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The RELAPL/MOD6/UL/J3 code is the latest version of RELAP4L/MODE/
Updateld improved in JAERI. The major improvements and modifications
included in this version have been carried out aiming at small break
LOCA analysis and BWR-LOCA analysis after core spray initiation., For
example, a CCFL calculation model and a spray heat transfer model have
been added for BWR-LOCA analysis. Using these models, through calculation
from the beginning of blowdown to the end of reflood in BWR-LOCA was made
practicable. Furthermore, the analyses of operational transients of LWR
were facilitated greatly by an addition of a trip reset function.

In this report, the description of the improvements and modifications
included in this version, the input data description, and the results of

two sample problems are contained.

Keywords: PWR, BWR, LOCA, Small Break Analysis, Core Spray, CCFL,

Computer Code, Thermal-Hydraulic Analysis.

% Nuclear Power Engineering Test Center-Institute for Nuclear Safety,

Japan



JAERI - M 9394

RELAP4,/MOD6/U4.] 3
BWR (502 7 L — )R b & o 1 BRI ORI a AT
@t ® RELAP 4./ MOD 6 R i BRI

75 B 9 B 7 R e AR 4
o i » 50 30
A @ FEsa

(198142 K 6 5%3H)

RELAP4 /MOD6/ U4,/ ] 35— iz, RELAP4,/MOD 6/ Update 4 7 — FORBT &R
M®5ﬁf,ﬁ%ﬁbw&§mfﬁéoi@&ﬂﬁﬁ@ihéiﬁﬁ&&,%ﬁu,%mﬁmm
W%MMA%mﬁid,%%mﬂ@@umA%ﬁm%wrﬁ@z¢v~%ﬁﬁ¢®%mﬁ%ﬁ
DFBICITTE -1 b DTh Bo - AT, WEHEKEY D LOCARIFOHE, CCFLATRET
W%5Wﬁ,XTV“@EE%?Wﬁ,@éﬂiﬂfw%oCﬂ%®%?w%ﬁ5C&K$D%
%*ﬁ@?ﬁﬁMEA%W®4EﬁEﬁﬂ%Kﬁotoik,hUvT°Utvh%%@ﬁm
wkn, BIRBEELOBITEERICAE 1.

x%%%mﬂ,&E-%E@%%.ﬁtw%?wmﬁm,ﬁ%-ﬁmmmotkﬁ?-&wﬁ
B, B0+ v 7 UHBEOANEEROHANGENTY S,

¥ RTHTERR L vy —HERTeT



| 1.

i 2 .

3.

4.

5.

6.

JAERI—M 9394

CONTENTS
Introduction .......... st es e s s Nt el e aes e e nee st sasnan
Improvements for Small Break LOCA Analysis +.eececaceacnes
2.1 Modification of Single Mixture Level Calculation in
Vertically Stacked Volumes ....eveveirnrsinocanres enas
2.2 Modification of Vertical Slip Junction Model ..........

2.2,1 Modification of 5lip Velocity Calculation Method ......

2.2.2 Trip Contreol of Vertical Slip Junction Model ..........

2.3 Modification of Junction Enthalpy Smoothing ......... ceeane
Improvements for BWR-LOCA Analysis .....cieiivnens et .

3.1 Purpose and Abstract of Tmprovements ........... Cereasannes

3.2 Spray Heat Transfer Model ............ tessesrrerranaans
3.2.1 Heat Transfer Coefficients .....vivievveerennns, chra e

3.2.2 Assumption for Coolant Behavior along Clad Surface

during Core SPray  +.ceeeetesesaseavraseoncs ceraanen
3.2.3 C(Calculation about Liquid Film ........ Ceresaaerane
3.3 CCFL Calculation Model ....¢iviicunnn. Ceee e e
3.4 Bypass-Lower Plenum Leakage Model .......... e

3.5 Fission Product Decay Heat Calculation by (GE + 30)

Special Features in RELAP4/MOD6/U4/J3 .iviveieininnn, i

4,1 Trip Reset Option ....ceveeness e e e eae e

4.2 Change of Input about Bubble Index on Volume Data Cards ....

4,3 Trip Contrel Option of Volume Data Retrieval ..............

4.4 Addition of New Independent Variable of Leak Table ........

4.5 Fill Junction FEnthalpy Calculation Option ...ceees PR

4.6 Steam Condensation Heat Transfer Model and Adiabatic

Calculation Option ..seuveennn cessaeaenan Crrereasenaa

“ e

4,7 Addition of Changeable Data Cards upon Restart ............

Input Data Desgcription ........... s e s s arsesasaseinans
Sample Problems .....cev0c0an fecesarrarans Crrerrererar et
6.1 BWR Large Recirculationm Line Break .......... D,
6.,1.1 Introduction ....... e searsararr e e ranean PP
6.1.2 System Model and Assumptions ......eeccccca.nn Ches e eeann

6.1.3 Calculated Results ....vesevsoserannsansaansonssna .o

i

10
11
12

17
17
i7
17
18
i8

18
19

19

30
30
30
31
32



JAERI—M 9394

6.2 BWR Small Recirculation Line Break ...iesveseeccscsvareanss 47
6.2.1 INtroduCtion  vueeseseeseresssssnnoonaresssssassnnnnnans 47
6.2.2 System model and Assumptions ....eeeecscsseoscneransnas 47

6.2.3 Calculated Results e eraiereenreeraeneaceeraannenenas 48
Acknowledgement ........... AP /4
References ....... ceeaanaa S reerenrsareneas cavraet s ranan ceracenras D2

Appendix A Plotter Program; "PLT4CAL" ...iuieeiecceencnnsnnnses. 64



L
2.

TEF AEE et 1
PINTMT AT 0D F2 B ODTRLEL  wveevremeres somssenns e r it et b i
2.1 SEABICHEEB A S N/ BT TE—KEEHES 27000RE e 1
990 FEERY 3 TP T Ve YETIVDMIER e 3
221 R o FHEFEGEOEIE e 3
222 |ERY T I+ I Yz EFADLN ) y VESICILGEIE s 4
23 YerF s Iy IEDTEBDIHDUER 5
BWR*LOCAE@*&@)":%@&& .................................................................. 5
31 &E@E}g}&@fg ................................................................................. 5
32 AT L B Il e eeae et 6
300 1 BAEEREL  coeeeeeees e 6
322 HLATL—{FENTORBBEREIICET 227 L —KD
BEBIT BT BARGE  ovoverrererresressemeoseesses et DRUTORT 7
3923 FEEEDEBOIFEL e 8
33 COFL ZFEE T/ e e e 10
34 AR A A =TT L RTKTE T e 11
35 GFE+ 3010k AKABARPEEEEGTE 12
RELAP4 ./ MODS,/ U4 ./ ] 3 BEOMEHE oo 17
A1 Ry T oy FEEEE oo 17
42 HYa—0F—sDIBUB MAFIHIEDET s 17
43 FJa—bF-F U —TEIEOEY T YT F T EBEHE e 17
4.4 V) — 4 F e T IO ZEEL DB cooreeeee e e 18
45 T4l VeI ia DI YENEHEA T Y a YOWEBND e 18
46 HIEHERZEE - FEWBHREA T v a YOBIT oo 18
47 YRY — FEHZZERIREIL A TIOABNL oo 19
A S T m 7 QDB e e e 19
AR IUBHEE  coeeeeeoeeeeereeee e L 30
6.1 BWR ﬁ%ﬁ%ﬁd%ﬁﬁ&%ﬁ@*ﬁ .................................................................. 30
B 11 L LBOHT oeeoerererms st en it i e s a0
B. 1.2 ZFELE FUULERIE  rrrerreere et i 31
6. 13 ZFEEEEER e 39
6.2 BWR FUEEEE/IMENTBHT v 47
8. 21 Gi L/a@dc ....................................................................................... 47
B, 0.0 EFELE FULEARTE  cveveroereereteran e 47

JAERI—-M 9394



JAERI-M 9394

6,08 EPELFEID  wooeeoroeosrniniim e e 48
gt B eeres e 62
FRAL TR revereee e r e o 62
Bi5% 0o 4« 70755 SPLTACALT oo 64

vi



Table
Table
Table
Table
Table
Table
Table
Table
Table
Table

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig,
Fig.
Fig.
Fig.
Fig,

3.1
6.1
6.2
6.3
6.4
6.5
6.6
Al
A2
A3

3.3
6.1
6.2
6.3
6.4
6.5
6.6
6.7
6.8
6.9
6,10

JAERI—M 9394

LIST OF TABLES

Radioactive Decay Constants

Volume and Junction Identification for BWR Large Break
Major Events Summary for BWR Large Break

Input List for BWR Large Break

Volume and Junction Identification for BWR Small Break
Major Events Summary for BWR Small Break

Input List for BWR Small Break

Source List of Subroutine PLTCAL

Input List of PLT4CAL for Void Fraction Plot

JCL for PLT4CAL Program at JAERT

LIST OF FIGURES

Vapor-Mixture Layering in Vertically Stacked Valumes
Illustration for Vertical Slip Junction Model
Illustration of Spray Heat Transfer Model
Illustration of CCFL Calculation Model

Schematic of Reactor Assembly Showing the Leakage Flow Paths
Nodalization for BWR Large Break

Lower Plenum Pressure - BWR Large Break

Core Inlet Flow Rate - BWR Large Break

Mixture Level in Shroud - BWR Large Break

Clad Surface Temperature — BWR Large Break
Nodalization for BWR Small Break

Lower Plenum Pressure - BWR Small Break

Break Flow Rate - BWR Small Break

Mixture Level in Shroud - BWR Small Break

Clad Surface Temperature - BWR Small Break

Vil



JAERI-M 8354

1. Introduction

Many modifications and improvements of RELAP4/MOD5 and MOD6 have
been carried out in JAERT for the last several vyears.
Qur improved versions are
(a) RELAP4/MOD5/U2/31
{b) RELAP4/MOD6/U4/J1
{c} RELAP4/MOD6/U&4/T2
and our most latest improved version is
(d) RELAP4/MOD6/U4/J3
The code (a) is an improved version for small break LOCA analysis,
the second version (b) includes the improvements made for the preliminary

(11)

analysis of the TMI accident , and third improved version {(¢) has been
used in the latest analysis of the accident(lz)’(13). And RELAP4/MOD6/
U4/J3 includes the improvements made for the thermal-hydraulic analysis
of the core spray period in a BWR-LOCA. In virtue of these modifica-
tions and improvements, LOCA analysis capability of RELAP4/MOD6 has been
greatly increased for BWR large and small breaks and for PWR small breaks.
Fifty-four modified subroutines and three new subroutines are con-

tained in RELAP4/MOD6/U4/I3,

2. Improvements for Small Break LOCA Analysis

2.1 Modification of Single Mixture Level Calculation in Vertically
Stacked Volumes

The purpose of the single mixture level calculation is to avoid
unrealistic vapor-mixture layering in a series of comnected control
volumes representing vertical sections, In the original RELAP4, the
method of single mixture level calculation in vertically stacked volumes
is ag follows:

At first, the mixture level of each control volume is calculated
based on the bubble rise model independently of other control volume
conditions. And if single mixture level calculation option is taken,
the mixture level is corrected as follows,

Z,=2M1k
APy
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g1 = Mk
AiP4
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where
Mix = liquid mass in Vol. K
1k a Vol. XK
Ay = Vi [/ ZVOL4
My
Vi = volume of Vol, I |
ZVOL4y = volume height of Vol. T J
ZJ4{ = junction elevation T vol. T
ol.
Z' = the correction value for ZMj M4
Using Z', ZMj is corrected as follows, Fig. 2.1  Vapor-Mixture Layering
in Vertically Stacked
Volumes
ZMj = ZMy + 2' for zMy £ ZM; + Z' £ ZVOL4
IM; = ZJy for 2Ji £ 2M; + 2
ZMi = ZVOLj for  ZM] < ZVOL{

and, mixture conditions are recalculated based on new mixture level zM'.

MIXV4

where
MIXV;
BUBM;
where
BUBM;
Mgi
SATVG
MIX04
where
MIXQ4
M1i

M A4

mixture volume of Vol. I

Mgq - ( Vi - MIXV; ) [/ SATVGy

bubble mass in mixture of Vol. I
vapor mass in Vol., T
saturated vapor specific volume in Vol. I

BUBMy / ( BUBMj + M1i)

mixture quality in Vol. I

liquid mass in Vol. T

The defect of this method is that unrealistic vapor-mixture layer-

ing is calculated when this model is applied where large area change

exists such as between core and lower plenum (aside form propriety of

using this model in such a location). TIf this model is applied between

:ore and lower plenum, ZVOL is greater than ZM' in lower plenum, so that

aixture levels are calculated in both control volumes, To avoid such a

situation, the method of single level calculation is changed as below.

If the mixture level in the upper volume (in Fig. 2.1) is greater

._2_.
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than 0,05 ft, oﬁly bubble gradient in mixture is calculated and mixture
level (ZMi) is set equal to it's volume height (ZVOLji).

This modification was done when RELAP4/MODS5/U2/J1 version was made,
and in RELAP4/MOD6/U4/J2, a new input ZMABV, threshold of mixture
level in the upper volume, was added. The default value of ZMABV is

0.05 ft. Input method is described in subsection (5.3).

2.2 Modification of Vertical S1ip Junction Model
2.2.1 Modification of Slip Velocity Calculation Method
Slip velocity calculation method in original RELAP4/MOD5 and MOD6

is as follows,

GASV(I) + GASV(K)

AVEVS = = sM(T) + GASM(K)

LIQV(I) + LIQV(K)
LIQM(T) + LIQM(K)

AVEVL

SUMMS = GASM(T) + GASM(K) + LIQM{I) + LIQM(K)

avx = GASM(I) + GASM(K) Vol. I
SUMMS e
g ¢ ¢ ¢
o o v o " E
‘ _ AVEVS.AVX ; N -f_
ALPHA = SEvL (1 - AVX ) + AVEVS-AVX WJ _Tt:fj
E
_ XTOP-VS(I) Vel. K Zy
ATOP = VTOP $
ABOT = 5@92;2§£El Fig, 2.2 T1llustration for Vertical
VBOT Slip Junction Model
VSLIP = {10. +4.(ABOT ~ ATOP)} ATPHA- (1. - ALPHA) 1+ ~1-25-ALPHA)
where

GASV(I) = vapor volume in Vol. I

LTIQV(I) = liquid volume in Vol. T

GASM(I) = vapor mass in Vol., I

LTIQM(I) = liquid mass in Vol. L

AVEVS = average vapor specific volume at Jun. J
AVEVL = average liquid specific volume at Jun. J
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AVX . = average quality at Jun. J

ALPHA = average void fraction at Jun. J

XTOoP ‘= quality at Zy + €

XBOT = quality at Zj - €

VTQP = specific volume at Z + €

VBOT = gpecific volume at Z4{ - ¢

vS(I) = average vapor specific volume in Vel. I
VSLIP = glip velocity at Jun. J

As described above, the average void fraction (ALPHA), which is
used in the calculation of VSLIP, is obtained from the average values
of the upper and lower control volumes. It can be interpreted that
ALPHA may be the void fraction in the neighborhood of the junction,

This procedure may be correct when both control volumes are homogeneous,
but if the mixture level exists in the upper control volume or a bubble
gradient in mixture is calculated in the lower and/or upper volumes, it
is incorrect., Therefore the calculation procedure of AVEVS, AVEVL, and

AVX are changed as below.

XTOP.RTOP-VS{I) + XBOT.RBOT.VS(XK)

AVEVS = XTOP.RIOP + XBOT-RBOT

AVEVL = (1L-XTOP) -RTOP-VL(I) + (1-XBOT).RBOT.VL(K)

(1-XTOP) -RTOP + (1-XBOT) .RBOT
,yx - XIOP-RTOP + XBOT.RBOT
RTOP + RBOT
where

RTOP = averege density at Zj + €
RBOT = average density at Zj - €
VL(I) = average liquid specific volume in Vol. I

This correction is included in all the JAERI improved versiom.

2.2.2 Trip Control of Vertical S1ip Junction Model

Vertical slip junction model in RELAP4/MOD5 or MCD6 is postulated
on the assumption that gravity forces govern the slip between phases
and therefore the model is especially applicable during relatively slow

transients when inertia effects are negligible., Except these conditions,
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this model is useless. So the function of trip control of vertical slip
junction model has been introduced in RELAP4/MOD6. The detail of input

is described in section (5.4).

2.3 Modification of Junction Enthalpy Smoothing

When the mixture level changes continuously between vertically
stacked control volumes, the junction enthalpy changes rapidly when the
mixture level passes the junction elevation point. And it leads the
calculation to numerical instability. To avoid this instability, a
tricky smoothing technique has often been used that is simultaneous use
of volume overlapping and JVERTL = 1, If this technique is used, some
liquid remains in the upper comtrol volume and single mixture level
calculation option in our improved version does not function well,
Therefore, instead of such a tricky technique, new enthalpy smoothing
option is introduced. This new option functions when JVERTL = 1, and
DIAMJ £ 0.0 are inputted. And junction enthalpy is determined by
integrating the bubble distribution function over the vertical circular
area centered at ZJUN. The diameter of vertical circular area is equal

to |DIAMJ], and if DIAMJ = 0.0, its diameter is set equal to 0.1 fr.

3. Improvements for BWR-LOCA Analysis

3.1 Purpose and Abstract of Improvement

In BWR-LOCA analysis, original RELPA4 (MOD3, MOD5, and MOD6) cannot
calculate well the thermal-hydraulic behavior after the core spray
initiated. Major causes of this weaknesgs are as follows; 1) RELAP4 can
not calculate appropriately CCFL (Counter-Current Flow Limiting) phe-
nomena by upward steam flow at the core upper tie-plate, and 2) RELPA4
does not have a proper heat transfer model at the clad surface during
core spray falling through the core. Therefore, several impreovements of
RELAP4/MOD6 have been done for BWR-LOCA analysis, and it has made a
through calculation from the beginning of blowdown to the end of reflood
practicable,

It should be noted that these improvements described in this section
are for use in the EM calculation and that these models and assumptions

are rather crude.
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Major improvements for BWR-LOCA analysis in RELAPA/MOD6/U4/J3 are;
1. Spray Heat Transfer Model,
2. CCFL Calculation Model,
3. Bypass-Lower Plenum Leakage Model and
4, TFission Product Decay Heat (GE + 30).

3.2 Spray Heat Transfer Model

This model calculates heat transfer at the clad surface during core
spray dropping into the core. This model starts when spray water begins
to penetrate into the core at the first time following LPCS or EPCS
initiation, and stops when the mixture level of the core becomes greater
than the value specified by an input. Figure 3.1 is a illustration of

this model.

3.2.1 Heat Transfer Coefficients (H.T.C.)

During core spray dropping, three types of heat transfer are con-
gidered. One is heat transfer in the uncovered core region, the second
one is in the rewetted region by top quench, and the last one is in the
two phase mixture by bottom reflecoding.

The heat transfer model in the uncovered core region is based on
the GE FLECHT experiment(S), i.e, the fuel rods in the assembly are
divided into some groups, and acceptable convective heat transfer coef-
ficients are given by inputs for each groups. For example, convective
heat transfer coefficients of 3.0, 3.5, and 1.5 Btu/hr-ft?.°F (Hcg‘nv in
Figure 3.1) are applied to the fuel rods in the outer cormers and outer
rows, and to those remaining in the interior, respectively, of the
assembly. The core coolant temperature is assumed equal to saturation
temperature. These recommended experimental heat transfer coefficients
contain the effects of steam cooling, radiative heat transfer, and cool-
ing by spray droplet,

The heat transfer mode at rewetted clad surface by topdown
liquid film is assumed to be nucleate boiling. The acceptable heat
transfer coefficient is given by an input Hyet, and its recommended
value is 1000 Btu/hr-ft?.°F.

For the heat slab that contains the quench front of falling liquid
film (like heat slab S3 in figure 3.1), its heat transfer coefficient

is set equal to the average value of Hyet and Hc%nv wieghed by each area.
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For the heat slab in the two phase mixture by bottom reflooding,
the heat transfer mode is assumed to be film boiling when the local
quality in the neigborhood of the slab becomes iess than an input value
XCRFD which is a threshold of quality for bottom reflooding. A heat
transfer coefficient for film boiling Hfjyod4 is given by an input.
Hflood = 25 Btu/hr-ft?.°F and XCRFD = 0.05 are recommended.

Based on conservatism, during the period following lower plenum
flashing prior to core spray penetration into the core, the convective
heat transfer coefficient is assumed to vanish for all the uncovered

heat slabs.

3.2.2 Assumption for Coolant Behavior along Clad Surface during Core

Spray

As shown in Figure 3.1, it is assumed that all of spray water (W)
flowing inte the core first falls down along the clad surface as a liquid
film, and then it is divided into the steam flow (Wgy) vaporing from
liquid film, the liquid film flow (Wy) remaining on clad surface, and
the droplet flow (Wq} leaving from liquid film. That is, the relation-

ship between W, Wy, Wgy, and Wy in Figure 3.1 Is;
W =Wy, + Wgy + Wy (3,1

Wy is obtained from the next equation, which is explained iIn detail in

section (3.2.3),

by
o
|

= Ufr+5-Perim P2 . (3.2)

Ugy = Quench front velocity of liquid film

§ = Liquid film thickness
Payim = Wetted perimeter
py = Ligquid density

And Wgy is calculated from heat transfer rate (Qy) at the wetted

clad surface by liquid film.

Wgg = Qp/(hg - hy) (3.3)
where
hy, = Saturated liquid enthalpy

_’;f_A
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hg = Saturated vapor enthalpy

Wq is obtained from equations (3.1), (3.2), and (3.3).

3.2.3 Calculation about Liquid Film

Quench front velocity, liquid film flow rate, and quench front
elevation are calculated by subroutines "MQFRON'" and "ZQUEN" which is
contained in the source of RELAP4/MOD6 as an inactive subroutine to be
used for MOD7.

Quench front velocity on clad surface is calculated by Duffey-
Porthouse's correlation which is modified for inner heat generatiom.

The correlation is as follows;
1 hfp .k To - T*
{((Te = T%) (T - To) }Z

p = liquid density

specific heat capacity of liquid

[
I

k = thermal conductivity of liquid

T., = surface temperature of next heat slab down from the
quench front

. T, = sputtering temperature (= Ty + Tyi¢)

Tg = saturation temperature
Tgif = input (default value = 144 °F)
d = clad thickness
hg,e = heat transfer coefficient at gquench front
0,153
= 27500 [ 2,04 + 2.4 P logig P 1 G F (3.5)

Yu's correlation

P

coolant pressure
Dnfbde = liquid flow rate into core
Parim = total perimeter of rods

_Ggen Tg (3.6)

T'k =
hfr Perim

il

correction term for inner heat generation

Qgen = linear heat genmeration rate
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The Anderson’s correlation can be used for calculation of quench

front velocity on channel box surface, i.e.,

JE _/— _¢”' 1
Uf‘r = 6—:15'—(1- 5(7- l){(Bi’@ 71')1.5 + 0.398(]3]'_'8 Tr)3]'3
(3.7)
where
hfr.d
By = .

1
{(Tco - Tg) (T - TS)} 2
(TO - Ts) 2

hep = 1.99x 10°  (Btu/hreft2:°F)
Tg = Tg + 117  (°F)

d = channel box thickness
And quench front elevation (Zq) are obtained from the next equation,
Zq = Zgfold) - Ugp-dt : (3.8)

where

At

time step size

Liqﬁid film flow rate (Wy) is calculated following the Wallis'es
(7)

method .

Wy = Usr 8+ Parim-Py (3.9)
where
Uf,. = quench front velocity
Porim = wetted perimeter of rods or channel box

Pp = density of liquid

§ = liquid film thickness
2

§ -u3
= st (3.10)

1
{32,2-(py ~ pg) Pl3

where
p = liquid viscosity

P, = density of wvapor
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0.115(Regama) *'® for  Regama > 103
dst ={ 1
0.909(Regama)®  for Regama S 10°
where
2 - '4'Dmfbdt‘
“gama W Perin

If W in equation (3.1) is less than Wy, Wy is set equal to W. Then
the quench front velocity is the minimum of Ufy obtained by equation
(3.4) and WE/(é'PErim'pﬂ,) .

3.3 CCFL Calculation Model

The calculation scheme of CCFL is illustrated in Figure 3.2, The
form of CCFL correlation in RELAP4/MOD6/U&4/J3 is similar to Wallis'es

flooding correlation;

11 1 1
352 D* + ky J§F DY =k (3.11)
1 L
Jy = Vg Pg? {g-De(Pg - 9g)} 2 (3.12)
1 L
J,Q, - VQ'DRZ.{g'D'(DQ - Dg)} 2 (3.13)
where

Vg, Vy = vapor and liquid velocity
Og, Py = vapor and liquid density

2 gravitational constant

D

equivalent diameter of core outlet

ki, ky = correlation parameter

It is assumed that CCFL phenomena take place at the core outlet and
the core bypass outlet only, The correlation parameters k; and k; depend
on the geometry of outlet, so that k; and ky must be inputted for each
outlet,

In RELAP4/MOD6/U4/J3, a new kind of fill junction named CCFL fill
junction is added to simulate CCFL., CCFL fill junctions can be specified
by IFLOOD on Junction Data Cards. Core spray flow 1s injected directly
to the core or the core bypass region by a CCFL fill junction, the flow
rate through which is controlled by the CCFL correlation automatically

and its maximum flow rate is the rated core spray flow rate falling on



JAERI-M 9394

each area. Therefore, the fill table read by CCFL fill junction is equal
to the core spray flow available to the core (bundle) or the core bypass
region,

Upward steam flow rate causing CCFL phenomenon is assumed to be
equal to that at core outlet junction which is obtained £rom the solution
technique of RELAP4., And at the core bypass outlet, the same assumption
is applied,

Using steam upflow rate (Wo,) at the outlet, the liquid flow limited
by CCFL is calculated and compared to the available flow (Wg.). The
minimum of the two flow (Wgei) 1s assumed to penetrate into the core.

The spray water not dropping into the core, Wgeq, is added te the flow
avialable to the core bypass (Wgp). Then, the CCFL condition is examined
at the core bypass outlet. Similarly at the core bypass outlet, the
lower of the available flow rate and the CCFL flow rate is assumed to
enter the core bypass region. The excessive liquid flow (Wgbeo) is
assumed to be lost from the system.

It is noticed that the present CCFL calculation model in this ver-
sion is mnot acceptable when liquid phase water exists in the upper
plenum volume because of the assumption that the steam upflow rate is
equal to the junction steam flow rate obtained from RELAP4's solution
procedure. Therefore, in the BWR-LOCA analysis by RELAP4/MOD6/U4/J3,
it is necessary that the liquid in the core bypass region 1s controlled
so0 as not to overflow intec the upper plenum from the core bypass region

filled with ECC water.

3.4 Bypass-Lower Plenum Leakage Model

During the refill or reflood period in a BWR-LOCA, the lower plenum
is fed by leakage flows through the control rod guide tubes. And, after
control rod guide tubes are full, ECC water also passes through holes
in the core suppoft—plate and other normal leakage flow paths. Figure
3.3 is a schematic of fuel assembly showing thé leakage flow paths.

The REFLCOD code, which has been developed by General Electric Campany
for the analysis of refill/reflood in BWR-LOCA, compufes these leakage
flows by using experimental correlation. Therefore, in the RELAP4/MOD6/
U4/J3, the leakage flow calculation option using these GE's correlation
is provided for BWR-LOCA analysis. Refer to GE report ”NEDO—20566”(5)

about the detail of this model., In this section, only the correlation
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forms are showmn.

1
2.73(NGT) »APZ + 0.96(NGT).AP + 0.023(NGT)-4P2 (1b/hr)

Wpp =
) (3.14)
W2 = C10PZ + CAP + C34P2 (3.15)
where )
C, = 2810.97(NGT) + 11656. (NHOLES) + 101.4(NINST)
+ 6.86(NBUNT) + 14965.7 (3.16)
Cp, = —70.76(NGT) - 8,61(NINST) + 15.55(NBUNT) + 1084.3

(3.17)
Cz = 1.95(NGT) + 0,2(NINST) - 0.058(NBUNT) - 12.3 (3.18)

where
NGT = Number of guide tubes
NHOLES = Number of core plate poles
NINST = Number of instrument guide tubes
NBUNT = Number of bundle

This option applies when a valve is placed in the junctions model-
ing leakage flow paths and ITCV on valve data card is set equal to (trip
number + 100). Then these junction's flows are determined by the GE
correlatjon if trip is on and the junction elevation point is nuder the
mixture level of the guide tube or core bypass region, The detail of

the inputs is described im section (5.7).

3.5 Fission Product Decay Heat Calculation by (GE + 3¢)

Five options are available to describe internally generated power.
These are (a) data retrieved from a previous RELAP4 calculation (NODEL
= -1}, (b) a normalized power supplied by a table of power-versus-time
(NODEL = 0), (¢) program solution of the space-dependent reactor kinetics
equation (NODEL = 1), (d) program solution of space~dependent reactor
kinetics equation with fission product (FP) decay heat (NODEL = 2), (e)
program solution of space-dependent reactor kinetics with fission product
and Actinides decay heat (NODEL = 3). NODEL is a power calculation
indicator on the Kinetics Constants Data Card, and, in these power cal-
culation, fission product decay heat is based on ANS standard model.

Tn addition to these options, two options (NODEL = 4 or 5) are

available in RELAP4/MOD6/U4/J3. In the new options NODEL = 4 and 5,
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fission product decay heat is replaced by GE + 3¢ in NODEL = 2 and 3,
respectively. This improvement is for use in the EM calculation,

The outline of program modifications for this option is as follows:
ANS standard FP decay heat data are fitted by a polynomial of eleven
exponentials of the form

11 “Ast
Tq = ;L;Ej e (3.19)

where
I'q = normalized fission product decay energy
E: = amplitude of j-th term
)5 = decay constant of j-th term

t = elapsed time since shutdown

(6)

In the similar mammer, (GE + 3c) FP decay heat experimental data
are fitted by a polynomial of nine exponentials. Ej and Aj for (GE + 30)
are shown in table 3.1, If NODEL = 4 or 5, Ey, Aj are changed from ANS

standard’'s Ej, A3 to (GE + 30)'s Ej, A3 in the program. Imput for this

3
option is described in section (5.10), and the detail of this modifica-

tion is explained in reference (10).

Table 3.1 Radioactive Decay Constants

Group Ej A5 (sec™h)
1 0.014293 4.0374 x 1071
2 0.014586 9,3893x 1072
3 0.011817 2.2065x 1072
4 0.009664 4,5052 x 1073
5 0.007925 8.9024 x 107"
6 0.006125 1.7214 x 107"
7 0.003890 2.9417 x 1075
8 0.002901 4,1247 x 1076
9 0.003734 1.9633x 1077
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Fig. 3.1 Tllustration of Spray Heat Transfer Model
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CCFL CALCULATION MODEL
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Fig. 3.2 Illustration of CCFL Calculation Model
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Fig. 3.3 Schematic of Reactor Assembly Showing the Leakage Flow Paths
{from NEDO-20566)
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4, Special Features in RELAP4/MOD6/U4/J3

4.1 Trip Reset Option

Usually, the original RELAP4 trips never again can be turned off
at any time once they have been turned on. It is very incenvenient to
the LWR's operational transient analysis by RELAP4. Therefore, the trip
reset function is added to RELAP4/MOD6/U4/J3. Using this funetion, for
example, the open-close action of relief valves or safety valves, which
ig Important for an operational transient analysis, can be modeled.
Secondly, the restriction placed on trip contrel data inputting upon
restart is loosened. In the original RELAP4/MOD6, if any trip cards are
used upon restart, a complete set of trip cards with the same sequence
numbers and the same IDTRP symbols as the initial set must by inputted.
And, for a trip to remain actuated once tripped, a new card correspond-
ing to the original card should be submitted with IDSIG set equal to
zero. This procedure may be very troublesome and cause one to make
mistakes. In the RELAPA/MOD6/U4/J3, however, such problems have heen
solved since it is enough to submit only cards which are to be used upon
vestart with NTRP on Problem Dimension Data Card 010001 must be equal

to the number of all the trips.

4.2 Change of Input about Bubble Index on Volume Data Cards

An option to turn the bubble rise model on or off in a volume dur-
ing the transient calculation is provided in the original RELAP4/MOD6.
But, if this option is used, the bubble parameter and trip number, which
controls the action of bubble rise model, must be equal. This input
restriction about input is inconvenient. Therefore, in the RELAP4 /MOD6/
U4/33, the trip number and bubble parameter index can be sellected

independently,

4,3 Trip Control Option of Volume Data Retrieval

In RELAP4/MOD6/U4/J3, thermal-hydraulic conditions in a normal
control volume can be specified from the time-dependent volume data
table given by inputs at any time which the user can specify, In addi-
tion a time-dependent control volume can be made a normal control volume
governed by the three conservation equations at any time which the user

can specify. Tnput manner about this option is described in section 5.
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4.4 Addition of New Independent Variable of Leak Table

In the original RELAP4/MOD5 or MOD6, a valve flow area can be
controlled by the leak table, 1In this usage of the leak table, time-
versus-normalized flow area table must be inputted, In RELAP4/MOD6/U4/J3,
instead of time, average pressure or mixture level in a control volume
can be used as independent variable of the leak table. To use these
leak tables, average pressure or mixture level in the volume adjacent
to the junction with a valve can be maintained constant, Because of
this improvement, a new integer input variable (ITYPE) is added to the

Leak Table Data Cards.

4.5 Fill Junction Enthalpy Calculation Option

In the RELAP4/MOD6/U4/J3, fill junction enthalpy can be set equal
to liquid phase enthalpy, vapor phase enthalpy, or average enthalpy of
an arbitrary control volume at each time steps. Using this option,
unrealistic pressure drop because of the subcooled water mixing during

refill and reflood can be avoided.

4.6 Steam Condensation Heat Transfer Model and Adiabatic Calculation

Option

In the RELAP4/MOD6, two types of heat transfer logic are provided,
one of them is MOD5 blowdown heat transfer logic (using subroutine HTRC
and QDOT) and the other is MOD6 heat transfer logic (using subroutine
TWQW and TWFIND) which has four heat transfer correlation sets. In the
MOD5 blowdown heat transfer logic, which is one of these heat transfer
model selection, two new heat transfer mode are added. They are steam
condensation heat transfer mode and adiabatic mode.

Steam condensation heat transfer may be selected when a heat slab
under consideration is in the steam atmosphere and its surface tempera-
ture is lower than the saturation temperature. But in RELAP4/MOD6/U4/J3,
another artificial condition must be satisfied, i.e., a trip signal spe-
cified by an input is on, The trip numbers and steam condensation heat
transfer coefficients are inputted by 082022 card (see Input Data Des-
cription). Two pairs of trip number and steam condensation H.T.C. can
be inputted.

Adiabatic mode will be selected if the trip signal is om or junction
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flow specifed by an input is equal to zero when a slab under considera-
tion is in steam atmosphere., When this heat transfer mode is selected,
the convective heat transfer coefficient of zero 1s assumed in the heat
transfer calculation., But the adiabatic calculation is not allowed at

the left surface of a slab because of RELAP4's heat conduction equation

form. The detail of the inputs is explained in sectiom (5.5} and (5.10).

4.7 Addition of Changeable Data Cards upon Restart

In the original RELAP4/MOD6, certain data and data tables can be
changed upon restart. In addition to these data, control volume data,
reactivity coefficient data, core section data, and bubble parameter
data also can be changed upon restart in RELAP4 /MODG /U4 /I3,

The changeable data on Control Volume Data Cards 050XXY are as

follows;
IBUB = Bubble index
IREAD = Volume data retrieval index
JIPMV = Two-phase friction index
TAMBLO = Single mixture level calculation
7MABV = New input variable for single mixture level calcula-

tion (refer to section (2.1))

The ‘other data on Control Volume Data Cards are ingnored, but
arbitrary values must be inputted.

Reactivity coefficient data (140XX0) and core section data except
ISLB (160XX0) can be also changed upon restart. Using this capability,
power distribution can be changed in the process of a calculation,
In RELAPQ/MOD6,lthe calculation will fail when explosive oxidation of
fuel clad takes place. In RELAP4/MOD6/U4/J3, however, clad oxidation
calculation will not be performed in such a situation by inputting CLTI

0.0 (on card 160XX0), but rest of the calculation will continue.

5. Input Data Description

In the following description of data cards, the added input data
and the changed input data for RELAP4/MOD6/U4/J3 are only described.
Please refer to the RELAP4/MOD6 User's Manual for all the other input

data,
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flow specifed by an input is equal to zero when a slab under considera-
tion is in steam atmosphere. When this heat transfer mode is selected,
the convective heat transfer coefficient of zero is assumed in the heat
transfer calculation., But the adiabatic calculation is not allowed at

the left surface of a slab because of RELAP4's heat conduction equation

form. The detail of the inputs is explained in section (5.5) and (5.10}.

4.7 Addition of Changeable Data Cards upon Restart

In the original RELAP4/MOD6, certain data and data tables can be
changed upon restart., In addition to these data, centrol volume data,
reactivity coefficient data, core section data, and bubble parameter
data also can be changed upon restart in RELAP4/MOD6/U4/J3.

The changeable data on Control Volume Data Cards 050XXY are as

follows;

IBUB = Bubble index

IREAD = Volume data retrieval index

JTPMV = Two-phase friction index

TAMBLO = Single mixture level calculation

ZMABV = New input variable for single mixture level calcula-

tion {(refer to section (2.1})

The other data on Control Volume Data Cards are ingnered, but
arbitrary values must be inputted.

Reactivity coefficient data (140XX0) and core section data except
ISLB (160XX0) can be also changed upon restart. Using this capability,
power distribution can be changed in the process of 2 calculation.
In RELAP4/MOD6, the calculation will fail when explosive oxidation of
fuel clad takes place. In RELAP4/MOD6/U4/J3, however, clad oxidation
calculation will not be performed in such a situation by inputting CLTI

0.0 (on card 160XX0), but rest of the calculation will continue.

5. 1Input Data Description

Tn the following description of data cards, the added input data
and the changed input data for RELAP4/MOD6/U4/J3 are only described.
Please refer to the RELAP4/MOD6 User's Manual for all the other input

data.
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The order of the data (WL, W2, . . . ), the format (I, R, or A),

the variable name, and the input requirements are given below. The

format of the field (integer, real or floating, or alphanumeric) is

indicated by I, R, or A, respectively.

5.1 Program Option Card 010003

WZ-1

IEMHT

EM heat transfer logic flag

I

0 do not use EM heat transfer logic.

1 use EM heat transfer logic.

1 < IEMHT 2 NTRP = trip signal number to start
M heat transfer logic.

1 > TEMHT 2 -NTRP = trip signal number to stop
EM heat transfer logic.

5.2 Trip Control Data Cards  04XXX0

Wl-I

W2-1

W3-I

W4-1

W5-R

W6-R

W7-R

W8-R

Wo-1

W10-1I

Wiil-T

IDTRP

IDSTIG

X

IX2

SETPT

DELAY

SETPTR

DELAYR

IDSIGR

IX1R

IX2R

Action to be taken,
Signal being compared to.
Volume or junction index.
Optional Volume.

Signal setpoint.

Delay time.

Signal setpoint for trip off.
default value = 0.0

Delay time for trip off.
default value = 0.0

Signal for trip off
if no dinput for IDSIGR and IDIRP < O,
IDSIGR = -IDSIG

Velume or junction index.
if no input for IX1R and IDTRP < 0,
IX1rR = -IX1.

Optional volume.

if no input for IX2R and IDTRP < O,
TX2R = -IX2.
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After a trip has been reset, if the set point condition will be

satisfied, the trip will turn on again.

5.3 Volume Data Cards

O5XXXY

Wl-T

W2-T

TBUB

IREAD

= Bubble index and trip selection.

0 £ IBUB £ NBUB = bubble index, no trip.

= IDTRPx10 + IIBUB
Bubble rise velocity calculation will start
with trip on. '

= —(IDTRPX10 + IIBUB)
Bubble rise velocity calculation will stop
with trip on.

= (IDTRP + 20}x10 + TIBUB
Bubble rise velocity and gradient calculations
will start with trip on,

= -{(TDTRP + 20)x10 + IIBUB}
Bubble rise velocity and gradient calculatiomns
will stop with trip on, where:

IDTRP
IIBUB

Trip number, and

Il

Bubble parameter index,

= Volume data retrieval index.

0 = no retrieval,

< 0 = use the data pertaining to volume TREAD
stored on the plot-restart tape of a previous
rum,

0 £ IREAD £ NTDV = use the time dependent
volume condition table. No, TREAD table will
be used.

= IDTRPx1(0 + TIIREAD
The time dependent volume condition will be
used after trip on.

= (IDIRP + 20)x100 + TIIREAD

The time dependent volume condition will be
used until trip on, where:

IDTRP = Trip number, and

ITREAD = Time dependent volume condition table
index.
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5.4 Junction Data Cards  O8XXXY

W3-1 IPUMP = Pump, leak, or fill index.

(a) If IWl>0, IW2>0, and TPUMP=0, this is a
normal junction not connected to a pump
volume.

(b) If IWl>0, IW2>0, and TPUMP#0, this junc-
tion uses the pump data.

(¢c) If IWl>0, IW2=0, IPUMP is the leak table
index, 0 < TPUMP = NLX.

(d) If Iwl=0, IW2>0, IPUMP is the fill table
index, 0 < IPUMP £ NFLL,

(e) If IW1=0, IW2>0, and IPUMP>100, this is a
gpecial fill junction for Spray Heat Trans-
fer Model.

IPUMP = IFILL + 100, 0 < IFILL £ NFLL
This £ill junction is used for injection
of steam vaporing from liquid film, or
injection of droplet falling from liquid
film quench front,

W15-R DIAMJ = Junction diameter.
This value is used for junction quality and
enthalpy calculation.

Tf DIAMJ = 0. , the program will calculate
DIAMJ as 2VAJUN/7.

If DIAMI £ 0, , and JVERTL = 1, junction
quantites are determined by integrating the
bubble-distribution function over a circular
area having a diameter of |DIAMJ|, even if
volume IWl and IWZ2 are not overlapped. In
this case, if DIAMJ = 0.0, it will be set
equal to 0.1 ft.

W19-R SRCOS = 81ip velocity direction indicator and multi-
plier.

-1, £ SRCOS < 0, = vertical slip will be used
at this junction. The positive flow direction
is upward.

SRCOS = 0. = no vertical slip for this junction.

1. 2 SRCOR > 0, = vertical slip will be used

at this junction. The positive flow direction
is downward.

SRC0OS = +{IDTRPx10 + SRCS)
Vertical slip calculation will stop with trip om.
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SRCOS = *+{{IDTRP + 20)x10 +SRCS}
Vertical slip caleculation will start with trip

on,
where;

IDTRP = Trip number.

SRCS = Multiplier 0. < SRCS = 1.

(+) ; positive flow direction is downward.

(=) ; positive flow direction is upward.

W20-1 IFLOOD = Wallis fleocoding correlation number and junc-
tion number of upward steam flow for CCFL
calculation.

0 = no flooding correlation specified for this
junction.

define X = IFLOOD,

1 £K £ 6 = use the Wallis flooding parameters
WCL1{K) and WCL2(K) specified on Card 0600X2
where K = X + 1 should be used only when the
PWR fallback model is utilized.

= +(IJUN 10 + K)

If TWl=0, IW2s0, and IFLOOD>10, this £ill
junction injects core spray flow into core or
core bypass directly. This junction flow is
dertermined by CCFL correlation whose coeffi-
cients are specified on Card 0600X2 where
K=X+ 1,

where

IJUN = Core outlet junction or core bypass
outlet junction.

(+) ; positive direction of IJUN is upward.

(-) ; positive direction of IJUN is downward.

5.5 Steam Condensation H.T.C. Dial Card 082022

W1l-I IDTRP(1) Trip number.

Steam condensation H.T.C. (Btu/hr-ft2.°F)

W2-R HTCND(1)

W3-1 IDTRP(2) Trip number.

Steam condensation H.T.C. (Btu/hr-ft2-°F)

W4-R THCND(2)
If IDTRP(I) turns on, HTCND(I) will be used

when steam condensation heat transfer criterion
is satisfied.
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If IDTRP(1)<0, HTCND(1) is used until IDTRP(2)
turns on. After IDTRP(2)} turns on, HTCND(2)
is used as steam condensationm H.T.C..

NSUR on 150000 Card must be equal to -1 when
this dial card is used.

5.6 Valve Data Cards TTXXX0

The data regarding to GE leakage correlation option are only de-

scribed.
Wl-1 ITCV = IDTRP 100
TDTRP is a trip number which actuates this
option, If ITCV > 100, RELAP4 regards the
data on this card as input data for GE
leakage correlation,
W2-1I IACV = Volume number of core bypass region.
= TWl or -IW2
IWl or IW2 are veolume number connected by this
junction which refers to XXX valve data. If
IACV = 0, it is set equal to IWl.
W3-I LATCH = 0, not usged,.
W4-R PCV = Mixture level (ft)
If mixture level of IACV is greater than PCV
and IDTRP is on, GE leakage correlation will
be used, TIf PCV =0, , it is set equal to
the junction elevation above the bottom of
volume TACV,
W-R €Vl The coefficients of GE leakage correlation.
W6-R CV2 = W = CVL-AP + CV2-AP + CV3.4AP?
W/-R  CV3 where
W = leakage flow rate (1lb/sec)
AP = pressure differential (psi)

5.7 lLeak Table Data Cards  12XXXY

It

W1l-T NAREA Number of data points

(L £ |NAREA| = 20)

W2-T TTLEAK Trip signal number IDTRP to open leak,

(2 £ ITLEAK £ NTRP)

W3-TI ITYPE Indicator of independent variable in table.

0 = Independent variable is time or angle.
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1.= Independent variable is average pressure
in the wolume which is upstream of junction
whose flow area is controled by this leak table,

-1 = Independent variable is average pressure
in the volume which is downstream of the

junction.

2 = Independent variable is mixture level in
the volume which is upstream of the junction.

-2 = Independent variable is mixture level in
the volume which is downstream of the junctiom.

W4-R SINK = Sink pressure (psia)

W5-R TAREA(1) = Time (sec), angle (degree), pressure (psia),
or mixture level (ft) for first point.

W6-R TAREA(Z2) = Leak area normalized to full open area AJUN
for first point.

W7-R TAREA(3) = Independent value for second point.

W8-R TAREA(4) , Until NAREA points are entered, where the
independent values are in ascending order.

Fi1ll Table Data Cards 13XXKY

W4-1 ICALC = Thermodynamic variable indicator.

1 = PORT = pressure {psia)
HORX = enthalpy (Btu/lb)

2 = PORT = pressure (psia)
HORX = guality

3 = PORT = temperature (°F)
HORX = quality

4 = PORT = pressure (psia)
HORX = temperature (°F)

< 0 = Fill enthalpy is set equal to the volume
enthalpy specified by this data

TCALC = —-(NVOLH + IHTYPx100)

NVOLH = Velume number whose enthalpy is. used
as fill enthalpy

IHTYP = 0 = average enthalpy is used for fill

enthalpy
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1 = saturated liquid enthalpy is used
when NVOLH is saturated. TIf NVOLH
is not saturated, average enthalpy
is used.

2 = saturated vapor enthalpy is used
when NVOLH is saturated. 1f NVOLH
is not saturated, average enthalpy
is used.

3 = saturated liquid enthalpy is used
every time.

4 = saturated vapor enthalpy is used
every time,

If ICALC < 0 and unit of flow rate is
'GAL/MIN', the density of fluid must
be inputted as HORX,.

NVOLH is not needed to be equal to IW2

of the junction which uses this fill
table,

5.9 Kinetics Constants Data Card 140000

Wl-I NODEL = Power calculation indicator.
-1 = retrieve data from FORTRAN Unit 02.
0 = explicit power versus time.
1 = one prompt neutron group plus six groups

of delayed neutrons.

2 = same as 1 above plus eleven delayed gamma
emitters,

3

same as 2 abave plus U232 and Np239,

4 = same as 1 above plus F.P. decay (GE + 30)

5 = same as 4 above plus U239 and szgg.

W2-1 KMUL = multiplying factor for decay energy.

Inputting NODEL > 3 and KMUL # O at the same
time leads to program stopping.

5.10 Heat Slab Data Cards 15XXXY

W5-1 IXLO = The indicator for slab quality (X) calculatiomn
and adiabatic calculation indicator.
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0 = no slab X calculation.

1 = calculation of X on left side of slab.
2 = calculation of X on right side of slab.
3 = calculation of X on both sides of slab.

= TDTRPx10 4+ IXLO
Adiabatic calculation will e done when
IDTRP is on and X = 1.

= IDTRPx10 + IXL0o + 1000
Adiabatic calculation will be done when
IDTR? is on,

= —{(IJUNx10 + IXL0)
Adiabatic calculation will be done when
junction flow of IJUN is equal to zero and
X =1,

= —(TJUNx10 + IXLO + 1000)
Adiabatic calculation will be done when
junction flow of IJUN is equal to zero.

where
IDTRP = Trip number controlling adiabatic
calculation
IJUN = Junction number whose flow rate

controls adiabatic calculatiom.
The indicator for film boiling heat transfer,
DNB correlation, and steam condensation heat
transfer at slab left surface,

Lx100 + Jx10 + K

K{unit's place) = film boiling correlation
indicator, used only for NSUR = -1 or 1.

0 = Groeneveld 5.9

1

Groeneveld 5.7

2

Dougall-Rohgenow

J(ten's place) = DNB correlation, used for
NSUR £ 2.

-1 = B&W-2, Barmett, modified Barmett
0 or blank = B&W-2, Barnett, modified
Barnett for NSUR = -1 or 1.

= W-3, Hsu-Beckner and modified Zuber for
NSUR = 2
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1=G., E,

™~
Il

Savennah River

W-3, Hsu-Beckner and modified Zuber.
Use only for NSUR = 2

w
Il

L{hundred's place) = steam condensation heat
transfer indicator only for NSUR = -1,

L =1 or 2. Use HTCND(L) for steam conden-
aation H.T.C. when IDTRP(L) is on. HTCND(L},
IDTRP(L} are data on 082022.

W7-1 IMCR = The indicator for film boiling heat transfer,

DNB correlation, and steam condensation heat
transfer at slab right surface.

5.11 Data for Spray Heat Transfer Model

{1) Core Spray Stack Indicators 205000

Wl-1 JSTK(1,1) The indicator of lst slab stack in lst group.

W2-1 JSTK(2,1) The indicator of 2nd slab stack in lst group.

“« s * v s e ae s

maximum number of groups = 3

1
e~

W1I-T JSTK(3,3) maximum number of stacks in each group
W12-1 JS% (4,3)

(2) ON and OFF Signal of Spray Model  2050X0
X=1, . . ., NGR (NGR = Number of groups)

W1l-T JON = J1x106 + J2x10% + J3x10% + J4

Jl = The junction number whogse first non-zero
flow is the signal to turn on spray heat
transfer model,

J2 = Number of the junctien number which injects
droplet flow falling from quench front
inte core or another volume.

J3 = Number of the junction number which injects
steam generated in liquid film into core
or upper plenum.
J4 = The core outlet junction number.
W2-R TON = Delay time (sec) associated with JON signal.

If JON = 0, TON is the elapsed time when
spray heat transfer model turns om.
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W3-R ZLL = Mixture level (ft) signal to turn off spray
heat transfer model.
W4-R TOF = Time (sec) to turn off spray heat transfer

model,

(3) Constant Value for All Stacks 205100, 205110, 205120

a) 205100

W1-R RECRIT = Critical Reynolds number for NSUR = 4
Not used in RELAP4/MOD6/U4/J3, but an arbi-
trarv real number must be inputted.

b) 205110

Wl-R TDILF = Sputtering temperature = Tgar (°F)

W2-R BTM = Multiplier in average gas temperature cal-
culation, not used but an arbitrary real
number must be inputted,

W3-R DDROP = Droplet diameter (ft)

Not used, but an arbitrary real number must
be inputted.

W4-R EMDRY = Dry slab emissivity
Not used, but an arbitrary real number must
be inputted.

c) 205120

Wl-R HWETB = H.T.C. for wet channel box (Btu/hr:ft2.°F)

W2-R HWETR = H.T.C. for wet rod (Btu/hr-ft?.°F)

W3-R HSPUT = H.T.C. for quench spattering (Btu/hr-ft2.°F)
HSPUT = 0 leads internal calculation in RELAP4.

W4-R HFLD = H.T.C. for bottom flooding (Btu/hr.ft2.°F)

W5-R  XCRFL = Critical quality of bottom flecoding.

(4) Dry Slab Heat Transfer Coefficients Data 2052X0
X=1, . .., NGR :

Dry slab H.T.C. (Btu/hr.ft?.°F) for lst stack
in X group,.

Wl-R HCONV(1,X)

W2-R HCONV(2,X) Dry slab H.T.C. for 2nd stack in X group.

W3-R HCONV(3,X) Dry slab H.T.C. for 3rd stack in X group.

W4-R HCONV(4,X) Dry slab H,T,C. for 4th stack in X group.
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(5) sSlab Wall Thickness Data  2053X0
X=1, . . ., NGR: Used for quench front velocity calculation.

Slab wall thickness (ft) of lst stack in X
group.

Wl-R WALLTK(1,X)

Slab wall thickness of 2nd stack in X group.

W2-R  WALLTK(2,X)

Slab wall thickness of 3rd stack in X group.

W3-R WALLTK(3,X)

WA-R  WALLTK(4,X) §lab wall thickness of 4th stack in X group.

(6) Area Fraction to Total Flow Area for Stack Groups  2034X0
X=1, . . ., NGR

W1-R AFRAT(1,X) Area fraction of lst stack in X group.

W2-R AFRAT(2,X) Area fraction of 2nd stack in X group.

W3-R AFRAT(3,X) Area fraction of 3rd stack in X group.

Area fraction of 4th stack in X group.

it

W4-R AFRAT(4,X)

NGR
)

Iy AFRAT(1,X) = 1.0

(7) Extra Printout for Debugging 205770

W1-I TIGRW = Stack group number for extra printout.
W2-1 IWRIT = Extra printout indicator
' > ( Extra printout will be done.
W3-R TWON = Time to begin extra printout.
W4-R  TWOF = Time to end extra printout.

6. Sample Problems

6.1 BWR Large Recirculation Line Break
6.1.1 Introduction

A typical BWR plant was modeled using RELAP4/MOD6/U4 /T3 to represent
a 200 % double-ended offset shear break in the pump suction side of onme
of the jet pump recirculation lines. The systém model and assumptions
used and the calculated results are presented in the following sections.
The calculation was carried out from break initiation until core recovery.
Major part of the data were obtained from RELAP4/MOD5 User's Manual

Volume 3(2).
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(5) Slab Wall Thickness Data  2053X0
X=1, .. ., NGR: Used for quench fromnt velocity calculation,

Slab wall thickness (ft) of 1lst stack in X
group.

W1-R WALLTK(1,X)

glab wall thickness of 2nd stack in X group.

W2-R  WALLTK(2,X)

W3-R  WALLTK(3,X) Slab wall thickness of 3rd stack in X group.

W4-R WALLTK(4,X) Slab wall thickness of 4th stack in X group.

(6) Area Fraction to Total Flow Area for Stack Groups  2054X0
X=1, .. ., NGR

W1-R AFRAT(1,X) Area fractionm of lst stack in X group.

W2-R AFRAT(2,X) Area fraction of 2nd stack in X group.

Area fraction of 3rd stack in X group.

Il

W3-R AFRAT(3,X)

Area fraction of 4th stack in X group.

W4~R  AFRAT (4,X)

NGR
;Lp AFRAT(1,X) = 1.0

(7) Extra Printout for Debugging 205770

W1l-T 1IGRW = Stack group number for extra printout.
W2-T IWRIT = Extra printout indicator
' > 0 Extra printout will be done.
W3-R TWON = Time to begin extra printout,
W4-R TWOF = Time to end extra printout.

6. Sample Problems

6.1 BWR Large Recirculation Line Break
6.1.1 Introduction

A typical BWR plant was modeled using RELAP4/MOD6/U4/J3 to represent
a 200 % double-ended offset shear break in the pump suction side of one
of the jet pump recirculation lines. The system model and assumptions
used and the calculated results are presented in the following sections.
The calculation was carried out from break initiation until core recovery.
Major paft)of the data were obtained from RELAP4/MOD5 User's Manual
2

Volume 3 .
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6.1.2 System Model and Assumptions

The nodalization describing the BWR system is shown in Figure 6.1.
It consists of 25 volumes, 41 junctions and 32 core heat slabs. The
volumes and fill junctionms shown in Figure 6.1 are identified in Table
6.1.

The interior of the reactor vessel is described by 17 volumes, as
follows. Volume 1 is the upper plenum region and includes the steam
seperators, Volume 2 is the upper downcomer region and extends from
the feedwater entry location upward to the bottom of the steam driers.
Volume 3 is the steam dome and contains high quality steam above the
driers. Volume 4 is lower downcomer region and contains the subcooled
water between the feedwater entry location and the bottom of the down-
comer, Volume 14 and 15 represent the broken and intact loop jet pumps,
respectively. Fach bank of 10 jet pumps (broken and intact loop) is
modeled as a single volume with areas and volumes 10 times thosé of
each actual BWR jet pump. Volume 11 represents the lower plenum regiomn.
Volume 13 represents the guide tubes and the core bypass comprising the
region between the fuel bundles, Volume 18 through 25 are used to re-
present the hottest bundle in the core, and remainder of the core is
represented by Volume 12 which is called average core. Volume 5 through
7 with Volume 16, and Volume 8 through 10 represent the broken loop and
the intact loop, respectively. Volume 6 and 9 are the recirculation
pumps. Volume 17 represents the containment.

The bubble rise model was used in the upper and lower downcomers,
the upper and lower plenums, the average core, the core bypass, and the
jet pumps. The bubble rise velocity was calculated by the Wilson bubble
velocity correlation. The bubble density gradient in the two phase
mixture was not calculated except the lower plenum and the lower down-
comer, And the mixture level calculation started when the middle volume
(Volume 21} of the hottest bundle became a superheated condition after
lower plenum flashing. We think that, in this period, the transient in
the pressure vessel is relatively mild and the application of bubble
rise model is acceptable,

The single mixture level calculation in the vertically stacked
volumes in the shroud was not applied.

The vertical slip model was used at the following junctions. These

were the core inlet junction (Jun 14), the core outlet junction (Jun 15),
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the core bypass outlet junction (Jun 17), and the jet pump discharge
junctions (Jun 18 and Jun 19), The vertical slip model was applied
with the same trip signal as the bubble rise model.

The Henry-Fauske / Moody critical flow model was used in the break
junctions (Jun 22, Jun 23), both with multipliers of 1.0. The stagna-
tion property option was not used.

The low pressure coolant injection (LPCI), high pressure core spray
(HPCS), and auto-depressurization system (ADS) were modeled for ECCS.
The lower pressure core spray (LPCS) was not simulated according to the
single failure assumption. 46 percent of HPCS water was assumed to be
available to the core and the remainder was assumed to fall on the core
bypass region. The LPCI was modeled to inject directly ECC water to the
core bypass region. And the relief valves and safety valves were also
simulated by using the trip reset option and the leak table.

CCFL was considered at the core outlet and the core bypass outlet
by using CCFL. fill junctions (Jun 26 and Jun 27 respectively). And Jun
29 and Jun 30, which were f£ill junction, were utilized for the droplet
flow leaving liguid film and the steam flow vaporing from liquid film,
respectively., Jun 29 was connected with the core volume and Jun 28 was
connected with the upper plenum volume.

The bypass-lower plenum leakage model was applied at the core bypass
inlet junction (Jun 16). This junction flow was calculated when the
mixture level in the core bypass volume is higher than the elevation of
the core bypass junction after LPCI initiation, The coefficients of
the correlation was obtained on the assumption that NGT=201, NHOLES=166,
NINST=55 and NBUNT=764.

6.1.3 Calculated Results

In this calculation RELAP4/MOD6/U4/J3 ran without any troubles.
The physical time from the break initiation until the core recovery was
calculated to be 160 sec. This required 360 minutes of CPU time on the
FACOM M200 at the JAERI Computing Center.

The major events which occurred during the transient are given in
Table 6,2, The output data traces are shown In Figure 6.2 through 6.5
at the end of this section. A summary discussion of the transient
follows.

The transient began when the break junctions (Jun 22 and 23) and
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the power to the recirculation pump was tripped. The trips for the
reactor scram and for the feedwater and steamline valve closure were
initiated shortly thereafter.

The vessel pressure began to drop when the break opened as shown
in Figure 6.2. When the steamline valve closed at 3 sec, the pressure
rose rapidly and reached a relief valve set point of 1,084 psia, then
the valve was opened shortly at about 6 sec., A sharp pressure drop at
7 sec was caused by the downcomer mixture level crossing at the location
of the junction which connected the upper dewncomer with the lower down-
comer, and it was an unrealistic phenomenon. The pressure began to
decrease when the core flow decreased, and it decreased meore rapidly
after the lower downcomer emptied. The vessel pressure continued to
decrease until it equaled the containment pressure near 20 psia,

The core inlet flow rate is shown in Figure 6.3, The effect of
uacovering at the top of the intact loop jet pump can be seen at 10 sec
in the figure., That is, when the top of the jet pump uncovered, the
flow into lower plenum through the jet pump was greatly reduced,
Therefore the core inlet flow decreased rapidly, and reversed. A lower
plenum flashing occurred at 15 sec and it caused the core inlet flow to
increase sharply in the positive direction. The core inlet flow quickly
returned teo negative, and the coolant in the upper plenum fell back
through the core.

The mixture levels in the shroud are shown in Figure 6.4 the mixture
level calculation began to start at 22 sec, Soon after calculation
started, the mixture level in each volume decreased rapidly, and the
active core was uncovered completely at 35 sec. HPCS and LPCI started
at 34 sec and 49 sec, respectively, HPCS could not contribute to the
increase of mass inventory in lower plenum. But, the lower plenum
mixture level increased slowly after guide tubes were filled up by LPCI
water. A bubble velocity in lower plenum was changed to 1.0 x 106 ft/sec
upon restart at 65 sec in order to avoid the calculational Instability
in the rest of the analysis. After 76 sec, the core bypass water level
was controlled to remain constant. The bottom reflooding of the core
began to start at 132 sec.

The clad surface temperature are shown in Figure 6.5. The clad
surface temperature followed the fluid saturation temperature unitl the

DNB (Departure from Nucleate Boiling). The heat transfer mode then
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Table 6.1  Volume and Junction Identification for BWR Large Break

Volume No. Description

1 Upper Plenum and Steam Seperator
2 Upper Downcomer
3 Steam Dome
&4 Lower Downcomer
5 Broken Loop Recirculation Suction Line
6 Broken Loop Recirculation Pump
7 Broken Loop Recirculation Discharge Line
8 Intact Loop Recirculation Suction Line
9 Intact Loop Recirculation Pump

10 Intact Loop Recirculation Discharge Line

11 Lower Plenum

12 Average Core

13 Core bypass and Guide Tubes

14 Broken Leop Jet Pump

15 Intact Loop Jet Pump

16 Brezk Volume in Broken Loop

17 Containment

18~ 25 Hottest bundle

Fill Function

No.

24 Feedwater Inlet

25 Steam Qutlet

26 HPCS Water Injection inte Average Core

27 HPCS Water Injection into Core Bypass

28 Low Pressure Coolant Injection

29 lLigquid Flow Injection Simulating Liquid Droplet Flow
Leaving from Quench Front

30 Steam Flow Injection Simulating Steam Flow Vaporing

from Liquid Film

Table 6.2 Major Events Suﬁunary for BWR Large Break

Time {gec) Event
0.001 to 0,002 Break opened, pump power off, scram tripped
1tod Feedwater stopped
3 Steamline closed

10 Jet pump suction uncovered

15 Lower plenum flashing occurred

34 HPCS started

49 LPCI started

60 Liquid mass in lower plenum begin te increase
133 Bottom reflooding started
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Table 6.3 Input List for BWR Large Break
= RELAP4/MCDOG/U4/43 - WA LARGE 3REAK ANALYSIS
*
* PRC3LEM SIMENSICN
*
019001 -2 & 6 -13 25 5 3 41 216 5 & 322 16 5 32
. .
* POWER  CMEGA
*
Qlop0o2 3358. 1.0
‘ .
L4 IPACGM IEMHT JZMPS I[EMEC
=
gigocz 1 1 1 0 0
*
* E0IT VARIABLES
»
G20G00 ML 11 ML 12 aX 21 ML 1 J¥ 14& JW 15 JW 256 JW 29
*
* TIME STEP CONTROL CARGD
*
G30010 < 1 5 g 001 » 00001 +01
Gagga2t 5 43 5 0 «01 «2C0001 5
a3C030 3 40 5 &} +C1 «0C0CC1 5.
GaQC40 10 50 H o] .01 000001 25.
G35Cs0 10 1CO 1 0 «01 »00C001 10G.
2360606 1C 5C 1 0 «01 000001 1.0E86
*
L] TRIF CGNTRCL CARD
x
04CClC A L & Q0 1.386 Ce
040022 2 1 ¢ O 0. C.
$4003C C 1 ¢ 0 001 0.
C40C40 O 1 Q0 0 .O002 Ge
0400306 E 1 & 0 3.0 U.
040GEG F L 0O 0 100C. Ja
C4C0TO G =5 4 0 30.73 27 s HPCS
G40C80 mH L ¢ 0 20.0 ¢ « MIX.
¢400%0 I =5 4 0 Z2l.48 1£G. * ADS
040106 J 1 U 0 35.31 Ga
040110 K 1 O Q0 40, Ge
04C120 L -5 & 0 Z2le45 40 . *« LPCI
$4013¢ M'=5 21 0 Q.0 G. Ce. Ga 5 21
040140 1 =7 TA? TENC?® :
G4015Cc 2 Y=* '3 YENG'
C40L60 3 '=* QT YEND'
C40L7C 4 '=? or YEND?
G40L8C 5 '=' CET TENCT
Q40130 & '=T 'FT YEND?
UsGECO T = TG? PEND'
0‘_0210 d = IH! 'AND. Ly B4 ’END’
04G22 9 T=* '1? YEND®
04G230 10 *=* *J? YEND"'
G4C240 11 = *K* *END?
040250 12 =t L' YEND®
x
» YOLUME DATA
-
GEGL1l 32 0 10339, =1 «139857 1343,
G50G21 2 2 1023.28 ~1. f002448 6703,
g50G31 1 J 1046793 -l «733 C2T7 7.
g5G6041 S [t} 1021.72 5322 -1la 2177,
GoG052 2 0 1024, £32.3 =1la 125.2
USousl g 8] 1125417 S32e4% e t3e
05GGT1 o [¥] 1226417 532.52 =1. 155.
Gcsgcoal Q o] 1Gcé. 522 .29 -1 135.
OEGCY1L d g 1126.17 532440 =-1l. &3,
GEU101 Q c 12z25.17 £32a452 =-1. oY1
050111 &3 e 10618 532432 =1l. clz2e.
¢56121 a2 o) 1049 .73 -1l. «058003 $TZa0
050131 34 G 1042.1 ~1l. LCuol 1477,
05014l 382 ¢ 1025.2 53:2.23 ~l. 115.

J¥ 30

7170,

LvL CAL. START

&

5

94

#003C002100
*G0000260
#C00C0600
*C0000700
+GCG00E00
*G0C00900
*000010C0
+G0CC1160
»00001209
+000G1360
*0C0G1400
+00001500
*GCC01600
#00001700
*00001300
*G60001500
+00002000
*00002100
*00002200
«000062300
£00002400
*000062500
*00002600
+GCC02700
*C00C2300
*00002500
*30003000
*GG003100
*00003200
*000632300
*06003400
*(0003500
+00003600
+(C003700
*00003800
#000G3900
*00004000
»00004100
*00004200
*0C004300
+00004400
*00GD4401
*00004410
«00004411
+00004412
*CO0G4413
*00004414
*00C04415
*0GG04416
*00004417
*00004413
*000C4419
+00004420
*GOGO4s21
+00034500
»G00G4600
*G0GG4TG0
*303343800
*00004900
*C00G5000
*G0005100
*0G0GC5200
#0CO05300
*CC005400
+00GC5500
*0CG05600
*0Q055700
#30005300
*0G0G5500
+C0U06000
+0C006100



050151
050161
050171
050181
0501%1
0502061
050211
05c221
050231
055241
050251
x

085012
g50022
050032
050042
C5052
050062
050072
053082
050092
£50102
G5o112
£sa1éz
Cselze
0EG142
056152
056162
050172
g50142
asolve
0ED202
gsv212
050222
050232
050242
G5025¢
*

-

.

osLuC2
GecG1Z
gecol
L 2

-

UsGC1l
066021
060631
060041
060051
t 3

*

E

0EG011
58oG21
G063l
CE004l
530051
04001
U3LET1
Ge0Gs1
ELDER
030101
540111
cBolel
G8G151
Ce0ixl
930151
Ce0 161
080171
gad1al
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Table 6.3 {continued)
82 g 1059.2 222433 -1 115.
) 0 1030.3 532.3 -1. 1G.75
4 g 14.7 100. .6 1.58E£38
3 Q 1054,35 E3T7.56 -1. .21223
2 9 1053.738 -1l £00542C P21l223
0 0 10s52.352 -1. .049155 +15%21
2 G 1021.52 -1. «U86F4G «10614
3 0 1050.64 -1. L11T7279 .10614
g e 1049.77 -1. 5144390 .13514
a i 1048.72 ~la 174299 »13921
0 0 1047.37 -1. 202947 21228
£Z2.25 22425 o} 225 O 25.92
12.25 5.27 a 185, Ga 42«
21.25 21.25 & 204 . Qe £1.23
3l1.58 31,93 0 1835, Ja 12.02
26- 26- 0 3.67 [$ 3 =14,
3. 3. 0 4.0 O -14,.
40,453 40453 3 3.2 0. “l4e.
25. 24, Q 3.617 G ~-14,
30 3. ol 4el C‘o "14-
40453 4$G.53 3 1.2 - Je -14.
17.42 17.42 o 12C. O .
1245 12.5 g 51.091 <0473 17442
E9. 52 29. 52 3 . 43,835 Ce J.
15.7 15.7 3 15.6% Ce 10.02
1547 15.7 o} 15.6% O 10.02
2.2 2.2 2 3467 e 1C.
250. 0.0 1 10G000. 10C. =10.
2ed Za5 Q 10514 G476 1T.42
240 el 2 L10514 PhTEE 15452
1.5 1.5 3 10514 J04T26 21.92
1.0 1.0 C .1C614 SU4T20 23.42
1.0 1.0 b} «1361% 04726 24462
1.0 1.9 a 10614 04725 25242
1.5 1.5 0 10614 W08TEH 26.42
.0 20 b Lli6l4 WORTES 2792
JCEF. GF CCFL CORR.
‘1.0 » %5
0.7 4T
BUEBLE DATA
1.0 0.¢
G.O -I-D
1.0 -1.¢
CeD 1.6
Ced 3.0
JUNCTICON CATA
1 2 a2 o) 295813, 151.1 532437 0.
2 3 a 0 4139, 212, 5225 C.
2 4 v} 0 25444, 155. 42.0 Ja
¢ 15 0 0 13041l.5 2.112 2540 Ce
4 15 J 0 4750, 367 11.0 Je
5 5 =1 o] 4750, 2087 -13. G
& 7 1 G 4750, 3.2 -13. G
7 1s S ¥ 4720, Ga533 5. 47.
4 2 G o 4750, Z.4 11. Ge
3 v =2 2 4750 ZebT -13. G
g 12 2 J “733. Zei -13. U
12 14 o} J 4750, C.532 25, 47.
« 1% Q0 o} 1004145 Z.lle 25, 30
11 12 h} 2 25625455 2342533 17.42 Ge
12 1 G 0 26L38.35 327a0cls 2%e52 e
13 11 o] 7 =544, 2e824 17e4¢ Je
1 13 a I ~27%b. 434635 29452 Se
1 11 G g 14791.5 1769 10.06 C.

axn J&

*GOC0&200
*50506350
*C00C0L400
#GCOGHE0C
*G0C065G0
»00C06T00
*050065C0
*30006900
«(QCGGGT00G0
*CCCUT10G0
*0G007200
=00007300
+C00074C0
+J0007500
+200G07600
«CGCCOTICO
sGOCCT300
*30307900
*G0GC30C0
+GOCO8ICD
30008200
«0GO0G33CAa -
*UCCG44C0
»000GA5G0
2000563600
=CGOT3T700
*»3050a830
+506G089C0
*G00Ce000
«C0o09100
#COL09200
*C3002300
*J00094G0
=G00095C0
xLGLCF500
*000897C0
*000098062
+0QCGI9G0
«G0010000
«(CC101C0
=C001CG200
*00510200
sGCC104C0O
*0300108500
=G0010600
#CC010700
+50010800
*Co010%00C
=*00011000C
00311100
*Q0C112C0
#«0GG11300
00011400
«00C11500
«0COL11600C
*«QC011730
«C0011800
«=COGLI900
«00012GC3
+J00121C0
00012200
22G0123200
«J0012400
«C00 1500
*20012600
#=000127C0
$C00125C0
*300129GC3
»30C013300
*00C131CC
*C00132G0
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Table 6.3 (continued)

gaoi’l 15 11 o] 2 147915 - 19.5% 10.62 0. *00C13300
0a60eol 1o ) g 1 4750 28T R Ue *C00134C0
080211 3 17 2 3 . Y12 32. 1. *QCC13560
¢ggeazr s 17 o] 4 Q. 257 ‘ 1i. © D *00013500
g&0e31 17 5 o] 4 Ow Z.067 ll. J. #50013700
680241 o] 4 1 3 4135. 4eT12 40. Ce *Q0013860
Ga0est o] E 2 2 =413%. 14.75 Tée Je +30013900
Qg0z61l a 12 4 3 Qe «4591 2%.%1 Te *GGG14C800
080271 g 13 4 3 O« «5403 29.51 Ge #C0C 14100
Q3casl 0 13 3 3 C. 1. 13. 1. *30014200
Cad2vl g 12 1igs 2 Js l. 29, Je *C0014200
080301 Q 1 1Cs 2 [+ 37.0818 3l G *50Q144C0
gso311 11 18 o c 34 .8678 L0266 17.42 C. «50014500
0s0321 18 13 a g 34.8678 «1041% 19.92 Ge *000 14600
080331 19 20 0 a 34.8675 «10514 2192 0. *00C 14700
080341 20 21 0 0 24.5678 «10614 23.42 Q. +00014800
080381 21 &2 g ¢ 34.367¢8 «10614 24s42 Ue *00014900
0B0361 22 <23 C g 34,8675 «10614 25442 0. «GG015000
Q84371 23 24 G g 34 .8676 »10614 2He4d Ce 00015100
080381 24 25 G G 34.8678 +10614 27.92 Te «C0C15200
0380391 &5 1 4] 9 34.8678 v 3438 29.92 Ge #00015300
C50401 3 17 0 9 O «19%32 72 l. «00015310
G50411 3 17 o 10 0. «1963 T2 1. *GOU1522C
* *0C0 15600
23001e Ce Ge 1 0 3 0 Qe G 11 G *G0013500
cacgzz C. Ce. 1 3 3 0 Ce Q. 11 O *J0Ud15600
Js0032 G. Q. 1 o 3 0 Qs Q. 11 Q «GO00157C0
Cabi4e «2034 1.17 e 0 o 2 Ga G. 11 0 «00G15300
C3005¢ O. 0. 1 G 3 J o Ce 11 a *00015900
Cacce2 Q. 0. 1 ¢ 3 J 0. Ge. 11 g *GC018000,
gutc72 Q. [+ 1 c 3 5 0. Ce 11 0 *G0Q161G0
Cadlbadce £ 2373 9.8 1 a 3 2 0. s 11 v «000162C0
030092 Oe Q. 1 o 2 J C. Ce 11 7] *{C015300
Gs0102 Ca Q. 1 Q 3 e O. Ge 11 a ®30016400
csoll2 O. Q. i o 3 ¢ Q. Je 11 0 *00G15650C
0801ee «2373 6.3 1 g ¢ 1 0. 0. 11 0 *«(0C16600
68013z «Z0B4 1.17 2 .G 2] 1 0. O. 11 o *G0016700
Gaol14e G. J. 1 Q 3 Q 0. Oe 11 & ~281. +U00146500
caois2 Ce Q. 1 N 3 Q Ue Ca 11 1 =2zsl. *50016%900
08G162 . Ge o] 1 o] 3 C Ge Q. 11 a *00017300
Q30172 O Je 1 J -3 o Oe O 11 G 238l *C00171C0
Qag132 Ce Oe 1 2 3 0 .05 G. 11 0 23l. =(;0017200
08gi192 Ce 0. 1 0 3 O «05 Q. il G &bsl. «GO0LTE00
0dCéle Qe 0. 1 J 3 0 J. Ca 11 J «(00174C0
gaotelze 1. l. 1 3 3 0 0. Ce 11 o *GG017500
ggoeee 1. «5 1 4] 4 G C. e 11 o] +5QOL1T600
080232 5 1. 1 3 2 < G. O 11 ¢ «C001770C
08024z Qe O. 1 & 3 o Oe Coe 11 G *GO017£00
080252 G C. 1 0 3 C C. C.o 11 0 «50G17900
0802ee Ge O. a 3 3 o . O 1l v U« 301 00018000
080272 Je - [+ 0 3 3 0 Ce C. 11 0 Oe —17c *GULLB100Q
ca028¢e Gs 0. ¢ o] Q g 0. Ce 11 G +00018200
0agas2 Ca Ce [ 0 0 3] O. Ce 11 o =G0018300
080302 Ca 0. 0 c 0 o] Q. Ce 11 o] =CG0 13400
¢agale Ca . 1 g 3 s Q. Ca 11 Z *00013500
08G3e2 Ge O. 1 3 E g 0. J. 11 - 3 +C0C 18600
08033¢ e J. 1 2 3 G 0. Ue 11 3 *C0GLl3706
080242 Ce C. 1 o 3 Q Ca Oe il 3 000158800
030352 Q. O 1 3 3 [ C. J. 11 2 +(Q01890CC
G8C3se Co Ce 1 J 3 G Ce Ja 11 3 #GUUL1%0C0
UsC0zTe C. 0. 1 G 2 0 J. Ce 11 2 *00015100
0a03&c Ce Je i 3 3 dJ e G 11 2 =C00152C0
Qeonzsz Je Se 1 3 3 G G. Ce 11 1 *CCG15300
080aC2 1. 1. c G 1 g . Ce 11 U *00019310
Calsele 1. l. g 0 1 Jd Da J. 11 G #L0GG1932C
* : *00G15400
* PUMP LESCRIPTICN GATA *G0C 19500
* *(0C136C0
09G011 3 4 C 1 0 1665. 1eG 44543, 71Ge3 22.0C. c0S0C. 47017 $a © *C00197GC
090021 3 4 C 1 0 16865« 1.0 44943, 710.3 2220C. 2GC00. 47417 2. O «C0G19800
* *0CC19%9G0C



x
*

PUMP HEAD MULTIALIZER

0%10C1 -11 Je 3

091082
0910G3

100000
-

*

*

102011
143021
1030631
163041
103051
103061
102071
163021
1335691
103101
103111
193121
103131
102141
183151
103161
*

*

*

110010
110020
110030
110040
112G5a
110CeC
110070
112080
1106%0
11010G
*

*

-

120101
120201
120201
1203G2
120401
12C402
120403
1204354
120405
120531
1405062
1205G2
120504
120505
»

-

»

1301040

3 .
.3 .

FUMP

-2 G Qs 1

MO MRS T PO R e b b e o e

1

PUMP =T0P

O Ga Je
0. 0. GC.

56

]
=

GCe

DATA
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Table 6.3
CATA
1 S
o4 w9
«35 W5

10RSUE MULTIFLIER ZJATA

PUMP CURVE INPUT INOICATOR OJATA

3 ¢ 1ls 0
AUMP HEAD

Ce
[+
-1.
-1l.
Lie
Ve
~1l.
~-1l.
U
O
~1l.
~1l.
U
Ce
~-1.
-1.

[ TR I VAR S VERN AV 6 A IR B VT R FYRN LV
WiAR W W O DA W U WA AR AR AR

YALVE DATA

4 g g
5 Q u
-3 g 0
-3 o] G
7 J J
-b O o
100 13 0
12 3 o]
-4 4 0
-4 5 G
LEAK TA3LE
2 9 0 2
3 5 G 1
4 12 =2 1
12z &« 1 1
1084.3 1
1134.19% 2
111441 7
20GCG. El
12 4 1 1
1139.7 1
1195.4% 2
120%.4 . 7
200C . S
FILL TAGLE
2 3 4

AND TORGUE DATA
l.31 .25 1.2%

~J.3 w25 =«5
Zel =75 1775
2a1 =.75 La5G
o4 «25 .53
«325 .25 o 15

=led =~oT3 ~l.

-l.3 -.75 =l.7z
55 w25 63

-e 55 Y4 -C.175
le 77 =u7E 1.22
1.77T -.75 « 52

=0.8 .2 -.375
1.0 e 25 Ue3E

=345 —a15 =2a.72

~3.45 ~,75 =Zabe
e GCe [ Je
9, J. 0. 0.
U0, 0O« 0. G
3. J. Ca e
Je O« O Go
O. Jde Ca 0.
0. 635,335 =C.
O Ge Te 3.
O« O Qs Qo
O O Ce Se
JATA

C. Ge le

4.7 0. 1.

4.7 Ge 1o

30« GO

47 l.

. 1094417

. 1134.2

. 112407

L 1.

. 1129.45%

. 1139.5

. 121545%
JATA

4 rLassiel”

(continued)
15 .65 L
b i35 7 o .3
1. .
.5 1.20 « 15
»5 0.0z 15
-5 l1e54 =225
-5 1.13 =.25
5 «525 W75
.5 815 .75
-~a5  =0.4  -.25
05  =1.5& -,2%
.5 W71 LTS
vé .0 .75
5 WEZ =,25
-5 la22 =25
.5 =0.1 W75
5 G.75 .75
~e53  =2.0  -a25
-.50 =1.583 =.25
43106 .056206
100G 1.
«01 «GE3 1
28.5 l. 2
Co 1024429
e 1054.2
5. 1114455
7. 11i4.1
Ge 1135.5%
1. 1189.5
5. 1209.329
Te 1213.4
1350. 420418

_.41._

1.12
l*
1.‘
s
e
7
l].
-l.27
«&6
e23
$b2
l1.13
.15
Ja61
-1.375
-1.15

00G.
8.6

1o 1.0
1. 1.0

«GOGe0c00
*G0020100
*(500206260
*G0020360
*20020400
*UC02050C
*CC020600
*0020708
€G0020800
=GOG20%00
#0021300
#(0C2110¢
*CCG21206G
#00021200
*00G21400
*G0021500
#00021600
#00021700
«3J02168C0
*000219G0
xG00220360
*L0322100
*(0022200

G. 1.213CC0£2300
Je #325#00022400

1. 1.3
1. 1.0

Ge Us4

Se =0.5
e 1.0
L. 1.0
Je of
Co 1.0
le 43
la W42
Oe =eB
0. =o55
«353

De

*G0G225G0
*G00225G0
«Go222700
*#G0022800
*C00223G0
#30023000
«00023100
*(G0023260
*300233300
*C0023400 -
+(00 2358060

*00523600
*C0023700
*00C236C0
*00023900
*C0G24G06
*(C0024100

*C0024200
*CG024300
*0C024400
*00024500
*00024600
«C0024700
»C0024TLIO
*00C24720
*00024800
«00024930
*00325000
*0G0251G0
sD0025200
»00025300
+C002540C
«00G254 18
*(0025420
«00025430
#00025443
*C002545G
«(00Z5451
«00025452
«000 25453
260025454
*30Ge5453
*00025500
*50G25600
200025700
+2002580G0



130101
130102
*

*x
130200
130201
130202
E

k]
130200
130301
130302
130303
3

x -
130400
130401
130402
*=

x
130500
120501
*
130690
1320601
=

E

-
143030
*

-

E 3
14100t
141602
L 3

*

*
142001
142002
=

*

®
143G01
b

1

1 3
140G1L0
140620
140030
140040
1406050
14G050
140070
140050
140690
143100
14G11C
14G120
146130
140 140
140130
140160
140170
14C 150
1401%0
140200
14G213
140220
140230
140240
140250
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Table 6.3 (continued)
da 878632 L. 378.32 . Ce *G0025500
10G0G. Ua 30025000
000256160
200026200
2 &2 4 3 O "LAS/SEC' 54B. .59 #50026300
0. Te G40, 3. 1025 ~280.5 wGC025400
300G, -230.6 «000Z5500
+(00256600
LPCI*2 60026700
12 2 3 4 @ PLBS/SECT 14.7 200 *00026200
14.7 2134.68  143.7 1242.16 1847 1057.24 *C0G26900
154.7 703.88 204 .7 517.56 214,17 1G3.51 00027006
214.3 0.0 2000, 0. *00027100
*00027200
HPLS *00027300
7 Z 5 =101 0 ¥LBS/SELTY 14.7 O *00327400
147 GE2ed5 214.7 882.5613 1124.7 229+ 48 *C0027500
1114.3 3.0 260G, o. *+0G0027600
00027700
OUMMY FILL TABLE---NET LIQUID FLOW INTO CORZLLOWER PLINUM «G002T7800
2 1 2 =112 0  TGAL/MIN' 14.7 .016719 »C0027300
0. Ce 1000, Ce +00023000
SUMMY FILL TA3LE---STSAM GENERATICN RATE IN LIGUIS FILM +C0G28100
2 1 2 =212 3 *GAL/MIN' l4.7 016719 *00028200
O Ue 1000. Q. *J0023350
*000254C0
KINZTICS CONSTANTS DATA *CQG28500
=(0028600
31 116. Da 1. #C0023700
*G0028800
SCRAM TABLE CATA +30028900
00029060
% 4 Ov Co 009 0u 12075 —oé lab =4 207 =l0e 5.7 -23.1 &a =30. »00029130
10. -30. *00C29200
200029300
OENSITY REACTIVITY TABLEZ UATA «00329400
*0G0295C0
10 o2 =11455 +3 -8+830 »4 =64690 +5 ~5.01 #6 ~3.64 o7 =2.51 00029600
4 =1455 .9 ~0.73 1. 0. 1la1 0. 00029700
«C00 29800
OCPPLER TABLE GATA *00C23900
. *00030000
—6 Oo. 1035 1000. J. Z000a =1.71 300D. =-3. 4000, =4#.28 5000 -5.4%006030100
*00G30200
AEACTIVITY CCEFFICIENTS CATA *G0030330
200030400
.08369 .0836% D. T» +00030500
L17071, .17C0%1 0. C. +00030600
«17561 17581 0O. O *QQ030700
«12391 412291 Q. Do *GQG303C0
L1165% .11655 D. Q. (0030900
.10292 10292 0. C. +G003100C
L129446 .1294¢ Ta  Oe +00031100
L0%717 L09717 0. O0a *«00031200
4(0) «0GG21300
4(0) *0G0314C0
4{0) 00031500
4{(0] 0031600
405) *300317C0
4(0) *00035300
4{0} *Q00315C0
403) 400032000
4(GC} *003321060
40C) 00032200
40G) 00032200
4 {0} +3003240¢
4(3) 00032500
400) 50032600
4{GC) 50632700
4(G) =£0032300
4(0) 00032500



R S o e e

Table 6.3
140260 4{0)
140270 400}
140230 4(G)
140250 4(0C)
140300 4(0)
140310 4(8)
140320 4(0)
.
* HTC CCRRELATION JPTIGN
*
150003 -1 0 0O ¢
*
* HEAT SLAB DATA
*
ke 31 =-=-3E tGROUP 1 RODS: SPRAY HTC = 3
150011 @ 12 1 0 32 1 13 0 919.73 10.7502 0 .0448
15002 0 12 1 1 832 1 10 0 31%.73 10.7902 0 048
150031 0 12 1 1 82 1 10 0 689,30 8.0927 0 .048
150041 0 12 1 1 82 1 10 0O 4659486 5.3951 0 .048
150051 O 12 1 1 62 1 13 3 459.86 5.3%51 0 .048
150061 0 12 1 1 82 1 10 0 459.36 5.3351 © .048
150071 Q0 12 1 1 82 1 10 0 5E9.3C 8.0927 0 .044
15008 0 12 1 1 82 1 10 0 919.73 10.7902 0 0438
s+ 55 --516 IGROUP 2 ROOS: SPRAY HTC =3.5 3TU
1500%1 0 12 1 0 32 1 10 0 4598465 S3.%51 0 048
150101 € 12 1 1 22 1 10 0 4598.65 53.%51 0 .043
150111 0 12 1 1 32 1 10 O 2448499 40.443 T 048
150121 0 12 1 1 82 1 10 0 2299.32 25.976 U 042
150131 0 12 1 1 832 1 10 0 229%.32 26.976 0 «048
15G141 0 12 1 1 82 1 10 0 2299.32 £6.976 0 048
150151 0 12 I 1 32 1 10 0 3448.5% 40.44%43 0 .043
150151 & 12 1 1 82 1 10 0 4598465 53.951 0 .U4c
sk S30-=-537 :GROUP 3.4 RODS:T SPRAY HIC =1.5 BF
150171 G 12 1 © 82 1 10 0 5518437 bda741 0 048
150131 & 12 1 1 82 1 10 0 5518.37 64.741 0 L0408
150191 ¢ 12 1 1 82 1 10 0 4138.78 4£.556 0 .048
150201 G 12 1 1 32 1 10 0 2759.18 32.371 2 .044
150211 § 12 1 1 82 % 10 QO 2759.,18 32.371 0 .045
150221 0 12 1 1 82 1 10 0 275%.18 32.371 Q0 043
150231 C 12 1 1 82 1 10 O 4138.78 4B.556 0 .048
150241 0 12 1 1 82 1 10 0 5518.37 64.741 0 .048
wekx 525--3532 & HOT CHANNzL
150251 0 18 1 0 32 1 13 0 l4.446 16948 0 « 043
1502581 0 19 1 1 82 1 10 0 14.446 L15948 0 040
150271 0 20 1L 1 82 1 10 0 10.8345 ,12711 0 .04c
150281 0 21 1 1 82 1 18 0 7T.223 08474 O L0438
150291 0 22 L 1 82 1 10 O T.223 «03476 0 048
18032301 0 23 1 1 82 1 10 0 7.223 «06474 0 JU4&3
1503211 0 26 1 1 B2 1 10 0 10.8345 12711 0 048
150321 G 25 1 1 82 1 10 0 l4e446 + 16948 0 048
£ CORE SLAB DATA FOR EM
#s% JaS5. 1l==0.3. 8 IGAOUP 1 RGOS
1600150 1 7 9 15 L002667 «J0656I79
160020 2 7T 9 15 0026867 «01420250
160C30 3 7 ¢ 15 «002667 01461026
16040 4 T 9 15 . 302667 LU 10325509
16C005G¢G 5 7T % 15 002667 20056%541
140060 6 T 3 13 « 232667 «J0856084
163070 T 7T 9 15 02667 01075784
160030 B8 7 9 15 S002667 ~J0E03245
2xs* .5 9--C.5 1&: ZRAUP 2 REOS
1600%0 % 7 v 12 £ 02667 « 35450356
16G10C 10 7 9 15 sulicbel SOTIC1259
16011C 11 7 9 15 L302467 L07305128
160120 12 7 ¢ 15 ea 2667 eJSIE4CHE
16013C 13 7 & 15 wUGEESET WOb604TTCE
160145 14 7 # 15 «30E8ET 2U4EEJSRC]
16G120 15 7T 5 15 wodZ2657 08353921
16016G 1&6 7 % 12 WG 2857 U40aliic
sxex (.5 17--C.5 244 SRIUP 5% ROCE
164017 17 7 % 12 « 5026467 «JaLlTE4TE
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(continued)

8TU /F.Ha.FT2

OO COCo

Qoo COoOOC o0 o0 O0OD~a00

cCOoOCOOOoO0

»0548
«0588
+3588
+03588
«05485
G358
«05d8
+0528

fHeFT2

«QE85
528
<0538
+0588
«0545
+03688
«538
.0588

FFariaF

«G58E
«U533
»3238
0588
L0538
«J558
«0528
«0538

.0538
«U5583
.0528
«0238
«0588
0538
+0558
.0538

OO COQOoODHGCOOQOOOOGO [eNwRsNall ol el sl

DOOCODOOOC

12.
12.
12.
ic.
l12.
1.
12.
1c.

12.
12.
12-
12.
li.
12
12.

12.

ide
i2.
12.
12.
12.
12.
12.
1.

12.
12.
12.
12.
12.
lce

iz2.
12.

i
C D~y

® 4 F ® ¥ & »
Voo oQooWwanwn

Lo 4 3 3]
v % * 3 2
(vl e N eRURVRT |

*00033C00
«CG023100
«00023200
»GLU33200
aGCT33400
00032500
#GC0235600
00033700
*«00033800
#00C323900
=G0G34000
*00034100
*(0034c00
*00634300
»L0D36000
2.5%00035100
4.5+0003620C
&.0%00036350
7.02000364C0
3.0%00036500
5 .23%Q00356C0
10.,5+C003670C

12.5=50036300

«G0026300
2+5%0G037000
4.5%00037100
6.0%60037200
7.0%C0C37200
3.0+00037400
% .0%G2037500

10.5+00G37600

12.5%00037730

*J0037300
2.5%00637500
445%00023000
6+3+30G38100
7.0%G0035200
&.0%00035300
9.0%00538400

10.5+C0C 38500

12.5#00033600

*00033700
2.5#C0038800

*0003289C0

»0003900G

*00035100

*G00 39200

*00339300

*00539400

£G00395C0

*00039600

+00039760

#C0039800

*(0039900

*00G400C0

*C0C40100

*30040200

+C0G040300

*G0040400

*30040500

*00040500

*COG4070G

«00045L800

*00C405G0

*GQ041CCG

*0G041100

#G0G41200

#000412G0

*G0041400

*00G41500

+CCU41600
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Table 6,3
160180 13 7 3 15 «00260TF «J35c1558
160130 19 7 7 15 0025867 «537E5154
1602006 20 7 v 13 002667 b lE4854
150216 21 7 5 15 0G2867 «05817244
160220 22 7 5 15 «202467 35136508
160230 23 7 9 1= «30266T7 db&EUTOE
150240 24 7 9 15 « 002667 «04c43471
sewx  C.5 25--C.5 32% HOT CHANNEL
160250 25 7T § 12 Q. «000 14565
16060 26 T 9 15 G. 00029715
160270 27 7 % 15 Qs «00030571
160280 28 7 ¢ 15 G. «00021565
160290 29 7 % 15 G. -0C020287
160300 30 7 & 15> Q. +C0017713
160310 31 7 9 15 Q. w3 0022531
160320 32 7 % 15 0. 200016912
2xx CoSe 1=--Co35. & GROUP 1 RGOS
150612 1 0 Qo +3 20 4965 .95 4(0)
160025 1 & Co. 8 ob <965 .55 4(0)
160C25 L ¢ 0. e3 o5 496D LF5 4{0)
160C45 1 G Q. «3 ab «F65 93 4(0)
160055 1 ¢ 3J. «3 46 4965 4G5 &(0)
160065 1 0 Ge a8 o8& #F65 495 4(0)
160075 1 & Q. «& ob «F65 <F5 4(0)
16C085 1 0 3.01& .3 .6 2965 .55 #(0}
sx* GaSe 9¥==Uadele GAOUP 2 RCOS
160C%S 1 ¢ C. o8 b 765 JF5 4(D)
150105 1 & Q. o8 o5 «F65H 4%5 4(0)
16G115 1 0 G. e3 ob 4965 .35 4{()
160125 1 0 0. «B b 355 55 4{0}
160135 1 0 G. +3 =6 «F55 455 &(0)
160145 1 0 G. «8 «5 #9965 495 4(0)
150155 1 0 Q. «3 +6 9065 o35 &{0)
160165 1 3 40.082 o3 -6 «%65 55 4{0)
w%% Co5.17--C.S5.24 :GROUP 3,4 RGOS
160175 1 0 Oa. oS +b 2365 55 4{C)
160185 1 0 0. 3 o6 4955 .55 &(1)
163195 1 0 U «B «& <965 L35 4(0)
160205 1 0 C. 8 o6 «965 .55 4(0)
160215 1 0 0. «8 b6 <765 #55 4(0)
166225 1 O Ge. «d ob 2955 495 4(0)
160235 1 ¢ J. 8 b 4965 455 4(])
160245 1 0 48.0%8 28 «& 955 +55 4(0)
#x% (a3.25-=0a5e32 GRGUP 344 RIDS
160255 1 0 0. 23 ob 2565 495 #(G)
16065 1 0 C. +G «6 «F65 .95 4(0)
160275 1 0 O. «8 b «F65 .35 4{C)
160285 1 & 0. «8 +8 965 455 4(0)
1560295 1 0 Q. o8 «B %65 455 #(0Q)
1603205 1 0 O. «5 «6 965 .35 4(0)
166315 1 0 Ga. «8 o6 65 +F5 4{0)
160325 1 0 L1259 +3 +6 965 .95 4(C)
*
* SLAB GECMETRY DATA
*»
170101 2 3 1 & 0.0 «020071 1.0
170102 1 2 2 «GCOT721 T
17G103 0 3 3 +00267 0.
170201 1 2 4 3 0.0 oh C.
17020 0 5 1 «0208 G
170201 1 1 5 1 G. 17 Ca
17C401 1 Lt > 1 C. 125 e
1705¢1 1 1 5 1 0. «32 Ce
170661 1 Lt 5 1 0. «U138 e
170701 1 1 £ 1 G. «062% C.
17621 L 1 = 1 G. D42 Ce
110%01 1 1 5 1 J. +06 J.
1710601 1 1 5 1 0. «0Z234 Ce

-
*
»

THERAMAL CONSULTIVITY DATA

{continued)
.35 0 06333
.05 0 .08333
.05 0 .05333
.05 0 08333
<05 0 08333
«05 0 05333
05 0 08333
05 G +08333
.05 0 .08333
0S5 0 08233
.05 0 .05333
W05 0 .G3333
.05 0 08333
05 G JGEB333
.05 0 L.0Aa333
«05 O LUB323
.05 0 .0a333
.05 0 03233
«05 0 ,03333
«05 0 03333
«05 0 .Ca333
«05 C .D&333
+05 0 L085333
05 0 08233
.05 0 08333
«05 0 L03333
.06 0 .05333
.05 0 08333
.05 0 .Ga333
.05 U .0EB333
.05 0 .0£333
.05 0 .08333

Je
0.
o

[
e

Ge
Ce
O.
03108

Je
O
[+
Je
Ue
0-
G.
«4052%

0.
Os
0.
e
0-
O.
QI

43634

Ce.
C.
0.
O.
Oa
Q.
0.
.00127

«01988
«01%38
«01753
«01988
+01%48
« 01933
«G19E8
«G1983

« 31588
«0G1382
+019z8
« 31938
«G1558
«21358
+01%88
«Q1l%c8

«31988
01688
«3l458
«01%88
« 01968

LO1988

«1958
«019885

«01588
+01588
«J1953
$U1P88
«01%58
«01928
.019338
«01958

DOoOAGC o000 COODOOOO0

OO0 OOOO

oooocoaf

o000 UaQ

CcoocLuCCcOc

ooQuoao

CLOOoOOOOoaGo

#G0041700
*3G041300
*G0C41900
*=00042000
30542150
=GC0&E200
«G0D042300C
«00C242400
*0G42500
s(0042600
*G0G42700
*000 42800
200042900
*+30430500
*CG043100
*00043200
«00043300
*00043400
«GC043500
*00043600
«000437C0
*0C043300
*00G43500
*50044CCC
2000 441GC
30044200
*=00044300
00044400
*JC0044500
aGO044620
=*C00C%4700
*00044200
303044530
+0CC&5000
*00045100
=U0045200
x05045300
#00045400
*00045500
#*00045600
#00C45700
«00045800
*+00045900
+00046000
*«00046100
«50G45200
*00046300
*Q0046400
#00046500
#00046600
00046700
*00C46200
00046700
*«30047000
*00047100
*(0C472C0
*J0J47300
#QOOATSH00
*C0C475C0
#00347600
*GOG4TTOO
*L0L4TE00
*5004T5%00
*C0L4320CC
*C00C4210C
s000C4B200
»L0C4é3500
*+C0C43400
*30043200
*G0C 45600
*C0043700



130104
123101
1301u2
1a0102
130200
133330
168G 3C1
130332
1338362
150304
180305
130401
136501
»
»
3
19C100
190101
150102
1301G3
190104
130105
1502GU
130300
1503201
170202
15040G1
1304C2
190501
196362
®
-
x®
206101
206201
200301
200401
20CE01
*
*
*
210101
®
*
*
250001
*
*
=
276001
276Ga2
270003
L
EY
#*
22GGC1

300003
LR EX R
EEY 3 ¥Y
EEwER
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Table 6.3 {continued)

=20 5000 3e36%1 530 24971 200 2677 950. 24439 1100. 2.242 *COU48800
1250. 2.373 1400e 14540 155C. 1eded 1700s la724 1550a 1.62% *CQL43900
2000. 14368 21504 1507 230C. 14457 2450. 1.41% 2600, le2&2 +G0043500
3100, L.3223 3500e 1e333 4100. 1406 4600, 1a533 5100, 1e720 =L0045100
2 22 e 41562 54CC« %1202 wC0045200C

18 32. TeS12 2124 Te332 232. 3.203 *G004930¢C
572« BeiB% T58e 9340 9324 Llie4046 *QCU49400
1112, ll.26¢ 12924 12.492 1472, 13.176 w(OO4350C0
1652+ 13.95¢ 1332. 14.796 2012, lh.1l23 *#G0049600
21%2. 17.784 2372, 13.658 2552. 21.750 *0G04970C
2732+ 244048 3092. 2:£.908 23260. 334120 w0004%800
=5 2&e 30, 212 2945 392, 28.3 572« 2646 T8a 24.7 *500495900
=2 200« 3.33 1200, 1ée92 *50GE3000
*Q005C1€0

VCGLUMZTRIC HZAT CAPACITY CATA *G0050200
*G0050300

16 32, 34.45 122. 33.35 212+ 40,95 *GCOE0400
392. 43455 752. 4643 2012. 51.35 *00050500
: 2732+ 52.65 3092. 56.55 3452. 63.05 *G00S50600

3812, TZe+8 643252, 897 4532+ 34.25 *0005070¢C
4£T12. 98415 4592. 100.1 5144, 101.4 *030508G0
5000. 1D1l.4 *0G0509C0

2 iz. «20C075 540C. 000075 «0C051000

3 32, 25.92 zlée 29.755 392. 30.375 00051100
572 31.59 932 33.615 1292. 354235 00051200

1742, 36.855 1743, 35.235 3360, £ei35 *50C51300

=7 130s 5549 350e 5048 450+ 5243 530. 6542 620 672 T10. 702 *Q0C51400
z0G. 77.5 ’ *+C0C51500
=10 BZ2s 5248 2004 5647 %004 61lab 500s b4e 800a 6Bbe 160Cs o7 *G0G51600
120Ce 5344 1400, Tlaed 1600. 75.3 1800. 30.6 00021700
*00051800

LINEAR EXPANSION COZFFICIENT DATA #G0051500
00052000

-2 0. 3.713E-6 5000. 1.2653E-5 *000521G00
-2 0. 04 3000. 0. *00052200
-4 Q. 3.094E-5 1652. 4.TO6E—6 15653, 5.335E~6 5000. 5.389E-6 *30052300
-2 UJa Q. 500G, Q. *(0052400
-2 De (0. 5C0CC. 0w *00052500
*00052500

HEAT EXCHANGER DATA *00Q052700

‘ o *00052800

4 3 13 0. =40207 1.0 -a0207 4.0 D« 100G0s Ce. «00052900
- 00053000

BLOCKAGE » SWELL ING GAP RELUCTLON DATA *00053100
=00053200

1 2 30 08615 Q0053200
*(00053460

MULTIPLE FIN CLAD RUPTURE DATA #+00G535C3
«00553600

14 2500. 3o 2280. 9847 16204, 197 1730« 395, 1660, 592+ *00053700
}16C0. 790. 1540s 87 1430. 1llo4. 1440, 13E2. 140G, 157%. *00053:00
1370 1777. 12335. 1574« 1310. 217Ze 1£30. 2369, «00053500
*G0054000

MULTIPLE PIN FLCW SLCCKAGE DATA AFTER RUPTURE =00054100

. *30054200

4 34, [+ 2% e 15G. 21 0. 21la 1€00. *G0054300
*000544C0

SINGLE PIN CLAJ RUPTURE CATA *C005450C
s00054600

14 25C0. Cs 2250. 98.7 1620, 1%37. 173CG. 355, 1&60. 592. +CG054TCO
1660+ 7%0. 1540. SE7e 1480e 1134. 1440, 1322. 14C0. 21279. «00054300
137G e 1777 13354 1974 13210, 2172. 1280. 236G, sCCO54500
»LO0S50CC0

SINGLE PIN FLOW 3LCIKAGE CATA ArTZR RUPTUR:Z *C0L25100
+00G552C0

14 131. O« 131. 9E.71 £t2. 197, 41. 3%5. LT £92. =C00ES300Q
Gz T30, 116, 37 121, 11384+ 137 12228« 121 127G. 0055400
121. 1777. 108, 1974, TE. 2l72. 558 236%. «(C05S55C0
*CCCH5600

CORE SPRAY MOJZL CATA RESRS RS RRE AR RER IRk R bR e ek xkn ks aww0055T700
xCGG555860

—_ 45._



2350060
205010
205100
c0511d
2g51e0
ad5214a
E05310
205410
LRI T

1 2 2 90}
25293015 0. 12,
100QC.

144+ o5 «a 03
100G 100C.

3. 3.5 1.5
3(0.,002667)
«083:4 415563

CORc SPAAY MOUDEIL GATA
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Table 6,3 (continued)
.26
5% 25.  +05

.3G0C3

«C005594G0
*00C56200
+0C056100
*CC056200
+00026300
*CG056400
*L00E6500
00056630

L EREEREREREERS SRR SRR INBEE SRR nk e nax¥2x30056T00

*00056800
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switched from nucleate boiling to forced convection vaporization and
shortly after to pool £ilm boiling through transition boiling. During
the lower plenum flashing, the heat transfer mode was film boiling
because of the EM heat transfer logic selection, so that the clad surface
temperature did not decreased. They increased until bottom reflooding
started. The bottom heat slab temperature and the middle heat slab

temperature turned around at 135 sec and 160 sec, respectively.

6.2 BWR Small Recirculation Line Break
6.2.1 Introduction

A typical BWR plant was modeled using RELAP4/MOD6/U4/J3 to represent
a & % break in the pump suction side of one of the recirculation lines.
The system model and assumptions used and the calculated results are
presented in the following sections. The calculation was carried out

from the break initiation until the core recovery.

6.2.2 System model and Assumptions

The nodalization describing the BWR system is shown in Figure 6.6,
Tt consists of 16 volumes, 30 junction and 46 heat slabs including 24
core heat slabs. The volumes and fill junctions shown in Figure 6.6
are identified in Table 6.4,

The system nodalization for the BWR small break analysis differs
from that used for the 200 % break (section 6.1) in the following re-
spects. The nine volumes (one average core volume and eight hottest
bundle volumes)} were replaced by a single core volume for the small
break analysis. The two break volumes used in the large break analysis
were combined into a single volume.

The bubble rise model was used in the upper and lower downcomers,
the upper and lower plenums, the core, thé core bypass (including guide
tubes), and the jet pumps. Bubble velocity in each volume was calculated
by the Wilson bubble velocity correlation. The bubble density gradient
in the two phase mixture was not calculated except in the lower downcomer.
The single mixture level calculation in the vertically stacked volumes
in the shroud was not applied.

The vertical slip model was used in the following junction. These

were the core inlet junction (Jun 16), the core outlet junction (Jun 17),
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the core bypass outlet junction (Jun 19), and the jet pump discharge
junction (Jun 14 and Jun 15).

The HEM (Homogeneous Equilibrium Model) critical flow model with a
multipler of 1.0 was used at the break junction in both subcooled region
and saturated region. The stagnation property option was not used.

The low pressure coolant injection (LPCI), low pressure core spray
(LPCS), and auto-depressurization system (ADS) were modeled for ECCS.
The high pressure core spray (HPCS) was not simulated according to the
single failure assumption. 46 percent of LPCS water was assumed to be
available to the core and the remainder was assumed to fall on the core
bypass region. The LPCI was modeled to inject directly ECC water to the
core bypass region. And the relief valves and safety valves were also
simulated by using trip reset option and leak table.

CCFL was considered at the core outlet and the core bypass outlet
by using CCFL fill junctions (Jun 24 and Jun 25 respectively). And Jun
27 and Jun 28, which were fill junctions, were utilized for the droplet
flow leaving liquid film and the steam flow vaporing from liquid film,
respectively. Jun 27 was connected with the core volume and Jun 28 was
connected with the upper plenum,

The bypass-lower plenum leakage model was also applied at the core

bypass inlet junction (Jun 18),

6.2.3 Calculated Results

In the calculation RELAP4/MOD6/U4/J3 ran without any troubles.

The physical time from the break initiation until the core recovery was
calculated to be 600 sec, This required 100 minutes of CPU time on the
FACOM M200 at the JAERI Computing Center.

The major events which occurred during the transient are given in
Table 6.4, The output data traces are shown in Figure 6.7 through 6.10
at the end of this section. A summary discussion of the transient follows,

The transient began when the break junction (Jun 20) opened and the
power to the recirculation pump was tripped. The trips for the scram,
and the feedwater valve were initiated shortly after the break occurred.

As shown in Fig. 6.7 the vessel pressure began to drop when the
break opened. After steamline valve was fully closed at 49 sec, the
vessel pressure began to increase slowly.

The break flow reached a maxinum shortly after the break and then
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decreased following the vessel depressurization as phown Figure 6.8,
Generally, it follbwed vessel pressure change.

The vessel pressure reached a relief valve set point of 1,084 psia,
so that the valve opened. Then the pressure remained steady until ADS
valve opened at 256 sec. After ADS valve opened, the vessel pressure
decreased rapidly until it reached about 100 psia.

The mixture level in the shroud began to decrease at 60 sec, and
the core uncovery started at about 180 sec as shown in Figure 6.9. When
ADS valve opened, the lower plenum saturated and its liquid flowed into
the core and the core bypass. Then the mixture level in the core in-
creased, but, after about 20 sec, it decreased again, and the active
core was uncovered completely at 323 sec. The lower plenum mixture
level began to decrease at 300 sec. A bubble velocity in the lower
plenum was changed to 1.0 x 10° ft/sec upon restart at 430 sec for stabil-
ization of calculatiom.

LPCS and LPCI started at 387 sec and 458 sec, respectively. CCFL
phenomena occurred at the core outlet, so the most of LPCS water fell
into core bypass region. Therefore, after the LPCS initiation, core
bypass mixture level increased slowly. But when LPCT started, core
mixture level dropped sharply because of subcooled water mixing. Soon
after that, it increased rapidly, and the core bypass region was filled
up. Aftér 495 sec, core bypass water level was controlled to remain
constant. ECC water began to refill the lower plenum after the control
rod guide tube was filled up., The bottom reflodding of the core start
at 527 sec, and the core mixture level was balanced with the hydraulic
head of coolant in the jet pump.

Clad surface temperatures are shown in Figure 6.10. The clad tem-
peratures followed the fluid saturation temperature while the heat slabs
were covered by the two phase mixture., But when they were uncovered
because of the core mixture level decrease, the convective heat transfer
coefficients were set equal to zero, so that the clad surface temperature
increaced vapidly. Soon after LPCS initiation, the top heat slab was
rewetted by top quench at 387 sec, and its surface temperature dropped
sharply. The middle heat slab was also rewetted by top quench at 461
gec, The bottom heat slab temperature turned around at 528 sec because
of bottom reflooding. The difference in the rates of temperature decrease
between top quench and bottom reflooding were due to the difference in the

convective heat transfer coefficients.
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Fig. 6.6 Nodalization for BWR Small Break
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Table 6.4 Volume and Junction Tdentification for BWR Small Break

Volume No. Description
1 Upper Plenum and Steam'Separator

3~

Upper Downcomer

3 Steam Dome

4 Lower Dowmcomer

3 Broken Loop Recirculation Suction Line

6 Broken Loop Recirculation Pump

7 Broken Loop Recirculation Discharge Line
8 Intact Leop Recirculation Suction Line

9 Intact Loop Recirculation Pump
10 Intact Loop Recireculation Discharge Line
11 Lower Plenum
12 Average Core
13 Core Bypass and Guide Tubes
14 Broken Locp Jet Pump
15 Intact Leoop Jet Pump

Fill Junction

No.

22 Feedwater Inlet

23 Steam Qutlet

24 LPCS Water Injection into Average Core

25 LPCS Water Injection into Core Bypass

26 Low Pressure Ceoolant Injection

27 Liquid Flow Injection Simuiating Liquid Droplet Flow
Leaving from Quench Front

28 Steam Flow Injection Simulating Steam Flow Vaporing

from Liquid Film

Table 6.5 Major Events Summary for BWR Small Break

Time (sec) Events
0.001 to 0,002 Break opened, pump power off, scram tripped

1 to 4 Feedwater stopped

49 Steamline closed fully

125 Relief valves opened

256 ADS started

323 E Active core was uncovered completely
387 I LPCS started

458 LPCI started

527 Bottom reflooding started

528 i Middle heat slab was quenched
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3wl SMALL 3ASAK ANALYSIS

Table 6,6
= RELAP4/MODB/U4/J3
*
* PROBLEM DIMENSION
»
ol06Col =2 9 3 13 16 4 0 32
w
* POWER  GMEGA
* .
olgcoz 3258, 1.0
x
* EDIT YARIABLES
*x
0200GC AP 11 ML 1 ML 12 ML 11
*
» TIME STZTP CONTROL CARO
»
Q030810 2 106 3 .1
030020 &0 10C ¢ .01
030630 2 lou ] ol
x
» TAIP ICONTRSOL TARD
x
040010 L I 2 © 1.0886 0
040028 2 1L C O 0. o
Q4uCal 3 1 ¢ O .GOL 3
040040 4 1 © O .0C2 U
G4GGSG 5 1 ¢ G 1.0 o]
04G0BC & 1 O © 1000. o
040070 T -5 4 0 2l.43 4
040G80 8 1 U 0 .0O01 i
G40090 % -3 4 U 21.48 i
040100 10 9 2% G 3.001 o
040110 11 9 25 0 0.001 0
g40120 12 1 U 0 100. !
040130 12 -5 & G 30.78 9
*
* VOLUME CATA
*
JEO011 2 Q 1039,
053021 2 ol 1025.243
050031 1 ] 1024.58
056041 3 0 1031.93
450051 0 ] 1024,
30061 4] s] 1126417
050671 0 ! 1225.17
050041 " 0 1024,
050091 G o 1126.17
050101 3 9 1226417
050113 2 c 106%. 16
50121 2 c 1051.52
Cs0lal 2 G 1050.07
050141 F3 o - 1059.2
050151 2 0 1059.2
Gs0161 & c 147
»
"
05GC12 22426 22.20 ]
cs50022 12.25 5.27 2
WELUEY] 2125 21.25 o
£50C42 22.23 22.23 0
cso0se £S5 A= o
050062 3. 3. 0
gsc0v2 40453 40.53 o
as00se 26 26 o
056652 3. 3. G
050102 40 253 40453 ol
056112 17.05 17.05 3
gsolze 12.%2 12.92 3

2 8B 5 6 4& 10 5 32
ML 13 JW 24 JW 25
«30001 180. 7140,
+00C001 1350,
«00G001 1.0E6
Ja
0C0 .
20. -
. 12.85 0O 5 12 0
. #MSIY CLOSE
=1 «0%1l632 1548.
-1 «302443 6703,
b T =959 37177.
532. -1. 3177.
55243 ~-1. 136.0
533:&5 ~la 63,
533.25 -l 266,
£32.30 -~1l. 136.
533.25 ~l. 6.
533.25 ~-1. 356.
532.53 -l 2131.5
-l. «13855 F73.09
S32.6 “le 1477,
532,53 ~-1. 115.
532.53 -1. 115.
100. b 3.43E3
22b . Q. 29.97
497, Je 41,75
497, 0. 51.25
155, Ce 16.0¢2
367 Ca -14.
440 Ce =14,
Jad Ce =-l4.
Je67 Ge ~14.
4ol Ca ~14.
2ad O -14.
120. Je e
81.051 L0473 17.02

H.54._

Input List for BWR Small Break

Ju 17 J4 20

OGO +0H 0000

14.98
+93

14.%E

*00000100
*C00GC0200
»(00C0300
*D0000400Q
00000500
*GQ0C0600
«00G602700
=C00C08C0
*CO0(E09C0
*00001000
*C0001100
#00001200
*00001300
*GG001400
200001500
*00001600
Q0001760
*00001800
*C000L$00
*00002000
x03002100
*00C022600
*00602300
+D0002430
=200 02500
*GO0U02500
400602700
*C0002800
*(0002900
s00G03009
*G0003100
*000G3200
=Q0003300
*G00024C0
*00503500
«G0003630
*00003 700"
*GO003BO0
=00002%00
*50004000
*000041G0Q
*30004200
*00004330
*C0C0400
*G0004500
»00GG045600
00004700
*CCO04800
*00G04900
«30005000
«C0GA5100
*0000Z2C0
x00005330
*000054G0
*00035500
*0Q0{05600
s06085700
*000065300
*00005%500
*00005200
*00006100
*0GG0C5200
«000053200
*00006400
»0L0GGCE500
000056600
200006 TC0
#0GO06500



G50132
050142
050132
C3016e
*

2957
15.7
15.7
250 .

* CCFi. COGRAELATICN CCEFa

&

066002 t.¢ ohb
06GC1zZ J.7 %7

»

* 3U3BLE TATA

*

060CG11 1.3 J.0

060021 Q.0 =1.C

0&60C31 0.5 =l.0

066641 0.0 1l.26

£ 3

* JUNCTICN DATA
*®

08u01l 1 2 ] ]
ceotet 2 3 a 4]
J8G031 2 & 0 0
080041 4 15 G ]
Gc0Gs1 4 5 o] ]
Go0Cs1 5 6 -1 2
CaLbTL 5 1 1 Q
¢80Ga1 7 15 0 !
30091 4 8 0 0
GolD1G1 3 5 =2 o
080111 $ 10 2 0
Ga0l2l 10 14 " o
C8wlai 4 14 2 0
DEG141 14 11 0 0
QG131 15 11 0 0
Ds0l6t 11 12 ) )
0EOLTL 12 1 o a
085181 13 11 Q 5
Cz61%1 113 0 o}
GEUz01 5 16 o} 4
380211 3 ls ] 3
GeGeal o 4 1 4]
083251 O 3 2 2
D3UE4! a 12 3 ]
650251 o 13 3 6
G50ESL o 13 4 &
G307 0 12 1G5 0
030881 o] 1 106 o]
DE0e91 3 16 o 7
030301 ET G 8
-

E

céoole e Ce
SEDES Ga Je
ceopaz Jea Da
Gauo4z s20bé 1.17
0s0C52 G. Ge
050082 G. O
paucie O Q.
G:0082 2373 5.3
Gsoue2 G O.
dadlae 0. O
GeClte O. 0.
Lz0le2 2213 Bab
Gdulze £2034 1a17
Lagle2 Ca e
CE0132 O  C.
Léule2 C. Je
vi0172 Ge De
caClse Ge Ce
Jsalye2 Ge O
ESPLF l. .8
oagélz i. ta

Table 6.6 {(continued)
29497 o 43.635 0. Oe
15. v} 19.69 Je 10.02
1547 ! 19.5% Q. 1C.02
3.0 1 1000 . 100 =10,

29583, . 151.1 52.17

4074.2135 312, 32425

25444, 155, 42,3

10041.5 3.112 25

4750, 3.87 1i.2

4?50- 3067 "‘13.

4750 . 3.2 ~13.

5750, 0.538 25,

4750, 3.67 1i.

4753- 3.67 -130

4750, 3ec ~13.

4750 Jen30 25 .

10041.5 3.112 25

14791.5 19.67 10.12

14791.5 19469 16v1e

chb35., 20e32 17.05

26539, 37.13 29.97

2944 2e246 17.
-294%, 43.635 29.97

D. 15 11.

Qe s34 55,

4074,.3135 4.712 40.

~437443135 l4aT% Tz

De b 29.96

G« 54 2356

\3‘ 1. £9¢

0. l. 29.

Je 37.13 30

Q. «1993 12.

O 1993 Tie

1 4 3 s} Ge 0. & 0
1 4 3 g Je Je 4 U
L 4 3 c Jge Us 4 8}
2 4 0 2 0. O« 4 o
1 $ 3 ) Ga 0. 4 e}
0 4 3 0 O Ca 4 G
0 4 3 0 0. Oa 4 ¢
0 4 b} 2 de Qa 4 o
1 4 3 0 Ce T 4 G
o] 4 3 o] 0s 0. 4 C
Q 4 ] 4 Qe Do 4 U
2 4 0 2 Cs 0. 4 ]
1 4 k! 0 W05 G. 4 )
1 4 3 3 W33 0. 4 2
1 4 3 o] 0. 0Oa 4 ¢
1 4 3 0 O Os 4 ]
1 4 3 0 D¢ 0w 4 o
1 4 3 o] 0. 0Oe & ")
o 4 Kl o Ge Ga 4 0
o & ) ] Je Jo 4 3

JAERI—M 83594

L= O

QU CQLUOOLOCGOCOoDOOO00a0L

14.95
14.53

*0035063900
«(C00T0C0
*GOCoT100
*00C07200
*C0007200
«0000T450
»00007500
*000GT600
*50007700
*»G0007300
=00007900
*00008000
#00008100
#000082500
*30003300
*G0008400
«00003500
=30008600
*000US700
*30008800
«20003900
*000C090C0
*(0009100
*05009230
=(0009300
*00Go34U0
+00309500
*00009500
*G0009700
*Q0509800
=00C09%00
*G0010000
«000 10100
*00010200
*(00103C0
=000 10450
*00010500
*00010600
#«G0010700
*00G10800
=300 10906G
*00011609
*00CE1100
*G0011230
*G0C11300
«00011430
30011500
«00011600
s00011700
*300113G0
#00L11900
*30012000
*30012100
*00612230
*00012300
#00012400
*000125GC
«G0012600
*C0G12750
«(O0I2E00
*00012500
*502132500
*00013100
+C0013200
*20013330
*J0012609
«30C13500
*20013630
*00013700
*00412300
*30313530
+20014000



dedeez
050&32
CaGas4c
Q0zGzhe
0802482
CE0zZ7e
Qz0eiz
Cageve
G5G302
*

»

*x
cyo03l
G80021
*

-

* -
G31001
091632
Q%1003
x*

N
[L%]
(]
C:
Lol

oQ
M e
-

\nown

N

J3000

R R RN RO R

*
153011
102021
103031
152341
103051
103061
103071
1036481
103591
102131
102111
163121
103131
162141
103151
102161
*

*

»

115610
11G020
110030
110040
110050
110563
116G T
110¢ 30
*

Ed

*

120101
120201
120242
120201
1203C2
1204<1

JAERI—M 9394

Table 6.6 (continued)
O Ca o] 4 E] 4] O Qe 4 ] 0. O *000141C0
U 0. 0 4 3 0 0. 0. 4 O C. O© *50014200
Go 0. 0 . &. 3 0 Ve 0. 4 0O 0. 231 «00014300
T 0. 3 & 3 3 D. 0. 4 L 0. =132 «CUC 14400
U 0. 6 4 O 0 De Gs 4 0O 0. G 306145530
O G 0 4 @ 9 D. 3. 4 0 2. 2 »20014600
0. G 2 4 3 a4 0. 0e & 0 Ce © #G0014700
1. 1. 0 4 9 0 0. De 4 © 0. O *L0014500
1. 1. 0 4 3 0 D. 0s % 0 0. D *00014500
*GJ015CC0
PUMP CESCRIPTICN DATA «G0015100
*0DC152C0
3 4 0 1 0 166de leQ 44943, 710.3 22200. 200CC. 47.17 Q. U *00015300
3 4 0 1 0 16658. 1.0 44943, 710.3 22200. 20000, 47.17 3. © *00 015430
*00015500
PUMP HEAD MULTIPLIER DATA *C0015600
00015700
~11  G. Ge 1 0. <15 .05 24 o8 +00015800
3 496 b #93 6 WST N #COC 15500
«5 o8 96 .5 1. ©O. *00C150C0
*00016100
PUMP TCGREUE MULTIPLIER CATA *000 15200
30016300
-2 0e O Lo Oe *00016400
000616500
AUMP STGP DATA 30016500
*Q0016700
Je La Ga *00016800
Oe 0Oa O +00016930
*GAO1TC00
PUMP CUAVE INFUT INDICATCR CATA *C0G17100
00017200
S 0 ls 0 *G0C 17300
=000174003
PUMP HEAD AND TORQUE DATA 00017500
*Q0017500
1150. 1.31 425 1.25 &5 1.20 «75 1l.12 1. 1.0 *GC01770O
125 0. -Ca9 25 =5 +5  =0.05 75 o4 1. 1.0 00017800
135 -1, 2.1 =.75 1.775 =.5 1.54 =.25 1.4 0. 1.31400017900
1 4 5 =1, 241 =o75  1.50 =.5 1,13 =.25 .52 0. .525%000182000
155 0. o W25  «53 .5 625 .75 .8 1. 1.0 *G0018100
165 0w 825 .25  .7% 5 «B15  LT5 .5 1. 1.0 *GGGI&200
1 75 1. =led =u75 =1e =45 ~=0u& =225 .1 0. 0.4 *00018200
1 85 ~1v  =1a8 =75 =1e7i =+5 ~—1.5& =.25 =1.27 0. -0.9 *00015400
2135 d. .55 W23 63 .5 «71 W75 .86 1. 1.0. 00018500
2 2 5 Us —e55 2 =0 +175 &4 G 75 «5g 1. 1.0 =C0016600
Z 35 -1. 1677 =75 1423 =a5 W53 +~e25  e62 Us 55 =GOO1§T0O
2 4.5 ~1, 1.77 =75 1.52 = 5 1.32 =.25 1.13 0o 1.0 *=00018200
2 5 5% G 0.3 .l ~e375 45 -G.l «75 15 1. «43 200015900
2 568 5 0. 1.0 25 D.88 5 Q.75 «T5 Oeb]1l 1. «43 =000190C0
27 5 -t. —3.45 =uT5 =2475 =u50 =2.G =225 ~—1.375 0. =.& 00019100
2 B E —1s  ~3.45 =,T5 —2.,62 =450 =1.583 =,25 =1.15 U. -.55 *0CC19ZG0
*GD019300
VALVE DATA 2GOC15400
*00C195C0
& G 0 0, 0. 0. 0. *000196CC
13 2 0 0 0. 0. Qo *C0019700
8 G Ds Gs 0. 0. *G0015806
“3 0 0 Os Os Ge O _ *G00L99G0
1108 13 QO De 585.389 -0.4clh «C0%95205 *=*0QC2000C
14 2 o] Js (e GCeo O : «0C0G20100
4 4 0 OD. O¢ ULs Ge &« 15 RELIEF VALVES *G0020200
4 5 0 De Oe Ja O * 15 SAFETY VALVES *GLOZ03G0
*00C20400
LEAK TAsLz DATA *000202G0
(0020400
-2 3 G 3GC. Ce 1. 10CC. 1. =50020700
e 12 G l4.7 Je le 2e25 1. 2e5 66T xG002680C
2.75 333 3. Ge 160006 G. «GC02G500
4§ 10 -2 1447 Ce 1o 25.5 1. ibeb  Ua *00C2EG00
20. Ga sU0021150
12 4 1 4.7 1. 0. IC54e25 GCa % 15 RELIZF VALVES#DOCZI20C



120402
126403
120404
1205C1
1265G¢2
120533
1205G4
x
-
®
1301G3
1301451
1301062
]
»
130200
126201
1302G2
-
 J
1302006
130301
13¢302
130303
130304
*
L 3
130400
130401
130432
130403
*
»*
130500
130201
*
»
130600
130401
*
L 3
E
1400G0
»
*
*
141001
141002
»
-
*
142001
142002
*
*x
»
143001
*
=
*
140G1L0
140G20
140030
140040
140050
140060
140C70
14CC80
140050
14C10C
14G11C
140120

JAERI-M 9394

Table 6.6 {continued)
1094.19 1. 1G94.2 3. 1104.1% 3. +00021300

1084.3 1.

1104.2 5. 1114.39 S. 1114.1  7a 1124.05 7. #000214C0C

1124.1 9. 260C. 5 © #00621500

12 4 1 4.7 1. G. 113969 Ca & 18 SAFETY VALVES#00021600
1139.7 1. 1189 .49 Ia 1189.5 2. 1199445 #00021T700

115%.5 5. 1209235 Za 120%+4% Teo 121535 #GCO21EC0

1219.4 9. 2C0G. 3. *00021900

*C0022000

EILL TABLE DATA +0C0C22100
*00022200

2 1 4 3 *L3S/SEC* 1050, 401.11324 *00022300
0. E64e66T6 L. 56605676 4 Ge +00022450
300G, c. *G0D22500
*C00226C0

£00022700

2z 2 4 0  'L3S/SEC® 54a. .995 *G0022800
0. G. 940. G 1025, -276.2246 *60022900
3000. ~276.2246 *00023000
*G0023100

LPCS *00023200
7 2 10 -101 O  °'L3S/SEC' 14.696 0. *G0023300
Thal 37C.86 137, 85246 22447 573469 00023400
252.2 441.2 26447 353.04 2712.2 264.78 *00023500
277.2 176.52 30447 88.26 304.8 0. »00023600
3000, 0. *00023700
*00023300

LPCIs2 +C0023900
7T 2 3 9 "LBS/SEC” 14.7 2C0. +00024000
1447 2194466  149.7 1242.16 16447 1097.24 200024100
194.7 703.88 204.7 517.56 21447 103,51 *00024200
21448 0.0 2000. 0. #000243090
*00024400

#00024500

2 1 2 =112 0  TGAL/MIN' 14.7 «016719 *00024600
R 0. 1000. 0. »00024700
#00024800

*00024900

2 1 2 =212 D "GAL/MIN® 14.7 .016719 *00025000
0. . 10004 0. $00025100
#00025200

KINETICS CONSTANTS DATA *00025300
) *00025400

3 0 1l6. 0. 1. 0. 0. 0. «60025500
*00025600

SCRAM TABLE DATA *00025700
: +00025800

~8 4 Oa Co 0u9 0. 14075 =o4 1eb —4s 2.7 =10, 5.7 -28.1 8, -30. +00025900
10, —30. +00026000
*00026100

DENSITY REACTIVITY TABLE DATA *00026200
£00026300

10 22 ~11455 o3 =8.830 o6 =64690 o5 -5.01 .6 =3.64 o7 =2.51 *00C26409
o8 =1.55 o9 =0.73 1. 0. 1.1 0O, $00026500
*00026600

DOPPLER TASLE DATA *00026700
*00026800

w6 Os 1o85 1453 0. 24E3 1,71 3.E2 =3, 4.E3 ~4,28 5.53 <=5.43#00026%00
*60027000

REACTIVITY COEFFICIENTS CATA 200027100
*C0027200

«08369 «08367 0. GC. *00027300
L17671 L17071 8. O. *000274G0
L17561 W17561 Be Ou *0G0275G0
«12391 «12391 O Ue 00027600
118655 11655 Us Ce 0027700
.10292 L1G292 0. 0. *0002756C
12944 e l2344 O Co *00027T90Q
.05717 L09717 5. 0. *00028000
4(04) *00028100
4(04) +00022200
40} «00028200
4(0C.) «G0028400
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Table 6.6 (continued)

140130 4{0.}
140146 4(0.}
140130 4(0.)
14G160 4(0,.)
140170 4(0.)

140130 4{(0.)
140190 4(0,)
140200 4{0.}
140210 4(0.)
140220 4{0.}
140230 4(0.}
140240 41(0.)
140250 4(0.)
140250 4(0.)
140270 4(0.)
140280 4(0.)
140290 4{(0.)
140300 4(0.)
140310 4(0.)
140320 4(0.)
x
. HEAT SLA3 DATA
E 3
150000 -1 §& 4 O
»
* .
150011 0 3 2000 O Q. 6a7. 422, Qs Go O 0s 0. 0. 0.
150021 0 2 0D 00 O 0. 1348, 693. Os O Ou Do 0O 0, Q.
156031 0 4 z 0 00 0'0C. 1916. S77. U« Ue 0. 0o 0. 0 0.
150041 ©0 11 25000 0 0. 687 335. Ue Gae Os Co Do 0. U
156051 4 13 3¢ 0 0 ¢ 1355, 1355, 239, Ga Co O« Co Ou Qe Ga
150661 1 Z 4G DO O 2288, 2288, 28b. (e De Cu Co Ou Co Ge
150071 11 12 50 00 0 197, 197. 65, De Oa Ou 0a O0a s 0.
#50081 12 1 SO 00 O 94. 94, 31, Os Os O 0. Ou 0. Q.
150681 11 13 & C 80 0 O 5384, 6ES4. 95. O« Ou Oa O+ D4 04 Ca
150091 Q0 l1 7170 00C O O, 736, 46. Os Ue Oa 04 0. 0. 0.
150101 2 3 80 00 0 4380. 4380. 134, 0. 0c 0u Ou 0w 0. Ds
150111 ¢ 5 90 Q0 0 0 0. 450, 34, Ou O« Oe O« Os Ds O
150121 0 8 S0C 00 0 0. 450, 36 Ou Ou Jo 0o Je Ov Je
150131 0 7 $ 0200 0 0. 838, 67. Oe Os Cs O O 04 G
150141 ©¢ 10 90 00 © 0. 838, 67. Os Oe Do 0o 0. 3a 0.
se%s S17-=524 3IGROUP 1 RODS: SPRAY HTC = 3 BTU /F.HFT2
150151 o 1z 1 D 122 1 1¢C 0 919,73 10.7502
150161 0 12z 1 1 122 1 16 ¢ 219,73 1C.7902
150171 0 1:z 1 1 122 1 10 0 6E89.8D 540927
150131 g 12 1 1 122 1 10 0 459,86 5.3951
130191 o 12 1 1 122 1 10 @ 459.86 5,3951
15¢201 c 12 1 1 122 1 10 0 453,56 5.3951
150211 0 12 1 1 122 1 10 ] 589 .80 8,0927
150221 o 12 1 1 122 1 ic o 919,73 10.7902
smex S25--532 GRGUP 2 RODS: SPRAY HTC =3.5 8TU /F.H.FT2
150231 0 12 1 0 t22 1 10 0 4598.,65 53.951
150241 0 12 1 1 122 1 10 o 4598 .65 52,951
150251 o 12 1 1 122 1. 10 ¢ A4648.%9  4C.443
150261 0 1é 1 1 122 1 10 0 2299.32 25.976
150271 6 1z 1 1 122 I 19 ] 2299 .32 26.976
150261 0 1z 3 1122 1 10 ¢ 2299.32 26.9T76.
150291 0 12 1 1122 1 10 o© 2448.99  40.4423
150301 0 12 1 1122 1 10 0 4558 .65 53,951
sk#x2523~=-540 IGRCUP 3,4 AOO0S: SPRAY HTC =1.5 B8TY /F.H.FT2

150311 ¢ 1& 1 C lze 1 10 4] 5518.37 4,741
150221 o1z 1 1 122 1 13 O 5513.37 644741

150321 0 1z 1 1 o122 1 16 O 41358.73  4E.556

150341 0 1: 1 1122 1 1o 3 275%.18 32.271
150231 ¢ 1z 1 1 122 1 1¢ h| 2759.18 324371

156261 0 12 1 1 1:z22 1 10 o 275%«18 22,371

120371 o 1z 1 1122 1 10 ) 4128.78 48.556
150331 o 12 1 1 122 1 10 ¢ 55184.7 64741
sxkx S2G-=545 : HOT CHANNZL HEAT SLASG .

156291 ¢ 1 1 o l2z 1 10 " l4ub4b, c15542

50401 0 1z 1 1122 1 10 0 l14.445 16944

156411 0 1z 1 1122 1 10 © 10.5345 L12711

=00028500
«G00e23600
«000z8700
*00028800
*0Qu2as00
*00829C00
*00029100
*C002%200
*C0029300
*00025400
*C0025500
+*00029600
*0G029%700
«000298G0
00029900
*G003C0G0
«G0030100
+030030200
*000303200
*0003064C0
*(00303520
#«CCC30800
*0CG307G0
«00030340
*30630%C0
*C0031000
*C0031100
*0GL312G60
*GO0313G0
*GGC31400
#(0G31300

10.42%000G31500

0.
0.

«00C31700
*GOC31200

17.1+00G319G0

+05032000
*G0032100
*0Q0032200
*000323C0
*50C32400
*00032500
*000325C0
*«G0C327C0
*00022300
30032900
*000323000
«(G00331C0
*00033200
*G0C33300
*00033400
+30033500
*00033600
*G0033700
*00033300
*00033500
*Q0C 34000
03034100
*00034200
+000324300C
#00024400
*00U34500
*0C0324600
*C0034700
+30034800
+(2GC34500
+300535000
#C00351G0
*30L35280
*J0035300
*GOG 35400
*C0035500
*30035600
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Table 6.6 (continued)
150421 o 12 1 1122 1 1@ 0 T.223 08474 00035700
150431 3 12 1 1122 1 10 0 7.223 05474 200035800
150441 0 12 1 1122 .t 10 © .T.223 084 T4 Q0035900
150451 ¢ 12 1 1 122 1 10 o} 10.8345 12711 *Q0036000
150461 0 12 1 1122 1 18 0 1lé.44é e 16948 0036100
sxx¥ 515--522 :GARACUP 1 RCLCS: SPRAY HTC =3.0 8TU/F.H.FT2 *x00036200
150152 o 048 0 L0588 - O 12, .5 2.5 00036300
150182 0 048 9 L0588 0 12. F ) 445 *#C0036400
155172 0 +048 o L0883 0 12. 445 B0 *00036500
150182 0 2048 0 .0588 0 12, 640 7.0 *00036600
1501392 0 048 ol .0588 0 1l2. 7.0 G0 00035700
150202 0 048 ] L0588 0 12. BeD $.0 *00036800
150212 0 .048 o L0583 0 12. 9.0  10.5 200036900
150222 a L3048 ) 0585 ¢ 12. 16.5 125 *C0027600
«xxr 525--532 GROUP 2 ROJS: SPRAY HIL =3.5 BTU /F.H.FT2 *C0G37100
150232 a « 048 0 0588 0 12. 5 2ad *00037200
150242 0 .048 0 L0585 0 12. 2.5 4,5 00037300
150252 0 .048 o .0s88 -0 12. 4.5 6e0 200037400
150262 o «C 48 0 .0588 0 12. 6.0 7.0 00037500
150272 0 «G48 0 L0588 0 l2. 7.0 8.0 00037600
150232 o} 048 ¢ +0588 8] 12. 8.0 9.0 =00037700
130292 0 048 v} <0588 ] 12. 9.0 1045 «00037380C0
150302 0 $048 0 L0568 0O 12. 10.5 12.5 *00037900
see¥2533-=540 1GRAOUP 3,4 RJODSt SPRAY HTC =1.5 3TU /F.H.FT2 . *00038000
15631z 3 048 3 .0588 0 12. .5 2.5 *0C0358100
150322 ) £043 0 .0588 O 12, 2.5 4.5 00038200
150322 o] «043 Q 0588 . 0 12. 4e5 5.0 =00038300
150342 ) 043 5 L0588 . O 12, 6.0 7.0 *+00028400
150352 0 048 0  .058%8 0 12, Tl 3.0 *00035500
150362 o .048 0 .0583 0  12. 8.0 9.0 *00038600
150372 a .048 3 .0838 0 12. 9.0 10.5 00038700
150332 0 048 0 0588 & 12. 1645 1245 *30038800
wx¥x S35-=546 t HOT CHANNEL HEAT SLA3 ' «00038900
1503592 0 «048 J +0588 4] 12, 5 2e3 «30033000
150402 a 2048 o] +0585 0 12. Ze5 445 *Q00039100
150412 0 .048 2 .0583 O 12, 4e5 5.0 *00035200
150422 v} »048 J 05388 o 12. -T2 1«0 *00039300
150432 0 L0483 ) .0585 0 12, 740 8.0 +00039400
150442 o] 048 o} +0588 4] 1¢. B.0 F.0 *+00039500
150452 0 L048 0 L0588 0 12. 9.0 1045 00039400
150462 0 .048 0 L0588 0 12. 10.5 125 *0J039700
* CORE SLAB DATA - FOR M *00039800
ssx¢ .5 1--C.5 8% GROYP 1 R0ODS *00C35900
160010 15 7 9 15  .002687 .00696079 +00040600
160020 16 7 % 15 002667 L01420260 *00040100
160630 17 7 ¢ 15 002667 W31461026 «C00402C0
160040 18 7 § 15  .002667 01030809 *000406300
160050 15 7 9 15 4002667 00969541 200040400
160060 20 7 9 15 002567 200356084 «00040500
160070 21 7 % 15  .002667 «31076784 «000405600
160080 22 T 9 15 ».002667 00808245 «00040700
#stx  C.5 $--C.5 1&6: GROUP & RODS *00040B00
150090 22 7 9 15  .0GC2667 03480396 *C0G40500
160100 24 T 9 15 002567 07101299 *00041000
160116 25 7 9 15  .002667 .07305128 *C0041100
160120 26 7 % 15  .002667 .05154045 «000412C0
160133 27 7 9 15  ,002667 04847703 *00041300
16014C 25 7 9 15 052867 L04280421 *00041400
1601506 29 7 9 15  .002567 L05382521 *GC041506
160160 30 7 7 15 W00266T 04041226 00041600
sxxx  L.3 17~=-C.5 24 GRJIUP 3,4 RACS *000&LT00
160170 31 7 § 15 0028467 14176475 *C0041800
16015 32 7 9 15 0025667 L0852155¢6 00341900
16019G 35 7 9 15 .D02667 LOETH6154 +COG#2000
160200 34 7 9 15 002667 36184354 *GG042180
163210 25 7 9 15 002657 05817244 00042200
16022C 24 7 9 15 002667 LJ05136508 *50042300
160230 37 7 9 15 002657 W 3B463TOS *0G042400
160240 33 7 9 15  .002657 204849471 «00042500
aeax (.5 25--0,5 327 HOT CHANNEL *00542500
160250 29 7 9 13 002667 200014565 *+0C042700
160260 40 7 9 15 W002567 LGOOZFT18 " #00042630



160270
160238
1560290
16030GC
160310
165320
*

.

=

170101
175102
170103
170201
170202
176301
170401
170501
170601
170701
170801
170901
1710C1
-

-

»

180130
186101
1301492
180103
130200
130304

130301

130302
1303463
130364
1EQ305
120401
180501
-
»
*
1%Gl00
190101
190102
19G103
19C104
196105
»
®
*
1356200
L 3
*
*
19C2304G
130301
=
*
*
190431
153402
15C4323
&
-
*
150251
i130ECe
136503
150504
*
-
»

Table 6.6 (continued)
41 7 % 15  .002667 .30030571
42 7 9 15 .002687 .30021569
43 7 5 15 0025467 L30C20257
44 T % 15  .0G2567 L00017913
45 T 9 15 002567 .32022531
46 7 % 15 0028667 00016912
SLAS GECMETRY DATA
2 3 1 & 0.0 .0203071 L.
1 2 2 L000721 Oa
0 2 8 L00257 Q.
1 2 4 3 0.0 .4 O
o 5 1 L0208 O,
1 1 5 1 0. W17 O
1 1 5 1 G «125 a.
1 1 5 10. .33 O
1 1 5 1 0. 0132 a.
1 1 & 1 Q. L0625  O.
1 1 5 1 0. J042 0.
1 1 5 1 0. .08 G.
1 1 5 1 0. L0234 0.
THERMAL CONSUCTIVITY DATA
=20 530. 3e341 6550, 2.971 800. 2.677 950. 2.43% 110G,
1250, £.078 1400. 1.540 1550, 1.823 1700. 1.724 1850.
20C0e 1.568 2150, 1.507 2300. 1.457 2450. la415 2500,
2100. 1323 3600. 1332 410G, 1.406 $600., 14535 510C.
2 32, 41562 540G, L41562
15 32, 7812 212. T.992 392. 8.208
572. H5.784 752, 9540 $32. 10.404
1112, 11.268 1292, 12.492 1472. 13.176
1652, 15.558 1832. 144796 20i2. 16.128
2192. 17.734 2372. 19.655 2552. 21.780
2732. 24.048 3092. 28,305 3360. 33.120
=% 32, 30+ 212+ 2945 352. 26.3 572 2b+6 7524 £4e7
2 200. 8.33 1200. 12.%2
VOLUMETRIC HEAT CAPACITY CATA
16 32. 34,45 12z, 33.35 21z,
352, 43.55 752. 4645 2012.
27132 52.55 3092, 56455 3432,
381z, 72.8 4352, 89 .7 4532,
4712 98.15 4352, 100.1 S144.
800G, 101.4
2 32. .000075  5400. .00C075
5 0.0 25.2392 1430.3 14,476 1875,
17875 36.476 3500, 34,476
-7 130. 55,9 . 315G, 6043 450..
530, 65.2 620 7.2 T13.
8G0. 77.5
-13 &3. 52.8 250. 56.7 400G
600 - 84 . 300. 66 . 1390,
120G, G844 145G, 71.6 1600
1800, BJdeb
LINEAR EAPANSION COEFFICIENT DATA
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_.60,_

Ay T4
1.639

« 282
1.730

40,55
51.35
63.05
F4a25
1G1.4

25.1786

6243
T0.2

£1l+6
67.

782

$C0042900
+00043000
»00043130
*G0043200
*G0C43300
*(0C434D0
230543500
*00043600
«00043700
»G004380C0
*G0043900
#30C44000
»30044100
*G0044200
*00044300
=CU044400
+00044500
*00044600
200044700
00044300
+00044500
*00045600
»G0045100
*00045200
*CG0453C0
*0GG45400
+D0045500
*0G045600
*G0045700
+00045800
+000459C0
*G0046000
*000456130
AC00456200
*0004563C0
*G0046400
»00046500
*G0046660
$30046700
*00046500
*03046900
*00047000
00047100
00047260
*00C4T300
*G0047400
*G0047500
*00047600
+G0C4T700
00047800
*GOC4T900
*00045000
*50048100
+00048200
+00048200
*C0048400
*G0G48500
+30043600
*G0C48T0D
#00045800
*00043900
*G0G43C00
*00C45100
*00043200
*00C49200
50045400
*00049530
*CO047600
*00045700
*0004930G0
*C0049900
*0G050000



200101
200261
200201
200401
200501
®

x*

» .
205000
205010
205100
205110
26512C
205210
205310
205410

-2 0. 3.7138
-2 O« 0. 50
-4 0. 3.094
-2 0. 0.
-2 0. 0.

15 16 17
24272817
1000.
200.
10G0.

En
«002667
«-08334
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Table 6.6 {continued)

E-&6 5000.

0Ge G.

E-& 15652,
5Q00. Q.
5000. 0.

CORE SPRAY MODEL DATA

F(0)
[+1

5
1000,
3.5
«2026867
-4 1663

1.2553E~-5

4. TC6E=6 1653, 5.289E=6 5000. 5.285E-6

1z2. l.0ce

003 5

0. 25. «C5
1.5

+002667

»50003

*0C050100
#0CC5C0200
*(C{5C300
#000504C0
+C0G505G0
#«CC050600
*300E37C0
*#C00508G0
*CC0509C0
«G0051000
s00051100
00051200
«00051300
*(GC0514CC
*0005150¢C
*00051600
*QCO51700
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Appendix A

Plotter Program; '"PLT4CAL"

"PLT4CAL" program, which is a modified program of PLOTR4M, is a
more useful plotter program for RELAP4/MODS and MOD6. The most useful
feature of this program is a capability to do various arithmetic opera-
tions among plot-variables, and then to plet its computed results. For
example, a void fraction of two phase mixture in a control volume may
not be available as plot-variable, but it can be obtained from bubble
mass, liquid mass, liquid specific volume, and vapor specific volume
which are available to PLOTR4M program. PLT4CAL can plot void fraction
by processing these variables.

The normal usage of PLT4CAL is as same as of PLOTR4M. 1If user wants
to produce graphs of computed results which will be obtained from some
plot variables, user needs to make a subroutine "PLTCAL", which executes
arithmetic operations among plot valiables, and link it to PLT4CAL
program, and then executes a plotter job., 1In Table A.l and A.2Z, input
cards deck and the "PLTCAL"'s source list to produce a graph of the void
fraction in a two phase mixture are shown.

Tn the PLT4CAL execution, the plot data, which are created by a
previous RELAP4 run, are read from FORTRAN Unit 1, and the requested
plot variable's records are stored temporarily in Unit 11 ~ Unit 30,

In this example, the requested plot variables are bubble mass (BM),
liquid mass (WM), saturated vapor specific volume (VG), and saturated
liquid specific volume (VL). After that, subroutine "PLTCAL" reads
these records from Unit 11 ~ Unit 14, and computes mixture void fraction
(AMIX) according to following equation;

BM.VG

AMIX = Y6 + WV (a.1)

And then the values of AMIX are written to FORTRAN Unit 31. After
computing these procedure about all plot points are completed, PLT4CAL
moves computed results from Unit 31 to Unit 11. The argument "N" in of
subroutine "PLTCAL" is the number of variables which are computed from

the plot variables available from RELAP4's plot tape.
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Table A.1 Source List of Subroutine PLTCAL

SUBRCUTINE PLTCALIN)

.10 READCLLEND=959) XXoWM _ R
READ(12) XXy 3M
READ(13) XXyVF . . -
READ(14) XKgVG

AMIX = BMaVG/ (EMEVGE + wMaVF]
WRITE{31) XXeAMIX
99y KEWIND 11 .
UREWIND 12
REWIND 13
REWINDG 14
v RewIND 31
N=1 , e
RETURN
END - — . [ [ . SR — - e

Table A.2 Input List of PLT4CAL for Void Fraction Plot

RELAP&4/MDD6/U4 /J3 BWR LARGE BREAK ANALYSIS

Tl 100.00E02.00E¢ TIME AFTER JREAXK (SEC)

WM 13 VCIU FRAC. OF MIXTURE IN BYPASS REGION
BEM 13
vF 13
¥G 13

w0 ©

Table A.3 JCL for PLT4CAL Program at JAERI

! J/ECRT 2x2C FURTASE ¢ SL=TUd15T7T.PLICALY yA=YE L M(PLTICAL)?
i F/LINK  £XE0 LAsCITeM="u02157FLT40 2L yuRLI3=CLT ‘
F7PL0T cxel ALParLOT s P NM=T o MENAME o NS 42 LMY g <Gl INGPLOTRG=T5aK

| F/SYSIN U5 OIN=OZ19TWPLTRATALIETACAMIXY 401 $P=5HR

| f EXFAND PLLT -

/ SAFANG TAPE, CUNSFI21FUUL s USN= 215 ToRELAP 4T s MTV=I0UZ94 7,

/7 MTU= TAPE yOISP=ULD »S2V=3 -

/7 EXPAND TPLLSAgOIN=FTAIFSUL RETZE=1¢,25812226220,R50FM=VES,,uSN=F21

1

1)



