group+

TAPE1O+

IMNPUT+

IMPUT+

CPCSWTS+

TAPE11+

¥

LUMNCH+

Y

&

CSLOOK.OUT+

inss

49l A

s

ki

TAPE4+




CPC INPUT SWEEF TEST FOR RCOPS

1.0000 5879
524.7999 524
1 31174
1.0000 29
0.0693 5881
100.0000 100
100.0000 100
100.0000 100
0.3068 732
£40.6344 40
2 28970
1.0000 29
0.3085 737
100.0000 100
100.0000 100
100.0000 100
0.1293 4745
557.7233 557
3 26094
1.0000 29
0.1239 4667
100.0000 100,
100.0000 100,
100.0000 100,
0.0795 5678,
£19.3957 G£19.
4 33217
1.0000 29.
0.0797 5679,
100.0000 100,
100.0000 100,
100.0000 100,
0.2568 3658.
S00.2677 SO0
5 432063
1.0000 29.
0.2568 3659.
100.0000 100,
i00.0000 100,
i00.0000 100,
1.5592 222,
575.3120 575,
1996 25214
1.1000 124
1.5877 222,
100.0000 100.
i00.0000 100.
12.0000 aE.
1.3860 252
S575.4477 575,
1997 25214
1.1000 122,
1.3384 251
100.0000 100.
100.0000 100.
13.0000 11.
1.4584 20
75 5441 575
1998 25214
1.1000 69.
1.4383 259
100.0000 100.
100.0000 100.
0.oo0oo 70.
3.1712 143
E74 0660 574,
1999 25214
1.1000 E0.
3.1733 143
100.0000 100.
100.0000 100,
0.oooo 3E.
0.6702 332,
E76.6791 G76.
2000 28214
1.1000 41.
0.6697 333
100.0000 100.
100.0000 100.
0.ooo00 11.

.5566 1.
L7999 600

31174
L6255 1.
4858 0.
.oonn 100,
.oonn 100,
.ooon 100,
.E643 0.
L6344 622

25970
LB255 1.
JE30s 0.
.ooon 100,
.ooon 100,
.oonn 100,
L6216 0.
L7233 621

36094
LB255 1
JB113 0.
oooo 100,
oooo 100,
oooo 100,
E117 0.
3957 593,

33217
£25E 1.
EE39 0.
oooo 100,
oooo 100,
oooo 100,
8911 0.
2677 524,

43063
£25E 1.
acae 0.
oooo 100,
oooo 100,
oooo 100,
4926 0
3lz2o0 594

25214
£983 1
6152 0
oooo 100
oooo 100
noos 35
3608 0
4477 596

25214
2700 1
9787 0
oooo 100
oooo 100
ooon 11
2200 0
441 59

25214
2261 1
9357 0.
oooo 100,
oooo 100,
ooos 0.
2826 0.
0660 S84

26214
9279 1
1608 0.
oooo 100,
gooo 100,
noos 35
8911 0.
£791 6O,

26214
£403 1
1025 0.
oooo 100,
oooo 100,
oooo 11.

1253 107 .4859 114,
8624 600.8624 1929
31174 31174
nz00 L1.00o00 1.
014g 107 . 4725 114,
oooo 100.0000 100,
oooo 100.0000 100,
oooo 100.0000
0920 140 3635 144
0590 622 0590 2368
25970 25970
nz2o0 1.0000 1.
0974 140 3565 144,
oooo 100.0000 100,
oooo  100.0000 100,
oooo 100.0000
1422 79.3352 g2.
1539 621 .1539 2166.
26094 26094
.0zo0 1.0000 1
090 79.3095% az.
oooo 100.0000 100,
oooo 100.0000 100,
oooo  100.0000
0271 97.0429 103
1735 5931735 1890,
33217 33217
nz2o0 1.0000 1.
0270 97.0437 103
oooo 100.0000 100,
oooo  100.0000 100,
oooo  100.0000
3858 23.4232 63.
7025 5247025 2076,
43063 43063
nzoo 1.0000 1.
cl=1x=s 23.4233 63.
oooo 100.0000 100,
oooo 100.0000 100,
oooo 100.0000
.1658 37.4935 45,
L9636 594 9636 1886
25214 25214
.0383 1.0000 1%
J1657 37 4677 45,
.oonn 73.0000 35,
.0000  100.0000 100,
.000%  100.0000
L1744 39,3705 48,
L0746 596.0746 1913
25214 25214
L0380 1.0000 1.
L1569 39,3603 48,
.oonn 73.0000 11.
.0000  100.0000 100,
L0000 100.0000
1945 406751 E1.
8731 E596.8731 1938
25214 25214
0381 oooo 1
1846 40.7166 51
onoo E0.0000 70
oooo 100.0000 100
00o0s  100.0000
2807 20.3427 25.
9047 584 9047 1951,
25214 25214
0456 1.0000 1.
2507 20,3304 25.
oooo S0.0o00 35,
0ooo 100.0000 100,
oo0os  100.0000
0473 E6&.3012 73.
083 605.8083 1998,
28214 28214
0286 1.0000 1.
0472 L6 .2044 73,
oooo S0.oo00 11.
oooo 100.0000 100,
0ooo 100.0000

071
1101

oooo
29719
aoon
ooon

G607
4708

oooo
EE33
oooo
oooo

3830
8903

.gooo

3697
aoon
ooon

4444
0798

07-15-201014:01:22

2.
0.
0
0.
2.
io0.
io00.

= Y

100.
100.

[SE=R=F=N)

io0.
io00.

[N =Y =g =Y X

100,
o0,

(SR =R=F=FN)

1o00.
100,

wooow

100,
100.

WO oo W

100.
100.

Wwoo oW

100,
100,

Wwoo oW

100.
100,

WO o oW

100.
100.

0470
2508

oooo
04748
anon
onon

.1217
L2609

.oonn
L1496

nooo
nooo

L2025
.1980

.oooo
.1666

anon
onon

1607
2154

114.
0.
1]
o.
114.
io0.
io0.

144
0.
1]
0.
144,
100.
100,

g2,
0.

1]
a.
az2.
io0.
io0.

103,

100,

100,

45.

45,
io0.
100.

48,

43 .
io0.
io0.

100,

100,

73,
100.
100,

3186
3093

aooo
3094
aoon
aoon

6752
727

oooo
6778
oooo
oooo

3912
2963

aoon
3779
aoon
aoon

4547

L2694

100.
100.

100.
100.

100,
100,

100.
100.

-0.

=0
100,
73.

-0.

=0
100,
73

100,
50,

0.
0.

4

1.
-0.
100.
c0.

=0.
0.

4

1.
0.
100.
50.

=g =Y =Ny =)

=N =)

oREOoD

630.

SE7.
630.
100.
100.

660.

SE7.
BED.
100.
100,

647 .
567.
647 .
100.
100.

627 .

6961

.ooon

6452
6723
anon
onon

1e01

.ooon

E452
1595
nooo
nooo

2871

.ooon

6452
2803
anon
anon

8221

1.0000

.B452
7997
.ooon
.ooon

.1868

1.0000

567.
641,
100.
100.

627 .

564
627 .
100.
13.

£29.
SEd.
629 .
100.
13,

£31.
1

6452
1774
anon
onon

18 C4 COPP IST dH|Al& A (TAPE11)

e

78
100,

e

71.
100.

e

73
100,

e

-1
[y

100,

e

99
100,

-1

-
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o
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.ooon

.ooon

.ooon

.oooo

.ooon

.ooon

.ooon

.ooon

.oooo

.ooon

.ooon

.ooon

.ooon

.ooon

.oonn

.oonn

.oonn

.oonn

.gooo



Variable+

Record~ Description~ Units« Format: |
(Program Name)-
Titles Title includes date and
1a - _ 8A10.
time of runs
Single channel resultse SWEEP({I), 1,10«
X, LPDDC, DXMIN +
2o BOTD, PHICAL » EU» 10F10 4«
PKMX, PMAX «
QASI, TSAT, Ple
TC1, TC2, TH1, TH2+ ISWEEP(I), I=11 22+
PR,D1,D2 D3+
3¢ EU- 12F10 40
PFLPD1, PFDNBRI1
PFLPDZ2, PFDNBR2
Case ID+ ISWEEP(l), I=1,7 « -
5 - 15, 710«
WRAWC(), I=1 4.« IFLAG»
FC1, PCALIB, TR, SWEEP(l), =48, 56+
KCAL, TPC, EQL « SWEEP{47)
5e EU- 10F10 4«
CEANOP, PFEMLT « ]
TCREF, BERR1+#
Simulation results« SWEEP(l), I=57, 66«
X, LPDDC, DXMIN +
Be BDTD, PHICAL + EU- 10F10 4«
PKMX, PMAX «
QASI TSAT, Ple
Te CEA(D, I=1 8+ You SWEEP(l), I=67, 76« 10F10 4|
8e CEA(l), I=9,16+ %o SWEEP(), I=77, 86« 10F10 44|
9e CEA(D, =17 24« %o SWEEP(I), I=87, 90+ 4F10. 4+ |
10 - Repeat Records 2 through 9 for each caser

1% C5 COPP IST A@ZIHTAPELD) ¥4 2 44




LISF TEST

LPDLH
DHERLHM
FLOW
UFDATE
POWER
STATIC
~EOR
CASE 17,
TEND
RH1. 2
RN3-&
HTOS
NTYFE
TIHC
PTA-PTD
ALF
WINT

HUW
WTTAB
W1TAB
W2TAB
W3TAB
W4TAB
HTC
TTAE
TC1TAB
TC2TAB
TH1TAB
TH2TAB
PRTAB
NDT
DTTAB
DITAB.1
D2TAB.1
D3ITAB.1
KCALFLG
CEATNT
CFTA-CPTE
HOARRAYS
END- 17
<EOR
~EOR
~STOP

TRIP STATUS *TRIFFED

LAST TRIF OR

FRETRIF TIME
(SECONDS)

0.54

THE LAST TRIF OCCURR
THE LAST PRETEIF OQCC

COMPENSATED POWER
CALIE. FLUX POWER
LHER
LFD

FIRST TRIP TIME (SEC)
FINAL TRIP TIME (SEC)
FINAL RESET TIME (SEC

1% C6 RCOPS LISP 997 =

CASES

N L e
N L e

PUME RAME 1.

2

329
354
379
404
429
502
705
995
1 1

FOR RCOPS
HIGHEST DHER, LOWEST LFD, SHORTEST EXECUTIONS

1
2
2602
2604
2606
2608

2
4
=

329
354
379
404
429
502
706
999

a8
1.

0
0.
0
0

oo
1.0
.02
.22
20.
2.

0.0
500

225
1.0
0.o
.29
.35
.32

g.880
28050

.gozo

012n

.g2z20
3450

T 0.

600
240

.03100
.o000g1se 0.0

8
. 500.

1.0

.89996
.89996
.89996
.89996

676
.BB7
L2112
.230
1.058

167
530
£33

90 FLOW IN 1.0 SEC.

(MOST CONSERVATIVE)

.oooozl

FINAL TRIFP STATUS AND TRIF TIMES FOR THIS CASE

DHER

%

4

ED AT
UREED AT

MINIMITH

113.1462
105.5997

1.4792
13 68E6

*TRIFFED*

0.531

*TRIFPFED=*

PUHP AUX TRIFP THSAT

KW-FT PRETRIF

DHER FRETRIFP

**xEESET#%  *xRESET**

0.531 HO TRIP HO TRIP

0.544 SECONDS.

0.544 SECONDS.

LFD

0.
0.
i} 0.

536
602
non

HAXIMITH

113.1613
105.9850

1.8145
273.7842

DHER

0.522
0.589
0.000

FTTHP

0.522
0.589
0.o0o

ol
=

— 5() —_

*¥¥SET*xx

0.544

ATTY

0.oo0n
0.oon
0.0oo

A Alg A (Case 17)

*3%%SET*¥%%

0.531

CWp

*%¥SET*%%

0.531



C3. RCOPS =4 €4o7F% H7}t

RCOPS =419 dAo{=(DNBR Margin)E #H7lsl7] Y&l RCOPS A DNBR
E3An gade] FAFHolth  olze  RCOPS <¥EHdof=x 7 DNBR
Y= o] % (Available Overpower Margin, AOPM)elA RCOPS DNB-OPM £-3ha%
JAZHBERR1) % 718} RCOPS =4 =74 &84 %(BERRO, BERR2)E L&a|A] AAtsl7]
wiEolth.  wEkd 94 RCOPS DNB-OPMe EIHAZE  Aitsly]  g&iAe
wAEAFEE, FZ A4 DNB-OPM Axtz= 2 RCOPS(CPCS)/SCU  Simulator”}
dasit, =4AdAzE=ES Fx A4 DNB-OPM A4tz=is 7]€¢ CPCS B3 =
3|2 o] AFEZF<el ROCS #=¢ CETOP-D Z:=2 @839tk RCOPS/SCU Simulatorel

FE=% CPCS/SCU Simulator(CPCSIM)2] DNBR AR ES 71A® RCOPS
DNBR R &= 435t 7fEataltt.

A= RCOPS DNBR A E324% 4S8 93] RCOPSIM =<9k RCOPS
DNBR =¥ DatabaseES AF&3ith &7 43 7] 10577]9] W3 RCOPS¢F CPCS¢ DNBR
3w S 359t DNBR &34 %% DNBR A4trde E3dx 9 DNBR
AA BIAEZ Fo] B43519 0 DNBR Alxtrde] E34% 4L 7]F CETOP-D
= | AR ETRe] B3
G stz Y93 Aol ¥, DNBR AA E3d== MSCU WHEES
E3As 2458 AFste  RCOPS®F  CPCSe DNB-OPM  #x &3
91ZHBERR1D)E ZAAs= Zojth. RCOPS % CPCSol w3k BERR1 #& A&
PEAQ A LAxAdA Ai®E MDNBRS Hlmdtoz# RCOPS2 CPCS =
ogx fox ]

o > b

o @ Htorn o

Al
=

RCOPS DNBR EE<2 CPCS DNBR EE(CETOP2)S CETOP-D ZE==Z diAgh Aojlmz
RCOPS DNBRell gt =A% 42 CPCS9F #d3 o s 3Hr. £ CPCS DNBR %4
2325 &4 (Overall Uncertainty Analysis, OUA)S 24 w=AZdd thajr] d F7]12 =3
95%9] gEI 95% 9] AMHFE o2 CPCS DNBRY R4S H3317] 918 Aoty DNBR A
B gAe] Hagh 9JEES ROCSEBAH =AM A =) 24 CETOP-D 249, =4
LAY, A7) EgAE RCOPS EAE 3Aa= Folty, MSCU(Modified Statistical
Combination of Uncertainties) &S ©]83t9] RCOPS DNBR A &34 % A& AA st}

RCOPS DNBR ## E34% ¢z DNBR REY 2d B3dn wA"HE2YE 34
BT AZ7] 24259 EeAre DNBR Limit 2325 53 2o nE e
QAES EAFCR A AAIT. MSCU W2 EaEE= B3an Qdxs i
Ch9} o] AF WS (System Parameter)?] &2} e (State Parameter)]
Eataeg ysE ¢ v =3 7 72 DNBR A4 Z3dx 4SS 93 MSCU
WHES] V8 E HoFEt



07
>

RCOPS¢} CPCS® DNBR A EFA% 34 1% CR9 &AL A dAfo]| uwpef
THEAY. T2 dAAE F7H A2 A BAF A4 =9l ROCSEYE A4
oF 1200719 &Y EXE Z+7 o]&dth ROCS Z==Z Axtd 329 S8 FAF-Fq<t
zZz A% DNBR A=l CETOP-D&E Z#A4tE  DNB-OPM(DNB  Overpower
Margin)¥  RCOPS(CPCS) E%4d%: A z== 7A4Hgt DNB-OPM<E  Hlalste] =1

A2 BAAC woer EAdth RCOPS &A% &4e F2 Zit: DNBR #AA
A% JAAHBERRDOIH Fo dAixXd ok A Az e HEAHom
3

bol 1 F7] ek ALg @,

],

ol
£
o

o

M

il

ru

73

o

(e}
-
)=
=
4

Ol

DNBR 2824 % M a=

RCOPS =419] 94 o= (DNBR Margin)S H7}s17] ¢13i4+= RCOPS DNB-OPM &34 %
91ZHBERR1)E AlXtsiok 3teh. whgbrd 94 RCOPS DNB-OPM] &A= Z Axkalr] $)s)A
£ =44z, 2 DNB-OPM AXta=9F RCOPS/SCU Simulator7} 2 @.3jt}. =AM A=
=9} 2 DNB-OPM ARt Aita=E 719 CPCS E34 % g|4o] AME-5<2] ROCS &

CETOP-D x==% &3t} RCOPS/SCU  Simulator$! RCOPSIM #=E=i= CPCS/SCU
Simulator(CPCSIM) 2] DNBR A4t ES 74 RCOPS DNBR EE=Z $743ke] 7asich

)

<R

CPCS A4 Ed4% 4 FZ=(CPCSIM)+= T+ L2} th4e] F L2 (M BFE)o 7
AAxe] bk RCOPS A &34 % 4 7Z=(RCOPSIM vim0)= CPCSIM IZE9 & X2
A (cpesim.f)FF 7709 F 213 (cetop2.f, coos.f, histry.f, opm.f, cpcd.f, update.f, updrv.f)<
FAste] R 27 e o 8 8-S ofefjer om 23] cped.f+= DNBR

A Fdsks 34 2R AAWE] MAHA.

T zzael cpesim.fo ¥MAWES v & RCOPSIM =9 W Ax 2 Agrtgt
(Copyright) o] t}.

PROGRAM CPCSIM_RCOPS

CPCSIM CPC/CETOP-2/SCU SIMULATOR
VERSION 4 MOD 08
10/21/97

S. GRILL

(C) COPYRIGHT 1990 - 1997, ABB - COMBUSTION ENGINEERING,INC.
ALL RIGHTS RESERVED

MODIFIED CPCSIM FOR RCOPS OUA
VERSION 1 MOD 00
5/31/2010
WANG-KEE IN

SHOHONONOCHONONONOHOHONOHONONONQ)



C WKI 2010.5.25

VERMOD="RCOPSIM VIMO’

VERDAT='05/25/10’
C

VERMDI="VERSION ' // VERMOD(10:10) // * MOD ' // VERMOD(12:12)
C

WRITE(NOUT,60) VERMDI1,VERDAT,VERDAT(7:8),JSN,CURDAT,CURTIM,NETNOD
1 ,INFIL1(1:ILEN1),OUTFL1(1:ILEN2)
60  FORMAT(///////38X," seskokstesiestotesesestotesete ottt e stk skt e o etk o

1 /38X, !
2 /38X, CPCSIM_RCOPS !
3 /38X, CPC/CETOP2/SCU SIMULATOR '
4 /38X, "AL6,’ *'
5 /38X, "A8) *’
6 /38X, *
7 /38X, (C) COPYRIGHT 1986 - 19',A2/ '
8 /38X, ABB - COMBUSTION ENGINEERING, INC. *’
9 /38X, ALL RIGHTS RESERVED '
A /38X, '
B /38X, S. GRILL '
C /38X, '
D /38X, * (C) COPYRIGHT 2010 *'
E /38X, * KAERI *
F /38X, ALL RIGHTS RESERVED *'
G /38X, !
H /38X, WANG-KEE IN '
I /38X, *’
J /B8X sttt ottt otk otk sotol st stk ol ol ol kol stolokok

K ,//28X,'JOB IDENTIFIER: ',A83X,'DATE/TIME: ' ,A83X,A8
L ,//43X,’JOB RUNNING ON NODE: ',A8,://5X,' INPUT DATA FILE = ' A
M /5X,’OUTPUT FILE = "A)

67 F 2 (cetop2.f, coos.f, opm.f, update, updrv.f)9] FHUHELS RCOPS DNBR
B 59 Database ®74 ¢ ©E thg7 22 Common ¥ BICNST®| F4 W7ot}

SUBROUTINE CETOP2 (PRESS,TIN,G,POWER,P1ST,PF, AXPD,DNBR,QUAL)
C wki 2010.5.25 Modification for RCOPS DNBR Module DB
COMMON /BICNST/ DUM1(313),THOTL, THOTH,DUM2(174), TR,DUM3(79),AHF1
1 ,AHF2,AHF3, AHF4,AHFG1,AHFG2,AHFG3, AHFG4,AEN11,AEN12 AEN13, AEN14
2 ,AEN21 AEN22 AEN23 AEN24,AEN31,AEN32, AEN33 AEN34, AEN41, AEN42
3 ,AEN43, AEN44,DUM4(1306),QAVG,DUM5(145),GAVG,DUM6(4454)

SUBROUTINE COOS

C

C wki 2010.5.25 Modification for RCOPS DNBR Module DB
COMMON /BICNST/ SPACE1(1899),QAVG,SPACE2(4600)

SUBROUTINE OPM

C wki 2010.5.25 Modification for RCOPS DNBR Module DB
COMMON /BICNST/ SPACE1(600),AA,SPACE2(1298),QAVG,SPACE3(223)



1 JEDNB1,EDNB2,SPACE4(4375)

SUBROUTINE UPDATE
sokskor (= 8F) serokook

C wki 2010.5.25 Modification for RCOPS DNBR Module DB

COMMON /BICNST/ DUM1(569),AHF1,AHF2, AHF3,AHF4,AHFG1,AHFG2

LAHFG3,AHFG4,AEN11,AEN12, AEN13,AEN14, AEN21,AEN22

S wW N =

,DNBCV1,DNBCV2,DUM3(1438),GAVG,DUM4(4454)

SUBROUTINE UPDDRV

COMMON /BICNST/ DUM(489), TR,DUMI1(110),AA,BB,DUM2(1443)
1 ,GAVG,DUM3(4454)

,LAEN23, AEN24, AEN31,AEN32,AEN33, AEN34,AEN41, AEN42, AEN43,AEN44
,CCE0,CCE3,CCE4,CCE5,CCE6,CCE7,CCES,AA,BB,DUMZ,QLCOF1,QLCOF2

Ho=z2 a3 histry.fo FAWELS RCOPS DNBR R &9 Database W7o W& t}gi}

22 DB W(GAVG, EDNBI, EDNB2)¢] T4 W7 o]},

SUBROUTINE HISTRY

C

C 13. GAVG (DESIGN CORE CETOPZ, 2046 2046
C AVG. MASS FLUX) UPDATE

C

C 15. EDNB1,EDNB2,AA,BB OPM,UPDDRV, 2124,2125 2124,2125

RCOPSIM =9 31A AjH HE—’%EJ% CPCD+ CETOP-D
DNBR 74t REo|H F8 A2 FE(cpedf)E oS3 2}

SUBROUTINE CPCD
INCLUDE 'INOUT .BLK'

C

C***********>I<>I<>k>I<>I<>':<>I<******>l<**************$*$$*****************
C *
C RCOPS STATIC MODULE (CETOP-D) *
C *
C MAY 2010 *
C Consistent with RCOPS_CPCDndx_MDL6dp_Rev08.f *
C in Rev08 *
C *
C W. K. IN(KAERID) *
C *
C*********>k>k>k>k>|<****************>k***>k>k************************
C

COMMON /CLOCKI1/TIME
COMMON/TITLE/TITLE(8), PAGE, LINE
COMMON /AOUT2/A0UT(20)
COMMON/BOUT2/BOUT(60)

COMMON /COUT2/COUT(80)



COMMON /DOUT1/DOUT(60)
COMMON/CPEDIT/DUMMY (45), IDCNT,DDTIME,IDOUT(10), DUMMY1(3)
DIMENSION XEDIT(60),IDOUT(2,10)

COMMON /CTPINP/FZ(50),P1ST,PFST,PRST,MCST, TCMAX,PHICST
C2009.8.9 1HIN,HFIN,HFGIN

COMMON /BICNST/ ADUM1(489), TR, ADUM2(1261),SPAC1(148),

C MODULE 2 CONSTANTS BEGIN IN THE DATA BASE ARRAY AT LOCATION 1900
C

. QAVG,QFPC,P1B2,P1B3,ASIB2,ASIB3, TB2, TB3,PPB2 PPB3,

. ELE2FSPLT1,FSPLT2,BERR],RADIAL(4),SPAC02(21),

C MODULE 3 CONSTANTS BEGIN IN THE DATA BASE ARRAY AT LOCATION 1940
C
. BDUMI1(2),ZFUEL,FZCOF(9),SPAC03(48),

C MODULE 4 CONSTANTS BEGIN IN THE DATA BASE ARRAY AT LOCATION 1970
C WKI.2007.01.10 DELETED

C MODULE 5 CONSTANTS BEGIN IN THE DATA BASE ARRAY AT LOCATION 2000

C MODULE 8 CONSTANTS BEGIN IN THE DATA BASE ARRAY AT LOCATION 2120
C
. CCHF5,CCHF6,CCHF7,CCHF8 EDNB1,EDNB2, SPAC08(4),

C MODULE 9 CONSTANTS BEGIN IN THE DATA BASE ARRAY AT LOCATION 2130
C

. THLIM, TINLIM, HTROO, HTRO1, HTR10, HTR11, HTR20, HTR21, HTR30,

. HTR31, THERR, SPACO09(9),TDI(5),ADUM3(4346)

C ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
C

DIMENSION INTA(6500)

EQUIVALENCE (ADUMI(1),INTA(1))

EQUIVALENCE (INTA(1940)NDX), (INTA(1941) NDXFZ),

1 (INTA(2000)NCHANL), (INTA(2062)NGRID)

REAL MCST,LNX

C

DIMENSION PDST(50),FZST(50),PHIC(50),PHIC21(50)

DIMENSION QUALN(50),GPR4(50),QPRIM4(50),CHH(50)
CWKI2009.3.21

DIMENSION XXL(50),PHICM(50),PHICN(50),X (50)

DIMENSION DDOUT(14),DSEDIT(50)

INIT =1



CHONOEOHOROCECHONOHONORCHONONOCHONONOHONCHOHONOHNONONP

CODE
100

110

[SHON!

CHOROCHONORCHONONS!

STATIC DNBR PROGRAM..MODULE 1

PICK UP VALUES CALCULATED BY HIGHER PRIORITY PROGRAMS.

INPUTS:
AOUT = FLOW PROGRAM OUTPUT BUFFER
BOUT = UPDATE PROGRAM OUTPUT BUFFER
couT = POWER PROGRAM OUTPUT BUFFER
OUTPUTS:
MCST = NORMALIZED CORE COOLANT MASS FLOW RATE
TH = AVERAGE HOT-LEG TEMPERATURE
TC1 = COLD-LEG (1) TEMPERATURE
TC2 = COLD-LEG (2) TEMPERATURE
TH1 = HOT-LEG (1) TEMPERATURE
TH2 = HOT-LEG (2) TEMPERATURE
TCMAX = MAXIMUM COLD-LEG TEMPERATURE
PRST = PRIMARY COOLANT SYSTEM PRESSURE
PHICST = MAXIMUM COMPENSATED CORE AVERAGE HEAT FLUX
PFST = CEA DEVIATION PENALTY FACTOR FOR DNBR
HIN = CORE INLET ENTHALPY
HF = SATURATED LIQUID ENTHALPY
HFG = LATENT HEAT OF VAPORIZATION
PDST = 20 ELEMENT ARRAY OF HOT PIN POWER DISTRIBUTION

PDAVG = AVERAGE OF HOT PIN POWER DISTRIBUTION

CONTINUE

MCST = AOUT( 6)
TH = BOUT(12)
TC1 = BOUT(13)
TC2 = BOUT(14)
TH1 = BOUT(15)
TH2 = BOUT(16)
TCMAX = BOUT(19)
PRST = BOUT(20)
PHICST = BOUT(21)
PFST = BOUT(22)
HIN = BOUT(23)
HF = BOUT(24)
HFG = BOUT(25)

DO 110 1=1,720

PDST(D = COUT(1+26)
CONTINUE
PDAVG = COUT(50)

END OF MODULE 1

GO TO (200,5000) INIT

STATIC DNBR PROGRAM..MODULE 2

CALCULATE POWER DISTRIBUTION DATA FOR DNBR CALCULATION.

INPUTS:
TCMAX = MAXIMUM COLD-LEG TEMPERATURE
PRST = PRIMARY COOLANT SYSTEM PRESSURE



C PHICST = MAXIMUM COMPENSATED CORE AVERAGE HEAT FLUX
C PFST = CEA DEVIATION PENALTY FACTOR FOR DNBR

C PDAVG = AVERAGE OF HOT PIN POWER DISTRIBUTION

C PDST(20) = 20 ELEMENT ARRAY OF HOT PIN POWER DISTRIBUTION
C

C OUTPUTS:

C PHIC(20) = 20 ELEMENT ARRAY OF HOT-PIN HEAT FLUX WITH PENALTY
C QCORE = CORE AVERAGE HEAT FLUX WITH PENALTY

C QHOT = HEAT FLUX IN THE FUEL + CLADDING

C TIN = CORE INLET TEMPERATURE

C PREF = REACTOR COOLANT SYSTEM PRESSURE

C P1ST = INTEGRATED RADIAL PEAKING FACTOR

C FSPLIT = FLOW STARVATION FACTOR TO HOT ASSEMBLY

C

CODE

200 CONTINUE

GP1 = TR+*PFST
DO 210 I=1,20
PHIC(I) = GP1+«PDST(D)
210 CONTINUE
P1ST = PDAVG = TR
SASI1 = 0.
SASI2 = 0.
DO 220 I=1,10
SASI1 = SASI1 + PHIC(D
SASI2 = SASI2 + PHIC(I+10)
220 CONTINUE
QASI = (SASII-SASI2)/(SASI1+SASI2)
C
C CALCULATE INLET COOLANT MASS FLUX AND REGION-DEPENDENT PARAMETERS.
C
TIN = TCMAX
PREF = PRST
C
IF(P1IST LT. P1B2 .OR. PIST .GE. P1B3) GO TO 230
IF(QASI .LT. ASIB2 .OR. QASI .GE. ASIB3) GO TO 230
IF(TCMAX .LT. TB2 .OR. TCMAX .GE. TB3) GO TO 230
IF(PRST .LT. PPB2 .OR. PRST .GE. PPB3) GO TO 230
FSPLIT = FSPLT1
PFRGN = El
GO TO 240
230 FSPLIT = FSPLT2
PFRGN = E2

240 CONTINUE
QCORE = (0.01 = PHICST) * QAVG * BERR1 * PFRGN
QHOT = QFPC * QCORE

C

C END OF MODULE 2

C

C ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
C

C STATIC DNBR PROGRAM..MODULE 3

C

C CALCULATE 21-POINT AND 40-NODE POWER DISTRIBUTION DATA.

C

C INPUTS:

C PHIC = 20 ELEMENT ARRAY OF HOT PIN POWER DISTRIBUTION WITH PENALTY
C QHOT = HEAT FLUX IN THE FUEL PLUS THE CLADDING



OUTPUTS:
ZFLUX = NDXP1 ELEMENT ARRAY OF HOT-PIN POWER DISTRIBUTION
JSTAR = NODE NUMBER TO START SEARCHING MIN. DNBR

OEOEONONONONY

DX = AXIAL NODE LENGTH
NDXP1 = NUMBER OF AXIAL NODE POINTS FOR THE DNBR CALCULATION
X = LOCATIONS OF THE HOT-PIN POWER DISTRIBUTION FOR THE DNBR
CALC
C PHICM = NDX-NODE RELATIVE HOT-PIN HEAT FLUX DISTRIBUTION
C
CODE
300 CONTINUE

C
77777777 (FH) -

DO 310 K =3 19
PHIC21(K) = (-PHIC(K-2)+FZCOF(9)*PHIC(K-1)+FZCOF(8)*PHIC(K)
. - PHIC(K+1))*FZCOF(4)

310 CONTINUE

DO 305 K = 1,21
305 IF (PHICZ21(K) .LT. 0.01) PHIC21(K) = 0.01

S20 = 0.
DO 320 K=1,20
S20 = 520 + PHIC(K)
320 CONTINUE
S21 = PHIC21(1) + 4.0«+PHIC21(20) + PHIC21(21)
DO 330 K = 2182
S21 = S21 + 4.0«PHIC21(K) + 2.0«PHIC21(K+1)
330 CONTINUE
S21 =521 /30
DO 340 K=1 21
PHIC21(K) = PHIC21(K) * S20 / S21
340 CONTINUE
C
DX = ZFUEL/FLOAT(NDX)
NDXP1 = NDX + 1
NDXPZ = NDXFZ + 1
C
CWKI2009.3.25
C

C -—— COMPUTE NDX-NODE AND NDXP1-POINT POWER DISTRIBUTIONS BY INTERPOLATION
C BUT, SKIP THE INTERPOLATION FOR NDX=20

PHICN(NDXP1) = NDXP1-POINT POWER DISTRIBUTION
PHICM(NDX) = NDX-NODE POWER DISTRIBUTION

oNONONe

IF(NDX.EQ.20) THEN
DO 345 I=1NDX
345 PHICM(I)=PHIC(I)
DO 347 I=1 NDXP1
347 PHICN(D=PHIC21(I)

GO TO 355
ENDIF
C
C -—— SET EQUALLY SPACED AXIAL POWER LOCATIONS
C ..................................................................................................................................................................................

DO 350 I = 1, NDXPZ



350 XXL(I) = FLOAT(I-1)/FLOAT(NDXPZ-1)
C
DDX = 1./FLOAT(NDX)
N1=NDXP1
AA=0.0
356 DO 353 J=1,N1
DO 351 I=1,NDXPZ-2
[F(AALEXXL(I+1)) GO TO 352
351 CONTINUE
352 CONTINUE

C FIRST EXPRESSION IS EXCEPTION -- BOTH XXL VALUES SAME
F7Z7Z = 5 = ( PHIC21(1)+PHIC21(I+1) )
C NORMALLY, IF IS TRUE -- USE USUAL INTERPOLATION/EXTRAPOLATION

IF(XXL(I+1)-XXL().GT.0.0001) FZZ=PHIC21(I+1)-
1((PHIC21(I+1)-PHIC21 (1) *(XXL(I+1)-AA))/(XXL(I+1)-XXL())
IF(N1.EQ.NDX+1) PHICN(])=FZZ
IF(N1.EQ.NDX) PHICM(])=FZZ
353 AA=AA+DDX
IF(NLLEQ.NDX) GO TO 355
N1=NDX
AA=DDX/2.
GO TO 356
355 CONTINUE
C
C -—- CALCULATE NDXPI1-POINT HOT-PIN POWER DISIBUTION: ZFLUX(])
C
DO 381 J=1,NDXP1
ZFLUX(]) = QHOT=*PHICN(])
381 X(J) = FLOAT(J-1)*DX
C
C -—- DETERMINE THE AXIAL NODE (JSTAR) TO START SEARCH FOR CHF
C
DO 382 J=2NDXP1
IF(ZFLUX(]).LE.ZFLUX(J-1)) GO TO 385
382 CONTINUE
JSTAR=NDXP1
385 JSTAR=]

END OF MODULE 3
STATIC DNBR PROGRAM..MODULE 4 (DELETED)

CALCULATE CHF CORRELATION(CE-1/KCE-1) PARAMETERS.

STATIC DNBR PROGRAM..MODULE 5
CALCULATE INITAL VALUES FOR FLOW AND ENTHALPY.

INPUTS:
MCST = CORE AVERAGE FLOW RATE

CHONOHONOROCHONORONONOECHONONONORONP!



C TIN = CORE INLET TEMPERATURE
C PREF = REACTOR COOLANT SYSTEM PRESSURE
C FSPLIT = FLOW STARVATION FACTOR TO HOT ASSEMBLY
C
C OUTPUTS:
C A32 = RATIO OF THE FLOW AREA FOR CH. 3&4 W.R.T CH.2
C A42 = RATIO OF THE FLOW AREA FOR CH. 4 WR.T CH.2
C CHH(1) = ENTHALPY TRANSPORT COEFF.
C CH2,CH(2) = INITIAL AVG. ENTHALPY TRANSPORT COEFFICIENT
C HECO = PRODUCT OF CONDUCTIVITY AND PRANDTL NUMBER
C DHYD() = HYDRAULIC DIAMETER OF CHANNEL I
C F) = INLET FLOW RATE OF CHANNEL I
C H(D = INLET ENTHALPY OF CHANNEL I
C H2P(1) = INLET ENTHALPY OF CHANNEL 2P
C H22(1) = INLET ENTHALPY OF CHANNEL 22
C
CODE
C
C —-- Calculate the initial enthalpy transport coefficient: CH22
CH2=0.0
******** Yy ———————
IF(CH2.EQ.0.) CH(2)=CH22
C —-—- Calculate the intermediate array (HECO) to calculate Product of conductivity
C and Prandtl number to the 0.4 power (k*Pr~0.4)

COE=0.0

IF(PREF.LE.PDI(1)IL=1

IF(PREF.GE.PDI(5)) IL=5

IF(PREF.GE.PDI(5).O0R.PREF.LE.PDI(1)) GO TO 520

DO 500 I=1,4

[F(PREF.GT.PDI(I).AND.PREF.LE.PDI(I+1)) IL=I
500 CONTINUE

COE=(PREF-PDI(IL))/(PDI(IL+1)-PDI(IL))

C —-- Calcultae initial conditions
A32=(AFLOW (3)+AFLOW (4))/AFLOW (2)
A42=AFLOW (4)/AFLOW(2)

C
IF(TIN.GT.580.0) GO TO 550
———————— (F8) ——-———--
GO TO 560
———————— (F) -
cwki2007.01.29
c GIN = MCST = GINREF/0.0036 * VIN/VINREF
cwki 2010.5.23 change GINREF/0.0036 to GAVG
c GIN = MCST = GINREF/0.0036

GIN = MCST * GAVG

GINFS=GIN=*FSPLIT

DO 570 I=1 NCHANL
DHYD(D)=4.*AFLOW (I)/PERIM(I)
F(D =GINFS*AFLOW(D



570 H(I) =CHPT

F(1)=GIN*AFLOW(1)

H2P(1)=CHPT
H22(1)=CHPT
IF(CH2.EQ.0.0)CH(2)=CZ
CHH(1)=CH(2)
C
C END of MODULE 5
C
C ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
C
C STATIC DNBR PROGRAM..MODULE 6
C
C COMPUTE CORE/HOT-ASSEMBLY & BUFFER/HOT-CHANNEL FLUID PROFILES.
C
C INPUTS:
C A32 = RATIO OF THE FLOW AREA FOR CH. 3&4 W.R.T CH.2
C A42 = RATIO OF THE FLOW AREA FOR CH. 4 W.R.T CH.2
C NDXP1 = NUMBER OF AXIAL NODES(NDX+1)
C QCORE = CORE AVERAGE HEAT FLUX WITH PENALTY
C PREF = REACTOR COOLANT SYSTEM PRESSURE
C PHICM = NDX-NODE ARRAY OF HOT PIN POWER DISTRIBUTION WITH PENALTY
C JSTAR = NODE NUMBER TO START SEARCHING MIN. DNBR
C DX = AXIAL NODE LENGTH
C X(NDXP1) = LOCATIONS OF THE AXIAL POWER FACTORS
C ZFLUX = NDXP1 ELEMENT ARRAY OF HOT-PIN POWER DISTRIBUTION
C FD = INLET FLOW RATE OF CHANNEL I
C HD = INLET ENTHALPY OF CHANNEL I
C CH2,CH(2) = INITIAL AVG. ENTHALPY TRANSPORT COEFFICIENT
C HECO = PRODUCT OF CONDUCTIVITY AND PRANDTL NUMBER
C DHYD(D = HYDRAULIC DIAMETER OF CHANNEL I
C H2P(1) = INLET ENTHALPY OF CHANNEL 2P
C H22(1) = INLET ENTHALPY OF CHANNEL 22
C P1ST = INTEGRATED RADIAL PEAKING FACTOR
C
C OUTPUTS:
C FDNB = MIN. DNBR
C FDNBF = FLOW RATE AT LOCATION OF MIN. DNBR
C FDNBQLOC = LOCAL HEAT FLUX AT LOCATION OF MIN. DNBR
C FDNBX = QUALITY AT LOCATION OF MIN. DNBR
C HFG = LATENT HEAT
C HF = SAT. LIQUID ENTHALPY
C TF = SATURATION TEMPERATURE
C
CODE
C
———————— (F8) -

NK=NCHANL-1
C

C skosk sk sk sk sk sk skokokoskoskoskoskokokok

>k >k sk sk sk sk sk siokosk sk sk sk sk kR kosk sk skokokokskoskoskok

C BEGINNINGS OF "J-LOOP” HERE (J=1, 2, ... NDXP1)

C S sk sk sk skoskokokokoioskoskoekokok

s sk sk sk sk sk sk sk sk sk koot skoskoskoskokokoiokoiokokoskokok

DO 600 J=1,NDXP1

JP1=]+1
JM1=]-1

JML=(JM1-1)*NCHANL
L=]M1+*NCHANL

— 61 —



JPL=]J*NCHANL
M=JM1*NK
JPM=]*NK

IF(J.GT.1) GOTO 610

-— CALL 'SAT’" TO CALCULATE SATURATION PROPERTIES

OEON®

CALL SAT(PREF,VF,VFG,TFVISS)

TDI(5)=TF
VG=VF+VFG

--— CALL 'PROP" TO CALCULATE SUBOOLED AND TWO-PHASE PROPERTIES AT J=1
: RHO, VFRIC, VISC, FSP, FMULT(PHII)

oNONONS

CALL PROP(1,NCHANL)
GO TO 600
C
C STEP (1) CALCULATE THE CHANNEL FLOWS AT NODE ] (J.GE2): F(1-4)
C
610 F(1+L)=F(1+JML)-DX*WL(])

IF(J.GT.2) GRID=GRIDSS
IF(J.GT.2) GO TO 601
GRID=FALSE.
GRKIJ(])=0.0
DO 620 I=1,NGRID
ZG=GRIDXL()*ZFUEL
IF(ZG.GT.X(JM1).AND.ZG.LEX(]J)) GRID=TRUE.
IF(ZG.GT.X(JM1).AND.ZG.LE.X(])) GRKIJ(]J)=GRIDKIJ(I)
620 CONTINUE
C
C -——- CALCULATE LINEAR HEAT DISTRIBUTIONS OF FOUR CHANNELS

STEP (2) CALCULATE MIXING AND CROSSFLOW RESISTANCE PARAMETERS
BASED ON THE FLOWS AT J-1: CIJ(1-3), WP(1-3)

oNONONe!

601 CALL CIJMIX(J,NK,NCHANL)

- CALCULATE THE FLOWS AND TURBULENT MIXING AT NODE ]
FOR THE BUFFER CHANNELS(2P, 22): F22, F2P

oNONONS

C STEP (3) CALCULATE ENTHALPY GRADIENTS FOR EACH CHANNEL: DHDX(1-4)
C
CALL DIFFER(JM1,NK,1,NCHANL)
C
C STEP (4) CALCULATE ENTHALPY FOR EACH CHANNEL: H(1-4) AT J
C



H(1+L)=H(1+JML)+DX*DHDX(1)
H(2+L)=H(2+JML)+DX*DHDX(2)
H(3+L)=H(3+JML)+DX*DHDX(3)
H(4+L)=H(4+]JML)+DX*DHDX(4)

CHH(])=CH(2)
C
C STEP (5) CALCULATE SUBOOLED AND TWO-PHASE PROPERTIES AT NODE ]
C : RHO, VFRIC, VISC, FSP, FMULT(PHII)
C
CALL PROP(J,NCHANL)
IF(J.GT.2) GO TO 603
C
C STEP (5A) CALCULATE PRESSURE GRADIENTS DPDX(1-2)
C AND UPDTAE FLOWS AT J=2 FOR CHANNELS 1 & 2
C

CALL DIFFER(J\NK)5,2)

603 CONTINUE

C
C STEP (5B) STOP FOR J=NDXP1 (EXIT NODE)
C
IF(J.GE.NDXP1) GO TO 605
C

C —-—— CHECK LOCATION OF SPACER GRID: GRID=TRUE. OR .FALSE.
C

GRIDSV=GRID

GRID=FALSE.

C STEP (6) PREDICT THE FLOWS FOR CHANNELS 1 & 2 AT J+1
C
CWKI2009.3.21

XLL4=PHICM(J)/PHICM (JM1)

C STEP (7) PREDICT THE ENTHALPIES FOR CHANNELS 1 & 2 AT J+1
C

DO 660 1=14

QPRIM(I)=QPRIM(D*XLL4

IF(LGT.2) GO TO 660

660 CONTINUE

C

C STEP (8) CALCULATE SUBOOLED AND TWO-PHASE PROPERTIES AT NODE J+1
C : RHO, VFRIC, VISC, FSP, FMULT (PHII)

C



CALL PROP(JP1,2)

C

C STEP (9) OBTAIN PREDICTED CROSSFLOWS BETWEEN CHANNELS AT NODE J+1

C BY SOLVING AXIAL AND TRANSVERSEMOMENTUM EQUATIONS: W12(J+1)=WL(JP1)
C

C CALL 'DIFFER’ TO CALCULATE PRESSURE GRADIENTS FOR CHANNELS 1 & 2: DPDX(1-2)
C SUBROUTINE 'DIVERT'’ IS CALLED UPON BY 'DIFFER’ TO CALCULATE THE CROSSFLOW
C

CALL DIFFER(JP1,NK,6,2)

W(2+JPM)=WL(JP1)*A32
W(3+JPM)=WL(JP1)*A42
GRID=GRIDSV
605 CONTINUE
STEP (10-11) CALCULATE CROSSFLOWS AT ]
--— CALL 'DIFFER’ TO CALCULATE PRESSURE GRADIENTS

-—— CALL 'DIVERT’ TO CALCULATE DIVERSION CROSSFLOW
-—— CALL 'DIFFER’ TO CALCULATE FLOW GRADIENTS

OEONORONONONS

CALL DIFFER(J,NK, 3,NCHANL)
CALL DIVERT (J,4,NK)
CALL DIFFER( JNK, 2,NCHANL)

STEP (12) CORRECT THE CHANNEL FLOWS AND ENTHALPIES AT NODE ]

[ONONO!

F(1+L)=F(1+]JML)+DX*DFDX(1)
F(2+L)=F(2+]JML)+DX*DFDX(2)
F(3+L)=F(3+JML)+DX*DFDX(3)
F(4+L)=F(4+JML)+DX*DFDX(4)

699 CONTINUE
IF(JLT.JSTAR) GO TO 600
XX=(H(4+L)-HF)/HFG
g WKI 2008528 MAKE THE QUALITY LIMIT(0.995) AS A DATABASE CONSTANT, XLIM

C LIMIT THE QUALITY TO 0.995

c IF( XX .GT. XLIM ) XX = XLIM

———————— (F) -

C

C -—- SEARCH FOR CHF IN CHANNEL 4

g --— CALL 'CHF’" TO CALCULATE CRITICAL HEAT FLUX RATIO
C

CALL CHF(J,FAA X XX,FSJ,CHFR])

CHFMIN=AMIN1(CHFR]J,CHFMIN)



600 CONTINUE
C
C DETERMINE MIN. DNBR AND AVERAGE ENTHALPY TRANSPORT COEFFICIENT.
C
FDNB=CHFMIN
FDNBX=CQUAL
FDNBQLOC=ZFLUX(JL)
C
C -—- CALCULATE AVERAGE VALUE OF ENTHALPY TRANSPORT COEFFICIENT
C
ATR=0.0
DO 700 J=1NDXP1
700 ATR=ATR+1./CHH(])
ATR=NDXPI/ATR

C
C END OF MODULE 6
C

STATIC DNBR PROGRAM..MODULE 8

CALCULATE PARAMETERS AT MIN. DNBR.

INPUTS:
FDNB = MIN. DNBR
FDNBF = FLOW RATE AT LOCATION OF MIN. DNBR
FDNBQLOC = LOCAL HEAT FLUX AT LOCATION OF MIN. DNBR
FDNBX = QUALITY AT LOCATION OF MIN. DNBR
HFG = LATENT HEAT
HF = SAT. LIQUID ENTHALPY
HIN = CORE INLET ENTHALPY
PREF = PRIMARY COOLANT SYSTEM PRESSURE
MC(MCST) = CORE COOLANT MASS FLOW RATE
PHICST = CORE AVERAGE HEAT FLUX(% OF RATED POWER)

PF(PFST) = CEA DEVIATION PF

OUTPUTS:
DNBRST = MINIMUM STATIC DNBR
XDST = QUALITY AT THE NODE OF MINIMUM DNBR
GPRFST = HOT CHANNEL MASS FLUX AT NODE OF MIN. DNBR
DHST = HOT CHANNEL ENTHALPY RISE TO NODE OF MIN. DNBR
FKST = F-CORRECTION FACTOR AT MIN. DNBR
QLOCST = HOT CHANNEL HEAT FLUX AT NODE OF MIN. DNBR
XY = INTERMEDIATE VARIABLE FOR DNBR UPDATE
XXY = INTERMEDIATE VARIABLE FOR DNBR UPDATE
LNX = INTERMEDIATE VARIABLE FOR DNBR UPDATE
PRST = PRIMARY COOLANT SYSTEM PRESSURE
MCST = CORE COOLANT MASS FLOW RATE
PHICALCST = CORE AVERAGE HEAT FLUX(% OF RATED POWER)
PFST = CEA DEVIATION PF

CHONORO O RO HONONONONOCHONONOCHO RO HONOCHONONCNONONCHONONONONONONONOHONOROCHONS

CWKI.2007.01.10
XDST=FDNBX
GPRFST=FDNBF



DHST=XDST =* HFG + HF - HIN

FKST = FDNBFS
QLOCST = FDNBQLOC
PRST=PREF
MCST=MCST
C

IF (GPRFST.GT.1.D-10) GO TO 805
GPRFST = 1.D-10
FKST =00

805 IF (GPRFST .LE. 100.) GO TO 807
GPRFST = 100.
FKST =00

807 CONTINUE

———————— (F) ———m

C
DNBRST = EDNBI1 = (FDNB + EDNB2)
DNBRST = AMAXI(DNBRST,0.0)
DNBRST = AMINI(DNBRST,10.0)

END OF MODULE 8

STATIC DNBR PROGRAM..MODULE 9

CALCULATE AVERAGE CORE ENTHALPY RISE FOR STATIC DELTA-T
POWER CALCULATION.

INPUTS:
TC1 = COLD LEG 1 TEMPERATURE
TC2 = COLD LEG 2 TEMPERATURE
TH1 = HOT-LEG 1 TEMPERATURE
TH2 = HOT-LEG 2 TEMPERATURE
TH = AVERAGE HOT-LEG TEMPERATURE
PRST = PRIMARY COOLANT SYSTEM PRESSURE
TF = SATURATED LIQUID TEMPERATURE
OUTPUTS:

CPIN1 = H/T FOR COLD-LEG 1

CPIN2 = H/T FOR COLD-LEG 2

CPOUT1 H/T FOR HOT-LEG 1

CPOUT?2 H/T FOR HOT-LEG 2

THMAX = MAXIMUM CORE OUTLET TEMPERATURE WITH UNCERTAINTY
TSAT = SATURATED LIQUID TEMPERATURE

oNONONONOROHECHONOCHONONOHONONOHONONONORCHONONONONONONONON@!

ODE

900 CONTINUE
IF(TH .GT. THLIM) GO TO 903
IF(AMAXI1(TC1,TC2) .GE. TINLIM) GO TO 903

TIN1 = TINLIM
TINZ = TINLIM
GO TO 905
903 TIN1 = TC1
TINZ = TC2
905 HTRO = HTR00 + HTRO1 = PRST



HTR1 = HTR10 + HTR11 * PRST

HTR2 = HTR20 + HTR21 = PRST

HTR3 = HTR30 + HTR31 * PRST
———————— (F) ------—-

TSAT =TF

IF(INIT EQ. 2) TSAT=439.2708+PRST*(.1253656-.135545D-4*PRST)
THMAX = AMAXI1(TH1,TH2) + THERR

END OF MODULE 9
STATIC DNBR PROGRAM..MODULE 10

DUMP RESULTS TO OUTPUT BUFFER.

INPUTS:
PRST = PRIMARY COOLANT SYSTEM PRESSURE
P1ST = INTEGRAL RADIAL PEAKING FACTOR
DNBRST = MINIMUM "STATIC” DNBR
MCST = NORMALIZED CORE COOLANT MASS FLOW RATE
XDST = QUALITY AT NODE OF MINIMUM DNBR

PHICST = COMPENSATED CORE AVERAGE POWER

CPIN1 = COLD-LEG (1) SPECIFIC HEAT

CPIN2 = COLD-LEG (2) SPECIFIC HEAT

CPOUT1 = HOT-LEG (1) SPECIFIC HEAT

CPOUT2 = HOT-LEG (2) SPECIFIC HEAT

TSAT = SATURATION TEMPERATURE

THMAX = MAXIMUM HOT LEG TEMPERATURE WITH UNCERTAINTY
QLOCST = HOT CHANNEL HEAT FLUX AT NODE OF MINIMUM DNBR

oNONOHONOROCHONONOCHONONONONOHOHONONONONOCHONONCHONONOCHONOEONOROHONONON!

FKST = F-CORRECTION FACTOR AT MINIMUM DNBR
GPRFST = HOT CHANNEL MASS FLUX AT NODE OF MINIMUM DNBR
DHST = HOT CHANNEL ENTHALPY RISE TO NODE OF MINIMUM DNBR
PEST = CEA DEVIATION PENALTY FACTOR FOR DNBR
XY = INTERMEDIATE VARIABLE FOR DNBR UPDATE
XXY = INTERMEDIATE VARIABLE FOR DNBR UPDATE
LNX = INTERMEDIATE VARIABLE FOR DNBR UPDATE

OUTPUTS:
DOUT = STATIC DNBR PROGRAM OUTPUT BUFFER

ODE

DOUT( 1) = MCST

DOUT( 3) = PRST

DOUT( 4) = P1ST

DOUT( 5) = PHICST

DOUT( 6) = XDST

DOUT( 7) = CPIN1

DOUT( 8) = CPIN2

DOUT( 9) = CPOUT1

DOUT(10) = CPOUT?2

DOUT(11) = TSAT

DOUT(12) = THMAX

DOUT(13) = QLOCST

DOUT(14) = FKST

DOUT(15) = GPRFST



77777777 (Tﬁ) T
C
C END OF MODULE 10
C
C ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
C

RETURN
———————— (F8) ————--

END

SUBROUTINE TRANS(J,DHDX)

C
C

COMMON/MPC/H(4,50),HF PREF,NDXP1
COMMON/TRANSP/CH22,QPRI2P,QPRI22,F22,F2P, WP2P, WP22,H2P(50),
1H22(50),CH2,WP2
CWKI2006.12
COMMON/MD/BDUM1(156),DX,BDUM2(19)

CWKI2009.3.22
COMMON /BICNST/SPACE(1941),ZFUEL,ADUM1(4558)
DIMENSION INTA(6500)
EQUIVALENCE (SPACE(1),INTA(1))
EQUIVALENCE (INTA(1940),NDX)

DIMENSION DHDX(4)

SAVE
———————— (F) ————-
C
C THIS IS THE TRANSPORT COEFFICIENT
C
RMULT = 1.0
IF( CH22 LT. 0.0 ) RMULT = -1.0
C

C NARROW THE LIMITS FOR THE TRANSPORT COEFFICIENT (1/3/89)
C

IF( ABS(CH22) .LT. 0.1 ) CH22 = 0.1 * RMULT

IF( ABS(CH22) .GT. 10. ) CH22 = 10. * RMULT

RETURN

END

SUBROUTINE CHF(J,FAA XXX, FS]J,CHFR])

C

c IMPLICIT REAL%8 (A-H, O-2)
C

cwki20100124 commnted out SAVE

COMMON/MCH/HFG,ZFLUX(50)

COMMON/MPC/H(4,50),HF PREF . NDXP1

COMMON /BICNST/SPAC(2115),ADUM1(4),CCHF5,CCHF6,CCHF7,CCHF8
1,ADUM2(96),SKECDK,CCE0,CCHF3,CCHF4,ADUM3(4277)

DIMENSION AX(50),AXCC(50),X(50)

SAVE



CCE4=CCHF3+CCHF4*PREF
CCE5=CCHF5+CCHF6+PREF

DX=X(2)-X(1)

IF(JEQ.1) GO TO 90
C=1.8+(1.-XX)**4.31/FAA**x0.478
AXC=EXP(DXx*C)
AXCC(1)=-1.0

AX(1)=1.0

SUM=0.0

DO 25 JJ=2]

JIM1=]]-1

AX(JD=AX(JIM1)*AXC
AXCCJD=AXJD=(C+ X(J]-1.0)
25 SUM=SUM+ZCE1*(AX(J])-AX(JJM1))+ZCE2x(AXCC(]JJ)-AXCC(JJM1))/C

CHFRJ=CHF1/SUM=(AX(])-1.0)*SKECDK
CWKI
C -—- CORRECTION FACTOR FOR NON-UNIFORM HEATING: FS
C
FSJ=CHF1/(CHFR]J*ZFLUX(]))
RETURN
90 CHFRJ=CHF1/SUM=*(AX(NDXP1-1)-1.0)*SKECDK*ZFLUX(NDXP1-1)/ZFLUX(NDXP1)

RETURN
END

SUBROUTINE MODMN(ALPHA PHLIA GF,T,X)

C

c IMPLICIT REAL%8 (A-H, O-7)

C
COMMON/PROMOD/ DTF,DT]JL
COMMON/MDDP/QPRIM(4),F(4,50),HG,VG,VF, TF,DHYD(4),VISS,
1RHO(4,50),V(4),VFRIC(4,50),FSP(4,50),U(4,50),VP(4,50),
2FMULT(4,50),KMN1,KMN2
COMMON/MPC/H(4,50),HF P NDXP1
SAVE

#x% CALCULATE M-N VOID AND FRICTION MULTIPLIER

*  INPUT-

*  OUTPUT-

IFTA.EQ.0) GO TO 10
*  VOID FRACTION
IF(KMN1.GT.1)GO TO 8

8 IF(P.GT.1850.)GO TO 3
IF(X.LT.0.01) GO TO 3
IF(X.GT.0.1)GO TO 6
ALPHA=A1L+AZ2L*X+A3L*X#2+A4L# X3



RETURN

3 VGDVL=1.
GO TO 7

C

6 ALPHA=ATH+A2H*X+A3H*X:x#2+A4H*X 3
RETURN

7 ALPHA=1./(1.+(1.-X)*VF*VGDVL/(X*VG))
RETURN

10 IF(KMN2.GT.1) GO TO 11

11 PHISQ=0.
IF(X.LT.0.) GO TO 80
IF(P-2000.)12,12,22
12 IF(X-.02)14,14,16
14 FMN-=1.
GO TO 24
16 IF(X-.2)18,18,20
18 FMN=Xx*xB1/B2
GO TO 24
20 FMN=X=xB3/B4
GO TO 24
22 FMN=(-.0103166%X+.005333#X*2)*(P-3206.)+1.
GO TO 32
24 IF(P-1850.) 26,32,32
26 IF(GF-0.7)28,28,30
28 PHISQ=FMN3(1.36+0.0005+P+0.1+GF-0.000714+P*GF)
GO TO 60
30 PHISQ=FMN3(1.26-0.0004xP+0.119/GF+0.00028«P/GF)
GO TO 60

GO TO 42

33 IF(X-0.02)34,34,36

34 FMNP=1.
GO TO 42

36 IF(X-0.2)38,38,40

38 FMNP=Xx**.4800/.1425
GO TO 42

40 FMNP=Xx*x*.6099/115.26D-03

42 TF(X-0.4) 50,50,44

44 TF(GF-.7)46,46,48

46 FAM=7.0%(1.0+0.93+(.7-GF))*FMNP/4.75
GO TO 58

48 FAM = (1.+ 3521 / (GF) #x 1.4) = FMNP / 4.75
GO TO 58

50 IF(GF-.7) 52,52,54

52 FAM=(1.+(7.#Xx*.75)/(.7#*(1.0+X)))*(1.0+0.93%(0.7-GF))
GO TO 58

54 FAM=1.+7.#Xx*75/GF*+(1.+X)

58 PHISQ=FAM*FMN/FMNP

60 IF(PHISQ-1.)62,80,80

62 PHISQ=1.

80 IF(P.GT.1850.) GO TO 95
IF(DTF.GE.DTJL) GO TO 82
PHI=1.
GO TO 101



82 TSTAR=DTJL+T-DTF
PHX=(T-TSTAR)/(TF-TSTAR)
IF(PHISQ.EQ.0.0.AND.PHX.GT.1.0) PHX=1.0

87 PHI=1.0+(0.042++B1/B2-1.0)*PHX
GO TO 100

9 IF(DTF.GT.DTJL) GO TO 96
TSTAR=DTF
GO TO 97

96 TSTAR=DT]JL

97 C1=1.05%(1.-0.0025*TSTAR)
IF(C1.GT.1.0) C1=1.0
IF(DTF.GT.0.0)0 GO TO 94
PHI=1.

GO TO 100
94 PHI=1.-(TSTAR/DTF)

RETURN
END

SUBROUTINE SAT(P,VF,VFG,TSAT,VISS)

DIMENSION DHF(4),DHFG(4),DVF(4),DVFG(4),DP(4)
SAVE
DATA DVF/0.02565,0.02517,0.02472,0.02428/
DATA DVFG/0.16266,0.17761,0.19390,0.21178/
DATA DP/2000.,1900.,1800.,1700./

IL=3

RETURN

1 IF(P.GT.1900.) IL=1
IF(P.GT.1800..AND.P.LE.1900.) IL=2
IF(P.GT.1700..AND.P.LE.1800.) IL=3
IL1=IL+1
XR=(P-DP(IL1))/(DP(IL)-DP(IL1))

RETURN
END

SUBROUTINE CIJMIX(J,NK,NCHANL)

COMMON/MCH/HFG,ZFLUX(50)
COMMON/MPC/H(4,50),HF PREF,NDXP1

#xx CALCULATE MIXING AND CROSSFLOW RESISTANCE PARAMETERS

*  INPUT-]J,NK,NCHANL,W,RHO,GAP,A , PERIM

*  OUTPUT-CIJ,WP

CWKI.2007.01.10 COMMON/MDDP/QPRIM(4),AA,BB,CC,F(4,50),HG,VG,VF, TF,DHYD(4),



COMMON/MD/CH(3),WP(3),W(3,50),DX,DPDX(4),
1DFDX(4),DHDX (4),SL,DPK(4),CIJ(3)

COMMON /BICNST/SPAC(2030),AFLOW (4),PERIM(4),SPAC1(53),GAP(3),
SPAC2(75),KIJ,ABETA,GC,COMIX,SPAC3(6),ADUM1(4321)

REAL KIJ
SAVE

JM1=]J-1

DO 1 K=1NK

KP1=K+1
IF(K.GT.1.AND.J.GT.3) GO TO 2
I=KP1

IF(W(K,]).GE.0.) I=K
AXFLO=F(I,JM1)
RSTAR=RHO(I,JM1)
WMIN=ABS(W(K,]))
IF(WMIN.LT..001) WMIN=.001
XL=0.0

2 IF(KEEQ.1) GO TO 1
¢ wki2010.5.23 change GAVG to GAVGK
GAVGK=(F(K,JM1)/AFLOW (K)+F(KP1,JM1)/AFLOW (KP1))/2.
DAVG=2.#(AFLOW (K)/PERIM(K)+AFLOW (KP1)/PERIM(KP1))

1 CONTINUE
RETURN
END

SUBROUTINE DIFFER(J,NK,IPART NCHANL)
COMMON/MDDP/QPRIM(4),F(4,50), HG,VG,VF, TF,DHYD(4),
1VISS,RHO(4,50),V (4),VFRIC(4,50),FSP(4,50),U( 4,50),VP(4,50),
2FMULT(4,50), KMN1,KMN2
COMMON/MD/CH(3),WP(3),W(3,50),DX,DPDX(4),

1DFDX(4), DHDX(4),SL,DPK(4),CIJ(3)

COMMON/MPC/H(4,50),HF PREF,NDXP1

COMMON/G1/GRKIJ(50)
COMMON/TRANSP/CH22,QPRI2P,QPRI22,F22,F2P, WP2P, WP22,H2P(50),
1H22(50),CH2,WP2

COMMON/G2/RE(4)

COMMON/LOG/GRID
C
COMMON /BICNST/SPAC(2030),AFLOW(4),SPAC1(137),GC,COMIX,ADUMAO(6),
CU(3),CAA(3),CBB(3),CCC(3),ADUM1(4309)
C

##x CALCULATE PRESSUREFLOW.ENTHALPY GRADIENTS

#*  INPUT=]JIPART,JK,NCHANL,WP,W QPRIM,FSP FMULT,VFRIC,DHDY,VP,VPA
* VDXA

*  OUTPUT=DPDX,DFDX,DHDX

*  VARIABLES=COGRID HWILHWL, WV, JM1,JP1,SAVE,CH,CUWKK ,NCHA

*  COMMON=GRID



Cwki
c

LOGICAL GRID

SAVE

2006.7 Commented out "COGRID”
DATA COGRID/0.45/

JM1=]J-1

IF(IPART.EQ.1) GO TO 100
IF(IPART.EQ.2) GO TO 200
IF(IPART.GE.3) GO TO 300

100 S1=0.5

C
200

C
300

310

390

S52=0.5
S3=0.5
JP1=]J+1

H1=H(1,])-H(2,])

H2=(H(2,])-H(3,]))/CH(2)

H3=H(@3,])-H4,])

DHDX(D)=(HI1*W(1,J )*(0.5-S1)-H1*WP(1)+QPRIM(1))/(F(1,JP1)

IF(CH2.NE.O.) RETURN

CALL TRANS(JP1,DHDX)

CH(2)=CH22

H2=(H(2,])-H(3,]))/CH(2)

DHDX (3)=(H2xW(2,])*(0.5+52)+H2xWP(2)+H3*W(3,])*(0.5-S3)-H3x*
IWP(3)+QPRIM(3))/(F(3,JP1)+F(3,]))*2.0

DHDX (4)=(H3%W (3,])*(0.5+S3)+H3*WP(3)+QPRIM(4))/(F (4,]JP1)
1+F(4,]))*2.0

RETURN

DFDX(1)=-W(L])
DFDX(2)=W(1,])
DFDX(3)=W(2,])-W(3,])
DFDX(4)=W(3,])
RETURN

DPDX(1)=0.0

DPDX(2)=0.0

IFIPART.GE5) GO TO 301
DPDX(3)=(U(3,])-U(4,])*WP(3)-(U(2,])-U(3,]))/CU(2)«xWP(2)
DPDX(4)=-(U(3,])-U(4,]))*WP(3)

DO 390 I=1NCHANL

IFCNOT.GRID) GO TO 310

N1=GRKIJ(])
IF(N1.NE.O)GRCOE=CAA(N1)+CBB(N1)*RE(I)**CCC(N1)
IF(N1.EQ.0) GRCOE=0.45
SAVE=SAVE+0.5*GRCOE/DX/RHO(L])
DPK(D=SAVE/AFLOW(D)/AFLOW(I)
FLOWSQ=F(I,JM1)=*#2
DPDX(D=-DPK(D*FLOWSQ/GC-RHO(L])-DPDX()/AFLOW(I)/GC
IF(IPART.GE.5) CALL DIVERT(J,IPART, 1)

RETURN

END



SUBROUTINE DIVERT(]J, IPART ,NK)

COMMON/DD/WL(50)
COMMON/MDDP/QPRIM(4),F(200),HG,VG,VF, TF,DHYD(4),VISS,
1RHO(200),V (4),VFRIC(200),FSP(200),U(200),VP(200),
2FMULT(200),KMN1,KMN2
COMMON/MD/CH(3),WP(3),W(150),DX,DPDX(4),

1DFDX(4), DHDX(4),SL,DPK(4),CIJ(3)

COMMON/MPC/H(200),HF, PREF NDXP1

COMMON /BICNST/SPAC(2030),AFLOW(4),SPAC1(137),GC,COMIX,SPAC2(6),
CU(3),SPAC3(17),CNPC(3),ADUM1(4298)

DIMENSION AAA(3),B(3),USAVE(3),USTAR()
SAVE
##x CALCULATE DIVERSION CROSSFLOW
* INPUT - SL,DX,GCIPART,UDPKF,A, DPDX,CIJ,J
*  OUTPUT- W
JM1=]-1
DXGC=DX*GC
L=JM1*4
JML=(JM1-1)*4
M=JM1%3
JMM=(JM1-1)%3
DO 1 K=1NK,2
USAVE(K)=(U(K+JML)+U(K+1+JML))*0.5
USTAR(K)=(U(K+L)+U(K+1+L))*0.5
1 CONTINUE
IF(IPART.GE.5) GO TO 2

2 DO 5 K=1NK
SL=0.5
IF(K.EQ.1) SL=1.E+20
SLDX=SL*DX
SP=0.0
IF(IPART.LT.5.AND.K.EQ.1.AND.J. LT NDXP1)SP=WL(J+1)*CLJ(K)
IJ=K+1

5 CONTINUE
IF(IPART.GE.5) WL(])=B(1)/AAA(1)
IFIPART.GE5W(1+M)=WL(J)
IF(IPART.GE.5) RETURN
*  SOLVE THE MATRIX EQUATION AAA(3,3)*W(3)=B(3)
SX=SLDX/GC*(-1.0)

W(A+M)=B(1)/AAA(1)
B(2)=B(2)-A21*W(1+M)-B(3)*A23/AAA(3)
W(2+M)=B(2)/(AAA(2)-A32+A23/AAA(3))
W(E+M)=(B(3)-A32+W (2+M))/AAA(3)
RETURN

END

SUBROUTINE PROP(J,NCHANL)



COMMON/PROMOD/ DTF,DT]L

COMMON/MDDP/QPRIM(4),F(4,50),HG,VG,VF, TF,DHYD(4),VISS,
1RHO(4,50),V(4),VFRIC(4,50),FSP(4,50),U(4,50),VP(4,50),
2FMULT(4,50), KMN1,KMN2

COMMON/MCH/HFG,ZFLUX(50)

C COMMON/MPC/RNDXP1,H(4,50),HF,PREF
COMMON/MPC/H(4,50),HF PREF,NDXP1

COMMON/MPPO/ HECO(5)

COMMON/G2/RE(4)

C
COMMON /BICNST/SPAC(1900),QFPC,SPAC1(129),AFLOW (4),SPAC2(115),
TDI(5),HPERIM(4),SPAC01(11),ADUM1(4331)
C
DIMENSION VISC(4),ALPHA(4),QUAL(4),T(4)
SAVE
* INPUT-QPRIM,QFPC,VGDVL,AA BB,CCNDXP1,F
* INPUT-J,NCHANL,H HF PREF HG,IERROR,VG,VF, TF,DHYD,VISS KMN1,KMN2,A
* OUTPUT-RHO,V,VISC,VFRIC,IERROR,]JBOIL,PHIL FSP,U VP, FMULT
C

200 DO 399 M=1,NCHANL
IF(NCHANL.EQ.4.AND.]J.GT.2. AND.M.LE.2) GO TO 399
ALPHA(M)=0.0
HAVG=H(,])
GF=F(M,])/AFLOW (M)*0.0036
[F(HAVG.GT.HF) GO TO 300
C COMPUTE SUBCOOLED PROPERTIES

C
———————— (F) —-------
C

VPOMD=VM)

QUALM)=(HAVG-HF)/HFG
VFRIC(M,])=V(M)
RHO(M,])=1./V(M)
UM, ]))=F(M,])/AFLOWM)*VP(M,])
IF(JJEQ.1) GO TO 399
GO TO 350
C COMPUTE TWO-PHASE PROPERTIES

300 QUAL(M)=(HAVG-HF)/HFG
KMN1=KMN1+1
CALL MODMN(ALPHA(M),PHIL1,GF, T(M),QUAL(M))

VFRIC(M,])=VF
TM)=TF
VISC(M)=VISS
RHOM,))=1/V(M)
UM, ))=F(M,])/AFLOWM)*VP(M,])
HEIN=HECO(5)
350 RE(MM)=F(M,])/AFLOW (M)*DHYD(M)/VISC(M)=*3600.
CWKI.2007.01.10
C FSP(M,])=AA*RE(M)**BB+CC
FSP(M,])=0.184*RE(M)=*x*(-0.2)



IF(HAVG.GT.HF) GO TO 341
DO 340 I=14
340 IF(T(M).GE. TDI(I).AND.T(M).LT.TDI(I+1)) IL=I

341 HE=0.023/DHYD(M)/3600.+RE(M)#**0.8«HEIN
DTF=QPRIM(M)*QFPC/HE/HPERIM (M)
DTJL=(QPRIM(M)*QFPC/HPERIM(M)*.0036 )=*x0.25*60./
1EXP(PREF/900.)+TF-T(M)

KMN2=KMN2+1
CALL MODMN(ALPHA(M),PHILO,GF,T(M),QUAL(M))
FMULT(M,])=PHII
399 CONTINUE
RETURN
END



RCOPSIM F =+ HP-Unix Al 7]¥ke] golB g & ALEst=2 2 Unix A=Y
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21 8 13} A (rcopsimvlimO_Rev08_kaeri.exe) 2 W5 7] 93 makefile> th23 7t

FFLAGS = +U77 -K +ppu -g
DEST =

EXTHDRS =

HDRS =

INSTALL = /usr/sbin/install
LD = 190

FC = 190

LDFLAGS = +U77 +ppu -g

LIBS = /user3/jykim/wkin/cpcsimv4m&/1ib/pilibl.2mod5.f90.ppu.a \
/user3/jykim/wkin/cpcsimv4m8/lib/cemodel15.0mod11.f90.ppu.a \
/user3/jykim/wkin/cpcsimv4m&/lib/userlibl.0mod10.f90.ppu.a

MAKEFILE = Makefile

OB]JS = analyze.o \
apr2579.0 \
bercal.o \
cardin.o \
cedlo \
cetop2_rcops.o \
cfstin.o \
chpack.o \
cinptl.o \
cinput.o \
CO0S_ICOps.0 \
cpee.o \
cpecon.o \
rcopsimvlmO_Rev08_cpcd.o \
cpeout.o \
cpesim_reops.o \
dptest.o \
ed.o \
eject.o \
errctp.o \
factor.o \
fdtest.o \
fibeta.o \
filopn.o \
flrt17.0 \
histry_rcops.o \
incbeta.o \
inout.o \
irate.o \
limlin.o \
mdnor.o \
mdtn.o \
mdtnf.o \
messge.o \
moment.o \
noise.o \
nonp.o \
okrset.o \
opm_rcops.o \
plot.o \
ranf.o \
ranset.o \
rdcord.o \
readinp.o \
roc221.0 \



rocedt.o \
rocfil.o \

stat.o \

steam.o \
summary.o \
svecinpt.o \
tails.o \
tolimit.o \
update_rcops.o \
upddrv_rcops.o \
urand.o

PRINT = pr
PROGRAM = rcopsimvlmO_Rev08_kaeri.exe
SHELL = /usr/bin/sh

SRCS = analyzef \
apr2579.f \
bercal.f \
cardin.f \
cedLf \
cetop2_rcops.f \
cfstin.f \
chpack.f \
cinptl.f \
cinput.f \
coosi_rcops.f \
cpee.f \
cpecon.f \
rcopsimv1lmO_Rev08_cpcd.f \
cpcout.f \
cpesim_rcops.f \
dptest.f \
edf \
eject.f \
errctp.f \
factor.f \
fdtest.f \
fibeta.f \
filopn.f \
flrt17.f \
histry_rcops.f \
incbeta.f \
inout.f \
irate.f \
limlin.f \
mdnor.f \
mdtn.f \
mdtnf.f \
messge.f \
moment.f \
noise.f \
nonp.f \
okrset.f \
opm_rcops.f \
plot.f \
ranf.f \
ranset.f \
rdcord.f \
readinp.f \
roc221.f \
rocedt.f \
rocfil.f \
stat.f \
steam.f \



summary.f \
sveinpt.f \
tails.f \

tolimit.f \
update_rcops.f \
upddrv_rcops.f \

urand.f
SYSHDRS =
all: $(PROGRAM)
$(PROGRAM): $(OBJS) $(LIBS)
@echo "Linking $(PROGRAM) ..."
@$(LD) $(LDFLAGS) $(OBJS) $(LIBS) -0 $(PROGRAM)
@echo "done”
clean:; @rm -f $(OBJS) core
clobber:; @rm -f $(OBJS) $(PROGRAM) core tags
depend:; @mkmf -f $(MAKEFILE) ROOT=$(ROOT)
echos; @echo $(HDRS) $(SRCS)
index:; @ctags —~wx $(HDRS) $(SRCS)
install: $(PROGRAM)
@echo Installing $(PROGRAM) in $(DEST)
@-strip $(PROGRAM)
@if [ $(DEST) != . 1; then \
(rm -f $(DEST)/$(PROGRAM); $UNSTALL) -f $(DEST) $(PROGRAM)); fi
print:; @$(PRINT) $(HDRS) $(SRCS)
tags: $(HDRS) $(SRCS); @ctags $HDRS) $(SRCS)
update: $(DEST)/$(PROGRAM)

$(DEST)/$(PROGRAM): $(SRCS) $(LIBS) $(HDRS) $(EXTHDRS)
@$(MAKE) -f $(MAKEFILE) ROOT=$(ROOT) DEST=$(DEST) install

s

analyze.o: NRMTST1.BLK

apr2579.0: GLOBAL1.BLK APR25IN.BLK INOUT.BLK

bercal.o: GLOBAL1.BLK BERCAL1.BLK MESSG2.BLK INOUT.BLK FILEI.BLK CDATI1.BLK \
CDAT2BLK

cardin.o: CARDIN1.BLK GLOBAL1BLK CPCNSE.BLK FLTP10.BLK CEFASTI1.BLK \
MESSG2.BLK BERCALI.BLK ROCDAT.BLK ROCNME.BLK MDD.BLK CLOCKI1.BLK \
COOS1.BLK CPCCDAT.BLK FLRT17BLK CARDIN2.BLK INOUT.BLK FILE1.BLK

cetop2_rcops.o: AOUT2.BLK BOUT2.BLK DOUTI1BLK GLOBALI1.BLK

cfstin.o: GLOBAL1.BLK FLTP10.BLK BOUT2.BLK SVCCEA.BLK CEFAST1.BLK CDATI1.BLK \
CPCNSE.BLK CPCOUTL.BLK MESSG2BLK INOUT.BLK

cinptl.o: GLOBAL1.BLK MESSG2.BLK CDAT1.BLK CARDIN2.BLK INOUT.BLK CDAT2.BLK

cinput.o: GLOBAL1.BLK MESSG2.BLK INOUT BLK FILE1.BLK CDAT1BLK CDAT2BLK

coos_rcops.o: GLOBAL1.BLK MDD.BLK COOS1.BLK PARAMI1.BLK ERRORI1.BLK INOUT.BLK \
MESSG2.BLK

cpec.o: CPCCDAT.BLK INOUT.BLK

cpecon.o: GLOBAL1.BLK MESSG2BLK CDATI1.BLK CDAT2BLK SVCCEA.BLK COUTI1.BLK \
AOUT2BLK BOUT2.BLK DOUT2BLK CPCNSE.BLK INOUT.BLK CARDINI1.BLK \
CPCCDAT.BLK

rcopsimvlimO_Rev08_cpcd.o: INOUT.BLK

cpeout.o: GLOBAL1.BLK FLTP10.BLK CEFAST1.BLK BOUT2BLK COUTI1.BLK CPCCDAT.BLK \
CPCOUTL.BLK DNBINP.BLK BERCAL1.BLK MESSG2BLK INOUT.BLK

cpesim_rcops.o: MESSG1.BLK MESSG2.BLK CEFAST1.BLK CPCNSEBLK GLOBALI.BLK FLTP10.BLK \
CPCCDAT.BLK CPCOUTL.BLK DNBINP.BLK MDD.BLK AOUT2.BLK BOUT2BLK \
CARDIN1.BLK CDATI1.BLK CDAT2BLK ROCDAT.BLK ROCNME.BLK TITLE.BLK \
BERCAL1.BLK CPCD1.BLK PARAMI.BLK ERRORS.BLK INOUT.BLK FILE1.BLK \



COUTI1.BLK DOUTI1.BLK

dptest.o: GLOBAL1.BLK NORMTST.BLK NRMTSTI1.BLK MOMENTS.BLK FDBLK.BLK \
MESSG2.BLK

ed.o: FDBLK.BLK

eject.o: TITLE.BLK

errctp.o: GLOBALI.BLK INOUT.BLK

factor.o: GLOBAL1.BLK APR25IN.BLK

fdtest.o: GLOBAL1.BLK FDBLK.BLK MOMENTS.BLK

fibeta.o: BETAL.BLK

filopn.o: GLOBAL1.BLK INOUT.BLK FILE1.BLK FLRT17.BLK FLTP10.BLK

flrt17.0: FLRT17.BLK INOUT.BLK MESSG2.BLK FLTP10.BLK GLOBALI1.BLK

incbeta.o: GLOBAL1.BLK BETA1.BLK MESSG2.BLK

inout.o: INOUT.BLK

irate.o: GLOBAL1.BLK MDD.BLK INOUT.BLK

limlin.o: GLOBAL1.BLK COOS1.BLK PARAMI1.BLK INOUT.BLK ERROR1.BLK MESSG2.BLK

mdtn.o: INOUT.BLK

messge.o: MESSG1.BLK MESSG2.BLK

moment.o: MOMENTS.BLK

noise.o: GLOBAL1.BLK INOUT BLK

opm_rcops.o: GLOBAL1.BLK MDD.BLK AOUT2.BLK BOUT2BLK DOUTI1.BLK CPCNSEBLK \
CPCOUTLBLK FLTP10.BLK INOUT BLK CPCD1.BLK BERCAL1.BLK

plot.o: INOUT.BLK

ranf.o: GLOBAL1.BLK

ranset.o:. GLOBAL1.BLK

rdcord.o: INOUT.BLK ROCNME.BLK ROCCRD.BLK ROC221.BLK ROCASC.BLK

readinp.o: CARDIN1.BLK MESSG2.BLK GLOBAL1.BLK CPCNSE.BLK FLTP10.BLK \
CPCOUTL.BLK SVCCEA.BLK CDATI1.BLK BOUT2BLK CEFAST1.BLK ROCDAT.BLK \
BERCAL1.BLK INOUT.BLK FILE1.BLK

roc221.0: INOUT.BLK ROCNME.BLK ROC221.BLK ROCASC.BLK ROCCRD.BLK

rocedt.o: INOUT.BLK ROCNME.BLK ROCEDT.BLK ROC221.BLK ROCASC.BLK

rocfil.o: GLOBAL1.BLK INOUT.BLK FLTP10.BLK CDATI.BLK ROCDAT.BLK ROCNME.BLK \
CPCOUTL.BLK MESSG2.BLK CARDINI.BLK ROC221.BLK ROCCRD.BLK ROCEDT.BLK \
ROCASCBLK

stat.o: GLOBAL1.BLK PARAMI1.BLK INOUT.BLK ERRORS.BLK MESSG2.BLK

summary.o: GLOBAL1.BLK MOMENTS.BLK TOLERNC.BLK NORMTST.BLK NRMTSTI1.BLK \
MESSG2.BLK INOUT.BLK

svcinpt.o: GLOBAL1.BLK SVCCEA BLK MESSG2.BLK INOUT BLK

tails.o: GLOBAL1.BLK INOUT.BLK TOLERNC.BLK

tolimit.o: MOMENTS.BLK TOLERNC.BLK

update_rcops.o: GLOBAL1.BLK INOUT.BLK CPCNSE.BLK DOUT1.BLK MDD.BLK

upddrv_rcops.o: GLOBAL1.BLK INOUT.BLK CPCNSE.BLK CPCOUTLBLK FLTP10.BLK CPCD1.BLK \
DOUT1.BLK BERCAL1.BLK MESSG2.BLK
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CONSTANTS FOR RCOPS STATIC SUBPROGRAM (UCN 4 Cy—10 CETOP-D DB)

CONSTANTS FOR POWER DISTRIBUTION UPGRADE

RELOAD DATA BLOCK
CORE AVERAGE HEAT FLUX : BTU/FT=#2/SEC
QAVG 1 11900 52.2919

RELOAD DATA BLOCK
FRACTION OF POWER GENERATED IN THE FUEL : DIMENSIONLESS

QFPC 1 1901 0.975

—

RELOAD DATA BLOCK
NARROW BAND INTEGRATED ONE PIN RADIAL : DIMENSIONLESS
BREAK POINTS

P1B2,3 21902 1.28 4.28

—_

RELOAD DATA BLOCK
NARROW BAND ASI BREAK POINTS : DIMENSIONLESS
ASIB2,3 1 2 1904 —-0.3 0.3

RELOAD DATA BLOCK
NARROW BAND MAXIMUM COLD LEG TEMPERATURE : DEGREE F
BREAK POINTS

TB2,3 2 1906 550.0 572.0

—

RELOAD DATA BLOCK
NARROW BAND RCS PRESSURE BREAK POINTS : PSIA
21908 2000.0 2325.0

—

PPB2,3

REGION—-DEPENDENT ALGORITHM UNCERTAINTY : DIMENSIONLESS
ALLOWANCES(was E2=1.02 by wki)
E1,E2 1 21910 1.0 1.0

RELOAD DATA BLOCK
ASI DEPENDENT FLOW SPLITS : DIMENSIONLESS
FSPLT1-2 1 21912 0.70 0.70
DNBR UNCERTAINTY FACTOR : DIMENSIONLESS
(ADDRESSABLE CONSTANT)
BERR1 1 11914 1.0

RELOAD DATA BLOCK



EFFECTIVE NORMALIZED RADIAL PEAKING FACTOR : DIMENSIONLESS
RADIAL(4) 1 4 1915 1.0 1.0 1.058737 1.069305

MODULE 3

CONSTANTS FOR POWER DISTRIBUTION

RELOAD DATA BLOCK
I NUMBER OF NODAL SECTIONS : DIMENSIONLESS
NDX 1 1 1940 40.

RELOAD DATA BLOCK
I NUMBER OF AXIAL POWER FACTORS : DIMENSIONLESS
NDXFZ 1 11941 20.

RELOAD DATA BLOCK
ACTIVE FUEL LENGTH FT
ZFUEL 1 11942 12.475

RELOAD DATA BLOCK

INTERPOLATION COEFFICIENTS : DIMENSIONLESS
FZCOF(1-4)1 4 1943 35.0 21.0 -5.0 0.0625
FZCOF(5-8)1 4 1947 5.0 15.0 —5.0 9.0

FZCOF(9) 1 11951 9.0

MODULE 5

CONSTANTS FOR FLOW AND ENTHALPY INITIALIZATION

RELOAD DATA BLOCK
I NUMBER OF CHANNELS : DIMENSIONLESS
NCHANL 1 12000 4.

RELOAD DATA BLOCK

RCS PRESSURE BREAK POINTS : PSIA
PDI(1-4) 1 4 2001 1800. 2100.0 2200.0 2300.
PDI(5) 1 12005 2500.

RELOAD DATA BLOCK
CONSTANTS TO CALCULATE THE ARRAY HECO : DIMENSIONLESS
HECL(1-4) 1 4 2006 0.34468 0.32361 0.30664 0.29504
HECL(5-8) 1 4 2010 0.30025 0.34557 0.32457 0.30156
HECL(9-12)1 4 2014 0.29981 0.30095 0.34588  0.32489
HECL( —16)1 4 2018 0.30745 0.29815 0.30246 0.34610
HECL( —20)1 4 2022 0.32519 0.30769 0.29680 0.30495
HECL( —24)1 4 2026 0.34674 0.32584 0.30833 0.29515
HECL(25) 1 1 2030 0.31927

RELOAD DATA BLOCK
FLOW AREA FOR CHANNEL 1-4 t FT2
AFLOW(4) 1 4 2031 .25843 .06461 .003018  .001244

RELOAD DATA BLOCK
WETTED PERIMETER FOR CHANNEL 1-4 CFT
PERIM(4) 1 4 2035 24.3903 6.0976 .32624 12133

RELOAD DATA BLOCK
EFFECTIVE ROD DIAMTER FOR CHANNEL 1-4 :FT
DHEAT(4) 1 4 2039 7.3553 1.8388 0.08712  0.02657

RELOAD DATA BLOCK

EFFECTIVE NORMALIZED RADIAL PEAK FOR CH. 2P : DIMENSIONLESS
RAA2 1 12043 1.031100



DD2P

A2P

GAVG

MODULE 6

P1PB

A22

NGRID

1

1

1

=

1

GRIDKIJ(4)1
GRIDKIJ(4)1
GRIDKIJ(4)1

GRIDXL(4) 1
GRIDXL(4) 1
GRIDXL(4) 1

RADIM1

RAA22

DD22

GAP2P

GAP22

GAP(1-3)

1

RELOAD DATA BLOCK
EFFECTIVE ROD DIAMETER FOR CH. 2P ©FT
1 2044 0.208967

RELOAD DATA BLOCK
FLOW AREA FOR CH. 2P : FT2
1 2045 0.007563

RELOAD DATA BLOCK
CORE AVERAGE INLET MASS VELOCITY * LBM/FT#*x2/SEC
1 2046 708.3889

CONSTANTS FOR PREDICTION—CORRECTION OF FLOW AND ENTHALPY

RELOAD DATA BLOCK
RATIO OF MAX. ROD RADIAL PEAK OF CH.2 : DIMENSIONLESS
1 2060 1.0724

RELOAD DATA BLOCK
FLOW AREA FOR CH. 22 P FT2
1 2061 .010124

RELOAD DATA BLOCK
NUMBER OF SPACER GRIDS : DIMENSIONLESS
1 2062 10.

RELOAD DATA BLOCK
OPTION TO INPUT DIFFERENT SPACER GRID TYPES : DIMENSIONLESS

4 2063 1. 2. 2. 2.
4 2067 2. 2. 2. 2.
4 2071 2. 2. 0. 0.

RELOAD DATA BLOCK

RELATIVE GRID LOCATION : DIMENSIONLESS
4 2075 .0217 1174 2224 3274
4 2079 4324 5374 .6424 7474
4 2083 .8524 9574 .0000 .0000

RELOAD DATA BLOCK
EFFECTIVE RADIAL PEAKING FACTOR FOR CH. 1  : DIMENSIONLESS
1 2087 1.0

RELOAD DATA BLOCK
EFFECTIVE NORMALIZED RADIAL PEAKING FACTOR : DIMENSIONLESS
FOR CH. 2"

1 2088 1.016637

RELOAD DATA BLOCK
EFFECTIVE ROD DIAMETER FOR CH. 2" :FT
1 2089 0.305283

RELOAD DATA BLOCK
GAP BETWEEN CH. 2' AND 2" FT
1 2090 0.19651

RELOAD DATA BLOCK
GAP BETWEEN CH. 2" AND 3 ©FT
1 2091 0.27651

RELOAD DATA BLOCK

GAP BETWEEN CH. I AND I+1 FT
3 2092 .09150 .10851 .04251



XLIM 1 12095 0.995

MODULE 8

CONSTANTS FOR PARAMETERS AT MIN. DNBR.

RELOAD DATA BLOCK
CONSTANTS FOR CHF CORRELATION(KCE-1) : DIMENSIONLESS
CCHF5-8 1 4 2120 —0.14044 3.6533E—4 1.6483E—4 —0.0092941

RELOAD DATA BLOCK
DNBR ADJUSTMENT FACTORS : DIMENSIONLESS
EDNB1-2 1 2 2124 1.0 0.0

MODULE 9

CONSTANTS FOR CALCULATEING AVERAGE CORE ENTHALPY RISE

LOWER RANGE LIMIT ON HOT LEG TEMPERATURE : DEGREE F
THLIM 1 1 2130 482.0

LOWER LIMIT ON COLD LEG TEMPERATURE FOR THERMAL :DEG F
PWR CALCULATED HOT LEG IS .LT. THLIM
TINLIM 1 12131 472.0

PRESSURE DEPENDENT COEFFICIENTS USED TO : X=BTU/LBM
DETERMINE ENTHALPY-TEMPERATURE RATIOS Y=DEG F

Z=PSIA
X/ X/Y/Z XY #2 X/Y#x2/7 X[Y*x3 X/Y*+3/Z,
X/Y#x4 X/Y*x4/7
HTRO0-01 2 2 2132 1.40389 —8.95646E—-04
HTR10—-11 2 2 2134 —2.24636E-03 4.94459E—-06
HTR20—-21 2 2 2136 2.93975E-06  —8.93325E-09
HTR30-31 2 2 2138 —3.32787E-10 5.25863E—-12

RELOAD DATA BLOCK
HOT LEG TEMPERATURE UNCERTAINTY (ADDITIVE) : DEGREE F
THERR 1 12140 13.0

SUBROUTINE

TEMPERATURE BREAK POINTS : DEGREE F
TDI(1-4) 1 4 2150 460.0 520.0 580.0 640.0
TDI(5) 1 12154 700.0

RELOAD DATA BLOCK
HEATED PERIMETER FOR CH. I :FT
HPERIM(4) 1 4 2155 23.1075 5.7769 27368 .08346

SUBROUTINE
CIJMIX

RELOAD DATA BLOCK

HETSRONI CROSSFLOW RESISTANCE : DIMENSIONLESS
K1J 1 12170 1.4



RELOAD DATA BLOCK
TURBULENT MIXING COEFFICIENT : DIMENSIONLESS
ABETA 1 12171 0.0101

GRAVITATIONAL CONVERSION CONSTANT : FT/SEC#x*2
GC 1 12172 32.2

RELOAD DATA BLOCK
TURBULENT MIXING COEFFICIENT CFT7 -1
COMIX 1 12173 87.432

SUBROUTINE
DIFFER

RELOAD DATA BLOCK

VELOCITY TRANSPORT COEFFICIENTS : DIMENSIONLESS
Cu(1-3) 1 32180 1.0 3.3 1.0

RELOAD DATA BLOCK

GRID LOSS COEFFICIENTS : DIMENSIONLESS
CAA(1-3) 1 3 2183 .329 506 0.0

CBB(1-3) 1 3 2186 4.34 6.030 0.0
CCC(1-3) 1 32189 —0.20 —0.20 0.0

SUBROUTINE
DIVERT
RELOAD DATA BLOCK
PRESSURE TRANSPORT COEFFICIENTS : DIMENSIONLESS
CNPC(1-3) 1 3 2200 1.0 0.33 1.5
SUBROUTINE
CHF

RELOAD DATA BLOCK
FUEL ROD HEAT FLUX ENGINEERING FACTOR : DIMENSIONLESS
SKECDK 1 12220 1.0

CONSTANTS FOR CE—1 CORRELATION PARAMETERS
RELOAD DATA BLOCK

CONSTANTS FOR CHF CORRELATION(KCE-1) : DIMENSIONLESS
CCEO,CCHF 1 3 2221 0.564845 613.58 —0.14560
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Core Inlet Flow Distribution
Engineering Factor on Enthalpy Rise
Systematic Fuel Rod Pitch

Systematic Fuel Clad Diamater
Engineering Factor on Heat Flux
CE-1 CHF Correlation

(including croee validation uncertainty)
TORC Code uncertainty

Fuel Rod Bow Penalty

HID-1 Grid Penalty

CEICES

(State parameter)

Measured State Parameter Uncertainties
Algorithm Uncertainty

Startup Measurement Uncertainties

Radial Peaking Factor Measurement Uncertainty
Computer Processing Uncertainties

Simulator Model Uncertainties

Rod Bow Penalty on Fxy
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=2l CETOP-D MDNBR Hrt} =A A4t 218 9wttt 13 C13-Cl5% CETOP-D
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=2 AL g9l & 4 t}h E3] CPCS7F RCOPSe &) thAa =& MDNBR & Holil 9o
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1% C16-C18e &4 437 1057] F8& AA%(LBOC, LMOC, LEOC)el4¢] RCOPS$%}
CPCS MDNBR 2A}9] gHE# 35 Hlugh slojty, & ik RCOPSS MDNBR 247t
dA38] 2> A & 4 Atk CPCS MDNBRE] i 2abe= oF 1.3%-15%¢<1 HHH el RCOPS 9
A¥ole o 02%-1%=2 7235t CPCS MDNBRY H4 94 (Min)¢t &t xHMax) &=
0.0065/0.0209(LBOC), -0.0062/0.0289(LMOC)#} -0.0113/0.0311(LEOC) o]t} d#H, RCOPS
MDNBR¢] 34 92HMin)9} e xHMax)E 0.0006/0.0063(LBOC), 0.0012/0.014(LMOC)<}
-0.0045/0.0204°]t}. CPCS9F RCOPS =% LEOCOlA MDNBR 9x7F & A& & 4= Qlth

RCOPS MDNBR 2.4}¢] 91> A|@ A el AbE-3h =4 SweF S93327F CETOP-D9 =4
Bxol tha g27] wifolty. o]A& CETOP-DO A Ad&gEIE Itz AlgaAut
RCOPS 9| 45 AAIZE 9 E2dHI w4 o= S 43 S48 E AHEet7]
Toltt. 18 C19% dFA A ANFEHEZ(CETOP-D 8% ¥)9 RCOPS E3E¥9] Ao
A5 YEhd 210 ® w419 AsH(10%) 04 & AFol& Holal Utk w4l Sk A==k A
S 10%S A9 2o &ZHE Y RMS(Root-Mean-Square) 3= 22 oF 12% 9
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f.eksk Aot} oJ7]4 Skewness®t Kurtosis+ Eyo g "d s YeRY
= EAIdA} eI}, Skewness #4¢] 0.0 7 ¢hA ) X5 YujetH o] ARl At gEE
¥ (Normal Probability Distribution)®] Kurtosis @< 3.0¢]t}. LBOCe|A RCOPS MDNBR
22F9] Skewness$t Kurtosis #o] ta 24| ol 2k SEFE X7} H|gjdo|n] mEs Hoks
el 3L 55 9r sttt LEOCA A9 RCOPS MDNBR 2.2H2] Skewness® Kurtosist 2}
7} 0.067 3322 oA AytgE el 7P 7k QAREEE ou]st 1§ 1204 E<lo]
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3 C6 ¥AZ(OPRI000) =4 #dxx

e Q1A ¥y
A =E(%) 53 - 197
=AY 2%(°F) 500 - 595
=4 = (psia) 1785 - 2415
A FE(%) 85 - 115
kel &2 3 5 (Fr) 1.40 - 161
Z=veF Z 88 ¥ (Axial Shape Index) -0.6 - +0.6
¥ C7 RCOPS¢ CPCS MDNBR 2.xa &4
ALE
B A& 5 3t 9.2k (=9} Skewness Kurtosis
(Z 2N
LBOC CPCS 0.0127 0.0020 0.6565 4.54
(1173) RCOPS 0.0023 0.0008 1.6734 7.01
LMOC CPCS 0.0152 0.0046 —-0.3046 3.58
(1173) RCOPS 0.0071 0.0022 0.1978 2.69
LEOC CPCS 0.0144 0.0051 -0.3893 4.69
(1167) RCOPS 0.0105 0.0030 0.0609 3.30




Axial peaking factor

00 1 1 1
0.0 0.2 04 0.6 0.8 1.0

Core height

19 C9 OPR1000(=X 4%27] 10577]) 8 AaZo e =4 SWEF 249E%

0.04
o
g 0.02} i
[m)
=
LLj
S 000
@
e
% -0.02} LBOC .
a CPCS
=S o RCOPS
-0.04 '

06 04 02 00 02 04 06
Axial shpe index (ASI)

19 C10 RCOPS®} CPCS¢ MDNBR 24H&%l 457] 1057] LBOC)



0.04

n'd
D 002}
[a)
=
LLj
o
S 000
o
4
M o2t LMOC i
% CPCS
S RCOPS

Y6 4 02 00 02 04 06
Axial shpe index (ASI)

19 Cl1 RCOPS9F CPCS¢ MDNBR 2 #H(&%l 43.7] 1057] LMOC)

0.04

0.02

o
o
S

o
o
N

e RCOPS

MDNBR error, EMDNBR

004604 02 00 02 04 06
Axial shpe index (ASI)

a9 Cl12 RCOPS%F CPCS¢ MDNBR 2xH%l 4%57] 1057] LEOC)



4.0

| LBOC

351 |« cres

% 30l RCOPS

% L

251

- i

=

£ 20}

= -

= 15|

10 . 1 L 1 . 1 L 1 L 1 L
10 15 20 25 30 35 40

Minimum DNBR (CETOP-D)

19 C13 RCOPS¢} CPCS¢ MDNBR Hlu (&%l 457] 1077] LBOC)

4.0
' LMOC
351 |« cpes
o 5ol RCOPS
% L
251
€ |
>
g 20}
S -
= 15}
10 . 1 . 1 . 1 . 1 . 1 .
1.0 15 2.0 2.5 3.0 3.5 4.0
Minimum DNBR (CETOP-D)

9 Cl4 RCOPS¢F CPCS4 MDNBR Hl (&% 457] 10577] LMOC)



4.0

| LEOC

351 |« cres

% 30l RCOPS

% L

251

- i

=

£ 20}

= -

= 15|

10 . 1 L 1 . 1 L 1 L 1 L
10 15 20 25 30 35 40

Minimum DNBR (CETOP-D)

1% C15 RCOPS¢ CPCS¢ MDNBR H (2%l 457 1057] LEOC)
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DNBR HA 234 %=

RCOPS/SCU Simulator(RCOPSIM) % €7 457] 1057](PLUS 7 98 ZHw2]) =447
A5 2 o] 838te] RCOPS DNBR A 234 % 418 48315l tl. RCOPS DNBR A £3H2
T Ao MSCU W25 2&3to] CPCS DNBR A4 B34 % ajadxte} sdstA =353
th. 5 RCOPS DNBR A4 =% #1435 fl8iA CPCS/SCU Simulator?! CPCSIM #=&
RCOPS/SCU Simulator$! RCOPSIM #= & tjAstitt. CPCS9 RCOPS DNBR A A &g
AT diAe] Hagk 7o duEAEE w4 AN A (nes FHEE, w9 AF7] 2L, A
2 9% 5), 71 DNBR A4t7=¢ CETOP-D¢ DNB-OPM, CPCS(RCOPS) Database ‘3—4
AZ7] 23k Solth. DNBR A4 345 s14S 9g 72 =414 dxbe] Wel= 3t C69F
o CPCS(EE RCOPS) 9| £499& xgstar glok 17 C20-C232 £ DNBR A =3+
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=

5= DNB— OPM(CPCS/ RCOPS) — DNB— OPM(CETOP— D)

2

o]7]4 N& DNB-OPM 2.x}e] EAEAS 93t B &2 /H4E ovshy o 1200709 FE 4%
78 ®mosit}

CPCS$¢} RCOPS DNB-OPM &&4%9] 2 QA+ DNBR EE°e 24 EFd4E W«
Byol =4 S3Aw 9 A=7] expolt). 47ke] DNB-OPM &34 % < e

stslo] DNB-OPM Q.29 gHeH ¥ 5 -3t} DNB-OPM 2.4t &R X E X35} 959% &
E37 95% AlF a9 ek AFelx](One-sided Upper Tolerance Limit)E 23

&g Avg

DNB-OPM®| ©.4} etz

AFEE(Normal Distribution)?! 7% 95/95 sk Alalx
(UTL95/95)+ vk 7o) Alrke.
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DNB-OPM¢| @A} stEH- ¥ 7} A2l Z$-ol= Non-parametric 7]H-< ©]-&3fe] 95/95

shibe JSAE AAeth F oA A7)15 SEAToRE HEste Hu oA SIAZHEEH A5 /)
TE Ao 95/95 A3k A E =t &, 9% A(Order Statistics)9t o] 3H(Binomial) &
EEYE o]gsto] e AkAE AT 5 JE JXAE ALtei

DNB-OPMS| 93 SHE#e] 0g AFEE ol D A6l o 83tel Byaidlth 5 D
Age Ezﬂa D ol FolQ A5z AUAA AAG 2 A% AGHY 03 HERE)
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o
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O

h=4 [€)
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o714 S¢F T+ S8ace® JE8¥ DNB-OPM 2 AHE)C sl tha# o] Aejwrt.

S§*=

Mz

(- By (C5)

1

-
I

Mz

T= {z— (n+1)/2}E, (C6)

7

{

& C24-C272 &7 437] 10527]9] Wg CPCS DNB-OPM 2.2}¢] &8 2 A &S 1
Ef &4013} A% SBOC(F ¥/ N=1090)ol4¢] CPCS DNB-OPM ¢ =}o] s} A 3t
& Z+7F -0.2009 2 0.1377°]% Hit 7 -0.03395 ®ola vk o FEE X th3t U A
(DPRIME Test) A% AL X2 Wﬂﬂﬂ%—% oF = itk A% LBOC(EE7I N=1094)9
9] CPCS DNB-OPM 9.x}o] #+ 2 0438 2 -0.2079/0.1475 o]t}
D AN&ZA3 DNB-OPM QA% %= LMOC(EE714> N=948)°]
A1¢] CPCS DNB-OPM 2.4He] 3t 9 Hagl/Hdl gk -0.0777 2 -0.2380/0.1527 o]t}
5

(¢} 1
DNB-OPM gi}%‘“ D NBe waiw ALY BAYNEL BESA ZaA 0AR
=]

o
ﬁrl
ShiA
5=
frtl
) v
oxl
i
32
N2
N
i~ W S

g

it 22 -0.0759 %
-0.2495/0.2192 °|t}. DNB-OPM AR ¥E D A9S SHetg o At re] #4758 v
FoA| SellA] v R AT

9 C28-C31& &3l 457] 10571l gk RCOPS DNB-OPM ¢.4}¢] &7 3 A %S
UeRd Zlolt), Ak SBOC(EE7H4 N=1090)e141 2] RCOPS DNB-OPM 2.2}¢] #4:9} Htj
< 27k -0.2076 2 0.12570] Byt gk -0.0418°]t}. 23 SFEEx tist D AlFAT A
TEE AAYNSS & T AUtk A4k LBOCGEE/4 N=1095)¢l14 2] RCOPS DNB-OPM
Qake] Hat 9 Hag/HAd S 247 -0.0503 2 -0.2558/0.1359 ¢|th. D AlFA ¥} DNB-OPM
QakEEE A iR AR A4k LMOCGEE/EF N=948)¢ 4 2] RCOPS DNB-OPM
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2ke]l Hyt 2 HA G/ FHAaS 242 -0.0798 2 -0.2600/0.1430 otk D A8 Ay} DNB-OPM
A4% LEOC(EE714 N=832)¢] %% RCOPS DNB-OPM

o] Bt @ Ha/ANEe 242 -0.0794 2 -0.2927/0.1898 ©|t}. DNB-OPM QAH#-¥3=
7

D A8E RGOt AR BY/ES DEHA RaA oARLEY FAE AFLE
7

i C8& RCOPSS CPCS DNB-OPM 2.4+ BA#S Hlwdk o2 RCOPSE CPCSe H] 4
PFHLA7E oF 0.3%-0.8% 2 A& & 4= 9lk RCOPS9 CPCS DNB-OPM @ #H9] %A}
= & Aot gle Aow Uetded o3 FAE w4 S8 FHEEY 2AvF E3H S
mjiel Ao R dekenh 3 C9% RCOPS9 CPCS DNB-OPMe] 4] £33 % 2zHBERR1)
Jargk Aeojtt, d14a® LEOCO A= BERRI #k9] Abel7t ¢lA|% ) BERRI %2 SBOCe]
A 247+ 1.0597(RCOPS) 3 1,0683(CPCS)® RCOPS7E oF 0.8% SolAE Ao & o ZH It
%471 RCOPS % CPCS DNB-OPM &34 % 34 2 3= RCOPS DNB-OPM &3 % 3|4
Aaee] 4S5 % RCOPS =4l 940 #e H7FE 913 dn|Z 3ot ¥ DNB-OPM &3
Ax A3 D = dHoFE Hrke &5 RCOPS7E 4849 A7 1257] wAAA 2

= HtEoR FF oo} Fh

i ot oo
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3 C8 RCOPS$F CPCS DNB-OPM 2.4+ E 7

Arke
A& T e 2t XAzt Skewness Kurtosis
(EEMNF)
SBOC CPCS -0.0339 0.0563 0.1434 2.96
(1090) RCOPS -0.0418 0.0559 0.1396 2.97
LBOC CPCS -0.0438 0.0566 0.1246 3.04
(1094) RCOPS -0.0503 0.0549 0.1192 3.11
LMOC CPCS -0.0777 0.0534 0.3041 3.25
(948) RCOPS -0.0798 0.0565 0.2086 3.11
LEOC CPCS -0.0759 0.0606 0.4235 3.82
(836) RCOPS -0.0794 0.0607 0.2094 3.32
¥ C9 RCOPS$F CPCS DNB-OPM &84 ¢l x(BERR1)

AT SBOC LBOC LMOC LEOC
CPCS 1.0683 1.0588 1.0248 1.0380
RCOPS 1.0597 1.0496 1.0231 1.0380
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bt et b et b et
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it b et et b
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I
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I
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I
I
I
I
I

i

I IT II
I
I
I
I
I
I
I
I
I
I

b b

-
e

et et et e et e e et e e bk e ek et e et

i
FERERXEEXERXERX XN X R X ¥

20
13
18
LT
16
15
14
13
1z

QT D
o

1% 20 25 D 35 40 45 ] ] =] =21 T 7o =1] 85 j=1u] 95 pEsy]
1939.2881 Z09E6.7158 2254.1440 2411.5718

10

=]

EIN 1
1788.1572

PRESSURE “ALUES

= 2115,0842

HMEAM “ALLE

= 2414,6533

MAXIFUM WALUE

= 1785,0087

MIMIMUM “WALUE

EREREREREREREREFR R X R XN

e T ey Yy y iy
-

e ey

It et et bk e ek et e et e ek et e et e e et

-
I R EE R L ER RS ERE R R X XY

24
23
2z
21
20
19
13
17
16
1%
14
13
1z

oM OO RN
k]

FREQUEMC?Y:

100
3.1412

95

75 30
2.8776

70

50 55
2,6133

45

25 30
2,3502

20

=}

EBIM 1
2,0970

FLOW “YALUES

= 3.1464 MERM VALLUE = 2,6433

MAXIMUM WALUE

= 22,0918

MIMIMUM WALUE
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|

Z o

d

[e)
o

s}
ol

1% C22 DNBR # A &

106



FREQUEMCY

ERXEEFRERREE R RN R R R XN F ¥
St
-

et et bt
[y S

[y
ERFEEFRLERFEER R RN XX R XX R R ¥

25
24
232
22
21
20
19
is
iz
16
15
14
13
1z

o T 00 D M
b

pels]
0,5484

a5

0,0530

a0

75
0,2613

MEAM “ALLE

T
00,5540

55

5o
-0, 02658

ROCS CORE AVERAGE ASI WALUES
MAXIMUM WALUE

25 30
—0,3129
—-0,5342

20

MIMIMUM WALUE

5

BIMN 1
-0,5885

EXEFEERRERFERX KR

1
12

1o
594 .2045

20 =l o95
G42,8642

ri]
S70.5579
MEAM WALUE

o

594,667 4

S 55
546.9114

45
MAXTHUM WALUE

30 40
TEMPERATURE YALUES
GO0, 0312

20 25
G23.2648

MIMIMUM “ALUE

L]

BIN 1
500, 5641

EXEXRXEFXERXER XXX XX

-
EXEFXEFXERXER XXX X

17
16
15
14
1z
1=

o OO0 P DL o M
]

FREQUENCY

pEal]
2411 ,5718

a5

a0

85
2115.5144

80

45 50 [=1e] 65 7o 75
2096, 7158 2264 ,1440
= 2414.6533 MEAM WALUE

MAHIMUM WALUE

30 35 40
PRESSURE YALLUES
1785, 0027

25

20
1929, 2881

MIMIMUM WALUE

10

5

BIM 1
1788,.1572

FREQUEMCY:

ERFEEFRERXRERE RN XX E

i

i
ERFEEFRERXERERRRRE

18
iz
16
15
14
13
1z

HEe MO EW N
o

100
3.1413

895

2.6390

a0

75
2.8v799

o
MERM WALUE

S.1464

55

50
2.618%

45
MAXIHUM YALUE

FLOW “ALUES

265 Z0
2.3572
2.1010

20

MINIMUM “YALUE

1
2,102

EBIN

(LEOC)

I=Ehya
-2t

At

T
3

=0
_§ﬁ
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FREQUENCY

* 1
1
1 I
1 I
1 I
I1 I
II1 I
I 11 1 I
II I1 1 I 1
II 11 1 I 11
IIIr 11 I1 I 11
TIIIIIT I I 11
TIIIIIIT I I 1II
TIIIIT I I 11

IINIII I T IIDIT 11

IITITIID IT DI IT II

IITITIND IT IINT IT 11

IITITIID IT IITITIT III

TITITIIT IT IINITIT III

IT IITITIIIT IT ITITIND III1

ITITITITITITITIIIINIIND I11
I ITITITITIIITIINILINIINL ITIT I II
ITITITITITITITITITIINIIND ITIIT T 11
I T ITIIIIITITIIIIITINIINNINIT IITITIT I
I T 1 ITNIITIITITIIITITITIIITITIIICIOITIOND 11

ITT T ITITIIITITIIIIITINIIINTIINNIIININININT I 1

IIT T ITTITIITIITITIITTINIOIIITITIOIIINIOIT IITD I
I IIT T ITITTIITITIIIIITINIINITIIINIIITIINNINIIININNI
I T ITIIITIIIILIIIIIIIIIITINIINNIIIIIINIIINIINIININIINI
I T ITIIITITNIITIITINIITIITIIITONTIIIIINTIINITIINIIIINN
I
I

I
TITITIITIITITIITITIIIINITIITIONIIIIIINIIIIITNIIINIINIIL 1
1 TITITIITIITITIITIITIINITITITIONIITITIOTIITITITITIIINNIIT 1
I T Il IIITIIIIIIIIIITIITIINNITITIDIIINTIITIIIIINIIINIIIIIIIIINNINL I
T 10 T IITIIITITITITITITONITTIITITITIIITITINIITIITIIDITIIIIININNIIT T 1 II
T 1T IITITIIIIIIIIIIIIITINNILIDIINIIIIITINIIIIIIITINLITINININIINNINI D I 1 II I
11 IIT TITITIDITITITITITITITITITITITITIIIIITITIIDTITITINIDTITITININNINNIIINL 1 IT IITII I I

ar
£
3h
24
33
32
al
30
29
28
27
2B
20
24
23
22
21
20
149
18
17
18
1h
14
13
12
11
10
9
a
T
3
o
4
K
2
1 I IT IIIIIITIINIIIINILNITIIINIINITICINITICIITININIIIINIITIINIIINIIIINNIIINIIILINNY IIIT ITIIIL IT II

W O E K E N E N N N X KN NN EENNNENENNEEENNENKENNEN
—_

3 O E K K N E N I E E E X E X E N XK EEENEENENENKNNXNEKXE

BINW 1 5 10 15 20 25 30 3% 40 45 50 55 B0 B V0 Y5 80 85 30 35 100
-0,1932 -0,1179 -0, 0833 0,0614 0,1360

ERROR VALUES
HINIMUM VALLE = -0,2009  MAXIMUM WALUE = 0,1377  MEAM WALUE = -0,0333

SUMMARY OF STATISTICS FOR ¢ X{IX,I1=1, 10903

MUMEER OF DATA POINTS = 1090

HEAM = -, 5389346600E-01
STAMDART DEWIATION = 0,5628369210E-01
HEDIIAM = -, 3642448783E-01
STAMDARD SKEMMESS = 0, 1424100366
STAMDART KURTOSIS = 2,964877129

I PRIME STATISTIC = 10145, 90033

OME-SIDED 95495 LOWER TOLERAMCE LIMITS FOR X
MORMAL LIMIT = BAR - K#STODEY (WHERE K = 1,724}
HOWPARAMETRIC LIMIT = ¥{ 43 IS5 -,1334860325

-, 1309301772

OME-SIDED 95495 UPPER TOLERAMCE LIMITS FOR X
MORMAL LIMIT = BAR + K#STODEY (WHERE K = 1,724} = 0,6314824522E-01
HOWPARAMETRIC LIMIT = ¥{10423 IS 0,6701731286E-01

RESILTS OF THE D PRIME MORMALITY TEST:
SAMPLE SATISFIES DPRIME TEST AT PUBLISHED PROBABILITY LEVELS

#ickik THIS DOES WOT IMPLY MORMALITY sk
(SEE AMSI STD M15.15-1574, OR APPEWDIX B OF WW-FE-02003
THE DPRIME STATISTIC FOR PROB = 0050 I3 1005722852
THE TIPRIME STATISTIC FOR PROE = ,93%0 IS 10225, 53277
THE DIPRIME STATISTIC FOR THIS SAMPLE OF SIZE 1090 = 1014%,90023
AMD CORRESPONDS TO A PROBABILITY OF 44210

BASED UPOM IMPUT DPRIME STATISTIC RAMGES SAMPLE IS JUDGED TO BE; MORMAL

I3 C24 CPCS DNB-OPM 9%+ stE# X % 374 Z(SBOC)
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FREQUENCY

o I

] I I

34 % I I

33 % I I

32 % 1 I I

3% I 1III II

30 # I III 11

29 % I 1III II

28 % I III1T 1II I

27 o I I I II I

26 # I IIITIT I I I

20 IT IIIITIT III I I

24 # ITITIIITIIT IIT 1 1 I

22 % ITTITIIINIID IIT ID 1 I

22 % ITIITITINIID IIT 11 1 I

21 % ITTITIIIIIIININDL IT 1 I

20 % T I IIITITITITITIINT IIIIL I

19 # I T T IITITIIIITIINIIINN IIIIND I II

18 * I I 1T I ITTIITITITITIIND TITIOD ITIT

17 # I I ITITITITITIIITIIIIINN IIIINT IIII

16 * I T D ITITIIIIIIITIIITITITINIIONLND ITIT

15 # I I I ITIIIIIIIIIIINIIIIIINIINIINN IIII

14 * I11 1 T ITIIIIIIIIIIINIIIIIINIINNNNN IIII

13 # IT1 IIT ITTITIIITITITITIIITINITIIINNIIINIL 1

12 % I11 IIT ITTITIITIIIITITIIIINININIILNNNINIL 1

11 # IT1 IIT ITTITIOTTITITITIIITINITIIINNIINIT 1

10 * I IT1 ITIIIITIIINIIIIIINIIIITINITIIINININIIINT I 1

9 % ITT ITT ITITITITITITIINITITINIIINITININIINNIINIT T 1

g % IITT IT1 ITITITIIITITIIIIINIIDITIITIILINNINNNINIT I 11 1

7% IITITITD TTITITITITITIIITITITIIDTITIINIININNINIITL I IIT I

B * IITITITT ITITITIIITITIIIIINIILIIIITINIINNININININIT IIT1 1

5 % I IITITITITITIOIIITIIITITITINITITIONIITITINITINLONNIIT IIND T 1 I

4 % I IIIIIIIIINIIIIINITITIIIIITITINIINTIINITINIINNINIINT ITIIT I I T II 1
3 % I I IT ITITIIIIIIIIINITIDIIINIIITIINIIIITINIIIIIINIIIIIINININIIININL I I I IIII
2 %] ITITIT TTTITTIITITIITIITITIITIOITITIINIITITINIIIIITITIIITINIINIININL T I 1 TIIII
1 %I ITITIIIT IIT I 1 1

I ITITIITIITITIIITITITITIITITIIIIITTITIITITINICITIIIIINITIINIITININIININL IIII

O X N N O N E N X X E N X N X E X K N X E E N N E R E X E N E NN NN E X

BIN 1 & 10 1h 20 25 30 35 40 45 &) B BO BR  F0 Y5 80 85 90 5% 100
-0,2061 -0,1208 -0, 0320 0,0863 00,1458

ERROR YALUES
MIMIMUM YALUE = -0,2079  MAXIMUM VALLE = 0,1475  MEAM VALUE = -0,0433

SUMMARY OF STATISTICS FOR ¢ W(IX, I=1, 1094

MUMEER OF DATA POINTS 1034

HEAM = -,.4381610081E-01
STAMDART DEYIATION = 0,5606432360E-01
HEDIIAM = -, 4608067870E-01
STAMDARD SKEWMESS = 0,1245642300
STAMDART KURTOSIS = 3,035912752
I PRIME STATISTIC = 10187,15332

OME-SIDED 95795 LOWER TOLERAMCE LIMITS FOR X
MORMAL LIMIT = XBAR - k#STODEY (WHERE K = 1,724} = -,1413329989
HOWPARAMETRIC LIMIT = ¥{ 43} IS -,1401312947
OME-SIDED 95/95 LPPER TOLERAMCE LIMITS FOR X

MORMAL LIMIT = ¥BAR + K#STDDEY (WHERE Kk = 1,724} = 0,5370080033E-01
HOWPARAMETRIC LIMIT = ¥{1052} IS 0,5813550343E-01

RESILTS OF THE T' PRIME MORMALITY TEST:
SAMPLE SATISFIES DPRIME TEST AT PUBLISHED PROBABILITY LEVELS

sk THIS DOES MOT IMPLY MORMALITY sk
(SEE AMSI STD M15,15-1374, OR APPEMDIX B OF WW-FE-02003
THE TIPRIME STATISTIC FOR PROE = 0050 IS 10112,83301
THE DIPRIME STATISTIC FOR PROE = .9350 IS 10221,81445
THE DPRIME STATISTIC FOR THIS SAMPLE OF SIZE 1094 = 10187,15332
AMD CORRESPOMDS TO A PROBABILITY OF 28083

BASED UPOM IMPUT DPRIME STATISTIC RAWGES SAMPLE IS JUDGED TO BE: MORMAL

% C25 CPCS DNB-OPM 2.2+ gt&+3% % A4 ZFHLBOC)
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FREQUENCY

32 0% I *
E ] I 1 I *
i ox I1 1 I *
29 % IT 1 1 I #*
28 % IT 1 1 I #*
27 ITTI1I 1 I 1 L]
26 % IMMIIi 1 1101 L]
25 IIT ITIT T IIID IT I *
24 % IIT ITIT T ITID IT 1 *
23 % TITITIITIOND ITID IT I *
22 % [ IITIIIITIIID IIIIIIN I *
21 # [ IITIIIITITIITIIIIINIII *
20 % [ IITIIIITITIITIIIIINIII I *
19 # [ IITIIIITITIITIIIIINIII I *
18 * IT ITTITITIIIIIIINIIININIIIL I *
17 # IT ITTITITIIIIIIINIIININIIIL I'1 #*
16 * IT ITITIIIINIITINIINNNIIIT  II1 #*
15 = T ID IITIITITIIIITINIITINNIINND IIT 1 L]
14 = I IITD IITIITITIIIITINIITINIINND IIT 1 *
13 » I IITD IITIITITIIIITIIIITINIININIIIT 1 *
12 * I T IITT TIITITINNLITINLIITININIINININT I ¥
11 # 1T T IITIITITTITITIIIITITIIITIIIITNNIIIT T 11 ¥
10 * IT TTTITTITITIITITINIITIIIITINIITNNIIIT T 11 ¥
9 % IT TTTITTITITTITITINIITIIIITINIIINIIIIT T 11 *
g % I TITIIITIITITIIIIIINTIITINIIIINIINININNNT I I1 *
T o# I TITIIITIITIIIIIIINNTITINIITINIIIITINIINNI I1 ®
E ® I IITIIIIIIITIIIIIIIIIIINNIIIIIIIIINIIIININNIINI *
LTI ] I IITITIIIIITIIIIIIIITIINNIIIIILIINIIIIININNINNI 1 *
4 & I IIITIITIITIIIIIIIIIIININDITITIIIIIIITININIIIINILIINT III I *
E I IITITITIITITIIINIIIIINNIDITITIIINNIIITININIINITIININNNINNII I I II *
2 % T IITITITIITIITITINILIITNIITINNLITINIITINIITITIIIITINIININIININIL  IIII *
1 #I IITITIITIIIITIITITINIITINIIIINNIITINIITINIIIINIIIINIIIININIININIL I IIIIT 1 II *
BIW £ & 1o 15 2 25 30 3 40 45 GBo GBS B0 BS YO VY5 80 85 30 44
-0,2361 -i,1423 =i, 0445 00531 0, 1507
ERROR WALUES
HINIMUM YALUE = —0,2380  HAKIMUM YALLE = 0,1527  HEAN WALLE = 00777

SUMMARY OF STATISTICS FOR € H{I3,I1=1, 948

NUMBER OF DATA POINTS = 348

HEAN 2 -, 77RBE024A3E-01

STANDARD DEWIATION = 0,5338343233E-01

HETTAN 2 -, 7973131537E-01

STANDARD SKEWMESS = 0, 3041309585

STANDARD KURTOSIS = 3,253437757

D PRIME STATISTIC = 8204, 376953

ONE-SIDED 95/95 LOMER TOLERGNCE LIMITS FOR X

NORMAL LIMIT = ¥BAR - KXSTODEW ¢WHERE K = 1,730) = - 1700083613

NOMPARAMETRIC LIMIT = ¥¢ 37) 15 -,1646141410

ONE-STDED 95/55 LPPER TOLERANCE LIMITS FOR ¥

MORMAL LIMIT = XBAR + K¥STIDEW ¢WHERE K = 1,730) = 0,1469931514E-01

NONPARAMETRIC LTHIT = ¥¢ 512) 15 0,1962244511F-01

RESULTS OF THE D PRIME MORMALITY TEST:

SAMPLE SATISFIES DPRIME TEST AT PUBLISHED PROBABILITY LEVELS

bkt THIS DOES NOT THPLY NORMALTTY ek

{SEE ANSI STD MI5,15-1974, OR APPENDIX B OF W-FE-0200}

THE DPRIME STATISTIC FOR FROB = L0050 15 8151,014355

THE DPRIME STATISTIC FOR PROB = ,9950 15 8297,642573

THE IPRIHE STATISTIC FOR THIS SAMPLE OF SIZE S48 = 8204,376953

AND CORRESPONDS TO A PROBABILITY OF 16618
BASED UPON INPUT DPRIME STATISTIC RAMGES SAMPLE 1S JUDGED TO BE: INDETERMINATE
a9 C26 CPCS DNB-OPM 2.# &&# X % FAFILMOC)
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FREULENCY
33 %

1
1

=
w0
% E K K E N E N E N N EE N N EEENRNENENNENENENEEENNENEKREXN

IT11 1
Il ITITITD I
I IT'T IIIIIIDII
I 1 IIIT IITITIIIIL
T IITIIIT IIIIIIININ I
IT ITITITITITITIIIIIT 1 I
IT ITIITTITITINITIINT T T 1
IT ITITITITITITITIINT IIT I
I
I

[ ]
[EepEyE——

I
I
I
I
I
I ITITITITITIIIIINIIININL I1I
I ITITITIIIIIIIIIIIIIIININII
I ITITTIITITIINNIIINIINIINIL 1 1
I ITITITIIITIIIIIIIIIINIININ IIIII
I ITITTTITITIIIIIIIIIIIIINND ITIOT I
I ITITITIIIIIIIIIIITINIIIINIIINIINIII
I ITITITITITIIIIIIIITIINITIINNIONIIL T 1
I ITITITITITITIIIIITIINNIINIINIINNIIL I 1
I ITITITITITIIITIIITIINIITITINIIONIIL IT 1
T 11 ITIITIINIIIIIIITITINIIINIINIIINIIN IIINI
T IITIITTITITIITIITIIIITTITIITIITITIONIITIIONI

T ITTIITIITIINIIIIIIINIITIINIIINIITITINIIINIINNI

T IITITITITITITITITITITITITITNTITITINNTIIIINNL I

ITITITITITITINITITTITIITOTIIIINITIOTIIINIINNIINNNINIT 1 11

I T T IINITIITITITITITIOIIITITINITITITINIIITITINIIINIINIIT 1 11
IIT ITITIIITIIIIIIIIIIIINNIINIIINIIIIITINIIINITINIINIIIIIIINIIINL II IT 1

I
I
I
I
I

I

LR R EEEEREREEERENEEENENERXESEERZEIENEEZZEREJENSNEREEEREEESESE]

BIN 1
-0.2472

5 1 415 20 25 30 3% 40 45 50 55 60 6% VO 7S &0 85 30

-0,1347 -0,017% 0,0337
ERROR VALUES

MIMIMUM YALUE = =0,2495  MAXIMUM YALUE = 0,2192  MEAM WALLE = =0,0759

SUMMARY OF STATISTICS FOR ¢ X(IX, I=1, G363

MUMEER OF DATA POIMTS 236

HEAM = -, 7992574603E-01
STAMDART DEYIATION = 0,E0R0E14803E-01
HEDIIAM = -, 7813506526E-01
STAMDARD SKEWMESS = 0,4234851201
STAMDART KURTOSIS = 2,824030481
I PRIME STATISTIC = E746,046387

OME-SIDED 95/95 LOWER TOLERAWCE LIMITS FOR X
MORMAL LIMIT = XBAR - K#STDDEY (WHERE K = 1,738} = -,1810814142
HOWPARAMETRIC LIMIT = ¢ 323 IS -,1723284721

OME-SIDED 9595 LPPER TOLERAMCE LIMITS FOR A
MORMAL LIMIT = XBAR + K#STODEY {(WHERE K = 1,735 = 0,2322192361E-01
MHOMPARAMETRIC LIMIT = ®¢ 8053 IS 0,3336441517E-01

RESILTS OF THE I PRIME MWORMALITY TEST:
SAMPLE SATISFIES DPRIME TEST AT PUBLISHED PROEABILITY LEWELS

#kik THIS DOES MOT IMPLY MORMALITY sk
{SEE AMSI STD M15,15%-1974, OR APPEMDIX B OF YWY-FE-02003
THE TIPRIME STATISTIC FOR PROB = 0050 IS G6745,252441
THE DIPRIME STATISTIC FOR PROB = .9350 IS G874,378306

THE DPRIME STATISTIC FOR THIS SAMPLE OF SIZE 836 = G6746,046387
AMD CORRESPOMDS TO A PROBABILITY OF 005383

BASED UPOM IMPUT DPRIME STATISTIC RAMGES SAMPLE IS JULGED TO BE: NOT MORMAL

35

100
0,2163

% C27 CPCS DNB-OPM 2.xF st % ZA ZFHLEOC)

- 111 -



FRECLEMCY

3E I

T I

34 % I

EE I

32 % I

3 % I 1

30 % II 1

29 % II I 1

28 = IIT 11 1

27 0% IITIT 11 1

26 I IT I T1I 11

2 % IIIT IT I T1I II

24 IITIIIT 1T I IIIT 11

23 % I IITIIINIID I IIID I

22 % IT IITITITIIT IITIID 11

21 % IT IITITITIIT TITIINT I1

20 % IT TITITITIIND IITIIIILII

19 * IT TITITITIINT TITIITIIIT

18 * I IT TITITITITIITINTINIIIN

17 * IT IT ITITITITITITITITIIOINT I

16 * I IT ITTIIITINNIINIINIININNININITI T I1

15 = I IT INTITITINNTITINININININIT T TI1

14 * I T IIITITIIIIIIIIIINNINIINIINNY I IIT I I

13 = I T IITIITIITITIOITIDIDITINIIINIIINIII I D 1

12 % I IT IITTITIIIIIIITIINIITIINIIINNINNINNNT T 1

11 * IIT IT IITIITIITITINITIIIINIIIIIINIIIIIINNNNNL I

10 * TITITIT TITITITITITITITIIITITITIIITINITITNNINNIID 1

9 * ITTITIITTITITINTITITITNTIIIIINIIIITTITIINIININIININ 11

g * ITIITIITITTITIONTITITIOITITITITITITITITIIITTITITIIIIINII

7ox 1 ITTIIIITITITITIOTTIIITINIIIIITITIIIIINITNITINNITNIIIINII

B * T 10 ITITITITITITITITITIIITITIITIITINITITINTIIIITITINIIINNINL 1

5 % I TITD ITITITITITIIITINITIIITITITDITIIIIITINNIIINITIIIINIINNINL I I
4 % I T IIIT ITITNITITITTIITOTIITIINIOTIITIINITITITINIIITITITITIIINIIIT I I
3 % I I ITTIITIIIIITITINTIITITNNITITINNIITIIDIIINTIIIIIINITINIIIIININIINNINL ITI I11
2 % IT IITIITTITITITITITIIITITITINITIIDINTIIITDIIITIDTITIINIDIITITIINTINIILINNT ITIT ITI 1 1
1 I I IIT IITIITIIIITIIININIIINTININININIIININTIIIIIIITINIINIINIITIIINIIIIIIIIIINIIINIIIIIIININNIT IIIII

W E K E N N K N E EEE K NN ENENEEFENNEEENRNENKENEKENNEE

BIN 1 5 10 15 20 25 30 3% 40 45 50 55 B0 BS V0 YR 80 85 30 535 100
-0,2089 -0,1259 -0,0426 0,0407 0,1240

ERROR YALLES

MIMIMUM WALLE = =0,2076  MAXIMUM WALUE = 0,1257  MEAM WALLE = =0,0418

SUMMARY OF STATISTICS FOR & XeId,I=1, 1050}

MUMEER OF DATA POINTS = 1090

HEAM = - 4179532453E-01
STAMDART DEWIATION = 0, 5585026368E-01
HEDIIAM = = A44B57E0121E-01
STAMDARD SKEMMESS = 0,1236001120
STAMDARD KURTOSIS = 2,967330623

I PRIME STATISTIC = 10144, 11035

OME-SIDED 9595 LOWER TOLERAMCE LIMITS FOR ¥
MORMAL LIMIT = XBAR - K#STODEV (WHERE K = 1.724) = -,1320811721
MOMPARAMETRIC LIMIT = ®{ 43) IS -,139%80B670

OME-SIDED 9595 UUPPER TOLERAMCE LIMITS FOR ¥

MORMAL LIMIT = XBAR + K#STODEV (WHERE K = 1,724} = 0,5443053273E-01
HOMPARAMETRIC LIMIT = ¥{1048 IS 0,5841352365E-01

RESILTS OF THE D PRIME MORMALITY TEST:
SAMPLE SATISFIES DPRIME TEST AT PUBLISHED PROBRBILITY LEWELS

sk THIS DOES MOT IMPLY MORMALITY sedskss
{SEE AMSI STD N19,15-1374, ORF APPEMDIX B OF WY-FE-02003
THE DIPRIME STATISTIC FOR PROE = 0050 IS 10057,22852
THE TIPRIME STATISTIC FOR PROE = ,93%0 IS 10225, 53277
THE DIPRIME STATISTIC FOR THIS SAMPLE OF SIZE 1090 = 10144,11035
AMD CORRESPOMDS TO A PROBABILITY OF 42082

BASED UPOM IMPUT DPRIME STATISTIC RAMGES SAMPLE IS JUDGED TO BE; MORMAL

% C28 RCOPS DNB-OPM &4 &&# ¥ 2 54 F(SBOC)

e
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FRECUEMCY

ITITITITITITIIIINTTITIINIITNIINIIIIIINN I
ITTTITTITIITINTITITITININITINITITITIIINL 11
ITT IIITITIITIOTTITITIOIIITITITIIITITITIIININL ITI
ITIT ITITIITITINIIIIIINITIIIINTIIIIITIIIIINININL ITII
I ITT ITITITTIIIITTITITTITITITINITITITITITIIINITIININT 1
I IT1 ITIIIITIIIIIIIIIITITIINIINITIIITINIIIIININIININT I
I II' T IIT ITTITIITIITITTIIINTTITITTITIITINTIIINITIOIIIIONN I 11
I IIIT IIT ITIIIIIIIITITINNINIIINIINIITIINIIINIIIIITIIINIINNL III  III
IT IIIIT TITTITTITIIIICTITTIIIOTTITIINIITITITINTINIITITITIIONNIINIID I11 1
ITITITIIT ITITIITIITINIIIIIIINIIIIIIIINIIIIIINITIIIIINIIINIIIIIINIINIINTI I I I

39 % I1
38 % 11
ETA ] IT1
I % I11 1
] IT11 1
34 % I11 1
33 % ITT1 I 11
32 % IT11 I 11
Il * IIT 111 I 11
30 % ITIIT 1 1 11
29 % ITIIIIT I 1 11
28 % ITTIIIT T 1 11
27 % ITIIIIT I IT 11
26 % ITTITIT T IT I11
25 % TITIITIIT T IT I11
24 % TITITITIT T IITIID I
23 % I TITITTIITIIIIIINII T 1
22 % I TITTITITTIITITIIINIT 1
21 % I TITIIITITIIINININININL IT I
20 I IITIITIITITIITIININIIL IT I 1
19 % I IITITIIITITIILIIIIININL IIID I
18 % ITITITITITITITIIIIINIIIIN ITIIL 1
17 % ITITITITITITITIIIIIIIININ IIIIL 1
16 * IT IIITITIIITITIIIIINITIIIINNNNINL I
15 * IIT ITITITIIIIITIIIIINITINIINNNNINL I
14 % 1 IIT ITITITITITITIIININITININNINNIINL I
13 % T T ITITITITITITITITITIIITITINIIITINIIIIIL
12 % T T IIITIIITITIIIIITITIIIIITINITITININIII
11 * T IIITITITITITIIITITINIIINITINIINININIILIL I
* 1
* 1
*
*
*
*
*
*
*
*

O O X E N N N I N N E X E K E E X N NN K ENENEEIENNENENENKENXN

BIW 1 5 10 15 20 25 30 35 40 45 50 55 60 GBS T FH 80 8% 30 95 100
-0,2538 -0,1533 -0,0519 00361 0,1240

ERROR WALLES

MIMIMUM VALUE = =0,2803  MARIMUM VALUE = 0,1353  HEAW VALLE = =0,0503

SUMMARY OF STATISTICS FOR ¢ W{IX, I=1, 10952

MUMEER OF DATA POINTS = 1095
HEAM -, 002643E537E-01

STANDART DEVIATION = 0,5487003135E-01
MEDIIAM = -, 0227267 742E-01
STAMDART SKEWMESS = 0,1191643470E-02
STAMDART KURTOSIS = 2,107585192
I PRIME STATISTIC = 10201,51953

OME-SIDED 9595 LOWER TOLERAWCE LIMITS FOR X
MORMAL LIMIT = XEAR - K#STOLEY (WHERE K = 1,723} = - 1448056357
MOMPARAMETRIC LIMIT = ®{ 43» IS -,1462832683

OME-SIDED 9595 LUPPER TOLERAWCE LIMITS FOR X
MORMAL LIMIT = XEAR + K#STODEY {WHERE Kk = 1,723} = 0,4427620373E-01
MOMPARAMETRIC LIMIT = ®{1053) IS 0,4558301651E-01

RESILTS OF THE D' PRIME MORMALITY TEST:
SAMPLE SATISFIES DPRIME TEST AT PUBLISHED PROBABILITY LEVELS

#ickik THIS DOES WOT IMPLY MORMALITY st
(SEE AMSI STD M1%,15-1574, OR APPEMDIX B OF WW-FE-02003
THE DPRIME STATISTIC FOR PROB = 0050 IS 10426,75000
THE DIPRIME STATISTIC FOR PROE = ,3350 IS 10235,83574

THE DPRIME STATISTIC FOR THIS SAMPLE OF SIZE 1095 = 10201,51953
AMD CORRESPOMDS TO A PROBABILITY OF 28462

BASED UPOM IMPUT DPRIME STATISTIC RAMGES SAMPLE IS JUDGED TO BE; MORMAL

19 C29 RCOPS DNB-OPM 2.4} gEw32 % FA ZFH(LBOC)
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FREQUENCY

ITITITITITITINITIITIITITIIINTIIITIINNITIT 111
ITITITITIIIITIINIIITITIIINTIIIIINNTINIINNIL I 1
TITITIITIITITITTTITITITITITIONITIITITITNIINIT T 1
TITITIIIIITITITITIIITITIIITINIINIITITITNIININNL I I
I D ITTTITITITIIDIITITIIITINNITIITINNINIIITIIINIINL I II
IT IITITIITTITITIITIITITIINTINIITINTINIIINIINNIINIINL IT III
IT IITITTITIITIITIDTITIITIITITIITIITITIINITITITINIIIT TITITIII
I IIIIIITIIIIIIIIIININITININNITINIINIIIININNIIIITINIIIIIINIIIIINIININI
I II T IITD IIITIDITIIITIITIIIINITIIIIININTIIINITTITINNINDITINNIITIIITIININIINNNN I II I

e P OO e 0D

33 % 11 I
32 % 11 I
3 o# 11 I
30 11 I
2 % IT 1 I
28 * IT 11 I
27 o IIIT 11 I
26 * III1 I 1 1
2% IITII I11 Il
24 * LITIIIINTTD 11
23 % IITIITIINIT IT1
22 1 [ ITTIIND IIIT IT IIIOD 1
21 % 1 [ IITIIT IIIT ITITIIINN I
20 % 1 I ITIIIT IIIT IIITININN I
19 # T IIITIITITIIITITINNIININN I
18 * T IIIIIIITITIIIIININNIININN I
17 % I T IITIITIITIIIIIIIIINNIININN T I
16 * I T IITITIIIIIIIIIIIINNIINNIN I I
1h # I T IITIITIITIITITIININITIINIINIT I1
14 * IIT ITITITIIIIIIITIIIINNIINIINNT I1
13 % IIT ITTIITIITITTITIININNIINIINIT I1
12 % IIT ITITITIIIIIIITINIINNIINIINNT I1
11 % ITTITIITITIITIITITIIIINTIITIINNIIIL I
10 * I ITITITIIITIIIIIIITIIIINIIINIINNIIND I
#*
*
#*
*
#*
*
*
*
*

% O X E N O N E N X N E N E N N N X N N X E N EE X NN ENENE

BIN 1 & 10 15 20 2% 30 3 40 45 B0 G B0 EBR YO YR B0 85 30 9% 100
—0, 2580 -0,1613 -0, 0605 0.,0403 0,1410

ERROR VALLES
HINIMUM WALUE = -0,2600  WAKIMUM VALLUE = 0,1430  MEAM VALLE = -0,0738

SUMMARY OF STATISTICS FOR ¢ X(IM,I=1, 948

NUMBER OF LATA POIMWTS 948

HMEAM = -, 7377183308E-01
STANDARD DEWIATIOM = 0, 565051 9207E-01
MEDIAM = -, 8228319833E-01
STAMDARD SKEWMESS = 0, 2086289227
STAMDARD KURTOSIS = 3,108313306
[ PRIME STATISTIC = 8217514648

OME-SIDED 395/95 LOWER TOLERAWCE LIMITS FOR X
NORMAL LIMIT = XEAR - K#STDDEY (MHERE K = 1,730) = -,1775258183
NOWPARAMETRIC LIMIT = X 37 IS -,17367357ES
OME-SIDED 35/95 UPPER TOLERAWCE LIMITS FOR X

MORMAL LIMIT = HBAR + K#STODEV (MHERE K = 1,730 = 0,1738214763E-01
NOWPARAMETRIC LIMIT = X{ 912% IS 0,2620023443E-01

RESULTS OF THE D PRIME MWORMALITY TEST:
SAMPLE SATISFIES DPRIME TEST AT PUELISHED PROEABILITY LEWELS

sk THIS DOES MOT IMPLY MORMALITY ek
{SEE ANSI STD M15.15-1974, OR APPEWDIX B OF WW-FE-02003
THE DPRIME STATISTIC FOR PROE = 0060 IS 8151.214355
THE DPRIME STATISTIC FOR PROB = 3300 IS 8297,642573
THE DPRIME STATISTIC FOR THIS SAMPLE OF SIZE 948 = 8217.514E43
AMD CORRESPOMDS TO A PROBABILITY OF 29600

BASED UPON IMPUT DPRIME STATISTIC RAMGES SAMPLE IS JUDGED TO BE: MORMAL

19 C30 RCOPS DNB-OPM 2.4+ &&#32 % F A FHILMOC)
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FRECUENCY

32k 1 L]
ExR I *
U 1 1 #*
29 * 1 1 *
28 % 1 I 1 ®
27Ok 1 I 1 ]
26 # 1 I II 1 *
Nk 1 III1 11 I 1 ]
24 % I I IIIIIIII II1 *
ERE I I IIIIIIII II 1 L]
22 0% I IT IIITIIT IIT IT 1 *
A I II ITITIINLIND IT 11 L]
20 * I IT IIITIIITIND IIIT I T I *
19 % I II ITITIINIINIT ITITI I DI ®
18 * IT ITITITIIITIINIIIIIIIININIT I *
17 * IT ITIITITIITIITITIINIININNL I ®
16 * IT ITIITITIINIITINIINIININIL I ]
N IT ITIITITIITIITITIINIININIL I *
14 * IIT ITITITTINIITITIINIININNL I L]
13 # I IIIT IITDITITIITIITINNININIINIL I *
12 & I ITIIT IITIITITLITIITINNININNINIL II L]
11 = I ITIIT ITITITIITIIIITINNIINIINININ II *
10 % I ITITITIIIIITINIITIITINIININIINIINIT *
9 x I ITITITITITIIIITIIIITIIINIININIININNT I *
oo T IITTITITIITIITINIITIITINIITINIINIINIT I #*
7o IT ITITITITIITILITTIIINIINIINIITITINININIT I 1 *
E % IT ITIITITIITIITITIINIITITIINIITINNILNNN I 1 ®
5o ITTITIITITTINIINITIINIININIINIITINNININN I 11 *
4 % ITTITIITIITITIITITIINIIDITIINIINITNINNININL III1 1 *
3o TITIITITIITIITINIINITTINIITITIINIININIININNINL IIIII I *
2 % I IT ITIIIITIIITINITTIIINNIDITIINITININIIINITINNIININNIINIT I I I 1 *
1 #I T 0 IITIITIITITTINCITITLIINCITINIITIITINIITIITIINIINITIINLININ IILT IIII 1 I #
BIN 1 & 10 15 20 25 30 3% 40 45 50 Bn B0 BH Y0 F5 B0 85 90 95 100
-0,2303 -0,1745 -0,0638 0,0BES 0,1874
ERROR WALLES
HINIMUM WALUE = -0,2327  MAXIMUH WALLE = 0,139 MEAN WALLE = -0,0734
SUMMARY OF STATISTICS FOR O #(I3,1=1, 8323
MWUMBER OF DATA POIMTS = a3z
HEAN = -, 7940246003E-01
STAMDARD DEVIATION = 0,B071220711E-01
HEDTAN = - BI7ELT7O91E-01
STAMDARD SKEWMESS = 0,2094034753
STANDARD KURTOSIS = 2,319668292
0l PRIME STATISTIC = B750,507617
OWE-SIDED 9595 LOWER TOLERAMCE LIMITS FOR X
HORMAL LIMIT = %BAR - K#STODEW {WHERE K = 1,730} = -, 1847351427
MOWPARAMETRIC LIMIT = ®{ 323 IS -,1734072386
OWE-SITED 9535 UPPER TOLERAMCE LIMITS FOR X
HORMAL LIMIT = XBAR + K*STODEW <WHERE K = 1,738 = 0,2593223006E-01
MWOWPARAMETRIC LIMIT = ®{ 8013 IS 0,330h4310983E-01
RESULTS OF THE D PRIME MORMALITY TEST:
SAMPLE SATISFIES DPRIME TEST AT PUELISHED PROBABILITY LEWELS
#xwk THIS DOES WOT IMPLY NORMALITY sk
¢SEE AMSI 5TD N15.15-15974, OR APPEMDIX B OF WW-FE-02003
THE DPRIME STATISTIC FOR PROE = .00B0 IS EBR9E, 703125
THE DPRIME STATISTIC FOR PROE = .3950 IS BE2G,211426
THE DIPRIME STATISTIC FOR THIS SAMPLE OF SIZE 832 = E750,557E17
AWD CORRESPONDS TO A PROBAREILITY OF 23611
BASED UPOM INPUT DPRIME STATISTIC RANGES SAMPLE IS JUDGED TO BE: INDETERMINATE
19 C31 RCOPS DNB-OPM 2.z gt&#x 2 F A =(LEOC)
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B

C10 RCOPS¢} CPCS MDNBR(s%l 435.7] 10

a7

1)

AT SBOC LBOC LMOC LEOC
CPCS 2.3651 2.3703 2.9367 2.5165
RCOPS 2.3748 2.3801 2.0452 2.5429
MDNBR
+0.4% +0.4% +0.3% +1.0%
3L
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