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ABSTRACT 

Resul ts  o f  p o s t t e s t  ana lys i s  o f  LOFT loss-o f -coo lan t  experiment 

L1-4 w i t h  t.he RELAP4 code are  present.ed. This  ana lys is  was based on 

parametr ic  s tud ies  which have been performed i n  an at tempt t o  b e t t e r  

understand the  phys i ca l  phenomenon and t o  evaluate a l t e r n a t e  modeling 

techniques. The r e s u l t s  a re  compared w i t h  the  p r e t e s t  p r e d i c t i o n  and 

the  t e s t  data. D i f fe rences between the  RELAP.4 model used f o r  t h i s  

ana lys i s  and t h a t  used f o r  t h e  p r e t e s t  p r e d i c t i o n  a re  i n  the  areas o f  

i n i t i a l  cond i t i ons ,  noda l i za t i on ,  emergency core c o o l i n g  system , b r ~ k e n  

loop h o t  leg , .and steam generator  secondary. I n  general,  these changes 

made o n l y  minor improvement i n  t h e  comparison o f  the  a n a l y t i c a l  r e s u l t s  

t o  t he  data.. Also presented a re  the  r e s u l t s  o f  a  1Smjted study o f  LOFT 

downcomer modeling which compared the  performance o f  t h e  convent ional  

s i n g l e  downcomer model w i t h  t h a t  o f  t he  new s p l i t  downcomer model. This  

study showed t h a t  t he  s p l i t  downcomer model prov ided a  much more 

r e a l i s t i c  c a l c u l a t i o n  o f  t he  o v e r a l l  behavior o f  t he  LOFT downcomer than 

d i d  the  s i n g l e  downcomer model. F i n a l l y ,  a  RELAP4 s e n s i t i v i t y  

c a l c u l a t i o n  w i t h  a r t i f i c i a l l y  e leva ted emergency core coo lan t  

temperature was performed t o  h i g h l i g h t  the  need f o r  an ECC mix ing  model 

i n  RELAP4. 
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POSTTEST RELAP4 ANALYSIS OF LOFT EXPERIMENT L1-4 

1.0 INTRODUCTION 

A p o s t t e s t  RELAP4 ana lys i s  was completed f o r  nonnuclear l oss -o f -  

coo lan t  experiment (LOCE) L1-4. LOCE L1-4 was .the f o u r t h  i n  a se r ies  o f  

f i v e  nonnuclear LOCEs planned f o r  performance i n  the  Loss-of-F lu id Test  

(LOFT) F a c i l i t y  a t  t h e  Idaho Nat ional  Engineering Laboratory (INEL). 

The LOFT Experimental Program i s  p a r t  o f  t he  Water Reactor Safety 

Research Program sponsored by the  Nuclear Regulatory Commission and i s  

adminis tered by the  Department o f  Energy. The ob jec t i ves  o f  the  LOFT 

Experimental Program are: 

(1) To prov ide  da ta  requ i red  t o  evaluate the  adequacy and improve 

t h e  a n a l y t i c a l  methods c u r r e n t l y ' u s e d  t o  p r e d i c t  t he  loss-o f -  

coo lan t  acc ident  (LOCA) response o f  l a r g e  pressur ized water 

reac to rs  (LPWRs). The performance o f  engineered sa fe ty  

fea tures  (ESF) w i t h  p a r t i c u l a r  emphasis on emergency core 

c o o l i n g  systems (ECCS) and the  q u a n t i t a t i v e  margins o f  s a f e t y  

i nhe ren t  i n  the  performance o f  ESF i s  o f  pr imary i n t e r e s t .  . 

(2) . To i d e n t i f y  and i n v e s t i g a t e  any unexpected event(s) o r  

th resho ld(s )  i n  t he  response o f  e i t h e r  t he  p l a n t  o r  the  ESF, 

and develop a n a l y t i c a l  techniques t h a t  adequately descr ibe and 

account f o r  such unexpected behavior.  



I n  order  t o  meet these ob jec t i ves ,  t he  LOFT I n t e g r a l  Tes t  

~ a c i l  ityral has been designed t o  s imu la te  the  major components o f  a 

LPWR, and several  se r i es  o f  experiments have been planned t o  produce 

data on the  combined thermal,  hydraul ic , -  nuc lear ,  and s t r u c t u r a l  

processes expected t o  occur du r ing  a LOCA. 

The f i r a s 1  LOF I t e s t  s e r i e s  (designated L1) 5 s  a nonnuclear t c s t  

' se r i es  which cons i s t s  o f  f i v e  isothermal  blowdown t e s t s .  This t e s t  

ser ies  has heen designed t o  make a v a i l a b l e  l a r g e  sca le  isothermal  

blowdown system data as a f i r s t  phase o f  t h e  LOFT Experimental Program. 

Var ied parameters i nc lude  break s ize ,  break l o c a t i o n ,  break opening 

t ime, pr imary coo lan t  system (PCS) f l o w  resistance.; emergency core  

coo lan t  (ECC) i n j e c t i o n  l o c a t i o n ,  and PCS pressure. Experiments 
C 3 I ['I ~l-z '~] ,  L1-3 , completed p r i o r  t o  LOCE L1-4 c o n s i s t  o f  LOCEs L1-1 , 

and ~ 1 - 3 ~ ' ~ '  (a  repeat o f  LOCE L1-3). For these experiments. an unheated 

core hydrau l ic '  s imu la tor  was i n s t a l l e d  t o  p rov ide  a f l o w  res i s tance  i n  

the  reac to r  vessel t he  same as expected from t h e  nuc lear  core. A 

d e t a i l e d  d e s c r i p t i o n  o f  t he  LOFT F a c i l i t y  and the  L1 t e s t  se r i es  can be 

found i n  Reference 5. 

LOCE L1-4 was conducted from i n i t i a l  c o n d i t i o n s  o f  279°C and 

15.65 MPa (gauge pressure) and s imu la ted  a 200% (100% o f  t h e  b-reak area 

i n  each l eg )  double-ended o f f s e t  shear i n - t h e  c o l d  l e g  o f  a four- loop. . 

LPWR. ECC was i n j e c t e d  i n t o . t h e  i n t a c t  loop c o l d  l e g  from the h igh-  

prSessure injecl'ior.~ system ( I i P I S )  , 1 ow-,pressure i n  jecticon system (LP IS )  , 
and accumulator. The experimenta.1. parameters f o r  LOCE ~ 1 - 4  were as 

s p e c i f i e d  i n  Reference 6, wi th.  minor .exceptions. "l'he s p e c i f i c  pur'poses 

f o r  per forming the  experiment were, t o :  

[a ]  The term " i n t e g r a l "  i s  used t o  descr ibe an experiment combin ing . the  
nuclear ,  thermal,  hyd rau l i c ,  and s t r u c t u r a l  processes occu r r i ng  
du r ing  a LOCA and d i f f e r e n t i a t e s  i t  from. the '  separate e f f e c t s ,  
nonnuclear, sma l l ' sca le ,  thermal -hydrau l ic  experiments conducted. 
f o r  loss-o f -coo la t l t  ana lys is .  



(1) Provide comparison of the delayed HPIS and LPIS injection to 

the cold leg and the lower plenum 

(2) Provide data reproducibility i'nformation by comparing with 

other relatcd tests 

(3) Obtain data for evaluating downcomer bypass and mixing of the. 

ECC with the primary coolant 

(4) Determine the effects of PCS operation and rapid depressuriza- 

tion with boric acid coolant 

(5) Test system performance with plant protection system (PPS) 

backup under operating procedures as similar as possible to 

those planned for nuclear operation 

(6) Provide system thermal-hydraulic data to compare with 

predictions' and other experimental data for code verification 

purposes. 

Prior to performing LOCE L1-4, an experiment prediction analysis [-/I 
was performed using the WHAM and RELAP4 computer codes. This analysis 

provided comprehensive pretest predictions , for each measurement 

transducer recorded during L1-4 with the exception of strain gages and 

accelerometers. Following LOCE L1-4, selected pretest prediction 
C81 results were compared to the test data in a quick-look report . 

Selected pertinent thermal-hydraulic data from LOCE L1-4 were then 
C 9 I presented in graphical form in an experiment data report . 

Since completion of' LOCE L1-4, the experimental data have been 

compared extensively to the prediction data. Parametric studies have 

been performed in an attempt to better understand the physical 

phenomenon and to evaluate 'alternate modeling techniques. Based on 

these . studies, a posttest RELAP4 analysis was. performed and is 

documented in this report with a discussion of modeling changes and the 



e f f e c t  t he  changes have on t h e  c a l c u l a t e d  r e s u l t s .  Also, the LOFT 

modeling experience w i l l  be r e l a t e d  t o  t h e  modeling o f  a LPWR. 

Both t h e  p r e t e s t  and p o s t t e s t  RELAP4 ar~a'lys is ul' LOUt LI-4 used a 

nonstandard modeling scheme i n  t h e  i n l e t  annulus-downcomer region.  

Since t h i s  i s .  an area o f  considerable i n t e r e s t  i n  t he  ana lys i s  

~ u ~ ~ n n u ~ ~ S t y ,  Sec t ion-2 .0  o f  t h i s  r e p o r t  has bccn dcvotcd t o  t h a t  cub joc t .  

Sect ion 3 . 0  presents t h e  thariges whlch have been made t o  Ltie prnt!Lt!sL 

RELAP4 model p r i o r  t o  t he  p o s t t e s t  ana lys is .  The r e s u l t s  o f  t h e  

p o s t t e s t  ana lys i s  and comparison w i t h  the  p r e t e s t  p r e d i c t i o n  and t h e  

t e s t  data are  presented i n  Sect ion 4.0. Sect ion 5.0 presents several  

conclusions drawn from the  ana lys is .  Appendicies document t h e  RELAP4 

model i n p u t  and the  engineer ing u n i t s  conversion o f  t he  RELAP4 data. 

A rev iew of t he  LOFT transducer nomenclature and t h e i r  l o c a t i o n s  i s  

p rov ided i n  Table I and Figures 1 through 3. Reference 5 conta ins  a 

d e t a i l e d  d iscuss ion  o f  LOFT ins t rumenta t ion ;  however, c e r t a i n  new 

transducers were added p r i o r  t o  LOCE L1-4. These inst ruments and t h e i r  

l o c a t i o n s  are  described i n  Table I1 and Figures 4 and 5 i n  t h i s  r e p o r t  

and i n  Reference 9. 



TABLE I 

NOMENCLATURE FOR LOFT INSTRUMENTATION 

Designat ions f o r  t he  d i f f e r e n t  types o f  transducers. 

- Contro l  Valve 

- Densi tometer 

- Flow 

- Flow 

5, LE - Level 

6. LIT - Level 

7. LT - Level 
. . 

8. ME - Momentum F lux  

9. PdE - D i f f e r e n t i a l  Pressure 

10. PdT - D i f f e r e n t i a l  Pressure 

11. PE - Pressure 

12. PT - Pressure 

13. RPE, - Pump Speed 

14. TE - Temperature 

15. TT - Temperature 

16. VPE - QOBV 17% P o s i t i o n  Switch 

Designat ions f o r  t h e  d i f f e r e n t  systems, except f o r  the  nuclear  core 

which has not ,  been i n s t a l  led.  . 

1. BL - Broken Loop 

2. CS - Core Simulator  

3. PC - I n t a c t  Loop 

4. RV - Reactor Vessel 

5. SG - Steam Generator 
I 

6. ST - Downcomer Inst rument  S t a l k  

7. SV - Blowdown Suppression Tank 



TE- 
TE- 

Quick o,pening blowdown valve 
CV-PI 33-1 (LV,DT) 
PT-P1 38-1 112 
TE-PI 38-6f 

PE-SV-75 

TG-SG-1 

TG-SG-3 FE-BL-1 A.B.C 

'DE-BL-2, FE-BL-2, 
ME-BL-2, PE-BL-2. 

ECC: cold leg injeciion uni 

PdE-PC-2 

DE-PC-3, FE-PC-3, M E-'C- 
ME-PC-3, PE-PC-3A, 
RE-PC-3~, TE-PC-3 

PdE-PC-9, Pde-PC-lO 
PCP-1-F, PCP-1-1 
PCP-1 -V, PCP-2-F 
PCP-2-1 , PCP-2-v ' I t - y i  jy-ZU-Z, ! t-r I JY-LY 

RPE-PC-1, RPE-PC-2 
P c P ~ l - p ,  PCP-2-P INEL-A-271 4 

F i g .  1 LOFT thermo-fluid lmasurements instrumentation. 



Core Core Simulator 
Instrumentation 
Stalk 

SECTION A-A 

Sta 8.837 m 
Sta=3 m 

Sta 8.532 rn 

Sta 8 272 m lnternolr Holddown 
Spring and Shim Plates 

Sta 7.799 rn 

Sta 7.620 rn 

Sta 7 274 m 

Sta 6.706 m 

wflce Plate 
Sta 6 180 rn I s s e m b l y ~  

Core Simulator 
Assembly Housing 

Vessel FtIIer Assembly 

Sta 5.086 m - '- Flow Skirt Assembly 
Intermediate Section 

Sta 4872 rn - 

Sta 4.280 m 

Sta 3.808 rn - 
Flow Lower Skirt Assembly Assembly 

Sta 3.186 rn - 

Sta 2.876 rn - -- 

Lower Cote Support 

Sta2.449 rn 

Sta 2.OW m 
StalXj@i m 
Sta 1.892 rn - 
51s 1:i \ -  Reactor Veaqel 
Stc1.626 rn - ---_---_--A I \ 7 Bottom 

W Cora Simulator Instrumentation StqIk 
Shown for Relative Elevotlons only. 

LEGENO 

Thermocouples (TE'S ) 
A ~ i q u ~ o  ~ e v w  StlnOs (LL'~I 

Pressure (PE's PdE'sI 

@ Drag Discm (ME;) 

Turblnemeter ( FE'S) 
Meters above 

Reactor Vessel 
Bottom 

Intact Loop . bol len Loop Slgczr Braken L o w  DMneMI Intoct Loop 
Col? Leg ! I-$F~E$ no: L.9 ?tal,k ! LS+ato~ WPI 

I I 
3.05 - ! A T E  - 2 S T - 4  I - 1 . T ~ - l S l - 4  --------- -- ------.- -- 2.98 

T--2sT-2-8 - 
wLE-IB-X-~ - -- - - -- -- 2.w 

2.79 . 

o 1  I ; I  1 1 1 1 1  i I 
3 i ~  2400 225- 

t 
1 Counter C lock r i t e  - INEL-d-1716 

Fig.  2 LOFT reactor vessel instrumentation. 



A X  Vrnt l i a r  V o l ~  ( ~ o t r n  r m r l r r '  
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Vrssrl Wall, Conrull 
I n r  ~ o t t  ECC Systrm 

~ccumu lo to r  TOPA PIOC~BS In8lrumrntdl1on 
ACE DISC w r g 8  L n r  .l"alvr E C C - T - 4 4 k  (right r id*) Drawing. 
( I 8 n l  sntch] CV - P I X  .47 Elwdt ion 1471 
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[vrrrl MI~I) CV-PICO.48 

L@IS Puma Di$chdrgr 
leola-ton h l u r  
(hmv m i ton )  C V - W  

Cold Leg b j w t l o n  Prasur r  
P- - PIPO- SI 

Cam lag lw/.ctton Tnnprr 
(RTD) TT-PIP@-62 

Cmld m)rc*ton I s o l o t b ~  Vobr 
( t ~ m l t  8-n) CV-P 2 0 -  

Dnchorqr Crosr4r 

Cpmrotlmp Loop cold t.0 

LalS Pump to Loner Elevations in  meters 
Rwc to r  Vrss* PIrnuin P r r t s u n  LPlS Pwnp Bypass l n ~ l ~ t l o n  Vmlwm 

PT -P l23 -SU (limit s*itchI CV-PlOO -71 - 2  

LPIS Pump o Luaw 

rCcn fo tnmrn t  Vr8srl Woll 

L P l S  E%w Isoolmm 
4rovnd Or i f t c r  . Volv 
i l r r r l  w ~ t r h l  
CV-PIIO-71-1 

LPlS Pump flow 
BIoudAIn Loop Rrcirculmtlon 

LPeS Flow Fl-P 
PIS Hoot Eacbaagr 

LPPS Hmt8uchan(lv Oullet SWST to LPIS purw YeIra 

l *k6@ci turr  (TC) (Itmil 8ntoh)  CY - ~a-81 
TE-PIZO- I 0 0  LPlS lairetion Pump D ~ r c h r r g l  Prresurr 

PT-FdLO-83 

LPl l  Pump ECC - P - 6 4 4  

(Ilmrt rwrtchl CY -PI20 - S9 
I qEL-A-17 12 

Fig. 3 LOFT EGCS instrumentation -- left side. 



TABLE I 1  

NEW INSTRUMENTATION FOR.NONNUCLEAR TEST L1-4 

Measurement 
I d e n t i f i c a t i o n  Desc r ip t i on  

PdE-PC-8 D i f f e r e n t i a l  pressure across t h e  p ressu r i ze r  
surge l i n e  

PdE-PC-9 D i f f e r e n t i a l  pressure across i n t a c t  loop 
Pump 1  

PdE-PC-10 D i f f e r e n t i a l  pressure across i n t a c t  loop 
pump 2 

PdE-BL-9 Broken loop c o l d  l e g  d i f f e r e n t i a l  pressure 
from end o f  14-to-5- in.  c o n t r a c t i o n  t o  
middle o f  5- in . -d iameter  p i p e  

PdE-BL- 10 Broken loop c o l d  l e g  d i f f e r e n t i a l  pressure 
from end o f .14 - to -5 - i n .  c o n t r a c t i o n  t o  break p lane 

FE-BL-1B ' 
ME-BL-1B 
TE-BL- 1  B 

.FE-BL-1C 
ME-BL- 1  C 
TE-BL- 1  C 

Broken loop c o l d  l e g  f l u i d  v e l o c i t y ,  momentum 
f l u x ,  and f l u i d  temperature a t  DTT f lange on 
bottom DTT 

Broken loop c o l d  l e g  f l u i d  v e l o c i t y ,  momentum 
f l u x ,  and f l u i d  temperature a t  DTT f lange on 
middle DTT 

Broken loop c o l d  l e g  f l u i d  v e l o c i t y ,  momentum 
f l u x ,  and f l u i d  temperature a t  DTT f lange on 
top  DTT 

Pressure a t  broken loop c o l d  l e g  expansion j o i n t  

PCP- 1 -P  Pump power, i n t a c t  loop pump 1  

PCP-2-P Pump power, i n t a c t  loop pump 2 



New 

New lnstrument 

New Instrument 

) ' 

INEL-A-1844 

Cold Ley 

Fig'. 4' New ' ins t rumentdt ion i n  i ' n t a c t '  loop. 



1.92 m 0.49 m *I 0.98 m 

1.38 m-T0.53 m 
- - - - - -  

New instruments 
O E - E L - 1 A l  

O E - E C - I C  Break plane 

0.133m 0.103m - FIOW 
t 

0.173 m 0.285 m +, + 
1 

Note: All dimensions 
in meters 

1:26 rn 1.61 m 0.41 m 

Reactor vessel nozzle 

New instruments 

F ig .  5 New ins t rumenta t ion  i n  broken loop. 



2.0 DOWNCOMER MODELING 

The model ing o f  t h e  r e a c t o r  vessel downcomer reg ion  has been an 

area o f  major i n t e r e s t  i n  LOCA acc ident  ana lys is .  The convent ional 

n o d a l i z a t i o n  scheme f o r  t he  upper annulus and downcomer i s  a se r ies  o f  

two o r  more v e r t i c a l l y  stacked volumes. However, t he  a b i l i t y  o f  t h i s  

one-dimensional model t o  c a l c u l a t e  the  behavior o f  t he  f l u i d  f l o w  i n  the  

downcomer, which i s  b a s i c a l l y  two o r  th ree  dimensional, was quest ioned 

e a r l y  i n  t h e  LOCE L'l-4 p r e t e s t  ana' lysis e f f o r t .  Indeed, azimuthal 

d i f f e rences  i n  downcomer behavior had been ev iden t  i n  data from the  

f i r s t  LOFT experiment. 

The azimuthal d i f f e r e n c e  can be seen very c l e a r l y  i n  data from 
C l  I LOCE L1-1 , a 100% h o t  l e g  break w i t h  c o l d  l e g  ECC i n j e c t i o n .  

F igures  6 and 7 show t h e  momentum f l u x ' i n  t he  reac to r  vessel downcomer 

ins t rument  s t a l k s  l oca ted  on opposi te s ides o f  t he  downcomer. Note t h a t  

t h e  da ta  show very  l i t t l e  d i f f e r e n c e  between the  s t a l k s  u n t i l  

approximate ly  34 seconds a f t e r  rup ture .  A t  t h a t  t ime,  ECC f low,  which 

was i n i t i a t e d  a t  29 seconds a f t e r  rup ture ,  began t o  penet ra te  the  i n t a c t  

loop s ide  o f  t h e  downcomer, causing the  p o s i t i v e  f l o w  spikes a t  

ME-2ST-1. w h i l e  neqat ive  f l o w  (upf low) dominated a t  ME-1ST-1 on the  

broken l oop  s lde fur. d ~ ~ u l l ~ t t r .  1 u S i n l i  l a r l y  t h e  dawneomer 

temperatures a t  these l o c a t i o n s ,  F igure  8, show pene t ra t i on  o f  subcooled 

ECC water  a t  TE-2ST-14 on the  i n t a c t  loop s ide,  w h i l e  TE-1ST-14 more 

n e a r l y  f o l l ows  t h e  s a t u r a t i o n  temperature curve. From these data i t  i s  

ev iden t  t h a t  azimuthal v a r i a t i o n s  i n  downcomer behavior can be expected 

f o r  LOCEs which i n v o l v e  c o l d  l e g  ECC i n j e c t i o n .  Downcomer momentum f l u x  

and temperature data from LOCE L1-4 between 2U and 5U seconds a f t e r  

r u p t u r e  conf i rm t h i s  expectat ion,  as can be seen i n  F igures 9, 10, 

and 11. 



F ig .  6 Momentum f l u x  i n  r e a c t o r  vessel downcomer ins t rument  s t a l k  
under broken loop c o l d  l e g  f rom LOCE L1-1 (ME-1ST-1). 

- 1 5 . 0  

0. 1 0 .  20. 30. Q O .  50. 8 0 .  70. 80. 

T I H E  AFTER RUPTURE (SECONDS) 

F ig .  7 Momentum f l u x  i n  r e a c t o r  vessel downcomer ins t rument  s t a l k  
under i n t a c t  l oop  c o l d  l e g  from LOCE L1-1 (ME-2ST-1). 
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Fig. 8 Temperature in reactor vessel downcomer near lower plenum 
from LOCE L1-1 (TE-1ST-14 and TE-2ST-14). 

Fig. 9 Momentum flux in reactor vessel downcomer instrument s ta lk 
under broken loop cold leg from LOCE L1-4 (ME-.1ST-1). 
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T I M E  AFTER RUPTURE (SECONDS) 

Fig. 10 Momentum f lux  i n  reactor  vessel downcomer instrument s t a l k . .  
under i n t a c t  loop cold leg from LOCE L1-4 (ME-2ST-1). 

5 0 .  

- 10.  0 .  10. 2 0 .  30 .  ' to. 5 0 .  6 0 .  7 0 .  

T I M E  AFTER RUPTURE (SECONDS) 

Fig. 11 Temperature in reactor  vessel downcomer near lower plenum 
from LOCE L1-4 (TE-1ST-14 and TE-2ST-14). 



A RELAP4 [lOICal c a l c u l a t i o n  was performed which demonstrates the  

i n a b i l i t y  o f  the  code t o  adequately c a l c u l a t e  downcomer performance 

u s i  ng t h e  convent ional  " s i n g l e  downcomer" nodal i z a t i o n .  F igure  12 

compares t h e  measured broken loop c o l d  l e g  dens i t y  f o r  LOCE L l - 4  w i t h  

t h e  s i n g l e  .downcomer RELAP4 c a l c u l a t i o n .  Note t h e  extreme overpredic-  

t i o n  o f  ECC bypass by  t h e  s i n g l e  downcomer model. The f a i l u r e  t o  

adequate ly  model downcomer performance i s  a l s o  ev ident  i n  F igure  13 

which g i ves  t h e  r e a c t o r  vessel l i q u i d  mass from t h e  t e s t  data 

( c a l c u l a t e d  from LE-1ST-1 and - 2  and LE-2ST-1 and -2) and from a  s i n g l e  

downcomer RELAP4 c a l c u l a t i o n .  Whi l e  t h e  t e s t  da ia  show s i g n i f i c a n t  ECC 

accumulat ion i n  t he  r e a c t o r  vessel,  t h e  s i n g l e  downcomer c a l c u l a t i o n  

shoMs very  l i t t l e  accumu'lation. I n  t h i s  c a l c u l a t i o n  the  RELAP4 v e r t i c a l  

s l i p  o p t i o n  was used t o  s imu la te  counter -cur ren t  t i s w  between the I n l e t  

annulus and downcomer. Two s i m i l a r  c a l c u l a t i o n s  w i t h  enhanced v e r t i c a l  

s l i p  c o r r e l a t i o n s  a l s o  showed s i m i l a r  r e s u l t s .  The v e r t i c a l  s l i p  o p t i o n  

a c t s  d i r e c t l y  on the  energy t r a n s f e r  between volumes. I f  t h i s  energy 

t r a n s f e r  i s  s u f f i c i e n t  t o  a l t e r  the  volume pressures s i g n i f i c a n t l y ,  then 

t h e  mass f l o w  between t h e  volumes would be a f f e c t e d  through the  momentum 

equat ion.  I n  t he  case o f  modeling LOFT LOCE L1-4, b-lowdown and con- 

densat ion e f f e c t s  apparent ly  dominate the  pressure c a l c u i a t i o n s  so t h a t  

v e r t i c a l  s l i p  does n o t  s i g n i f i c a n t l y  a f f e c t  t he  mass f lows. Use o f  t h e  

f l o o d i n g  models available i n  RELAP4 w i t h  the  s i n g l e  downcomer 

n o d a l i z a t i o n  was n o t  attempted. These models a re  used i n  con junc t ion  

w i t h  t h e  v e r t i c a l  s l i p  model and serve t o  1 i t n i t  t h e  magnitude o f  t h e  

s l i p  v e l o c i t y  under counter -cur ren t  f l o w  cond i t ions .  I n  the  s i n g l e  

downcomer c a l c u l a t i o n ,  susta ined counter -cur ren t  f l o w  between the  i n l e t  

annulus and t h e  downcomer d i d  no t  develop. Therefore, use o f  these 

models w i t h  the  s i n g l e  downcomer n o d a l i z a t i o n  would n o t  induce ECC 

p e n e t r a t i o n  o f  t h e  downcomer. Although t h e  s i n g l e  downcomer r e s u l t s  a r e  

conserva t ive ,  i . e . ,  exaggerated bypass and no ECC penet ra t ion ,  a  more 

[a]  RELAP4/MOD5, Update 2 w i t h  na tu ra l  c i r c u l a t i o n  steam generator  sec- 
ondary model . 



Fig. 12 Density i n  broken loop cold l e g ,  LOCE L1-4 da t a  and RELAP4 
s i n g l e  downcomer c a l c u l a t i o n .  

Fig. 1 3  Reactor vessel  l i q u i d  mass, LOCE L1'-4 da t a  and RELAP4 s i n g l e  
downcomer c a l c u l a t i o n .  



r e a l i s t i c  approach t o  downcomer modeling was conside.red necessary f o r  a  

bes t -es t imate  c a l c u l a t i o n  o f  LOCE 11-4. 

The " s p l i t  downcomer" noda l i za t i on ,  used i n  both the  p r e t e s t  and 

p o s t t e s t  L1-4 models, was devised as a  means o f  a l l o w i n g  t h e  code t o  

more d i r e c t l y  approximate the  azimuthal asymmetry observed i n  downcomer 

performance. I n  t h i s  n o d a l i z a t i o n  the  upper annulus and downcomer have 

been d i v i d e d  c i r c u m f e r e n t i a l l y  i n t o  two sect ions.  One sec t i on  

represents  1/3 o f  t h e  t o t a l  annular volume loca ted on t h e  i n t a c t  loop 

s i d e  and t h e  o ther  represents the  remaining 2/3 on the  broken loup s i d e  

o f  t h e  r e a c t o r  vessel (see F igure  14). The 1/3 - 2/3 s p l i t  r a t i o  was 

chosen w i t h  t h e  smal le r  volumes loca ted on the  i n t a c t  loop s ide  t o  m in i -  

mize t h e  t ime d u r i n g  which curldt!llsdL IUI'I ef l ' t C t s  elom! rlilLc L l~c  pl'ac6ulA6 

c a l c u l a t i o n .  Note t h a t  c ross- f low junc t i ons  are  prov ided i n  t he  annulus 

and downcomer regions.  The i n p u t  da ta  f o r  t h e  modeling changes were 

based s o l e l y  on t h e  phys i ca l  geometry o f  the  region.  The success o f  

t h i s  model i ng scheme i n  calcul 'at ing o v e r a l l  downcomer performance can be 

seen i n  F igures 15 and 16 which show L1-4 t e s t  data o v e r l a i d  w f t h  the  

p r e t e s t  and p o s t t c s t  RELAB4 c a l c i ~ l a t  inns  nf t.he broken loop c o l d  l e g  

d e n s i t y  and r e a c t o r  vessel l i q u i d  mass, r -espect ive ly .  Note t h a t  t he  

c a l c u l a t e d  bypass o f  ECC water compares reasonably w e l l  w i t h  the  data, 

as cvidcnccd by t h e  low brnker~ luop c o l d  l e g  dens i t y  a f t e r  ECC 
i n jec tSon.  The f i  11 i l l y  o f  t h e  reactor vessel a l so  corresponds we1 1  w1t.h 

the  t r e n d  o f  the  t e s t  da ta  through 60 seconds. A t  t h e  end o f  t he  

p o s t t e s t  c a l c u l a t i o n ,  t h e  mass i nven to ry  i s  overpred ic ted  by the  s p l i t  

downcomer model, Fu r the r  i n v e s t i g a t i o n  w i l l  be requ i red  t o  determine 

whether t h i s  ove rp red i c t i on  i s  c h a r a c t e r i s t i c  o f  t he  s p l i t  downcomer 

model o r  t h e  r e s u l t  of c a l c u l a t i o n a l  i n s t a b i l i t y  experienced l a t e  i n  the  

p o s t t e s t  ana lys i s  c a l c u l a t i o n .  

Several RELAP4 ca l cu la t i ons .  have been performed t o  i n v e s t i g a t e  the  

s e n s i t i v i t y  o f  s p l i t  downcomer model c a l c u l a t i o n s  t o  changes i n  t he  

noda l i za t i on .  I n  one case the  s p ' l i t , r a t t o  was revel-sed from 1/3 - 21'3 

t o  2/3 - 1/3. The r e s u l t s  showed no s i g n i f i c a n t  change in ;  o v e r a l l  

performance. Two a d d i t i o n a l  c a l c u l a t i o n s  us ing  a  1/10 - 9/10 s p l i t  

r a t i o  and a  6% - 16% - 78% t r i p l e  s p l i t  a l so  showed s i m i l a r  performance 

18 
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Fi.g.. .15 Dens i t y  i n  broken l oop  c o l d  leg ,  LOCE L1-4 da ta  and RELAP4 
s p l  i t  downcomer c a l c u l a t i o n s .  

B O O .  0 

R O O .  0 

F i g .  16 Reactor  vessel  l i q u i d  mass, LOCE L l - 4  da ta  and RELAP4 s p l i t  
downcomer c a l c u l a t i o n s .  



except f o r  a  bypass p e r i o d  o f  about 8 - 10 seconds immediately a f t e r  t he  

ECC water entered the  vessel.  Subsequent i n v e s t i g a t i o n  has t raced  the  

cause of.. t h i s  bypassing t o  the  water packing r o u t i n e  app l i ed  t o  the  

i n l e t  annulus. The RELAP4 water packing r o u t i n e  i s  used t o  prevent  

u n r e a l i s t i c  pressure spikes from occu r r i ng  when a  volume f i l l s .  To 

accomplish t h i s ,  t h e  code determines how much "excess" water has entered 

the  volume i n  one t ime step and then r e d i s t r i b u t e s  the  f l o w  through the  

connect ing j unc t i ons  t o  remove t h i s  excess. Since t h i s  f l o w  r e d i s t r i b u -  

t i o n  i s  performed between normal t ime steps, i t , i g n o r e s  t h e  momentum 

equat ion and d i s t r i b u t e s  the  f lows according t o  the  product  o f  j u n c t i o n  

area and s p e c i f i c  volume o f  the  f l u i d  i n  t h e  downstream volume. 

Therefore, i f  the  s p e c i f i c  volume i s  nea r l y  t he  same i n  two downstream 

volumes, t he  f lows w i l l  be r e d i s t r i b u t e d  according t o . t h e  r a t i o  o f  t he  

j u n c t i o n  f l o w  areas. This  was t h e  case i n  t he  runs which e x h i b i t e d  the  

bypass per iod.  The c ross- f low j u n c t i o n  area was much l a r g e r  than the  

down-flow j u n c t i o n  area, t he re fo re ,  t h e  water packing c a l c u l a t i o n  

a r t i f i c i a l l y  f o rced  t h e  ECC water across t h e  annulus r a t h e r  than down 

i n t o  t h e  downcomer. Th is  hazard can be avoided e i t h e r  by ensur ing t h a t  

t he  r a t i o . o f  c ross- f low j u n c t i o n  area t o  downflow j u n c t i o n  area i s  l ess  

than 10 o r  by no t  us ing  the  water-packing op t ion .  

Before d iscuss ing  the  d e t a i l e d  behavior  w i t h i n  t h e  reac to r  vessel,  

i t  i s  impor tan t  t o  understand the  e f f e c t s . o n  t h e  RELAP4 c a l c u l a t i o n  o f  

subcooled ECC water f l o w i n g  i n t o  a  volume . con ta in ing  a  h igh  q u a l i t y  

steam mixture.  Wi th  RELAP4, when subcooled ECC water f i r s t  en ters  a  

vapor o r  m ix tu re  f i ' l l e d  vo lume, . i t  immediately mixes i n  thermodynamic 

e q u i l i b r i u m  w i t h  a l l  o f  t he  f l u i d  i n  t h a t  volume. The r e s u l t  o f  t h i s  

mix ing  i s  condensation o f  t h e  vapor and r a p i d  depressur iza t ion  o f  t he  

volume. Usua l ly  t he  pressure i n  t he  volume drops below t h a t  o f  adjacent  

mix ture  f i l l e d  volumes and t h e  f lows i n  t he  connect ing j unc t i ons  reverse 

( o r  accelerate)  toward t h e  f i l l i n g  volume. Th is  p e r i o d  o f  simultaneous 

f l o w  i n t o  the  volume. o f  subcooled ECC water and sa tura ted  m ix tu re  

cont inues u n t i l  t h e  volume i s  complete ly  f i l l e d  w' i th sa tura ted  water. 

As soon as the  volume f i l l s ,  t he  f l u i d  cond i t i ons  i n  t he  volume become 

subcooled. The upstream and downstream j u n c t i o n  f lows then may .reverse 

a ' l lowing subcooled water t o  en te r  t he  adjacent  vo'lumes, and the  process 



repeats f o r  successively  f i l l i n g  volumes. F igures 17 and 18 i l l u s t r a t e  

t h e  process f o r  t h e  i n t a c t  loop c o l d  l e g  volume immediately ou ts ide  the  

r e a c t o r  vessel .  A t  approximate ly  23.2 seconds when the  volume begins t o  

f i l l ,  t h e  f l o w  i n  t h e  downstream j u n c t i o n  reverses and remains negat ive 

u n t i l  t h e  volume f i l l s .  Note t h a t  p r i o r  t o  23.2 seconds, t h e  f lows i n  

b o t h  j u n c t i o n s  were p r i m a r i  l y  negat ive due t o  condensation e f f e c t s  whi 1  e  

t h e  upstream volume was f i l l i n g .  Thus, i n  a  RELAP4 c a l c u l a t i o n ,  

r e f i l l i n g  o f  t he  p l a n t  w i t h  subcooled ECC water u s u a l l y  proceeds volume- 

by-volume w i t h  each volume i n  succession being f i l l e d  w i t h  subcooled 

water.  When condensat ion e f f e c t s  severely  depress t he  vu lu r~~e  pressure, 

t h e  ECC wa.ter cannot f l o w  beyond t h e  f i l l i n g  volume u n t i l  t h e  volume i s  

complete ly  f i 1 led .  

To f u r t h e r  i l l u s t r a t e  t h e  e f f e c t s  o f  condensation by subcooled ECC 

water ,  two .add i t i ona l  RELAP4 s p l i t  downcomer c a l c u l a t i o n s  were performed 

w i t h  e leva ted  ECC water temperatures. For these c a l c u l a t i o n s  the  tem- 

pe ra tu re  was r a i s e d  from 33 t o  13Z°C ( s l i g h t l y  subcooled) and t o  177'C 

(sa tura ted) ,  respec t i ve l y .  F igures 19 through 22 show the  change i n  

condensat ion e f f e c t s  a t  t he  i n t a c t  loop c o l d  leg.  The i n i t i a l  f lows i n  

F igures 20 and 22 d i f f e r  from those i n  F igure  18 because ECC f l o w  began 

e n t e r i n g  upstream volumes p r i o r  t o  22 seconds a f t e r  rup ture .  For t he  

132OC ECC case I n  Figures 19 and 20, t he  f l o w  reve rsa l  i n  t he  downstream 

j u n c t i o n  occurred 1  a t e r ,  and ttle III~~II-i Lude o f  t he  negat ive  f 1  ow was 1  esr; 

t han  i n  t h e  subcooled 'ECC case. Note t h a t  t h e  f l o w  o s c i l l a t i o n s  .were 

a l s o  reduced i n d i c a t i n g  a  more s t a b l e  ca l cu la t i on . .  F igures 21 a,nd 22 

show t h a t ' w i t h  sa tu ra ted  ECC the  volume took  approximately f i v e  t imes 

longer  t o  f i l l  than i n  t h e  subcooled case. The downstream j u n c t i o n  f l o w  

never reversed, i n d i c a t i n g  t h a t  condensation d i d  n o t  dominate t h e  

c a l c u l a t i o n .  Th i s  a1 lowed t C C  water to f l o w  th roug t~  L l ~ e  vuluint! w h i l e  

t h e  volume was f i l l  ing .  

The condensation e f f e c t s  o f  subcooled ECC, p a r t i c u l a r l y  t he  

complete f i I i i ng ' o f  '. volumes w i t h  subctlo led water,  have 8 s l g n i  f i c a n l  

impact on t h e  d e t a i l e d  behavior  i n s i d e  the  r e a c t o r  vesse.1 du r ing  the  

r e f i l l  per iod .  F igure  23 shows the  c a l c u l a t e d  f lows as a f u n c t i o n  o f  

t h e  i n  t h e  downcomer j unc t i ons  f o r  t he  t ime i n t e r v a l  between 30 and 
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Fig. 17 Calculated average density in a cold leg volume filling with 
subcooled (33°C) ECC water. 
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Fig. 18 Calculated upstream and.downstream junction flows while an 
intact loop cold leg volume i s  filling with suhcooled ( 3 3 O C )  
ECC water. 
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Fig. 19 Calculated average density i n  a cold leg volume f i l l i n g  with 
s l i g h t l y  subcooled (132°C) ECC water. 
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Fig. 20 Calculated upstream and downstream junction flows while an 
i n t a c t  loop cold leg volume i s  f i l l i n g  with s l i gh t l y  subcooled 
(132°C) ECC water. 
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Fig. 21 Calculated average density in a cold leg volume filling with 
saturated (1 77OC) ECC water. 
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Fig. 22 Calculated upstream and downstream junction flows while an 
intact loop cold leg volume is filling with saturated (177°C) 
ECC water. 
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F ig .  23 Calculated loop flows with subcooled (33°C) ECC water 
(LOCE L1-4 pos t t es t  analys is) , .  



50 seconds a f t e r  rup tu re  i n i t i a t i o n  f o r  t he  p o s t t e s t  ana lys is .  

F igure  24 shows the  ca l cu la ted  pressures, temperature, d e n s i t i e s ,  f lows 

and e l e v a t i o n  pressures i n  the  -downcomer lower plenum reg ion  a t  

40 seconds a f t e r  rup ture .  These f i g u r e s  a long w i t h  F igure  25 i ' l l u s t r a t e  

t h a t  l a r g e  f a i r l y  s t a b l e  " f l o w  loops" have formed. These f l o w  loops are  

d r i v e n  by the  unequal g r a v i t y  heads t h a t  e x i s t  i n  the.vess.el .  A column 

o f  water i s .  i n d i c a t e d  i n  F igure  24 on the  i n t a c t  loop s ide  o f  t he  

downcomer wh.ich completely f i 11 s  a1 1. t he  corresponding volumes; whereas, 

on t h e  broken loop s ide  t h e  f l u i d  i s  considerably l e s s  dense. 

.Consequently, t he  e l e v a t i o n  pressures (as shown) on the  i n t a c t  loop s ide  

are much l a r g e r  than on the  o the r  side. The condensation o f  vapor by 

subcooled l i q u i d  p r e d i c t e d  by RELAP4 maximizes these e f f e c t s ,  as 

discussed e a r l i e r ,  because i t  causes every volume entered by ECC water 

t o  becomer l i q u i d -  f u l l  be fore  the  water can f l o w  i n t o  o the r  volumes. 

The e levated ECC temperature ca l cu la t i ons ,  mentioned e a r l i e r ,  

conf i rm these hypotheses. The c a l c u l a t i o n  w i t h  177OC ECC water tempera- 

t u r e  d i d  n o t  i n d i c a t e  the  same k i n d  o f  water column, as discussed -above, 

and t h e  dens i t y  d i f f e rences  were much smal ler ,  e -g . ,  a t  40 seconds a f t e r  

rup tu re  the  d e n s i t i e s  on the  i n t a c t  and broken loop s ides were 152 "and 
3 109 kg/m , respec t i ve l y ,  compared t o  values o f  915 and 138 kg/m3 i n  the  

subcooled ECC run. F igure 26 shows the ca l cu la ted  f lows i n  t h i s  case 

(compare w i t h  F igure  23). F igure  27, i n  t u rn ,  shows the  corresponding 

f lows i n  t he  c a l c u l a t i o n  w i t h  13Z°C ECC temperature ( s l i g h t l y  sub- 

cooled). The f l o w  loops a re  there,  b u t  reduced i n  magnitude compared t o  

F igure  23 (subcooled ECC). Add i t i ona l  con f i rma t ion  was obta ined through 

a  c a l c u l a t i o n  which was i d e n t i c a l  t o  t he  subcooled ECC case except t h a t  

t he  e leva t i ons  o f  bo th  cross- f low junc t i ons  were changed. The f l o w  loop 

t ime h i s t o r y  and e s p e c i a l l y  t he  magnitudes o f  t he  f lows were d r a s t i c a l l y  

changed. This  conf i rms the  theory  t h a t  t he  f l o w  loops were d r i v e n  by 

unbalanced e l e v a t i o n  pressure heads; because f o r  homogeneous volumes, a  

change i n  the  j u n c t i o n  e levat ions  a f f e c t s  on l y  t he  g r a v i t y  f o r c e  term i n  

the  momentum equation. 

C l e a r l y  then, condensation e f f e c t s  fo rce  complete f i l l i n g  o f  t he  

downcomir volumes on the  i n t a c t  loop s ide  s f  t he  vessel g i v i n g  r i s e  t o  



F i g .  24 Downcomer lower  plenum r e g i o n  p ress  r e s  (MPa) , temperatures Y ("C) , f lows ( k g l s )  , d e n s i t i e s  (kg lm ) , and e l e v a t i o n  pressures 
. . (MPa) 8 t  4n wcnnds i n t o  t h ~  t r a n s i e n t  (LOCE L1-4 p o s t t e s t  

a n a l y s i s )  . 



F i g .  25 Flow loops and n e t  f lows (kg / s )  a t  40 seconds i n t o  t h e  
t r a n s i e n t  (LOCE L1-4 p o s t t e s t  a n a l y s i s )  . 



F i g .  26 C a l c u l a t e d  l o o p  f l o w s  w i t h  s a t u r a t e d  (177OC) ECC w a t e r .  
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F i g .  27 C a l c u l a t e d  l o o p  f lows w i t h  s l i g h t l y  subcoo led  (132°C) ECC 
w a t e r .  



s i g n i f i c a n t  e l e v a t i o n  heads a t  the  connect ing j unc t i ons  which, i n  t u r n ,  

f o rce  the  f l o w  loops. For tunate ly ,  these loops appear t o  have no 

s i g n i f i c a n t  e f f e c t  on cond i t i ons  ou ts ide  t h e  r e a c t o r  vessel.  This  i s  

ev iden t  from Figures 28, 29, and 30, which show the  f l o w  i n t o  t h e  down- 

comer from the  i n t a c t  loop, t he  f l o w  o u t  o f  t he  downcomer i n t o  the  

broken loop, and the  f l o w  f rom' the '  lower plenum i n t o  t h e  core region,  

respec t i ve l y ,  f o r  bo th  the  subcooled and sa tura ted  ECC ca l cu la t i ons .  

These flows compare very  w e l l  between 24 and 50 seconds a f t e r  rup tu re  i n  

s p i t e  o f  t h e  l a r g e  f l o w  loops present  o n l y  i n  t h e  subcooled case. The 

d i f f e r e n c e  i n  t he  mass f lows i n  F igures 28 and 29 i s  due t o  the  lower 

mass f low r a t e  o f  t he  sa tura ted  ECC. The c i r c u l a t i o n  w i t h i n  the  

downcomer due t o  the  f l o w  loops tends t o  homogenize the  f l u i d  w i t h i n  

those volumes, apparent ly  w i thou t  ser ious consequences. Comparison o f  

t h e  ca l cu la ted  t o  measured downcomer momentum f l u x e s  i n  F igures 31 

and 32 i n d i c a t e s  t h a t  t he  mix ing  may be phys i ca l l y ,  r e a l i s t i c .  

It may be poss ib le  t o  e l im ina te  the  f l o w  loops e i t h e r  by 

a r b i t r a r i l y  ass ign ing  a  very h igh  reverse f l o w  form-loss c o e f f i c i e n t  t o  

t h e  i n l e t  annulus c ross- f low j u n c t i o n  o r  by mod i fy ing  the  RELAP4 

t reatment  o f  e l e v a t i o n  heads a t  the  downcomer junc t ions .  'Although these 

changes may e l i m i n a t e  the  symptom, a  more v i a b l e  approach i s  t o  

e l im ina te  the  cause, i . e . ,  the  RELAP4 c a l c u l a t e d  excess condensation by . 

subcooled ECC water. 

I n  general,  t he  s p l i t  downcomer model p rov ided a  much more 

realistic c a l c u l a t l a n  o f  o v e r a l l  downcomer behavior  f o r  LOF-I' LUCE L I - 4  

than d i d  the  convent ional s i n g l e  downcomer model. F igures 33 and 34 

prov ide  a  d i r e c t  comparison o f  L1-4 data, s p l i t  downcomer ca l cu la t i ons ,  

and s i n g l e  downcomer c a l c u l a t i o n s  o f  broken loop c o l d  l e g  dens i t y  and 

reac to r  vessel l i q u i d  mass, respec t i ve l y .  When t h e  technique i s  app l i ed  

t o  o ther  p l a n t s ,  t he  ana lys ts  should ensure t h a t  t he  model i s  no t  

susceptable t o  the  water packing induced bypass problem described 

e a r l i e r  and t h a t  downcomer f l o w  loops ( i f  present)  do n o t  s i g n i f i c a n t l y  

a f f e c t  o v e r a l l  behavior.  
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F ig .  28 Ca lcu la ted  f l o w  f rom the  i n t a c t  loop  i n t o  t he  downcomer w i t h  
subcooled (33°C) and sa tura ted  (177OC) ECC water.  
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F ig .  29 Ca lcu la ted  f l o w  f rom t h e  downcomer i n t o  t h e  broken loop w i t h  
subcool ed (33°C) and sa tura ted  ( 1  77OC) ECC water.  
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Fig. 30 Calculated- f low from the lower plenum i n t o  the core region 
w i t h  subcooled (33°C) and saturated (177°C) ECC water. 

Fig. 31 Momentum f l u x  i n  reactor vessel downcomer instrument s ta l k  
under broken loop co ld  leg, LOCE C1-4 data and RELAP4 calcu- 
l a t i ons  (ME-1ST-1) , 



T I W E  AFTER RUPTURE (SECONDS) 

F i g .  32 Momentum f l u x  i n  reactor vessel downcomer instrument s t a l k  
under i n t a c t  loop cold leg,  LOCE L l -4  data and RELAP4 calcu- 
1 ations (ME-2ST-1) . 

Fig.  33 Density i n  broken loop cold leg,  LOCE L1-4 data and RELAP4 
s p l i t  and s ingle  downcomer calculat ians,  
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F i g .  34 Reactor vessel  l i q u i d  mass, LOCE L1-4 da ta  and RELAP4 s p l i t  
and s i n g l e  downcomer c a l  cu? a t i ons .  



3.0 RELAP4- POSTTEST ANALYSIS MODEL 

The RELAP4 model used f o r  the  p o s t t e s t  ana lys i s  i s  b a s i c a l l y  an 

extensior i  o f  t h e  L1-4 experiment p r e d i c t i o n  RELAP4 modelC7'. For t h a t  

reason o n l y  the  changes i n  t h e  p r e t e s t  model w i l l  be discussed i n  t h i s  

sec t ion .  The i n t e r e s t e d  reader should consu l t  Appendix A f o r  t he  i n p u t  

da ta  l i s t i n g  and t ime zero e d i - t  o f  t he  RELAP4 output  and Reference 7 f o r  

a d e t a i  l e d  p resen ta t i on  o f  t h e  L1-4 experiment p r e d i c t i o n  model.. Both 

t h e  L1-4 experiment p r e d i c t i o n  and p o s t t e s t  analyses used the  same 

v e r s i o n  o f  t he  RELAP4 code; designated as RELAP4kMOD5 
C 101 (LOFTSV02(73)) . 

3.1 I n i t i a l  Condi t ions 

The most obvious change f o r  any p o s t t e s t  ana lys i s  concerns the  

i n i t i a l  p l a n t  cond i t i ons .  Since the  experiment ope ra t i ng  s p e c i f i c a t i o n  

( ~ 0 s ) ' ~ '  normal l y  s p e c i f i e s  a range o f  acceptable values f o r  p l a n t  

, ope ra t i ng  parameters, i t  i s  nea r l y  imy-ossibl e f o r  a1 1 the  nominal values 

used i n  t h e  p r e t e s t  analys9s t o  co inc ide  w i t h  t h e  ac tua l  cond i t i ons  

w i t h i n  t h e  system a t  t h e  t ime  the  experiment was i n i t i a t e d .  Therefore, 

t h e  f o l l o w i n g  parameters were changed t o  r e f l e c t  ' t h e  experimental  

c o n d i t i o n s  f o r  t h e  LOCE L1-4 pos t tes  t analys, is:  

(1) PCS temperature, mass f l o w  r a t e ,  and pump speed f o r  bo th  pumps 

(2) Pressur izer  and accumulator pressures, temperature, and water 

volumes 

(3) Broken loop h o t  and c o l d  legs  temperature d i s t r i b u t i o n  

(4) Steam generator  secondary s ide  l i q u i d  l e v e l .  



3.2 Noda l i za t i on  

Three n o d a l i z a t i o n  changes were incorpora ted  i n t o  the  p o s t t e s t  

ana lys i s  model. The purpose o f  these changes was t o  improve the  

c a l c u l a t i o n  s t a b i l i t y  and running time. The e f f e c t s  o f  these changes on 

the  c a l c u l a t e d  r e s u l t s  were minimal, as they were in tended t o  be. The 

f i r s t  n o d a l i z a t i o n  change was i n  t he  lower plenum region.  For t he  

p r e t e s t  ana lys i s  (see F igure  35) t h i s  reg ion  had been modeled w i t h  th ree  

volumes. Eva lua t ion  o f  t he  p r e t e s t  r e s u l t s  i n d i c a t e d  t h a t  these volumes 

behaved almost i d e n t i c a l l y .  Since the  a d d i t i o n a l  volumes and j unc t i ons  

a re  a  computat ional l i a b i l i t y ,  they  were de le ted  f o r  the  p o s t t e s t  

analys is .  The p o s t t e s t  noda l iza t io -n  schematic i n  F igure 36 shows the  

s i n g l e  lower plenum volume. Although d i r e c t l y  comparable s e n s i t i v i t y  

ca3culat ions have n o t  been performed, no d i f f e rences  i n  t he  downcomer- 

lower plenum behavior  between the  p r e t e s t  and p o s t t e s t  analyses are 

considered t o  have been caused by t h i s  noda l i . za t ion  change. 

. An eva lua t i on  o f ' t h e  p ressu r i ze r  surge l i n e  volume performance - i n  

t he  p r e t e s t  ana lys i s  i n d i c a t e d  t h a t  t h i s  volume was a l s o  unnecessary. 

Therefore, f o r  the  p o s t t e s t  model, t h e  volume o f  t he  surge l i n e  was 

inc luded i n  the  p ressu r i ze r '  volume and t h e  two-phase form-loss 

c o e f f i c i e n t s  o f  t h e  j u n c t i o n  p a i r  combined i n t o  a s i n g l e  j unc t i on .  

Comparison o f  ' t he  -p ressu r i ze r  pressure and l e v e l  response between the  ' 

p r e t e s t  and p o s t t e s t  c a l c u l a t i o n s  w i l l  show n e a r l y  i d e n t i c a l  behavior.  

The f . i na l  n o d a l i z a t i o n  change concerns the  pressure suppression 

system. For t he  p r e t e s t  ana lys i s  t h i s  system was modeled as a  s i n g l e ,  

time-dependent volume. The pressure h i s t o r y  f o r  t he  volume was taken 

from the  EOS c61 requirements f o r  t h e  system. The p r e t e s t  ana lys i s  

c a l c u l a t i o n  was terminated due t o  steam f l o w  from the  suppression system 

when the  c a l c u l a t e d  PCS , , Pressure dropped below the  s p e c i f i e d  pressure 

suppression system pressure. The u n r e a l i s t i c  PCS depressur iza t ion  was a  

d i r e c t  consequence, o f  t he  exaggerated ECC condensation c a l c u l a t e d  by 

RELAP4. I n  order  t o  pe rm i t  the  p o s t t e s t  ana lys i s  c a l c u l a t i o n  t o  

cont inue beyond t h i s  p o i n t ,  t he  pressure suppression system volume was 

deleLed and the  connect ing j unc t i ons  on t h e  broken 16op were s p e c i f i e d  

3 7 
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F ig .  35 RELAP4 model schematic f o r  LOFT LOCE L1-4 experiment p r e d i c t i o n .  
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F i g .  36 RELAP4 model schemat ic f o r  LOFT LOCE L1-4  p o s t t e s t  a n a l y s i s .  



as " l eak  j unc t i ons "  w i t h  a  constant  s i n k  pressure. I n  t h i s  ana lys is ,  

when the  c a l c u l a t e d  PCS pressure f e l l  below the  s i n k  pressure ( a t  

approximate ly  50 seconds a f t e r  rup ture) ,  f l o w  through t h e  l eak  j unc t i ons  

stopped. The c a l c u l a t i o n  cont inued f o r  an a d d i t i o n a l  26 seconds; 

however, c a l c u l a t i o n a l  i n s t a b i l i t i e s ,  apparent ly  due t o  a  " r i n g i n g "  

e f f e c t  i n  the then dead-end broken legs ,  were almost immediately 

apparent.  

3.3 Emergency Core Coo l ing  System 

As discussed i n  Sect ion  2.0, "Downcomer Modeling", t h e  ECC water 

temperature can s i g n i f i c a n t l y  a f f e c t  t h e  c a l c u l a t e d  l o c a l  behavior when 

ECC enters  a  volume. I n  o rder  t o  f u r t h e r  i l l u s t r a t e  the  condensation 

e f f e c t s  o f  subcooled ECC, r e s u l t s  o f  a  h o t  ECC s e n s i t i v i t y  c a l c u l a t i o n  

a r e  presented i n  t h i s  r e p o r t  f o r  comparison w i t h  the  p o s t t e s t  ana lys i s  

c a l c u l a t i o n  r e s u l t s .  The i n p u t  da ta  f o r  these c a l c u l a t i o n s  were 

i d e n t i c a l  except f o r  t he  ECC water temperature. The p o s t t e s t  ana lys i s  

c a l c u l a t i o n  used the  accumulator water temperature (33OC) s p e c i f i e d  i n  
[ 61  t h e  COS . An CCC water temperature o f  132"C, s l i g h t l y  below 

s a t u r a t i o n  temperature f o r  t h e  l eak  j u n c t i o n  s i n k  pressure, was chosen 

f o r  t he  ho t  ECC s e n s i t i v i t y  c a l c u l a t i o n .  The condensation e f f e c t s  are 

s i g n i f i c a n t l y  reduced. i n  t h i s  ca" lcu la t ion  as w i l  I be discussed i n  

Sect ion  4.0. 

Dur ing  t h e  i n t e r v a l  between LOCEs L1-3A and L1-4, t he  discharge 

standpipe i n  accumulator A was mod i f i ed  and a  small-er s c a l i n g  o r i f i c e  

i n s t a l l e d  i n  t h e  d ischarge p ipe  as discussed i n  Reference. 6.   his 
m o d i f i c a t i o n  increased t h e  res i s tance  o f  t he  accumulator discharge ' p i pe  

by . . 30%. This increase; however, was n o t  incorpora ted  i n t o  the  p r e t e s t  

RELAP4 model. Consequently, , t he  accumulator f l o w  r a t e  was over- 

p r e d i c t e d  i n  t h e  p r e t e s t  c a l c u l a t i o n .  F igure  37 i 1'1 us t ra tes  the  change 

i n  vo lumet r ic  f l o w  r a t e  from the  .accumulator due t o  the  res i s tance  

increase.  Comparison o f  p o s t t e s t  ana lys i s  r e s u l t s  w i t h  those o f  the  

1  3Z°C ECC c a l c u l a t i o n  i n d i c a t e s  t h a t  the  RELAP4 c a l c u l a t e d  condensation 

e f f e c t s  o f  t h e  33OC ECC water c o n t r i b u t e  t o  the  ove rp red i c t i on  o f  

accumulator f l o w  i n  t h a t  c a l c u l a t i o n .  



F i g .  37 Flow r a t e  i n  ECCS accumulator A discharge, LOCE L1-4 data 
and RELAP4 ca lcu la t i ons  (FT-P120-36-1) . 



Data from LOCE L1-4 i n d i c a t e d  t h a t  t he  LPIS pump d i d  n o t  perform 

accord ing  t o  the  f low-versus- i n j e c t i o n - p o i n t  pressure curve used i n  the  

p r e t e s t  ana lys i s ,  see F igure  38. The cause o f  t h i s  discrepancy i s  

two fo ld :  t h e  i n j e c t i o n  p o i n t  pressure was below 1.3 MPa when LPIS f l o w  

was i n i t i a t e d ,  and the  e f f e c t  on the  i n j e c t i o n  p o i n t  pressure o f  t he  

accumulator discharge. through common p i p i n g  was no t  taken i n t o  account 

f o r  t h e  p r e t e s t  pump curve. Consequently, t he  LPIS f l o w  r a t e  was a l so  

ove rp red i c ted  i n  t h e  p r e t e s t  c a l c u l a t i o n .  For the  p o s t t e s t  ana lys i s ,  

t h e  pump curve was adjusted,  as i n d i c a t e d  i n  F igure  38, t o  more c l o s e l y  

approximate the pump performance. Althouyl l  t he  i n i t i a t i o n  o f  LPIS f l o w  

was somewhat e a r l y  f o r  t h e  p o s t t e s t  ana lys i s  c a l c u l a t i o n  compared t o  the  

t e s t  data,  F igure  39 shows t h a t  t he  agreement i s  q u i t e  good u n t i l  the  

l i q u i d  surge a t  t h e  end o t  t he  accumulator blawdown perl;urbbed lht! LPlS 

f l ow .  I n  the  13Z°C ECC c a l c u l a t i o n ,  the  LPIS f l o w  was i n i t i a t e d  l a t e r  
and was underpredic ted u n t i l  t he  accumulator discharge ended. This  i s  

due t o  t h e  c a l c u l a t e d  pressure i n  the  i n j e c t i o n  l i n e  volume (No. 46 on 

F igu re  36) being h e l d  h igh  by the  near sa tura ted  accumulator f low.  

. .. 

3.4 Broken Loop Hot .  Leg 

I n  t h e  p r e t e s t  ana lys i s ,  s ingle-phase form-loss c o e f f i c i e n t s  were 

~ ~ s e d  f o r  t h e  pump s imu la to r  . iurictions. Since the  RELAP4/MOD5 two-phase 

f r i c t ~ o n  c a l c u l a t i o n  app l i es  on l y  Lu Lilt!  f d ~ i ~ ~ i i i g  t i - i c t ion  losses, the 

p r e t e s t  c a l c u l a t i o n  underpredic ted the  pump s imu la to r  d i f f e r e n t i a l  

pressure.  The r e s u l t s  o f  s e n s i t i v i t y  s tud ies  have i n d i c a t e d  t h a t  a  two- 

phase f a c t o r  on the  order  o f  1.5 would be appropr iate.  (The performance 

o f  t h e  LOFT pump s imu la to r  i n  two-phase f l o w  cond i t i ons  i s  c u r r e n t l y  

be ing  s tud ied . )  The form- loss c o e f f i c i e n t s  used i n  the  p r e t e s t  ana lys i s  

f o r  t h e  two pump s imu la to r  j unc t i ons  were, t he re fo re ,  increased by 50% 

f o r  t h e  p o s t t e s t  ana lys i s  ca l cu la t i ons .  The improvement i n  t he  

comparison between the  c a l c u l a t e d  and measured pump s imula tor  

d i f f e r e n t i a l  pressures can be seen i n  F igure  40. 

I n  con junc t i on  w i t h  t h e  pump s imula tor  res i s tance  increase,  t h e  

c o n t r a c t i o n  c o e f f i c i e n t  a t  t h e  break p lane j u n c t i o n  was removed. The 

0.75 c o e f f i c i e n t ,  a p p l i e d  . to the  c r i t i c a l  f l o w  model a t  the  ho t  'leg 
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F i g .  38 L P I S  pump c h a r a c t e r i s t i c s  f o r  LOCE L1-4. 
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F i g .  39 Flow r a t e  i n  ECCS LPIS pump A d ischarge,  LOCE L1-4 da ta  and 
RELAP4 c a l c u l a t i o n s  (FT-PI 20-85). 

- I  . O  

0 . 0  2 5 . 0  5 0 . 0  7 5 . 0  1 0 0 . 0  

J M E  AFTER RIIPT1.IRE (SECONDS! 

F i g .  40 D i f f e r e n t i a l  p ressure  i n  broken l oop  h o t  l e g  across pump 
s i m u l a t o r ,  LOCE L1-4 data and RELAP4 c a l c u l a t i o n s  (PdE-BL-5). 



break p lane i n  the  p r e t e s t  p r e d i c t i o n ,  was in tended t o  account f o r  vena 

con t rac ta  e f f e c t s  associated w i t h  the  elbow j u s t  upstream o f  the  break 

plane. Since the  p r e t e s t  p r e d i c t i o n  ana lys i s ,  i t  has been learned t h a t  

t h i s  approach may have been erroneous, as was evidenced by the  

experimental  work o f  ~a loudek"" ,  who found t h a t  an elbow a t  t he  end o f  

a t e s t  sec t i on  had an i n s i g n i f i c a n t  i n f l u e n c e  on the  c r i t i c a l  f l o w  r a t e  

as compared t o  a s t r a i g h t  sec t i on  o f  p ipe.  RELAP4 s e n s i t i v i t y  s tud ies  

have i n d i c a t e d  t h a t  changes i n  t he  c o n t r a c t i o n  c o e f f i c i e n t  have a very 

small e f f e c t  on the  mass f low,  b u t  r a t h e r ,  i n f l u e n c e  the  broken loop h o t  

l e g  pressure drop d i s t r i b u t i o n ,  p a r t i c u l a r l y  between t h e  pump s imu la to r  

and the  break plane. 

The pressure d i f f e r e n t i a l  across the  h o t  l e g  break p lane i s  shown 

i n  F igure  41. The ove rp red i c t i on  by the  RELAP4 c a l c u l a t i o n s  may be due 

t o  a combination o f  e f f e c t s :  t he  blowdown j e t  impinging on the  

downstream tap  o f  t he  d i f f e r e n t i a l  pressure t ransducer ;  RELAP4 n o t  f u l l y  

account ing f o r  a l l  o f  the  pressure losses i n  t he  broken loop h o t  l e g  t o  

the , b r e a k .  plane; RELAP4 p r e d i c t i n g  too  low a backpressure j u s t  

downstream o f  t he  break p lane;  and RELAP4 ove rp red i c t i ng  the  mass f l ow  

rate, 

3.5 Steam Generator Secondary 

The RELAP4/MOD5 update used f o r  t h e  L1-4 p r e t e s t  and p o s t t e s t  

ana lys i s  c a l c u l a t i o n s  inc luded a na tu ra l  c i r c u l a t ' i o n  steam generator 

.secondary heat t r a n s f e r  model. Figures 42 and 43 show the  steam 

generator  secondary temperature and pressure, respec t i ve l y ,  f o r  t he  t e s t  

data and RELAP4 ca l cu la t i ons .  The d i f f e r e n c e  i n  t he  measured and 

c a l c u l a t e d  temperatures a t  t ime zero i s  due t o  the  f a c t  t h a t  the  LOFT 

steam generator i s  removing pr imary  coo lan t  pump heat w h i l e  t he  RELAP4 

steam generator i s  i n i t i a l i z e d  w i t h  no heat removal. It i s  ev ident  from 

the  f i g u r e s  t h a t  the  na tu ra l  c i r c u l a t i o n  model overpred ic ted  the  

secondary-to-primary heat t r a n s f e r .  The e f f e c t  on the  o v e r a l l  

. c a l c u l a t i o n  o f  t h i s  ove rp red i c t i on  i s  considered t o  be smal l .  This  

ove rp red i c t i on  has been t raced t o  an apparent m isapp l i ca t i on  o f  t he  heat 

t r a n s f e r  model. Consequently,, t he  RELAP4 standard conductor heat 



exchanger model was used f o r  t h e  p o s t t e s t  ca l cu la t i ons .  Modeling o f  t he  

LOFT steam generator  secondary i s  c u r r e n t l y  be ing  reviewed. 
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F i g .  41 D i f f e r e n t i a l  pressure i n  broken loop ho t  l e g  across break 
plane, LOCE L1-4 data and RELAP4 c a l c u l a t i o n s  (PdE-BL-4). 
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Fig. 42 Temperature i n  steam generator secondary s i de ,  LOCE L1-4 
data and RELAP4 calcula t ions  (TE-SG-3). 
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Fig. 43 Pressure in  10-inch l i n e  from steam generator,  LOCE L1-4 
data and RELAP4 calcula t ions  (PT-P4-1OA). 



4.0 DISCUSSION OF RESULTS 

The e f f e c t s  on t h e  o v e r a l l  c a l c u l a t i o n s  o f  the  RELAP4 modeling 

changes discussed i n  Sect ion  3.0 are  presented here. Each f i g u r e  i n  

t h i s  s e c t i o n  prov ides  the  L1-4 t e s t  data o v e r l a i d  w i t h  the  experiment 

p r e d i c t i o n  (p re tes t )  RELAP4 c a l c u l  at ionC7',  t he  p o s t t e s t  RELAP4 

c a l c u l a t i o n ,  and the  h o t  ECC s e n s i t i v i t y  c a l c u l a t i o n  which used 13Z°C 

ECC water.  The d i f f e r e n c e s  i n  the c a l c u l a t e d  r e s u l t s  a re  genera l l y  very 

smal l .  As expected, t he  13Z°C ECC s e n s l t i v i  t y  c a l ~ u l d t i o i s  produced 

higher pressures and tcmpesatures a f t e r  ECC i n j ~ r t . i n n  than d i d  the  

subcooled ECC c a l c u l a t i o n s .  

The c a l c u l a t e d  d e n s i l i e s  i n  F igures 44 through 48 show near l y  

i d e n t i c a l  r e s u l t s  f o r  t h e  t h r e e  ca l cu la t i ons .  The broken loop c o l d  l e g  

dens i ty ,  F igure  44, i s  overpred ic ted  by as much as 100% du r ing  blowdown 

between t ime a f t e r  r u p t u r e  i n i t i a t i o n  (to) + 5 and to + 25 seconds. The 

i n t a c t  loop c o l d  l e g  dens i t y  was s i m i l a r l y  overpred ic ted  as shown i n  

F igure  45. Among t h e  poss ib le  causes o f  t h i s  ove rp red i c t i on  are: 

underpred ic t ion  c f  broken loop c o l d  l e g  mass f low,  underpred ic t ion  o f  

s l i p  e f f e c t s ,  and steam f l o w  from the  p ressu r i ze r  through t h e  spray l i n e  

and i n t o  t h e  i n t ac t  l oop  c o l d  leg.  F igure  46 shows t h a t  t he  broken loop 

h o t  1  eg dens i t y  w suatewl~dl underpredicted d ~ ~ r i  ng b l  owdown, 

Examination o f  F igure  47 i n d i c a t e s  t h a t  t he  i n t a c t  loop h o t  l e g  dens i t y  

was genera l l y  underpredic ted and t h a t  t he  c a l c u l a t e d  f l o w  reversa l  a t  

to + 4  seconds occurred approximately 2  seconds e a r l i e r  than i n  t he  t e s t  

data. The increase i n  t he  dens i t y  a t  to + 20 and to + 17 seconds, 

r e s p e c t i v e l y ,  i n  F igures 46 and 47 has been a t t r i b u t e d  t o  f l u i d ,  which 

has been he1 d  i n  the  steam' generator i n l e t  plenum durwi riy pr-essuri  zer 

blowdown, f l o w i n g  through t h e  i n t a c t  l cop  h o t  leg t o  the  reac to r  vessel 

o u t l e t  plenum and o u t  t he  broken loop h o t  l eg .  The RELAP4 c a l c u l a t i o n s  

t r a c k  t h i s  r a t h e r  s u b t l e  e f f e c t  reasonably w e l l .  The dens i t y  a t  t h e  

steam generator  o u t l e t ,  F igure 48, -1s somewhat bverpred ic ted  rut  
approximately 10 seconds du r ing  blowdown. 



A f t e r  blbwdown both  t h e  p r e t e s t  and p o s t t e s t  dens i t y  c a l c u l a t i o n s  

compare reasonably w e l l  w i t h  the  t e s t  data, except f o r  t he  i n t a c t  loop 

cold,  l e g  dens i ty .  The data show'apparent s lugs o f  ECC water i n  t he  

p i p i n g  between the  i n j e c t i o n  p o i n t  and the  pr imary  coo lan t  pumps du r ing  

the  i n t e r v a l  between to + 30 and to + 60 seconds. The c a l c u l a t i o n s  d i d  

n o t  show t h i s  r e s u l t .  The 1'3Z°C ECC broken loop dens i t y  c a l c u l a t i o n s  

beyond to + 40 seconds genera l l y  overpred ic ted  the  data. This  was 

expected because the  h igher  temperature ECC c a l c u l a t i o n  a l s o  over- 

p r e d i c t s  t he  system pressure l a t e  i n  t h e  t r a n s i e n t .  

A PRETEST RELAP4 
0 3 3 O  ECC POSTTEST RELAP4 

F i g .  44 , Average dens i ty  i n  broken loop c o l d  leg,  LOCE L1-4 data and 
RELAP4 c a l c u l a t i o n s  (DE-BL-102). 
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F i g .  45 Average d e n s i t y  i n  i n t a c t  l oop  c v l d  leg ,  LOCE L1-4 da ta  and 
RELAP4 c a l c u l a t i o n s  (DE-PC-102). 
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F i g .  46 Average d e n s i t y  i n  broken l o o p  h o t  l eg ,  LOCE L1-4 da ta  and 
RELAP4 c a l c u l a t i o n s  (DE-BL-202). 



TIHE AFTER RUPTURE (SECONDS) 

F ig .  47 Average dens i t y  i n  i n t a c t  loop  ho t  l eg ,  LOCE L1-4 data and 
RELAP4 c a l c u l a t i o n s  (DE-PC-202). 
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F ig .  48 Average dens i t y  i n  i n t a c t  loop  steam generator  o u t l e t ,  
LOCE L1-4 data and RELAP4 c a l c u l a t i o n s  (DE-PC-302). 



Figures 49 and 50 compare the pressurizer liquid level and pressure 

calculations with the test data. Note that all three calculations 

predicted pressurizer blowdown very well and that the pretest and 

posttest calculations overlay in spite of the nodalization change. It 

i s  interesting to note that although the pressurizer level calculations 

overlay almost exactly with the data, the pressurizer pressure is over- 

predicted until after ECC initiation. This is the type of response 

expected if the pressurizer pressure was being relieved through a flow 

path not included in the RELAP4 model. Such a flow path is the 

pressurizer spray line which allows steam to flow from the pressurizer 

to the intact loop cold Icg. As mcntioncd carlicr, this steam flow may 

also contribute to the overprediction of the cold leg densities during 

bl owdown. Further 1 nvestigation is underway to detcrmi nc whc thcr* th' is 

effect is significant for large break analysis. 



Fig. 49 Pressur izer  l iqu id  l eve l ,  LOCE L1-4 data and RELAP4 calcula-  
t ions  (LT-PI 39-6). 
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Fig. 50 Pressur izer  pressure,  LOCE L1-4 data and RELAP4 calcula t ions  
(PE-PC-4). 



The c a l c u l a t i o n s  o f  PCS pressure response are  q u i t e  good, as shown 

on an expanded sca le  i n  F igure  51. The th ree  c a l c u l a t i o n s  over lay  w i t h  

t h e  da ta  w i t h i n  t h e  ins t rument  e r r o r  bandsCg1 f o r  the  f i r s t  25 seconds 

a f t e r  rup tu re .  A t  t h a t  t ime the  condensation e f f e c t s  o f  t he  subcooled 

ECC cause t h e  p r e t e s t  and p o s t t e s t  c a l c u l a t e d  pressures t o  f a l l  below 

t h e  data. I n  cont.rast,  t he  132OC ECC pressure c a l c u l a t i o n  fo l l ows  the  

da ta  u n t i l  nea r l y  to + 50 seconds. Thereaf te r ,  i t  overpred ic ts  the  

pressure s l  i g h t l y .  
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F i g .  51 Core s imu la to r  pressure, LOCE L1-4 data and RELAP4 c a l c u l a -  
t i o n s  (PE-CS-1A). 



The next set o f  f igures (Figures 52 through 58) indicate t h a t  the 

comparison o f  calculated and measured temperature response i s  very much 

as expected, i. e. , agreement with'in the instrument e r ro r  bands u n t i l  the 

time o f  ECC i n jec t i on  when the subcooled ECC calculations begin under- 

predic t ing the temperatures because o f  condensation ef fects .  The 

temperatures from the 132OC ECC ca lcu lat ion general l y  f o l  1 ow the data 

f o r  20 seconds beyond ECC i n jec t i on  and then overpredict the data. 

Figure 52 exemplifies t h i s  general behavior. Note tha t  the broken loop 

temperatures were Sn i t ia l i zed  a t  the saturat ion temperatures 

corresponding t o  the pressure a t  the end o f  the subcooled blowdown, 

causing the small o f f s e t  i n  the i n i t i a l  conditions. 

I n  the i n t a c t  loop cold leg, Figure 53, even the 13Z°C ECC 

ca lcu lat ion f e l l  below the measured temperature because o f  the thermal- 

equi l ibr ium assumption o f  RELAPA. The data between to + 25 and 

to + 40 seconds indicate tha t  the instrument i s  seeing in te rmi t ten t  

slugs o f  subcooled ECC i n  a steam environment. Between to + 40 and 

to + 70 seconds, subcooled f l u i d  gradually begins t o  dominate. A t  

to + 75 seconds, the measured temperature i n  the co ld l eg  has approached 

tha t  calculated i n  the post test  case. 
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Fig.  52 Average temperature i n  breken l o ~ p  ,cold l e g ,  LOCE L1-4 data 
and RELAP4 calculations (TE-BL-101) . 

Fig. 53 Temperature in intact loop cold leg,  LOCE L1-4 data and 
RELAP4 calculations (TE-PC-1) . 



The t e s t  data i n  Figure 54 and 55 suggest t h a t  superheated steam 

began f lowing through the i n t a c t  loop hot  l e g  a t  to + 32 seconds and 

reached the broken loop hot  l e g  a t  approximately to + 45 seconds. The 

ca lcu la t ions d i d  no t  e x h i b i t  t h i s  behavior as s t rong ly  as d i d  the data. 

A t  the steam generator ou t l e t ,  Figure 56, a l l  three ca lcu la t ions 

ind ica ted  superheating; however, none agreed we l l  w i t h  the data. The 

ea r l y  temperature r i s e  i n  the  p re tes t  ca l cu la t i on  was probably due t o  

the overpredict ion o f  secondary-to-primary heat t r ans fe r  discussed 

ea r l i e r .  For the pos t t es t  ca lcu la t ion,  the temperature rose b r i e f l y  a t  

to + 27 seconds and then general ly  fo l lowed the system sa tu ra t ion  

temperature curve. The absence o f  condensation e f f ec t s  i n  the  co ld  l e g  

f o r  the 13Z°C ECC ca lcu la t ion  caused the f low i n  the steam generator 

o u t l e t  t o  near ly  stagnate. The resu l t an t  l ack  o f  heat removal i n  the 

region caused the severe superheating exh ib i ted  i n  t h i s  ca lcu la t ion.  

It should be noted t h a t  the temperature data may r i s e  above the 

system saturat ion temperature due t o  thermocouple dry-out and heat ing by 

stem conduction and rad ia t i ve  heat t ransfer .  When, t h i s  occurs the 

temperature r i s e  i s  t y p i c a l l y  very r ap id  as compared t o  the more gradual 

r i s e  experienced under actual  superheated condit ions. It i s  poss ib le  

t h a t  t h i s  e f f ec t ,  r a the r  than actual  superheating, i s  the cause o f  the 

temperature r i s e s  i n  the data, espec ia l l y  a t  the steam generator ou t l e t .  
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Fig.  54 Temperature i n  broken loop hot leg, LOGE L1-4 data and 
RELAP4: calculat ions (TE-BL-2). 
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Fig. 55 Temperature i n  i n t a c t  loop hot leg, LOCE L1-4 data and 
RELAP4 calculations (TE-PC-2) . 
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. 56 Temperature i n  i n t a c t  loop steam generator ou t l e t ,  LOCE L1-4 
data and RELAP4 ca lcu la t ions (TE-PC-3). 



Temperatures on the broken and i n t a c t  loop sides of the downcomer 

are shown i n  Figures 57 and 58, respectively. The subcooled ECC 

calculat ions begin underpredicting the temperature (because they under- 

predicted pressure) almost immediately a f t e r  ECC in ject ion. On the 

other hand, the 13Z°C ECC ca lcu lat ion followed the temperature data very 

wel l  u n t i l  the subcooled ECC water penetrated t o  the instrument 

locations. The data then exhibited a series o f  negative temperature 

spikes which ind ica te  in te rmj t ten t  contact w i th  subcooled ECC. Notice 

t h a t  as the instruments were cooled, the average temperatures gradually 

approached those o f  the subcooled ECC calculations. This indicates tha t  

condit ions i n  t h e .  downcomer were slowly approaching the thermal 

equi l ibr ium condit ions calculated by RELAP4. 



T I M E  AFTER RUPTURE (SECONDS) 

Fig.  57 Temperature i n  reactor  vessel downcomer instrument s t a l k  1 , 
LOCE L1-4 data and RELAP4 ca lcu la t ions (TE-1 ST-1 4). 

Fig. 58 Temperature i n  reactor  vessel downcomer instrument s t a l k  2, 
LOCE L l - 4  data and RELAP4 ca lcu la t ions (TE-2ST-14). 



Figures 59 and 60 show t h a t  the pretest  and posttest calculations 

exhib i ted the general character is t ics  o f  the primary coolant pump speeds 

reasonably well.  The apparent i n i t i a l i z a t i o n  er ro r  o f  nearly 100 rpm 

f o r  pump 1 contr ibuted t o  the 230 rpm overpredict ion a t  to + 30 seconds 

f o r  t h a t  pump. The pos t tes t  ca lcu lat ion showed a d iscont inu i ty  i n  the 

pump deceleration, which was not evident i n  the data, when the motor- 

generator set f i e l d  breakers opened a t  750 rpm. The increase i n  pump 

speed due t o  steam f lowing i n t o  the co ld l eg  and condensing w i th  the 

subcooled ECC i s  shown c l e a r l y  i n  the data and t o  a lesser extent i n  the 

post test  calculat ion. Since the 132°C ECC calcu lat ion sever-ely reduced 

condensation effeets, no pump acceleration was calculated. The pretest  

calculated pump speed d i d  not drop below the motor-generator set f i e l d  

breaker setpoint  u n t i l  to + 50 seconds because the overpredict ion o f  ECC 

f law caused more condensation i n  the co ld leg. Consequently, higher 

steam f19w through the pumps maintained t h e i r  speeds s l i g h t l y  higher 

than those i n  the post test  calculation. Figure 61 shows tha t  the 

dtfferences i n  pump speed had very l i t t l e  e f f e c t  on the d i f f e r e n t i a l  

pressure because the pump head i s  severely degraded i n  the high-quali ty 

rangc . 

T I M E  AFTER RUPTURE (SECONDS1 

Fig. 59 Pump speed for  primary coolant pump 1, LOCE L1-4 data and 
RELAP4 calculat ions (RPE-PC-1) . 
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pig. 60 Pump speed f o r  primary coolant pump 2, LOCE L1-4 data and 
RELAP4 ca lcu la t ions (RPE-PC-2). 
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Fig. 61 Primary coolant pump d i f f e r e n t i a l  pressure, LOCE L1-4 data 
and RELAP4 ca lcu la t ions (PdE-PC-1). 



The ve loc i t ies  i n  the i n t a c t  loop are shown on Figures 62 

through 64. Note t h a t  the turbine meters are unidirect ional ,  i.e., they 

have a pos i t i ve  output regardless o f  the actual f low direct ion. The 

calculated ve loc i t ies  i n  the co ld l eg  (Figure 62), and between the steam 

generator and primary coolant pump (Figure 63), are overpredicted, 

p a r t i c u l a r l y  beyond to + 25 seconds. The 132OC ECC ca lcu lat ion i s  much 

c loser  t o  the data i n  t h i s  region which indicates tha t  excess 

condensation by the subcooled ECC water i s  a major factor. Figure 64 

shows t h a t  a f te r  the f low reversal a t  to + 6 seconds, the hot l eg  

ve loc i ty  instrument was e i the r  stuck o r  underranged. It d i d  show the 

s lug o f  water from the steam generator i n l e t  plenum a t  to + 20 seconds. 
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Fig. 62 Veloci ty i n  i n t a c t  loop cold leg, LOCE L1-4 data and RELAP4 
calculations (FE-PC-1 ) . 



T I M E  AFTER RUPTURE (SECONDS) 

Fig.  63 Ve loc i t y  i n  i n t a c t  loop steam generator ou t l e t ,  LOCE L1-4 
data and RELAP4 ca lcu la t ions (FE-PC-3). 

T I M E  AFTER RUPTURE (SECONDS) 

Fig. 64 Veloc i ty  i n  i n t a c t  loop hot  leg, LOCE L1-4 data and RELAP4 
ca lcu la t ions (FE-PC-2). 



The momentum flux in the intact loop cold leg and in the core 

simulator are shown in Figures 65 and 66, respectively. The RELAP4 

calculations predict the trend of the data within the instrument error 

bandsCg3. Note that the core simulator instrument was underranged for 

almost the enttre transient. 



T I H E  AFTER RUPTURE (SECONDS) 

Fig. 65 Momentum f l u x  i n  i n t a c t  loop co ld  leg, LOCE L1-4 data and 
RELAP4 ca lcu la t ions (ME-PC-1 ) . 
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Fig. 66 Momentum f l u x  i n  core simulator, LOCE L1-4 data and RELAP4 
ca lcu la t ions (ME-CS-1) . 



The i n t a c t  loop cold l eg  mass f low per system volume i s  shown i n  

Figure 67. There i s  reasonably good agreement f o r  the f i r s t  5 seconds 

o f  blowdown followed by 20 seconds o f  overpredictions. The data 

osci 1 1 a t i  ons during r e f  i 1 1 are underpredicted by the calculations. 
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Fig. 67 Mass f low per system volume i n  i n l a c t  loop cold leg, LOCE L1-4 
data and RELAP4 calculations (FR-PC-111) . 



The f l u i d  behavior i n  the broken loop cold leg  i s  presented i n  

Figures 68 through 70. The ve loc i ty  calculat ions are i n  excel lent 

agreement wi th  the t e s t  data u n t i l  j u s t  before ECC i s  injected. The 

calculations then generally overpredict the data u n t i l  to + 45 seconds. 

The subcooled ECC calculations then begin decreasing t o  zero, however, 

the 132OC ECC ca lcu lat ion continues t o  overpredict the veloci ty.  The 

momentum f l u x  calculations, Figure 69, are overpredicted during blowdown 

but become qu i te  good a f t e r  ECC in ject ion.  As suspected from the 

densi ty comparisons, the co ld l eg  mass f low per system volume was under- 

predicted s l i g h t l y  during blowdown, as shown on Figure 70. Data consis- 

tency checks have indicated t h a t  a fac tor  o f  0.72 should be applied t o  

the experimental data. The zero o f f se t  i n  the data a t  zero seconds 

a f t e r  rupture indicates a problem i n  the data i n i t i a l i z a t i o n .  
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Fig. 68 Average ve loc i ty  i n  broken loop cold leg, LOCE L1-4 data and 
RELAP4 calculations (VE-BL-101) . 



T I M E  AFTER RUPTURE (SECONDS) 

FSg. 69 Average mementurn f l u x  in broken loop co ld  leg, LOCE L l -4  
data and RELAP4 ca lcu la t ions (ME-BL-101) . 

-10.0 

0 .0  25. 0 50.0 75.0 

TlWC AFTER RUPTURE 4OECONDS~ 

Fig. 70 Mass f low per system volume i n  broken loop co ld  leg, LOCE L1-4 
data and RELAP4 ca lcu la t ions (FR-BL-116). 



Figures 71 and 72 are presented for  comparisons of the pretest and 
posttest calculated broken loop hot leg performance because both the 
turbine meter i n  Figure 71 and the drag disc in Figure 72 were under- 
ranged for nearly the entire tes t .  Note that  the differences in the 
broken loop hot leg modeling between the pretest and posttest 
calculations had l i t t l e  effect on the overall performance. Figure 73 
shows that  the calculations followed the trend of the mass flow per 
system volume data very well i n  spite of the overprediction early i n  

blowdown. The 0.72 factor from data consistency checks also applies to 
t h i s  experimental data. 

Fig. 71 Velocity i n  broken loop hot l eg ,  LOCE L1-4 data  and RELAP4 
cal  cul a t i o n s  (FE-BL-2). 
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Fig .  22 Mmenm f l u x  i n  broken loop h o t  leg, LOCE L-1-4 data and 
RELAP4 ca lcu la t ions  (ME-BL-2)- 
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Fig .  73 Mass f l ow  per system volume i n  broken loop ho t  leg, LOCE L1-4 
data and RELAP4 ca lcu la t ions (FR-BL-216). 



5.0 'CONCLUSIONS 

Several conclusions can be drawn from the  data  and c a l c u l a t i o n s  

presented. The c a l c u l a t i o n  w i t h  the  ECC water temperature a r t i f i c a l l y  

r a i s e d  t o  13Z°C was an at tempt t o  overcome t h e  excessive steam 

condensation problems i n  RELAP4. Resul ts  o f  t h i s  c a l c u l a t i o n  compared 

q u i t e  w e l l  w i t h  the  experimental  data f o r  up t o  25 seconds a f t e r  ECC 

i n j e c t i o n ,  b u t  experienced problems l a t e  i n  t h e  t r a n s i e n t .  The 

comparison between the  p o s t t e s t  ana lys i s  and 13Z°C ECC s e n s i t i v i t y  

c a l c u l a t i o n  r e s u l t s  emphasizes the  need f o r  an ECC mix ing  model i n  

RELAP4. Use o f  such a  model would n o t  o n l y  improve the  pressure and 

temperature c a l c u l a t i o n s  beyond ECC i n j e c t i o n  b u t  a l s o  would reduce the  

downcomer f 1  ow 1  oops. 

Comparisons between s i n g l e  and s p l i t  downcomer c a l c u l a t i o n  r e s u l t s  

have shown t h a t  t he  s p l i t  downcomer model approximates the  o v e r a l l  

downcomer performance much b e t t e r  than d i d  the  s i n g l e  downcomer model. 

S e n s i t i v i t y  s tud ies  have demonstrated t h a t  t h e  s p l i t  downcomer model i s  

reasonably i n s e n s i t i v e  t o  n o d a l i z a t i o n  changes and t h a t  t he  downcomer 

f l o w  loops have l i t t l e  e f f e c t  on behavior  ou ts ide  o f  t h e  downcomer. 

The d e t a i l e d  modeling o f  t h e  p ressu r i ze r  surge l i n e  was shown t o  be 

unnecessary p'rovided the  form losses a re  p r o p e r l y  modeled. S imi . la r ly ,  

d e t a i l e d  n o d a l i z a t i o n  i n  t he  r e a c t o r  vessel lower plenum was shown t o  be 

unnecessary f o r  c o l d  l e g  ECC i n j e c t i o n  experiments. E l i m i n a t i o n  o f  t he  

pressure suppression system as a  RELAP4 c o n t r o l  volume had very  l i t t l e  

e f f e c t  on the  c a l c u l a t e d  r e s u l t s  and a l lowed t h e  c a l c u l a t i o n  t o  cont inue 

beyond the  end o f  t he  c a l c u l a t e d  accumulator blowdown. Adjustment o f  

t he  RELAP4 i n i t i a l  cond i t i ons  t o  conform t o  those o f  t h e  ac tua l  t e s t  had 

l i t t l e  e f f e c t  on t h e  o v e r a l l  r e s u l t s .  

Examination o f  t h e  pr imary coo lan t  pump response has shown t h a t  

p rec i se  p r e d i c t i o n  o f  t he  pump speed i s  n o t  essen t i a l  t o  p r e d i c t i n g  the  

pump d i f f e r e n t i a l  pressure. Use o f  a  two-phase f r i c t i o n  mu1 t i p 1  i e r  f o r  

t h e  pump s imu la to r  form-.loss c o e f f i c i e n t s  has shown t h a t  two-phase 



e f f e c t s  i n  t h e  pump s imu la to r  a re  impor tan t  i n  modeling t h e  broken loop 

h o t  leg .  Removal o f  t h e  c o n t r a c t i o n  c o e f f i c i e n t  a t  t he  broken loop h o t  

l e g  break p lane had l i t t l e  e f f e c t  on t h e  break f low.  

Much o f  the  experience from t h e  LOCE L1-4 p r e t e s t  and p o s t t e s t  

analyses may r e l a t e  d i r e c t l y  t o  LPWR LOCA ana lys is .  Without an ECC 

m i x i n g  model, t he  i n j e c t i o n  o f  subcooled ECC w i l l  have subs tan t i a l  

e f f e c t s  on l o c a l  behavior .  Use o f  t he  s p l i t  downcomer n o d a l i z a t i o n  may 

p rov ide  a  more r e a l i s t i c  representa t ion  o f  o v e r a l l  downcomer performance 

than t h e  convent ional  noda l i za t i on .  D e t a i l e d  modeling 'o f  t h e  

p r e s s u r i z e r  surge l i n e  i s  probably n o t  necessary prov ided t h a t  the  two- 

phase res i s tance  o f  t h e  l i n e  i s  taken i n t o  account. 

Areas where f u t u r e  development o f  t he  LOFT RELAP4 model i s  

a n t i c i p a t e d  imclude proper  a p p l i c a t i o n  o f  t he  steam generator  secondary 

n a t u r a l  c i r c u l a t i o n  model t o  t h e  LOFT steam generator,  development o f  an 

app rop r ia te  two-phase mu1 t i p 1  i e r  f o r  t he  LOFT pump s imula tor ,  and 

e v a l u a t i o n  o f  t he  LOFT p ressu r i ze r  spray l i n e  e f f e c t  on the  l a r g e  break 

t r a n s i e n t .  With these except ions,  i t  i s  f e l t  t h a t  the LOFT analyses 

presented a re  approaching the  l i m i t a t i o n s  o f  t he  RELAP4 code i n  

d e s c r i b i n g  nonnuclear thermal-hydraul ics f o r  l a r g e  break LOCEs i n  LOFT. 
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L I S T I N G  CF INPUT DATA F O R  CASE 1 

=LOFT L145-A20 L1 -4  POSTEST ANALYSIS 
t 

t CHANGES FROM L145-A20 AT END OF INPUT DECK 
t 

UlOLlOl  -2 9 9 6 49  3 . 1: 5 5  2 1 1 2 47 1 4  1 0 0 0 
0 1 0 ~ 6 2  C O O  1.0 
023OJ.6 AP 2 JU 5 2  JU 53 JU 50 JU 5 1  JU 4 1  JU 2 3  JY 3 1  ML 4 1  
6 3 0 0 1 0  50  2 2 0 0.0002 0.00001 0.1 2500. 
0 3 0 0 2 0  20  1 0  1 0 0.0805 Oc00005 iJ.8 
030030  1 0  2 0  1 0 0.OC1 0.OGUl 2.G 
0 3 0 0 4 0  5 10  4 0 0.01 0.0085 7.0 
0 3 3 5 5 0  5 2U 4 0 9.01 0.0b05 22.9 
03.&1260 5 45 4 0 J.GlO b.SE'J05 32.0 
0 3 0 0 7 0  5 4C 4 0 0.91 0.BC05 48.0 
0 3 5 0 8 0  1 0  4 0  4 0  0.035 0.0001 60.0 
530090  5 80 2 0 0.51 0.00b1 d00.0 
C43010 1 1 0 C 100. 0. END T R I P  
0 4 0 6 2 0  2 1 3 0 0.0 0 BREAK OPENING T R I P  
C45030 3 ' 1 0 r) 1.0 0.0 PUMP T R I P  
C40040 4 1 P J 22.0 0.0 * H P I S  T R I P  
0 4 0 0 5 0  5 - 5  4 3  0 0.51 Q. *ACCUMULATOR 
0 4 0 0 6 0  6 1 0 0 35.5 C.0 L P I S  
i u1 M2 u 3 u 4 u 5  
t IBUB IREID PRESSURE TEMP QUAL 
0 5 3 C l l  0 '0 2287.0893903 539. -1. 
0 5 0 0 2 1  0 0 2290.8703204 539. -1. 
U 5 t G 3 1  0 0 2284.7873689 539. - 1. 
0 5 3 5 4 1  0 0 2284.5661464 539.0 -1. 
0 5 0 0 5 1  0 J 2284.3368529 539.0 -1. 
0 5 0 5 6 1  3 0 2283.5356309 5.39. - -1. ' 

6 5 0 0 7 1  1 0 2280.3779429 539.0 -1. 
0 5 0 0 8 1  J 0 2277.9960765 539.0 -1. 
0 5 0 0 9 1  0 0 2275.8634709 539.0 -1. 
0 5 0 1 0 1  O 0 2276.607564 539.0 -1. 
3 5 0 1 1 1  0 0 2277.7756209 539.Q -10 
05C121  C 0 2273.5323937 5-39.; -10 
G50131  u il 2273.449827 539.5 -1. 
U5G141 G 0 2271.7515356 539. -1. 
b 5 0 1 5 1  6 O 2285.5603617 539. ' -1. 
5 5 0 1 6 1  C 0 2287.0355787 539. -1.  
J50171l  0 0 2298.2609390 ' 539. -1. 
0 5 3 1 8 1  0 0 2301.1219761 539. -1. 
a 5 0 1 9 1  0 0 22950622R389 539. -1. 
0 5 0 2 6 1  3 0, 2295.1690166 539. -1. 
0 5 0 2 1 1  0 C 2292.2723472 519. -1. 
0 5 0 2 2 1  0 0 2294.6558132 559. -1. 
3 5 3 2 3 1  . 6 C 2296.6091197 519. - 1. 
05G24P 0 , G 2253.5107650 539. -1. 
9 5 0 2 5 1  9 S 2292.55316 536.0 -1. 

u 6 
VOLUME 

16.2817? 
4.196 

7.95125 
4.559411993 
3.189863359 
2.878222427 
11.18238868 
13  e97699826 
5.447793949 
10.97699826 
11.1823RP6R 
2.85729838C 
4.437961240 
4.493459374 

.3.785608924 
3.785608924 
1.8958C1523 
0.69 33519742 
6.288527277 

1.61431 
4.9664 
11 m37773334 
16  075  
3C.249 
3.?69534146 



0 0 2292.05316 533. - i .  1.5304 
0 0 2292.05516 Ei1Z.C' -1. a 0 ,8175129257  
0 0 2288.25691 . 539. - 1.. 7.54979 
i C 2288.25591 538.5 -1. 2.304495 
C 3 2 iR7 .9L j15  538.0 -1. 0.2&95459@32 
0 C 2285.74707 538.; -1. 4.562555229 
0 (i . 2285.31310 . 538.5 -1. 10  e03513817,  
il 3 2286.74755 537.5 -1. 4.582558229 
C 5 2286.25382 537.6 -1. D.4089134585 
2 O 2289.37337 533.0 -1. - 1.70960403% 
d 0 2286.91448 . 529.0 -1. 005786674C95  
5 C 2292.7957766 539. ' -1. 2.4832 
d u 2291.561U7 533.0 - i .  8-17.0455642 
0 0 2287.898h1 538.5.  -1. 5.8754559?9 
0 0 2294.7631940 5 39. -1. 1.61431 . 
3 0 2283.874999 -3.q 0.3 35.1 1 4 5 2 .  
1 .  u OeC 539. C O O  291.6 
1 0 613.6 . .  92. . 11 • 0 i24 .8734.  . 
0 0 2292.05226 502..0 -1. 3.276251R39 
0 0 2288.24207 529.0 -1. 3.276251839. 
0 0 2297.9428936 2 1  0. -1. 5.37 
0 0 2292.05316 525.0 -1, 0-7741.  
0 0 2294.8800125 539. -10 5.68885567 
0 0 2295.5542544 569. -1. 6.392, 

V 7 U 8 Y 9 V lc !  . . V11  
VOLUME HEIGHT J I X  LEVEL F 3 I C  FLOU AREA . EB D E A M  

7.5 ' , 7 .'5 (! 2.512 . ,1.783 
1.8 65 1.865 0. 2.491 1.315 

0.9323333333 0.9323533333 G 0.6827037757 0.932333 
0.9523333333 6 e932.35 33333  C 0.6827031757 0.932333 
be952333 5333 0 r 9  32.53 33333  , O  0.6827037757 51932333  
2 . 6 2 1 5 6 ~ 7 9 2  2.42 1562792  O 0.8955644145 L.061833 
2.50i)Oi) WOO 2.5Ci3C 000D0 C 7.9,412481.)1 1.961496 
6e75000  0000  6e75IC~OOOOO 0 1.626207149 9.0335 
2.0052@8;333 . . 2 . 025 i08333  c 1.626207149 ?.0355 
6.75005 3000 6e751C 00000  0 1.626207149 3.5355 
2.50b00010UG . 2.503CiOOGDi C 7.941248101 1.461496 
2.375082991 2 .375~ ,e2991  O 0.8955644145 1.16'7833 
3.8 08666667  3.808E 66667  0 0.6827037757 3.93?333 
2.i74503ilOC 2.17+5 300D0 C 0 0 6 8 2 7 0 3 7 ~ 5 7  9.932333 
2.475779200 2.3751 7 5 2 0 0  C 6.3940626235 3.394G6 
2.4757701C3 2.4751 73240  t 0.3940626263 3.39t06 

0.7083333333 0.70832 Z3333 . i: 0.3943626223 .1.7'J8333 
0.7083333333 C.70832 33333. 0 0.3990626203 - 1.7C4333 
0.9323333333 0 . 9 3 2 3 3 3 3 3 3  C 0.6@27C.37757 2.932333 

3 .932333633 3.9323: 3 3 3 3  0 9.6827038 1.932333 
3.435 3.435 3 1.30748 1.583333 
11.6119 1 5 6 7  1 i .6119 1 6 6 3  C 1.018108 0.33533 
2.4474 2.4471 C 5 - 5 8  2.518 
9.422 9.422 . C 3.265 2.313 

0.9323333333 0.9323333333 0 0.6827937757 11.932333 



f 5 0 2 6 2  0.932333333 t i e932333333  
0 5 0 2 7 2  0.56775000Gb 5.567750~0DO 
C50282 G.9323333333 C.9323333333 
P 5 ~ 2 9 2  0.932333333 9.932333333 
0 5 0 3 0 2  20445125CCC 2.44Gl25JDO 
053312  4.582550350 4.5855GOSDO 
35C322 4 0 6 4 7 0 8 3 3 3 3  90047283333  
0 5 5 3 3 2  4.5825000LD a.582500000 
0 5 0 3 4 2  4.541666667 4.541666667 
0 5 0 5 5 2  2.17455G36L 2.1745GuOtC 
0 5 5 3 6 2  9.317750000 4 . 3 1 7 7 5 0 ~ D b  
0 5 5 3 7 2  3.435 3.435 
0 5 0 3 9 2  2.d65083333 2.565d83333 
0 5 0 3 9 2  2.895833333 2.895833333 
9 5 0 4 6 2  Q.932333333 C .9 32332333  
~ 5 3 4 1 2  6.7b354 4.3272 
0 5 6 4 2 2  27.45 S.908 
05 0432 7.292 67 5.0271724 
2 3  5442 P.8411458333 3.8411458333 
G53452 F.6411458333 Om8411458333 
0 5 5 4 6 2  3.66185 3.66185 
CSC472 8.732333 5.932333 
G53482 11.6119 1667  11 .61131661 
0 5 6 4 9 2  1.7536 1.7036 , 

t 1112 U 1.3 
t E L E V A T I O N  I I M B L O  
3 5 0 0 1 3  -a973  . t 

3 5 L 0 2 3  -2.838 
OSGil3.3 -.45.6165667$ t 

~ 5 0 d 4 3  -.4661666670 
2 5 5 5 5 3  -.4661666673 
05;C63 - .5339166655 t 

6 5 8 0 7 3  0.3121933635 1, 

J 5 0 2 8 3  2.812193363 
CSOC93 9.562193363 t 

&SO193 2.8 12193363  t 

5 5 0 1 1 3  0.3121933630 t 

C50123 -.4874368660 t 

G5J133 -4.296153530 t 

0 5 0 1 4 3  -4.296153530 t 

0 5 5 1 5 5  -2.121603530 t 

9 5 0 1 6 3  -2.12160353C 
0 5 3 1 7 3  - .3541666671 * 
0 5 0 + 8 3  -.3541666675 t 

~ 5 0 1 9 3  -.4661666675 
050253  -5.466 1 6 6 6 6 7  
0 5 0 2 1 3  -2.35166667 t 

US0223 -13  m96358334 t 

05 0233  -16  04 t 

050243  -12.265000001 



0 5 0 2 5 3  - .4661666670 t 

0 5 5 2 6 3  -0 .466166667 + 
0 5 0 2 7 3  - .2838750000 t 

5 5 0 2 8 3  - a 4 6 6 1 6 6 6 6 7 5  t 

05G293 -0 .466166663 
9 5 0 3 6 3  -. 1692,916675 t 

0 5 0 3 1 3  2 .270633333 t 

0 5 0 3 2 3  6 .653333333  t 

0 5 0 3 3 3  2 .276833334 t 

0 5 0 3 4 3  -2.270833330 .t 

0 5 0 3 5 3  -4.445333336 t 

~ 5 5 3 6 3  -4.148458336 t 

0 5 0 3 7 3  -2.351 6 6 6 6 7  t 

0 5 0 3 8 3  9 .4661666667 t 

0 5 i 3 9 3  - 0 3 6 4 5 6 3 3 3 3 0  t 

6 5 0 4 0 3  -0 .466166663 + 

0 5 5 4 1 3  - 2 6 1 1 6 7  
C 5 ~ 4 2 3  1.99 t 

0 5 0 4 3 3  3.37797 - 1 
0 5 2 4 4 3  -.4UC5729170 t 

0 5 0 4 5 3  -.40C5729170 t 

b 5 0 4 6 3  -0.28388 t 

C5547J  - .466167 t 

E52483  -13.9635C334 t 

0 5 0 4 9 3  -13.9636 t 

0 6 0 5 1 1  0 .8  3.0 + 
U60321 u.8 lilSOOQ010 
O6uJ31  3.6 2.0 
t w 1  2 2  u 3  U4 Y 5 
t I N  OUT PUMP JALlrE FLGU 
o e o o i i  2 1 c o 55  1.667 
6 8 3 0 2 1  1 3 6 0 55 1.567 
G83331 1 2 8  f ii 0. O 
S 8 9 t 4 l  3 4 O I; 55 1.567 
0 8 5 0 5 1  4 5 0 S 55 1.567 
5 8 9 0 6 1  5 6 0 C 55l.EE7 
3 8 3 9 7 1  6 7 C 0 55 1.667 
980LR1 7 8 0 0 55 1.567 
083 ' JY l  8 9 U 55 1. 5.67 
? 8 0 l G l  9 1 0  o 6 ' 5 5 1 . 6 5 7 -  
0 8 0 1 1 1  1 6  11 0 0 55 1.567 
~ 8 3 1 2 1  11 1 2  2 0 591.567 
i 18J131  1 2  1 3  0 6 551.667 
CdL141 1 3  1 4  0 0 551.657 
C.911151 1 4  1 5  -1 0 297.6604 : 
0 8 0 1 6 1  1 4  1 6  -2 0 293.6065,  
0 8 5 1 7 1  1 5  1 7  1 J .297' .€604 
0 8 0 1 8 1  1 6  l& 2 0' 293.E055. 
C8C191 1 7  1 9  C C 297 -0624 ,  
ir8il201 1 6  1 9  (1 0 . 293*'6C56 

U6 , 

FLOY AREA 
0.480 
0.6827 
9.6827 
0.6608a7.160i 
0.3588 1962E4 
5.6827C4 , 

0.556 
1 .676207149 
1.6262,G7145 
1.6262G7145 
1 ~ 6 2 6 2 C 7 1 4 9  
0.556 
5 .6827037757 
0.68271377:7 , 
0.3940626263 
0.334CE262C3 
0.39405262C3 
0.3940E262C3 
3.39,40€262C3 
3.3940E26203 

. , 

u 7 
ELEVATION 

- 0 9 1 3  
G .O 
0.0 
0.0 
0.0 
0 .C 
1.510110030 
2 .812195363 
9 .552195363 
9 a552195363  
2.812193363 
1 .51311d035 
- .4874368670 
-3.329936870 
-2 .123635533 
-2.121633530 
C .6 
0 .o 
C.E 
6 .S 



1 9  2 0  C 
4 u  3 7  L 
2 1  2 2  0 
2 2  2 3  6 
4 9  2 4  0 
24  2 C 
2 1  2 5  . 0 
2 5  2 6  6 
2 6  4 7  3 
27 44  9 
3 7  2 1  0 
2 8  2 9  0 
2 9  3 0  0 
3 0  3 1  0 
3 1  3 2  J 
3 2  3 3  L 
3 3  3 4  3 
34  3 5  0 
3 5  3 6  0 
3 6  4 5  D 
4 8  2 2  0 
2 9  3 9  0 
2 6  3 8  0 
4 3  4 6  0 
4 1  4 0 
4 8  2 3  0 
4 6  2C C 
4 7  2 7  0 
2 0  4 0  0 
2 3  4 9  C 
3 7  4 8  C 
4 4  5 1 
4 5  G 1 

0 4 6  1 
0 4 6  2 

V 8 
I N E R T  A 
0.6 
5.173 
4.741 
8.744846992 
8.303511660 
5.2 16303368  
1.862933179 
2.164041222 
3.155385439 
3.1i.5385439 
2.164641222 
1.37125 1 6 4 1  
6.4434614@2 

591.467 
591.667 
284.5505 
368.7598 
591.667 
591.567 
0. r) 
0.0 
3 0 
0.0 
284.5505 
0.0 
0.0 
0.0 
0.0 
0.0 
5.0 
0.6 
J.b 
0.6 
84.2 094 
G . U 
0.0 
0.G 
0.0 
2 2 2 - 9 0 7 1  
U.6 
0.0 
591.667 
591.667 
307.1165 
3 . 0 
6.0 
0.0 
6.U 

Y 9 
FJUNF 
0.6481 
5.9134 
0.3095 
0.3514 
8.32278 
'2.6722 
1.53061 
0.3584 
G.OG13 
2.3572 
G.6325 
1.3794 
0.19658 

0.665887 
3.682704 
0.86996 
0.86996 
1.fi56 
0.7854 
0.682704 
0.6827037757 
0 - 5814228  
0.25316 
0.7 
0.6827037757 
0.090037 
5.91103700370D-01 
5.2360339789 ' 

0.2060359789 
c . 9 u c 3 ~ c o 3 7 ~ o - o i  
3.30037OG37OD-01 
Oe9C53700370D-01 
0.090037 
3.0 
0.4175 : 
0.4175836592 
8.06447 
0e155591790DD-01 
0.43498 
0 .  U6447 
0.090037 
3.66?87 
1. 05597 
0.43498 
0.55925 
0 - 5 5 9 2 5  
1.G 
1.0 

u 1 F 
.F JUNR 
0.6481 
0.9134 
0 - 4732  
O.GS14 
6.3912 
0.6722 
1.7764 
0.6312 
0.C013 
0 i C 5 7 2  
il.357 
1.6017 
G.2065 

C .o 
0.0 
-2.35166667 
-13.9635833 
-12.26 
-2.858 
0.3 
0.0 
0.6 
n.0 ' 

-0.5341667 
0.0 
0.0 
2 - 270833333  
5.853333333 ' 

6.855533333 
2.276833333 
-2.270833330 
-3.979166670 
6.0 
-8.15762 
0.0 
9.4661666667 
3.37797 
0.456166666 
-13.9635833 
C.6 
0.0 
C .P 
-13.9536 
-2.35166667 
0.s 
0.0 
0 .o 
0.c 

Y11 W12 U13 Y14 
I N D X  J CPL M V M I X  

0 5 2 C  
1 5 C S  
1 5 C C  
1 5 5 0  
1 5 0 0  
1 5 0 C  
1 5 C O  
? 5 ? 0  
' ) ! 7 C O  
3 5 G ? 
C 5 C G  
1 9 C C  
0 5 c. 0 



1.0994 
3.21566 
3.2315 
0.152237 
G.21838 
w.66128 
2.93093 
0.20375 
1.23785 
0.2 00828 
6.774149 
0.26G46 
3.5591795 
J . M G ~  
r).1205 
6.545 
*. 2 9456 
1.265 
0.1065 
0.39605 
0.93596 
5.81834 
5.81834 
3.23025 
6.351 
12.702 
0.9 4 885 
24.18 
1.247 
1.247 
28.05 
31.266 
0 a774336 
12.25 
0.415 
2.20375 
6.52259 
0.2005 
1.037 
1.037 
1.u 
1.0 
U 16  

C O M C O  
1.0 
1.: 
1 .0 
1.0 
1. ir 
1.6 . 

1.25 1 ' 5  C 0 
0.21566 0 5 0 :  
0.2315 C .  5 C C 
0.152237 0 5 (i G., 
C.2163P. 0 . 5  (i 3 .  
'.69 1 5 C O  
1.20 1 5 0 3 .  
0.20375 5 C 0 ,  
J.8t4.3: 1. 5 0 3 ,  
S.3 0 5 2 3  
5.5698!4 0. 5 2.: 3 

0.26046 0 . 5 2 0  
0.55910 0 5 2 . 2  

1.895 1 5 C 3  
0.1005 1 ' 5  !! 3 
1 4 - 0 5  ,, 1 5 C C ., ,. 
0.24629 1 .. 5 . -  0. . .  . O  
1.265 . 0  5 i 3 
6.1005 1 5  0 G 
0.75363 1 E C 3  

C o p  3596 : O  5 0 0 
5.81834 . O  5 o n 
5.81834 ,.O. 5 0 0 
0.23025 . , O  5 0 il 
6.351 5 0 0  
12.702 1 5 0 0  
il.43834 1 5  11 C 
24.18 - 0 5 5 3  
C .457.5 0 5 0 3  
5.4576 ; .. ,C is , 0 3 
28265  P 5 2 0  
31.266 1 5 0 3  

.0.57 i 0 5 2 3  
1202.5 . . . , j - ' O r  . . 5 ,2 0 
0.290 . . 1. .5 , 0 0 
0.20375 : 1 . 5  0 P 
0.6 :. :, 0 . 5 2 3  
0.3 . .6 ,:5 ..2 3 
0.537. 1. . .S (I 0 
0.537, 1 5 2 0 
1%. C : . . .. Q 5 2 3  

. l . O  ,"1. 2 3 
U'17 .U18 U19 . U20 

I C H O K E  €NTH S R C O S '  I . i D J U 4  
; c: . 1.C 9 

.;? .a 
. .3 0 

..j 0 
G 0 
c .. o 1.00 . . a . . 





1 3 G J 0 3530. 5.488993 500C. 392.70 465. 34. 58 -75  
152.994 0 OmOu3 1.4.455 0.  + PU%P 1 
1 3 0 1 0 5530. C.5iIUUD5 5 0 0 t .  394.50 465. 34. 39.7E 
152.994 0 0,"s 14.155 5 .  PUMP 2 

PUMP HEAD ANP TJROUE WULTIPLIER CURVES 
-11 3e 0 .  .1 il.m - 1 5  a 0 5  .24 - 8  93  0 9 6  - 4  - 9 8  - 6  - 9 7  - 9  - 9  09 .A - 36  - 5  
1. 0. 
-7 Ue D. .1 b .  - 1 5  .C5 - 2 4  a56 .9 056 .96 - 45  1. 0. 

6 .0  0.0 8 .3  
i.0 0.0 a.5 

1 6  0 J 1 6  
1 1 4 0. l o L 0 3 5  i 1 9 C 6 1  1.3636 03R963 1 *31@6 *?UMP-HD 

- 5 9 3 9 L  102323  07962  1.1336 1. 1 -0918  + PUYP-HO 
1 2 8 0.0 -067 '. 2 - 0 5  • P -025 + ?UMP-HD 

. 5 7 5 5 i  Gc C74432 a2583 -77348  .377E + 'UMP-HD 
,86313 ~ 6 z . 2 6 .  1. 1.0078 'U?(P-HD 

1 3 6 -1. 204722  -.80574 2.0474 -.6369 1.R31 *'UMP-HD 
-..406113 i.E.24. -.2GE171 1.4705 0. 1 . 4 0 2 ~  • PUMP-HD 

1 4 8 -1. 2.$?22 -082297 1.9968 -.63332 1.5997 PUMP-HD 
-.45534 103273  -027309  1.1949 - e l 7 7 1 6  1.06C5 'UMP-HD 
-.09073 1.L155 O. 0934279  'UMP-HD 

1 5 7 0 .  - 2 5  '0 2 -28 .  e4 .34 'UMP-HD 
- 4 1 1 8  . 2 i € 8 .  o5976.3 a4584 - 7 9 3 4 6 7  -6992  +JUMP-Hr) 
1. .9465 + PUMP-HD 

1 6 13 U. .9?.4279 '0091C99 a9229 . l a 6 5 0 9  08962 + 'UMP-HD 
- 2 7 1 7 6 2  - 8 7 5  ;455972 a8433 - 5 7 4 4 0 6  .a355 'UMP-HD 
.74'?ST6 -8 '66  .156€19 06469  - 8 7 1 4 7 1  .883@ ?UqP-HD 
1. . 9 t 6 5  + 'UYP-99 

1 ,7 6 -1. -1. -.a - 0 6 3  - . 5  -,3 + PUMP-HO 
-.4 -0 GF: -. 2 15 '. . .25 + JUMP-H3 

I A 6 -1. -1. -.a -.97 -.6 -.95 + DUMP-HD -. 4 -0E.t3 -..2 . -a8 3 .  . - *57  + JUYP-HD 
2 1 6 3 .  - 6 0 3 2  .L93C: - 6 3 2 5  .393 a7365 + PUMP-TQ 

. .59551 - 8 3 3 1  L797E2 - 9 2 2 9  1. .967E 3UYP-TO 
2 2 7 5 .  -067 .. 4 -a25 - 5  .15 + PUPlP-TO 

e737255  .526536 ,0768C49 - 6 0 6 5 9 4  e36723 .743€E 'UMP-TQ 
1. - 5 6 5 2  + PUYP-TD 

2 3 E -1. 1.9543 - . 8 ~ ' - 9 6  1.394 -.6163H 1 .09 i5  *PUMP-TQ -. 4C6.56 , 822  -a19928 - 6 6 4 8  0 .  . 6 ? 3 ;  + PUMP-TO 
2 4 e -1. 1.9843 -0E2234 1.8338 -.63371 1.61;4 *PUMP-TO 

' . -.458'53 1.557 -026'523 1.4362 - . I76107 1.3379 PUMP-TI, 
-.OX951 1.5481 . 0. 1.23361 + PUMP-TQ 

2 5 4 0 .  - . L Q  .- 4 -.25 .5 9. PUMP-TO 
1. ,3569 PUMP-TO 

2 6 1C 3.. 1.53551 bS9C643 1.1945 .1f?8559 1.105E. PUYP-TQ 
e.27347 1.c4I.5 .458569 -8958  057448 -7845 PUMP-TO 
-7381; ,6134 L76652 ,5849 - 8 7 9 9 5 7  .4,@7i PU!4P-TO 
1. ' - 3564  PUMP-TB 

2 7 'I -1. -1. - -3  - 0 9  -. 1 -.5 + PUMP-TO 
3. -.,45 PUMP-TO 



1 0 1 1 6 1  2 8 4 -1. -1. -a25 -.9 -.'I9 -.8 PUMP-TO 
1 0 1 1 6 2  0. -. 67 PUMP-TQ 
1 1 ~ 4 0 1 1  1 1 7 0. '3. .1 083 - 2  1.-09 & 5  1.02 - 7  1.01 .9 .94 1. 1. 
1 0 4 0 2 1  1 2 8 6. 0. -1 -.04 - 2  9. - 3  -1 .4 - 2 1  .R - 6 7  - 9  -8  1. 1. 
1 0 4 1 3 1  1 3 10  -1. - i . l 6  -.9 -1.24 -a8 -1.77 -.7 -2.36 -.6 -2.79 -.5 -2.91 
1 0 4 0 3 2  -.4 -2.67 - 0 2 5  -1.69 -.I -1.5 0. 0. 
1 0 4 0 9 1  1 4 10 -1. -1.16 -.9 -.78 - i 8  -.5 -.7 -.31 -.6 - e l 7  -.5 -.08 -.35 0 .  
1C4942  -a2  005 -01 .08 0. -11 
1 0 4 6 5 1  1 5 6 6 .  0 .  02  -.34 .4 -.65 .6 -.93 .8 -1.19 1. -1.47 
1 5 4 C 6 1  1 6 19 3 .  -11 -1 a13  a25 - 1 5  - 4  - 1 3  0 5  - 0 7  - 6  e.04 - 7  -.23 .R - a 5 1  
1 6 4 0 6 2  -9 -.91 1. -1.47 
104C71  1 7 2 -10 0. 4. C .  
1 0 4 0 8 1  1 8 2 -10 C'. 0. 2 ,  
1 0 4 0 9 1  2 1 6 5 .  - 6 2 3 2  '01935 .6325 .393 -7369  PUMP-TO 
1 0 4 0 9 2  ' e 5 9 5 5 2  - 8 3 3 1  k79782  .9229 1. - 9 6 7 2  PUMP-TO 
1 0 4 1 0 1  2 2 7 0. -. 6 7  '. 4 -.25 .5 .15 . PUMP-TO 
l r i 4 1 0 2  -7372.55 e526586 -768049 e606594'  - 8 6 7 2 3  e74366 PUMP-TO 
1 0 4 1 0 3  .I. 09672 PYSP-TO 
1 3 4 1 1 1  2 3 6 -1. 1.3843 -.80096 1.354 -.60639 1.0975 PUMP-TO 
1 3 4 1 1 2  . -.40686 .a22 -019928 - 6 6 4 8  0. e6032 PUMP-TO 
1 C 4 1 2 1  2 4 8 -1. 1.9843 -.a2234 1.6308 -.63371 1.5824 PUMP-TO 
1 0 4 1 2 2  -.45853 1.557 -.267,d23 1.4362 - .1761@7 1.3879 PUMP-TO 
1 0 4 1 2 3  - 0 5 8 9 3 1  1.3481 0. 1.23361 PUMP-TO 
1 0 4 1 3 1  2 5 4 0. - 0 4 5  '.4 -825 0 5  9 .  PUMP-TO 
1 0 4 1 3 2  1. - 3 5 6 9  P3M"-TO 
1 C 4 1 4 1  2 6 19  0. 1.23361 b09G643 1.1965 a188569  1.1096 PUfiP-TO 
1 6 4 1 4 2  e27347  1.3416 -458669 -8958  -57448  a7807 PUMP-TO 
1 0 4 1 4 3  - 7 3 8 1 6  a6134 .76852 .5R49 .871n57 - 4 8 7 7  PUMP-TQ 
1 0 4 1 4 4  1. - 3 5 6 9  PUMP-TO 
1G4151  2 7 4 -1. -1. - 0 3  - 0 9  -.1 -.5 PUKP-TO 
1 0 4 1 5 2  9. - 0 4 5  PUMP-TO 
l a 4 1 6 1  2 8 4 -1. -1. - 0 2 5  -09 -.0a -.8 PUMP-TO 
1C4162  0. - 0  6 7  PUMP-TO 
1 1 J U l C  2 5  O 0 1.0 3 .  0. 0. ' *dCCUHULATOR 
i 2 U 1 0 0  -3 2 43.0 0.G 0.0 0.0175 1.0 200.3 1.C ' 

1 3 3 1 0 0  6 2 1 3  4 tGAL /M IN t  100.  90. * L P l S  
1 3 3 1 0 1  0. 172. 25. 167. 40. 1 6 0 b  60. 156. 75. 135. 97. 105. 
1 3 3 1 0 2  112. 85. 125. 74. 137. 63. 155.  40. 157. 34. 
1331C3 159.  20. 165. 0. 
1 3 3 2 0 5  4 2 2 4 tGAL /M IN t  1OOCO 9C.C 
1 3 0 2 0 1  0.1 17.2 30ii0.0 17.2 ' HP IS  F I L L  
1 5 3 5 1 1  2 3  0 1 0 3 0 3 23.333 G,.O 0.9093 1.744 3.9 
15CJ12  1.744 0.0 5.1384 6.c C C J  0.0 
15dG21  1 O 2 L 0 0 F 23.054 0.0 0.9829 1.788 
15SC22 C.0 0.C 0 . 6  4.103 0.0 0.0 0.C 
1 5 0 0 3 1  2 0 2 O O ? C 16.473 0 . 0  0.4467 1.314 0.9 
1 5 3 9 3 2  3.9 0.0 1.865 3.0 U.3 3.5 
1 5 0 3 4 1  24 B 3 J '3 'I 3 65.318 L o  5.236 2.313 0 .  
1 5 9 6 4 2  5. C .  9.422 3 .  i. 0. ' : 

15GC51 3 6  * 11 t E I 0 3.42 0.0 0.2533 0.3385 3.0 



0033886 0 . i  3.217 U.ii C.C 0.C 
35  .3 I3 ii L ; 7.35 S i c  '0.9674 8.?32 0.0 
0.932 i i . 0  2 . 5  3 . u  b,.O 3.5 

0 2 1  4 u 0 0 2 i .  19.7e4C 2.34J6 0. 8.5933 
0.3 b . C  h . i  3.435 2.3 0.0 
2 1  5 C C b 23.985 0. 22.C36 - 5 8 3 3  0,. 
0. 0. 3.435 0'. 0. 0. 

0 48 4 3 0 3 0 G.  33.4367 6.8623 0. 3.3333 
C. 3 .  * o 1 1 . 6 1 1  IJ. U. 

4 8 . G . 5  5 C 0 U 4 i i - 539  0. 37.2.457 8.3333 0 .  
0. G. ?. 3.875 0. 2. 
3 4  $2 11 0 0 0 G 9.19 f . ~  0.6807 0.3386 0.0 
0.3385 0.0 8.643 0.U 0.0 0.C 
3 3  J 13  S tJ !I C 14.32 4.0 2.722 1.203 5 m ' l  
1.2(:3 0.b 4.313 G.6 0.0 0.9 
3 2  3 13  9 U '3 1 32.67 3.8 5.447 1.2C3 2 . 5  
1.203 G.0 6.645 0.6 GCl i  0.0 
3 1  u 1 3  5 O O  0 16.32 G.0 2.722 1.203 0.0 ' 

1.203 0.0 4.319 0 . 0  0'.0 ,0.0 
30  J 11 0 0 il 0 6.R3 0.J 0.5U61 0.3386 O o E  
0.338,6 0.0 6.427 0.; 3bO 0 .0  

23 0 5 0 0 J G 14.4713 0. 13.2957 2.892 9 .  
2.892 C. 4.145 0. 3 .  0 .  . .-. 
8 42 6 O C  C J 1121.92 1395.42 5.139 0.?335 4.E.67 
O.C.335 9.667 5.79 5.79 E.83 7.57 
9 42 6 0 C b ; 649.38 80T.68 2.975 9.0335 , 4.667 
0.L335 4 - 6 6 ?  3.35 3.35 7.5673 9.573 
1 0  4 2  6 G 0 5 0 1121.92 1395.42 5.139 0..7335 4.667 
0.0335 4.667 5.79 5.79 ,U.83 7.57 
4 4  3 7 O a O ; 13.063 0.G 1.351 0.932 9.C 
0.932 0.0 5.e9: 6.5 G.J 0.0 
4 5  0 7 C J Cl : 13.363 0.3 1.391 0.932 0.3 
0.332 6.0 5-83'! 0.0 340 0.0 
25  0 8 C C  C 3 15.31 0.0 2.02 0.932 0.D 
G.932 5.0 5.529 8.G GLO 0.0 
2 6  0' 8 0 G O 2 9.88 0;U 1.304 0.932 0.C 
3.9.32 C.0 2 -57 :  i . 3  0.0 0.0 
3 U 3 0  C 0 !J 15.45 G.6 2.058 0.932 C . ?  
0.932 0.0 5 - 2 7 ?  0.0 OCU 0.0 
4 0 Y 0 G 0 0 19.52 GCG 2.575 0.932 0.0 
5.932 3.0 6.665 0.d O C J  a.u 
5 o a o o o o 13.68 S ~ S  1.805 0.932 0.0 
0.932 3 . 0  4 - 6 7 ?  5.9 U.0 0.8 
6 0 3 J 9 0 0  11.78 060  1.6092 1.0678 3.0 
1.0678 0.0 3.2L3 '2.6 C c J  0.C 
7 0 1 0  0 C 3 i 15. GbU 5.267 1.4615 0.0 
1.4615 0.0 2.520 C.0 0613 C.0 
11 U 1 C  0 0 C C 15.9 0.G 5.267 1.4615 0.n 
1.4615 3 . 0  2.530 0.0. Oz.O 0.0 
1 2  u 9 o c G . 7.70 C;C 1.1532 1.0678 '0.n 



15 i l302  1.0678 0.3 2.297 0.3 0.0 0.0 
1 5 0 3 1 1  1 3  il 6 0 C U G  19.34 0.0 2.511 0.932 O.? 
1 5 0 3 1 2  .0.932 G.0 6.5C6 0.0 O L O  0.9 
1 5 0 3 2 1  1 4  5 S 0 0 G C 19.27 . B e 0  2.543 0 . 9 3 2 .  0.0 
i 5 1 3 2 2  0.932 C.0 6.531 d.U G i b  5.E 
1 5 5 3 3 1  1 9  0 6 D 0 C U 26.97 0.0 3.558 0.932 9.D 
1 5 0 3 3 2  0.932 P.0- 9.211 6.0 0.10 0.0 
1 5 5 3 4 1  20  O E. 9 0 0 0 6.925 0. 0 9 1 4  -932  0. 
1 5 3 3 4 2  .932  0 .  ' 4.729 0. 0. JC 
1 5 0 3 5 1  2 8  J 8 U 0 6 5 13.72 Do0 1.811 .?.932 0.q 
1 5 0 3 5 2  0.532 C . O  4.696 U.0 U i O  3.0 
1 5 0 3 C 1  29 il 6 f C C L 9.8& J L J  1.364 C.932 0.0 
1 5 0 3 6 2  0.932 k.0 3.375 0.3 0 6  0.9 
1 5 d 3 7 1  2 7  J ! 2  0 3 O 0 5.75 U.0: 0.4927 0.5678 9.0 
1 5 0 3 7 2  9.5678 2.J 3.229 0.0 G C U  3.C 
1 5 i 3 8 1  4 6  0 14 0 0 0 0 16.4 47.54 8.69 5.83333 0.0 2.0 0.8 19.16 
1 5 3 3 8 2  16 .16  0.0 O.C  
1 5 3 3 9 1  4C 3 8 J 9 3 C 5.925 0. . ? I4  e932  0. 
15G392 - 9 3 2  C. 4.729 C. 0. 0; 
1 5 i 4 G 1  6 22  4 3 'J b 0 G. t 6 . 8733  13.7340 0 .  0.3333 
1 5 3 4 0 2  0. 9. 0 1 1  0. 3 .  
1 5 3 4 1 1  22 L 5 i O C 81.6787 0. 74.4913 0 ,3333 0. 
1 5 2 4 1 2  5. J. 0. 3.8755 b. 2 .  
1 5 5 4 2 1  23  0 1 0 0 5 5 46.6667 0. 1.8187 1.744 'I. 
i5342.2 1.744 n. 5 . 1 3 9 4 C o  C. 0.  
1 5 3 4 3 1  23 O 5 !i O 0 u 29.9427 3. 26.5913 2.992 3. 
1 5 3 4 3 2  2.892 3. 4.145 G. 3 -  L. 
1 5 3 4 4 1  4 9  u 1 C U iJ 0 28.735 0.0 1.1198 1.744 0.0 
150442  1.744 0.0 7.158 0.0 0.0 0.2 . 
1 5 3 4 5 1  4 9  u 5 0 C D t 17.821 0.9 16.374 2.892 0.C 
1 5 0 4 5 2  2.892 1.0 i .732 C . U  6.0 6.6 
1 5 5 4 6 1  o 37  4 o o o d '' 0. 9.89211 I . ~ A J ~  0. 0.5833 , 

1 5 ~ 4 6 2  0.  0. C. 3.435 Urn O .  
1 5 J 4 T 1  37  0 5 u 0 0 4 11.9927 0. 11.018 0.5833 0. 
1 5 6 4 7 2  0. 0 .  3.435 0. 3 0. 
1 7 9 1 0 1  1 2 1 4 0.6 0.01299 D.9 
1 7 0 1 0 2  0 1 4 0.02597 0.0 
1 7 3 2 0 1  2 2 1 4 0.894 0.0208 0.0 
1 7 0 2 0 2  O 1 4 C . G ~ : & ~ O  
1 7 h S t l  2 2 1 4 1.01.4 0.0417 0.6 
1 7 0 3 t 2  0 1 4 C.3417 C O G  

1 7 0 4 0 1  2 2 1 4 1,025 3.0625 L.3 
1 7 3 4 0 2  0 1 4 00.4625 6.0 
1 7 0 5 0 1  2 2 1 4 1.667 0.25 0.;~ 
1 7 0 5 0 2  0 1 4 . 0 . 5  C.G 
i 7 0 6 G 1  2 ,  2 1 4 0.31675 0.00204 0.0 
17.ObGZ C ? 4 0.G02C4 0.0 
1 7 0 7 0 1  2 2 1 4 0.354 0.031 D.0 
173702;  0 1 4 00G63 0.0 
1 7 0 8 0 1  2 2 1 4 C.466 9.P39 0.6 



1 7 0 8 0 2  O 1 4 3mG78 0.0 
1 7 3 9 0 1  2 2 1 ,$ 0.5339 0.3442 0.3 
i 7 J 9 C 2  0 1 4 1.0885 0 . 3  
1 7 1 0 0 1  2 2 1 4 2.25 0.3208 0.C 
1 7 1 0 0 2  3 1 4 3.2709 0.0 
1 7 1 1 0 1  2 2 1 ,4 0.1693 0 .020E  3 . 3  
1 7 1 1 0 2  0 1 4 1.0417 0.d 
1 7 1 2 3 1  2 2 1 0.2834 0.L25i 4.0 
1 7 1 2 9 2  0 1 4 9.U553 C.S 
1 7 1 3 9 1  2 2 1 4 0.6016 5-019' 3.0 
1 7 1 3 0 2  il 1 4 3.0989 6.1 
17140 '1  2 3 1 3 O..L4583 iJ.GB351 6.0 
1 7 1 4 0 2  0 1 5 3.08333 0.0 
1 7 1 4 0 3  0 1 3 3.10117 0.0 
1 8 0 1 0 1  - 2  SSZDQ THERMAL C O N D U C T I V I T Y  
1 8 J 1 0 2  282. 9.574 2372. 15.294 
1 9 6 1 0 1  -13  S S ? M  H E P T  C A P A C I T Y '  
1 9 i l l 0 2  1 44.45381 2 5 S i  44.32964 400. 44.48722 
1 9 0 1 I i 3  bE3. 45.33261 D ( I S L  46.90938 1P03. 4.8.84151 
1 9 0 1 0 4  12U3. 50.93C56 I+OLb 3 . 1 5 8 6 9  1633. 55.14808 
1 9 5 1 0 5  18.33. 56.76090 Z B L i l L  57.-9932 2205. 53.55551! 
1 9 0 1 9 b  2455. 57.36161 
t CHANSES FROM L l45-A2G - L l - 4  P O S T T E S T  A N A L Y S I S  
340 i ) lO 1 1 0 C . il. I;. ElOD J R I P  FOR I N P U T  L I S T I P I G  AND T I M E  ZERC E D I T  
CARD PBO'iE I S  REPLACEMEMT CAR'). 



!4ISCELLAUEOUS PROBLEM CONTROL DATA. 

T4PE NU'l NUM NUM NUN NUM NUM NUM UUM NU3 NUM NUB NUM NUN NUM NUM YUN " 5 0 -  
~ I P  EGIT TIME TRIP VOL Bus T I Y r  JUN PUMP CHK L E A K  FILL H E A T  SLAB S L A F  CORE H E A T  G R A Y  
3=N3 VA3 SETS SGNL SETS VrJL SETS VALV CURV CURV SLAB GEOM MAT SECT EXCH FLAG 

EXPOP4/C E OLOFTSVLi2(73)  - EXPERIMENTAL q E L b P 4  TYPE PROGRAM CONFIGURATION CONTR0L:YES 

INITIAL I M P L I C I T -  LOU H I  6 H  LOU H I G H  
POWER E X P L I C I T  PRESSURE PRESSURE TEMPERATURE TEMPERITURE 
(MEGAUATTS) FACTOR LIMIT ( P S I 6  LIMIT (PSI) . LIHIT ( F )  L I M I T  < F )  

EDIT  I D E N T I F I C A T I O N  NUMBE3S 

AP 2 J U  5 2  JU 5 3  J U  5 0  J Y  5 1  J U  4 1  JU 2 3  J U  3 1  ML 4 1  

DATA FOR 9 T I M E  STEP SETS. 

SET T S BRF LRG T S T I M E  
AUM PER PER PER CNT ST€'  

BRtF LRG RST OPT S I Z E  

M I N  
T S 
S I Z E  

END 
O r  
INTERVAL 

4 5 1 6  4 O .10JOCOE-?I  .500060E-03 . 7 0 0 C 9 9 E * C l  

5 5 2 0  4 5 . 1 0 0 0 0 2 E - O i  b 5 0 0 0 0 C E - 0 3  .220090E+O2 

6 5 4 0  4 6 .10060UE-O1 b501dCtGE-04 .320000€+!'2 

. 7 E '4c i  4 '0 . lOGGJirE-91 C5OtGOCE-03 .4RJrJni)F*92 

8 1 5  4 0  4 3 .50QUOYE-02 C 1 0 0 0 0 0 E - 9 3  .6000COE+02 

9 5 6 0  2 il ..lOOiJL!GE-G1 '.100ilD5E-C3 .10006!?E+03 

ENDCPU = 2.50000E+ 3 3  



3cNERALIZEO TRIP PARA4ETERS F:OR 6 SIGNALS.  

T3TP  T R I F  SI5 INDX IVDX hCTI3C SAIP. SIGNAL SET P!?TYT DFLAY T I q E  
N 0 .  I D  I 0  1 2 

1 1  I D S E N D  ELAPSED T l t l E  3. 0. 

2 2 1 0 0 EEN T R I P  ELAPSED T I H E  @. 0. 

3 5 1 0 0 , E E N  T R I P  ' ILAPSED T I M E  . l ~ f l O r ) J E + " l  O* 

4 r 1 0 9 EEN T R I P  TL4PSED T I M E  .22CG0Dr+02  0 0  

5 5 5 43 i! E E N  T R I P  LOW H I #  LEV .10OGO'~:~E-01 0. 
. . 

6 6 1 5 2 E E N  F & I P  :LAPSED T I H E  . 3 5 5 0 0 5 ' E * 3 2  50  



INPUT DATA FOR 4 9  VOLUMES. 

VJL BuaL TI  n E  PRESSURE TEMPERATURE HUMIDITY VOLUMF: HEIGHT . HIXTURE 
NUN INDX DEP ( P S I A )  (DEG F 9  ( O R  QUALITY) ( F T * * 3 )  ( F T )  LEVEL ( F T )  ............................................................................................................... 
V3L 2-PH F L J Y  AREA EQUIVALENT ELEVATIDN VOL. BEL3Y 
3Ufl F R I C  ( F T * * 2 )  DIAMETER ( F T )  ( F T )  



VOL BUBL T I M E  PRESSURE TEMPE3ATURE H U H I O I T Y  VOLUHE HE 1 ;HT M I X T U S E  
NUY I V D X  DEP ( P S I 4 1  (DEC F d  (OR QUALJTY)  (FT .43 )  ( F  r ) L E V E L  ( F T )  ............................................................................................................... 
V5L 2-PH F L J Y  AREA EQUIVALENT E L E V A T I O N  VOL. EEL3W 
'JUM FRIC ( F T + + ~ )  DIAMETER ( F T )  : F T )  



VOL RUBL T I M E  PRE.SSURE TEMPERATURE H U M I D I T Y  VOLUME H E I G H T  Y I X T U R E  
NUH I N D X  CEP ( P S I A )  (DEG F3  (OR Q U A L I T Y )  ( F T * * 2 )  ( F T )  LEVEL  ( F T )  ............................................................................................................... 
V3L 2-PH FLOW AREA E Q U I V A L E N T  . E L E V A T I O N  VOL. B E L L ~ ~  
I ~ U M  F R I C  ( F T + * 2 )  D IAMETER CFT)  ( F T )  



VOLUME DATA A C l  JALLY B E I N G  USED. 

VOL BUBL T I Y E  PRESSURE L N T I A L P V  Y OLlJPlE H E I G H T  M I X T U S E  E L E V I T I O N  
!.J;li4 I Y D X  DEP (PSI A )  < F T + * S )  . ( F T )  LEqEL  ( F T )  ( F T )  



VOLUME DATA ACTUALLY B E I N G  USEO. 

VOL BUBL T I M E  PRESSURE ENTHALDY VOLUME H E I G H T  P I X T U R E  E L E V A T I  DN 

VUW I N D X  OE? ( P S I  A )  ( F T * * J )  t C T )  L F V E L  ( F T 1  I F T )  



VO-UHL DATA ACTUALLY B E I N G  

V3L 2-PH FLOU AREA 
NilM F 4 I C  (FT1.21 

EQUIVALENT 
DIAMETER ( F T )  

LENGTH 
(F.7) 

SATUR4TION VJL. BELOU 
TEMP. (F) 



VOLUME DATA ACTUALLY B E I N G  USED. 

VOL 2-PH FLOY AREA EQUIVALENT LENGTH L 1 2 4  H O R I 7 .  AREA 
NUM F R I C  (-FT**2) DIAMETER ( F T )  ( F Y I  ( F T  * + - 1 )  ( F T + * 2 )  

4 6  2 , 6 4 4 i O O E - 0 1 '  . 1 0 q 0 0 0 E + 0 5  C R 3 2 9 4 6 E * 0 2  . 5 4 5 9 9 5 E * 0 3  . 1 4 6 6 4 7 E + Q l  
4 7  O . 6 8 2 7 0 4 E * 0 0  .200J510E*00 C 1 1 3 3 8 7 € + 0 1  .830429E*00  ~ 8 3 t 2 8 3 E + 0 0  

. 48 3 .5C9C54E* CJ .33333CE+G6 c 1 1 1 7 5 4 E * 0 2  .109766F*C3  . 4 8 9 9 1 6 E * 9 3  
4 9  b . 3 7 4 3 2 9 E + 0 1  . 2 1 8 3 1 4 E * 0 1  . 1 7 0 7 5 9 E + d 1  .?28986E*GO . 3 7 5 2 0 5 E * 0 1  

**  LC I A B I T I C  A I R  EXPANSION NODEL Y l L L  BE USED FOR VOLUVE 4 3  * *  

SET 
NO. 

S L J P E  BUBBLE 
PA3AMETER VELOCITY 

0 0. 0. ( B U I L T - I N  DATA) 

S A T U S i T I O N '  V9L. BCLOU 
TEMP. (F) 



DES:RIPTIONS OF 5'5 JUNCT IC'\IS. 

JLV F R O M  TO PUVP CHYV INITIAL J U b C T I O N  J U N C T I C N  JVUCTTOFI So. FIIEKGY SP. ENCSGY 
4 '  VOL V O L  L E 4 K  V A L V  -LOU FLGU ARE1 E L E V A T I O N  I N C S T I A  LOSS CpEF. L ? S S  COEF. 

F ' I  - L  t L B N / S E C )  ( F T * * i )  ( F T )  ( F T f - 1 )  (FCRUAQD) (REVEPSE)  
-----------------------------------------p---------------------------------------------------------------- 

V E R T  CHOK IC YQM JUNCTIDN COF J R ~ C T I O N  S U ~ C O C L  E N T ~ ~ L P Y  COSINE IADJUY 
J U N  -1NG CA-C EQ. I I A M E T E R  C O E F F I C I E N T  CHOKE ItJOEK 

I N D X  I N D X  I N 3 X  INDX i F T )  



JUN FROM TO PUMP CHKV 
NUM V 3 L  VOL LEAK VALV 

F I L L  
--I-'--------------------- 

VERT CHOK IC non 
JUN -1NG CALC EQ. 

I N D X  :INDX INDX INDX 

I N I T I A L  JUNCTION 
FLOW FLOW AREA 
(LBM/SEC (FT-2 )  

,--------------- ------------- 
JUWCTION CONTRACTION 
DI.%HETER COEFFICIENT 
( F r )  

JUNCTION JUNCTION So. ENERGY SP. ENERGY 
ELEVATION I N E R T I A  LOSS CQEFe LOSS COEF. 
( F T )  ( F T + - 1 )  (FORYARO) (REVERSE) ....................................................... 

SUBCOOL ENTHALPY COSINE I A D J U Y  
CHOKE IN'3EX 



JU'N FROM TO PUMP CHKV 
NUH VOL .VOL L E A K  YALV 

F I L L  ----- ------------------- - 
V E R T  CHOK ZC MOM 

JLIN - 1 N G  C A L C  EQ. 
I N D X  I N D X  I N D X  INDX 

I N r T I A L  J U N C T I O N  J U R C T I O N  J U N C T I n N  S P .  ENESCY SP. E N E S C Y  
FLOW F L O Y  AREA E L C V A T I O N  I N E R T I A  L O S S  COFF. L O S S  COEF.  
< L B M / S E C )  ( F T * * 2 )  ( F T ~  - ( F T * - 1 )  ( F t 3 3 U A R D )  ( R E V E R S E !  -----------*------.---------------------------------------------------------------- 
d U N C T I 3 N  C O M R A C T I O N  S I ~ B C O O L  ' "  ENTSALPY C O S . I N E  I A D J U N  
D I A M E T E R  C O D F I C I E N T  CHOKE I N D E X  
,:FT) 



JUN F R O M  TO PUMP CHKV I N I T I A L  JUNCTION JUYCTION J3m'CTTON SP. ENERGY SP. ENERGY 
NUM V ~ L  VGL LEAK V A L V  FLOU FLOY AREA ELEVATION I ' 4 C " T I A  LOSS COEF. LOSS COEF. 

F I L L  (LBM/SEC) ( F T l f 2 )  ( F T )  ( F T f - 1 )  (FORUARD) (REVERSE) 
----------------------------------------*------------------------------------------------------------------ 

VERT CHOK IC ~ O R  JLNCTIDN CONJRACTION SUBCOOL ENTHALPY COS I # E  IADJUV 
JUN -1NG CALC EOe DIAMETER COEFF1.CIENT CHOKE INDEY 

I l D X  INDX INDX INDX ( F T )  . 

D I A L  VALUES FOR FAUSKE-HEN C R I T I C A L  FLOY HODEL 
DLHEM = ~ 1 0 0 0 E + 3 1  
DLHRY = .1JOOE+31 
DLEHRY = .140OE+31 
DLXTFE = .2535E-32 



INPUT DATA FOR 2 PUPPS. 

NUNBE3 OF PUKP CURVES TO RE READ FOR EACH CURVE SET. 

PMP CRV TRP REV DEG RATED SPEED SPEED R A T I O  RATED FLOW RATKD HEAD RbTED TORQUE MO!! Oc I N E 4 T I A  
NUM SET 3 0  ( R E V / M I N I  (GIL!RIN) ( F T I  (CT-LRF) ( L 9 M - F T + + 2 )  ------------------------------------------------------------------------------------------------------------- 

M'l T RATED DENSITY = R I C T  TDRGUE RATED WOTOR F R I t T  TORQUE F3TCT T9RQuE F R I C T  TORQUE 
TR I! , (Lf!H/FT++3) ZOEFF 2. TOR0 (L.BF-FT) COEFF ;3 CGLFF 1 COEFF 5 

1 1 3 0 1 .35303uE+*Y4 .488993E+00  .51LiD:CCE+04 .39270JE+f'3 m465r)COE-93 .3bC003E+02  
C . 3 8 7 5 3 ~ E + B 2  . .152994E+G3 1). .3CJJOOE-d2 . 1 4 4 5 5 0 € * 9 2  0. 

STOP 'PIJMP AT 0. SEC. 0 4  I F  SPEED I S  GT 3 . 6  RPH OR L T  9 . C  EP14. ('4'7 STOP 001 OPT1,ON I F  0.2) 

2 1 3 0 1 .353'JuOE*.34 .5UOGDJE+OU .510DOOE*04 . 3 9 4 5 0 3 5 + D 3 '  . 4 6 5 0 0 0 F + 0 3  .34GCJOE+r12 
b . 3 8 7 5 5 5 € * 0 2  .152994E+03  0. .30n5 JOE-02 . 1 4 4 5 5 0 € * 0 2  b e  

STOP WRP A T  C. SEC. OR IF SPEED IS G T .  o.:~ R P M  OR LT 9.C R P M .  ( N O  STOP ON OPTION I F  J.0) 

P U ~ P  HEAD M U L T I P L I E R  CURVE 

PUm.P TORQUE HU.LT IPL IER CU'?VE 



PUrlP CURVE SET NUMBER 1 HAS 1 6  CURVES TO BE READ. 

SET HEAD TYPE NUN X 
iYUM 'OR DAT 

T O I Q  PTS 

FLOY /SPEED 
.19OClOE*OR 
. 7 5 0 2 0 C E * 0 0  

SPLED/FLOY HEAD /FLCIY**2 
i 1 2 ~ 0 .  -.67GGDOE*00 

. 5 7 5 5 9 0 E * 0 0  0 .  
. 8 6 3 1 3 J E * @ u  - 6  326DUE*CO 



SPEEDIFLOU 
1 2 8 4 - . ~ : c I G o ~ E + o ~ .  

0. 

TORQ I S P E E D * * 2  
-.450GDOE+OG 

.35590SE+f iO  

TORQ / SPEEO**2 
- e l  0 0 0 0 J E + 0 1  
-.45UODOE.OiJ 

;PEED/ FLOU . T O 3 O I F L O U + + 2 .  
. .18856?E+O,J . l l J 9 6 5 E * T J l  , 

.57446UE*LC. . 7 8 0 7 0 3 E +  0: 

. t?7F057E+90 . 4 5 7 i 7 3 ~ + 0 5  



Pun? CURVF SET NUMBER 1 HE.AD CURVES FOLLOUL 

SET HEAD TYPE NUM X 
NUH O R  08 T 

BDRQ PT S 

SPEEWFLOV tiEhD/FLdU*+2 
1 1 4 8 -.100UJOE*01 .247225E+01 

- .455340E+05 .132790E+Ol '  
- - 9 0 7 3 0 0 E - 8 1  .1015buE+Ol  

FLOY /SPEED HEPD/SPEED**P 
1 1  5 7 0 -  .250GDOE+OJ 

.41180OE+05 .2768BOE+CO 

. l C 0 0 0 3 E + C l  .9465tOE+5C 

FLOY /SPEED 
.200000E+00 
.597630E+CG 



PU9P CJRVE SET NUnBER 1 TOROJE CURVES FOCLOU. 

SET F E A O  TYPE NUM x Y 
uan OR C A T  

TDRQ PT S 

SPEED/FLOU TORQ /FLOU + * 2  
1 2 2 7 0 .  .-.6700DGE+OJ 

.737255E+OU .526536E+OQ 

. $ 0 0 0 0 0 E + 9 1  .367200€+00 

SPEEDIFLOY 
.5F@BIOE+00 
.867;30E+PO 

SPEEDIFLOU 
- . 6 3 5 i 1 0 ~ + 0 6  
- . I 7 6 1  07E+00 

TOR O/SPEED** 2 
0. ' 

FLOW /SPEED 
-.3SOCOOE+JC 



NUMBER 4 HAS 1 6  CURVES TO BE READ. 

SET HEIO TYPE 
:\I U H- C F. 

TOR O 

NUM X 
DA T 
DTS 

FLOU /SPEED 
0. 

. 5 0 0 0 W E + U 0  

.1000(bOE+(il 

HEAD I F L O Y * * 2  @. 
. 1 0 0 0 0 0 E + ~ 0  
.800POOE+OC 

TORB /SPECD**2 
06 032DOE*00 
.8331DOE+00 



TCHQ /:PEED+*2 
- .Y5,80SE+UJ 

. 3 5 : 9 D i E + i 5  

FLOY /SPEED 
.4~;'JPO?E*!-tc 



PUnP CURVE SET NUMBER 4 HEAD CURVES FOLLOUC 

SET HEAD TYPE NUR X 
van o~ O A T  

TORQ PT S 

HEAD /FLUY**2 
- 0 1  160DOE+01  
- .310bDQE+00 
0. 
.1 lOutuE+OO 

HEAD /FLUY**2 
.1100D3E+00  
-1 3 0 0 8 0 E + 0 0  

-.2300DOE+00 
-.147SDOE+01 



PUMP CUP.VE SET NUMZER 4 TORGUE CURVES FOLLOU. 

SET HEAD 'TYPE NUM' X Y 
WJM rdR DA 1 

T W O  PT S 

FL OUISPEED T 0 3 Q / S a E E O * * 2  
4 2 1 6 0 -  -6  032DCE+00  

. W S S ~ C E + O C  . . ~ ~ ~ L D ; S E + O O  

FLOW /SPEED 
e 1 9 3 6 0 ~ E + 0 0  
.797820E+CC 

FLOU I S P E E D  
4 2 5  9 -  

. 1 0 5 0 0 0 ~ * 0 ~  

FLOY /SPEED TOR3/SPEED*+2 
-.330COOE+OJ -.3O?B@CE+nE 



PARAMETERS FOR 1 C H E C K V A L V E S .  

VALV T R I P  AREA L A T C H  B A C K  P R E S S U R E  FORYARD OPEN R E V E R S E  CLOSED q E V E R S E  
NUH I D  T A B L  F L A G  FOR C L O S I N G  F R I C .  COEFF.  F R I C .  C O E F F .  F R I C .  C O E F F .  

PARAMETERS F 3 R  1 LEAKS.  
- 
i LEAK D A T A  TRI? 'S INK T I M E  OR 
W NUR P T S  , 19 P R E S S U R E  A N G L E  

AREA 

0. 

T I M E  OR A 4 E A  T I M E  OR ARKA 
AYCLE ANGLE 



DATA FOR 2 = I L L  iYSTE '4S  

F I L L  TYPE T R I P  I D  F I L L  'RESS F I L L  EhTHdLPY A I R  FRLCTION 
( P S I )  ( B T C / L B )  

N PRESSURE 
( P S I )  

i e.. 
2 2 .000?050+01  
3 r . 0 0 0 : 9 ~ 0 0 + 0 f  
4 . 6.0003i)OD+uB 

7 .5005005+01  

F I L L  TYPE 

* *  F I L L  T4BLE * *  

FLqY RATE N PRESSIJRE FLOY RATE 
( L B  B E C - F T  2 :* I P S  I) ( L B l S E C - F T 2 )  

TRIP ID FILL PRESS FILL E n T H a L P y  AI-FRACTION 
( P 5 1 )  (BTO/LB)  

N PRESSURE FLOU RATE 
( P S I )  (LB /SEC-FT2)  

+a F I L L  T4BLE * *  
. . . - 

N PRESSURE FLCU RATE N PRESSURE FLOY RATE N PRESSURE . FLOV RATE 
( P S I )  , ( L B I S E C - F T 2  B [ P S I )  ( L B I S E C - F T 2 )  ( P S T )  ( L B I S E C - F T 2 )  

1 1.00 0 0 0 0 D - 0 1  2.3E14030+0 I 2 3 .01O0~000+03  2.393403D*00 

*+* YkRNING *** P O S S I B L E  I N I T I A L  iNTHbLPY IRBALANCE 
-iiF J U N C l I O N  ENT"4ALPb CALCULITED L I E S  OUTSIDE THE R4NGE OF THE TLD VOLUMES I T  CONNECTS* 

Y0L.A V0L.B H a i l )  H [VOL.A) H(VOL.R) 
9. 8 3 5 .33€67€+02  5 .33662  E+32  5.33665L+G2 

**+ YAR.+ING *** P S S I B L E  I P i I T I A L  LNTHLLPY IKBALANCE 
M E  J U N C l I O N  E N T I A L P Y  CALCULATED L I E S  'OUTSIDE THE R ~ P I G E  OF THF: TLD VOLURES I T  COVNECTS. 
J b0L.A V0L.B . H I U )  H(V0L.b) H t V O L * B )  

10 9 1 0  5.33663E402 5.336,55r*G2 5 .33664 . I+02  

UAR.+ING *+*  PUSSI~LE I.NITIAL ENTHALPY IMBA-ANCE 
M E  J U N C I I O N  E l T r l A L P T  CALCULArEO L I E S  OUTSIDE T' iE R.4NGE OF THE TCnO. VOLUllES I T  COYUECTS. 
J L0L.A VOL.3 " H t i l ) ,  H(V0L.P) H(VOL.R) 

11 1 0  11 5.33k65E-D2 5.33554E+Ei  5.33663Y.+22 
> .  

. . 
.:.. . . 



JUNCTION DATA ACTUALLY BE1 NG USED. 

JUN F R O M  TO PUMP CHK I N I T I A L  
NUH VOL VOL LEAK VALV FLOY 

F I L L  (LBM/SEF) 

JUNCTION 
FLUY AREA 
( F l * * 2 )  

JUNCTION 
ELEVATION 
( F T )  

JUNCTION 
OIAYFTER 
( F T )  

LEPK 
CONTRACTION 
COEFFICIENT 



JUN F R O M  TO P u n P  CHK INITIAL 
YdM V D L  VOL LE9K VALV 'LOY 

F I L L  ( L B R / S E C )  

JC'NCTIOM 
FLOW AREA 
( F . T + * 2 )  

J U N C T I O Y  
E L E V A T I ' 2 Y  
I F T )  

L E A K  
C 9 N T R 4 C T T O V  
C O E F F I C I E N T  



JUNCTION OATA ACTUALLY R E I N G  USED. 

JUN VERT CHOK I C  M O M  JUNCTI'ON SP. ENERGY SPoENERGY RESIOUAL RESIDUAL 
NLIM JUV -1NG CALC €6. I N E R T I A  LOSS COEF. LOSS COEF. LOSS COEF. DELTa p ( P S I 4 1  

INDX I N D X  INDX INDX f FORYARD) (REVERSE) fNON-OIR)  

ENTHALPY TRANS 

I N L E T  OUTLET 

NO N 0 
N 0 NO 
NO YES 
YES YES 
YES YES 

YES NO 
NO N 0 
NO tJ 0 
NO NO 
N 0 NO 

AYGLE 



..JUN VERT CHOK I C  MIM JUNCTION SP; ENERGY SP.ENERSY RFSIDUAL 
YUM JUN -1MG Cb.LC EQ. I N E R T I A  LOSS CJEF. LOSS CQEF. LOSS COEF. 

I N D X  I N ? X  INOX IWW (FORYARE) (REVESSE) (NOH-OIR) 

RESIDUAL ENTHALPY TRANS 
DELTA P ( P S I A )  

I N L E T  OUTLET 

--I 
A 51. 0 5 2 9 . 1 3 8 0 1 8 E + 0 2  i 2 0 0 3 0 0 E + r 3 0  ~ 3 0 1 0 0 0 0 E + 0 0  0 4 8 1 9 3 0 E - 0 7  . 5 * 4 6 8 8 E - 0 7  NO 
03 5 2  1 5 0 G .252555E+G2 ~ 1 0 3 3 0 0 E + Q 1  ~ ~ 5 3 ? 0 O C E + 0 0  9. 0 • N 0 

5 3  1 '5 0 C . 252555E+02  C103TOOE+ 3 1  ~ 5 3 7 3 0 9 E * O O  0. 0. N 0 
5 4  0 5 2 3 . 6 4 5 3 9 5 € + 0 3  OC 0. 0. G .  N 0 
,535 0 5 2 3 . 6 4 5 3 9 5 € + 9 3  G *  0. 0. 0. . NO 

***  IJPRNING w * *  THE FOLLOWING  UNCTIONS HACE LC.'RGER AREIS THAN THOSE OF OWE OF THE ASSOCISTED VOLUMES: 
':' 2 2  3 1  . 4 1  

PA:AHETERS IVY JUhCTION H A r R I X  
VUYBER OF CHLI I 'JS ( M j  ) = 6 
NUNBER OF C H C I N  a N C T l O f l S  ( N T R I  3 = 28  
NUNBER OF N09-CHAIN JUNCTIClNS (NQ ) = 2 3  
1N)EX OF F I R S T  C R I T I C A L  J U h C T I O N  (HPP ) = 5 2  
TOTAL NUMBER OF JUNCTIOrDS (N'IOT1) = 5 5  

ANGLE 



DATA FOR 4 7  HEAT COkDUCTING SLABS. 

SLAB L R GEon S-K LEFT SURFACE RIGHT SURFACE VOLUME LEFT HYDRAULIC RIGHT HYDRAULIC YAJOR JUNCTIO~S 
S u n  VOL VOL NUM I N 0  AREA* F T * * 2  AREA* F J + + 2  F T + + 3  DIA '4ETEXr FT  DIAMETER* F T  L TN L OUT R I N  R OUT 

-----------------------------;---------------+------------------------------------------------------------------------------ 
LOC X L C I? C L F T  HEATED E U  RHT HEAJED E Q  LEFT CHANNEL R I G V T  CHAYNEL F3T  HEIGHT I;4 TO? HEIGHT I N  

I N 0  END I U D  D l A n E T E R *  FT 'DIAMETERI FT  LENGTH* FT  LENSTHI FT  4 f L )  VOLI F T  R ( L )  VOL* F T  

7 0 2 1  4 0 '0. . 197840E+32  .236060E+E1 0. 
O D O .  o . 0. . 3 4 3 5 n o ~ + o i  

B 2 1  G 5 0 . 2 3 9 8 5 0 € + 0 2  6. . 2 2 0 3 6 0 E + 0 2  .563300E+00  
3 0 0 0 .  F. . 3 4 3 5 0 3 € + 5 1  0. 



30 5 2  
0. 

40 53 
'I. 

27 29 
0. 

28 2.9 
0. ' 

2 4 
0. 

4 5 
0. 



37 2 7  0 12 0 '  
o a n  

42 23 u 1 6 
O C C  



A X I A L  STACKS OF HEAT SLABS 
1 THROUGH 
2  THROUGH 
3 THROUGH 
4  THROUGH 
5 THROUGH 
6 THROUGH 
7 THROUGH 
8 THROUGH 
P THROUGH 

1 0  THROUGH 
11 THROUGH 
1 2  THROUGH 
1 3  THROUGH 
1 4  THROUGH 
1 5  THROUGH 
16 THROUGH 
17 THROUGH 
18 THROUGH 
19 THROUGH 
2 6  THROUGH 
21 .THROUGH 
22 THROUGH 
23 THROUGH 
24 THROUGH 
25 THROUGH 
26 THROUGH 
27 THROUGH 
28 THROUGN 
29 THROUGH 
3 0  THROUGH 
3 1  THROUGH 
32 THROUGH 
33 THROUGH 
'14 THROUGH 
35 THROUGH 
36 THROUGH 
37 THROUGH 
38 THROUGH 
39 TMROUGH 
4 0  THROUGH 
4 1  THROUGH 
4 2  T H R O U G ~  
4 3  THROUGH 
4 4  THROUGH 
45 THROUGH 
46 THROUGH 
4 7  THROUGH 

1 DIMENSIONAL HEAT 
1 OIMENSIONAL HEAT 
1 DIMENSIONAL HEAT 
1 DIMENSIONAL HEAT 
1 DIMENSIONAL HEAT 
1 DIMENSIONAL HEAT 
1 DIMENSIONAL HEAT 
1 OIMENSIONAL HEAT 
1 DIMFNSIONAL HEAT 

.1 DIMENSIONAL HEAT 
1 DIMENSIONAL HEAT 
1 DIMENSIONAL HEAT 
1 DIMENSIONAL HEAT 
1 DIMENSIONAL HEAT 
1 OIMENSIONAL HEAT 
1 DIMENSIONAL HEAT 
1 DIMENSIONAL HEAT 
1 OIMENSIONAL HEAT 
1 DIMENSIONAL HEAT 
1 DIMENSIONAL HEAT 
I DIMENSIONAL H E I T  
1 OIMENSIONAL HEAT 
1 DIMENSIONAL HEAT 
1 DIMENSIONAL HEAT 
1 OIMENSIONAL HEAT 
1 DIMENSIONAL HEAT 
1 DIMENSIONAL HEAT 
1 DIMECSIONAL HEAT 
1 DIMENSIONAL HEAT 
1 DIMENSIONAL HEAT 
1 DIMENSIONAL HEAT 
E DIMENSIONAL HEAT 
1 OIMENSIONAL HEAT 
1 DIMENSIONAL HEAT 
1 D I n E N S I O N A L  HEAT 
1 OIMENSIONAL HEAT 
1 DIWENSIONAL HEAT 
2 D I V E N S I O N A L  MEAT 
1 DIMENSIONAL HEAT 
1 DIMENSIONAL HEAT 
1 DIMEYSIONAL HELT 
1 DIMENSIONAL HEAT 
1 OIMENSIONAL H E I T  
L DIMENSIONAL HEPT 
1 DIMENSIONAL HEAT 
1 DIMENSIONAL HEAT 
E DIMEKSIONAL HEAT 

TRANSFER 
TRANSFER 
TRANSFER 
TRANSFER 
TRANSFER 
TRANSFER, 
TRANSFER 
7R ANSFER 
TRANSFER 
TRANSFER 
TR AYSFER ' . 

TRANSFER 
TRANSFER 
TRANSFER ' ' 

TRANSFER 
TRANSFER 
TRANSFER 
TRANSFER 
TRANSFER 
TR AYSFER 
TRANSFER 
TRANSFEP 
TRANSFER 
TRANSFER 
TRANSFER 
TRANSFER 
TRANSFER 
TRANSFER 
TRANSFER 
TRANSFER 
TRANSFER 
TRANSFER 
TRANSFER 
TRANSFER 
TRANSFER 
TRANSFER 
TRANSFER 
TRANSFER 
TRANSFER 
TRANSFER 
TRANSFER 
TR PNSFER 
TRANSFER 
TR ANSFFR 
TRANSFER 
TRANSFER 
TRANSFER 



DATA FOR 1 4  HEAT SLAB GEOMETRIES 

5EOFI.REG GAP MAT NO XO TO N = l  REGION Y I D T H  POUER FRAC 
TYPE NO I U D  NO DX 

SUM OF POUER FRACTIONS I S  0. 

SEOM REG GAP FIAT NO XO TO N = 1  ' REGION U I D T H  POUER FRAC 
TYPE NO I N 0  NO 'DX 

sun .OF POUER FRACTIONS IS O. 

G E O ~  R E G  G ~ I P  M A T  NO x o  T O '  ~=l  REGIO'N. YIOTH POWER F R A C  
TYPE NO 1ND NO.OX 

sun 3~ POUER FRAKTIONS IS O. 

GEOFI REG GAP HAT NO X O  TO . N = l .  REGION U I D T H  POUER FRAC 
TYPE NO I N 0  NO OX 

sun OF POUER FRLCTIONS IS 0. 

5E3M REG GAP FIAT NO X O  TO N = l  REGION M I D T H  POUEW FRAC 
TYDE NO I N D  NO DX 

. sun OF POWER F R A ~ T I O N S  IS O. 

GEOFI REG CAP MAT NO X J  TO N = l  REGION Y I D T H  POWER FRAC 
TYPE N J  END NO DX 

sun OF POUER FRASTIONS-IS O. 



GE3M REG GAP NAT NO X I  TO N = l  ' REGION. WIDTH ' PGYER F R S C  
TYPE NO I N 0  NO OX 

GE3M REG GAP M A T  YO N 3  T3 N = l  REGIOM- Y I D T H  . POUER FR4C 
TYPE NO IKD NO OX 

2 1 1 4 .466DOOE+00 .39WDUC-.31 0. 
2 C 1 4  .78WLbC-G1 0. 

sun OF ? ~ E R  FFULCTIQNS' I S  O. . . 

GEOM REG GAP MAT NO X 9  TD N = l  REGIOM Y I D T H  POUER FRhC 
TYPE NO I N D  NO OX 

sun OF ~ W E R  FRACTIONS TS 0. . 

d 
GEOM REG GAP HAT NO XO TD N = l  i lEGION Y I W H  POWER FRAC 

N TYPE ND I N D  NO OX 
P 

2 1 1 4 . 2 2 5 0 J O E * 0 1  .208006E-01  0. 
2 0 1 4  .27;9DOE+O3 0. 

SUM OF POUER F R I C T I O N S  I S  01  . 
GEOn REG GAP M A T  NO X O  T 3  N = l  - 3EGIDN Y I D T H  POYER FRAC 
TYPE NO I N 3  NO DX 

< \  
SUM OF POUER F R 9 C T l D N S . I S  0. 

GEOH REG GA? HAT NO XO TO N = l  REGION Y I D T H  POUER F R I C  
TYPE NO I H J  NO DX . 

2 1 1 4 . 2 8 3 9 0 0 € * 0 0  e 2 5 2 3 0 0 E - 0 1  0. 
2 0 1 4 .  .5033GCE-61 0. 

Sun OF POUER FRACTIONS IS O. 



SEOH REG 6 A P  MAT NO XO TO N = l  RCGION U I D T H  POYER FRAC 
. T Y P E  N3  I N D  NO DX 

GZOn REG GAP MAT NO XO TO N = l  REGION Y I D T H  POYER FRAC 
T I ? €  Y O  I N 0  NO DX 

SUM Oc POYER FRACTIONS I S  0. 

PROPERTIES FOR M A T  COFIDUCTING M A T E R I d L  NUMBER 1 

THERMAL CONDUCTIVITY ~ ~ T U / F T - H R - F )  VS T E ~ ~ P E R A T ~ ~ R E  t T (  1) * K f  1) * - - - - I  

-2  POINTS .2120JOE+O3 . 9 5 7 4 0 0 E * 0 1  r 2 3 7 2 0 0 E + O Q  .19294OE+O2 

VOL HEAT CAPACITY (BTU/FT+*3 -F )  VS TEnPERdTURE ( T f  l ) * C ( l ) q - - - - I  



CXPOP4/C E GLOFTSV32 (733 EXPERIPENTAL RELbP4 TYPE PROGRAY CONFIGURATIGhI CONTR0L:YES 
LOFT L145-A20 L1-4 POSTEST ANhLYSI S 1 0 / 2 0 / 7 7  

CPU TIME = 1.39 
STANDARD T IME STEP NUMBER U .  ACTUAL TIRE STED N!JklE.ER I). TIME = C. SE.C.a LAST DT = -9 SEC. 

TDTAL SYSTEM NORM POUR POUR HEAT REW ENGY LEAK nAss L E A K  ENGY BA.L. M A S S  RAL. TOT. R E A C  R E A C  T 
QUANTITIES (nu) (BTU/HR) (BTU) (LB)  (BTU) ~ L B )  r s )  SEC. 

1.00000E*90 0. 0 :. 0. 0. 1*72624E*07 2.30866€+04 0. 0. 

VOLUME 
VUMBER 

1 
2 
3 
4 
5 
6 
7 
R 
9 

1 0  
11 
1 2  
1 3  . 
1 4  
1 5  
1 6  . . 
1 7  
18  
1 9  
2 0 
2 1 
2 2  
2 3 
2 4 
2 5  
2 6  
2 7 

1 28 
, ' 2 9  . 

30  - '  

3 1 
32  
3 3 
34  
3 5  

TOT. MbSS 
(LB) HE0 
7.74959E*G2 
1.99725€*02 
3 e 7 8 4 ' t I E + O ~  
2.lb.57jE*G2 
1.51821€*0? 
1.36981€+02 
5.32195 E+02 
5.224OCE*02 
2.59252E*02 
5.2239GE+b2 
503217?E*02  
5.7902:E+0.1 
2.11199E*02 
2.1383CE+02 
1.8017EE+02 
l .d318 iE*32 
9. G2471E+08 
3. Z ~ B ~ ? E + U  
2.93345 E+O2 
7.6843ZE+01 
2 .3~40CE+W 
5.4159E.E+W 
7.97349 6*02 
1.43981€+03 
1.70559E+02 
7.3387iE+OL 
4.J6262E+OL 
3.5935CL+OZ 
l.J375EE+OQ 
1.3804iE+51 
2.16391 E+O2 
4073265E*02 
2.1952SC+02 
1.9512EE*01 
8.1978aE,+01 

AVG. QU4L M I X 1  LEVL 
(FT 
7.50000E+00 
1.86500E+00 
9.32333E-01 
9.32333E-61 
9.32333E-51 
2'.42156€+00 
'2.50000E*00 
6.75300E+30 
2.93521E+30 
6.75900€*00 
2.50000E+@j 
2.37508€*90 
3.90867€+00 
.2.17450E+00 
2.47577E+90 
2.47577€*00 
7.08333E-91 
7008333E-01 
9.32333E-91 
9.32333E-01 
3.435GOE+00 
1.16119€+91 
2.44740€*59 
9.42205E*00 
9 -32333E-51 
9.32333E-01 
5.67750E-01 
9.32333E-01 
9.32333E-31' 
2.44913€+00 
C.58250E+09 
4.0479RE+SJ 
4.5825JE+CO 
4054167E+GO 
2.17450E+69 





A I R  MASS 

PunP SPEED PUMP N O R M  
f RPM TORQUE 
1 * 7 2 6 1 5 € + 0 3  2.95363E-01 
1 ,76500Ei03  3.02758E-01 



HEAT SLAB, VOL 
NUMBER NU H 

1 LEFT 2 3  
2 LFFT 1 
3 LEFT 2 

- 4 LEFT 2 4  
5 LEFT 3 6  
6 LEFT 3 5  
7 RIGHT. 2 1  
A LEFT 2 1  
9 RIGHT 48  

1 0  LEFT 4 8  
11 LEFT 3 4  
1 2  LEFT 3 3  
1 3  LEFT 3 2  
1 4  LEFT 3 1  
1 5  LEFT 3 0  
1 6  LEFT 2 3  
1 7  LEFT 8 

' 1 7  RIGHT 4 2  
1 8  LEFT 9 
1 8  RIGHT 4 2  
19  LEFT 1 0  
1 9  RIGHT 4 2  
2 3  LEFT 4 4  
2 1  .LEFT 4 5  
22  LEFT 2 5  
23  LEFT 2 6  
2 4  LEFT 3 
2 5  LEFT 4 
2 6  LEFT 5 
27 LEFT 6 
28  LEFT 7 '  
29 LEFT 11 
3Q LEFT 1 2  
3 1  LEFT 1 3  
32  LEFT 1 4  
3 3  LEFT 1 9  
34 LEFT 2G 
35 LEFT 2 8  
3 6  LEFT 2 9  
3 7  LEFT 2 7  
38 LEFT 4 6  
39 LEFT '40 
40 RIGHT 2 2  
4 1  LEFT 2 2  
4 2  LEFT 2 3  

, 43  LEFT 2 3  
44 LEFT 49  
45  LEFT 4 9  
46  RIGHT 3 7  
47  LEFT 3 7  

HEAT TRAN SURF 
RODE (BTU 

0 0. 
0 0. 
r; 0. 
t 0. 
5 0 .  
a 0. 
0 0. 
0 0. 
0 G. 
3 0.  
o a. 
(i C. 
0 3 .  
0 0. 
0 0. 

. o  0. 
0 0. 
5 0.  

. o  3. 
0 5. 
0 8. 
0 .  0. 
0. 0. 
0 3. 
3 0. 
0 0. 
0 0. 
0 0. 
0 0. 
i~ a. 
0 6. 
J 0. 

. 0. 
5 3. 
5 iJ. 

t. 0. 
0 0. 
3 0. 
Y 0. 
0 0. 
0 0. 
0 0. 
c 0. 
G a. 
0 0. 
0 0. 
3 3. 

' :, 0. 
il C. 
r! 0. 

I. . 
3.  
0. 
I). 

c . ,  
0. 
9. 
?. 
i?. 
3.  
2 . 
0. 
8. 
0. 
0. 
0. 
0. . 
7.47715E-02 
0 .  
7.47715E-02 
G. 
7.47715E-02 
0. 
0. 
C. 
4. 
9. 
0. 
I). 

G. 
0. 
3. 
0. 
9. 
0. 
C. 
0. , 

9. 
0. 
'3. 
c. 
0.: 
0. 
3.  
0. 
0. 
6. 
3.  
1.. 
C; 



LXJOP4/C E OLOFTSVP2(73) 
LOFT L145-A2C L l - 4  POSTEST ANALYSIS 

CPU TIME = 1.46 

JUNCTION 
N;NBER 

1 
2 
3 
4 
3 

6 
7 
9 
9 

1 0  
11 
1 2  
1 3  
14  
1 5  
1 6  
1 7  

-1 
18  

W 19  
0 2 0 

2 1 
2 2 
2 3  . 
2 4  
2'5 
2 6  
2 7 
2 8  
2 9 
3 C 
3 1 
3 2 
3 3 
34  
3 5 
36  
3 7  
38  
33 
4 'I 

COF~NECTI NG 
VOLUMES 

2 TO 1 
1 TO 3 
1 TO 2 8  
3 1 0 . 4  
4 TO 5 
5 TO 6 
6 TO 7 
T TO 8 
8 TO 9 
9 TO' 1 G  

1 0 1 0  11 
11 TO 1 2  
1 2  TO 13 .  
1 3  TO 1 4  
1 4  TO 1 5  
1 4  TO 16  
1 5  TO 1 7  
1 6  TO 1 8  
1 7  TO 1 9  
1 8  TO 19  
19 TO 20 
4 b  TO 37  
2 1 1 0  22 
2 2  TO 23 
4 9  TO 24 
2 4 1 0  2 
2 1  TO 25 
2 5  TO 26 
2 6  TO 47 
2 7 . 1 0  44 
3 7  TO 2 1  
28  TI) 29 
2 9  TO 39 
3 0  TO 3 1  
3 1  TO 32  
3 2  TO 3 3  
3 3  T!? ' 34  
34  TO 35 
3 5  TO 36  
3 6  TO 45 

EXPE?I?IENTAL REL6P4 TYPE PROGRAM COtJFIGll4ATION COVTS0L:YES 
1 . ! /2? /77  

JCT.SPVL P R E S S U R . 0 I F F 
(FT3 /LB )  S T 4 G  P S I  ELEV P S I  F 3 I C  P S I  
2.10089E-52 3.78305F+00 ,-1.54773E+On -2023532E*00 
2.10099E-02 7.24698E-01 9.17897E-C1 -1.6425hE+Jb 
2-10099E-02 -9.15942E-51. 9.17R87E-01 -1m94'11lE-03 
2.10106E-52 2.27212E-01 -9.36674E-16 -2 -27212E-01 
2.10106E-22 2023293E-01  2.43596E-16 '20232R3E-,01 
2.10107E-C2 1.41457€*00 -2.23715E-01 -1.19086€+00 
2.101C9E-02 4.234!31E+CO -2092615F-01 -3094219E+OC 
2.10118E-02.  2.09425E+05 -1.52854E+90 -5 -65726E-01 
2.10126E-52 2013259E+73  -1.44675E+00 -4 -95835E-d l  
201C131E-02 -7.44987E-01 1.44673E+GO e L 0 2 6 4 5 F - 0 1  
2010135E-02  -8.80460E-C1 1.52850E+00 -6 .48042~ -01  
2.10125E-02 3026592E+00  2.84R97E-01 -3-55091E+00 
2.1G137E-d2 -6.33910E-91 1.02178E*00 -3 -90868E-01 
2.10137E-32 1.69821€+3C 2.7CO28E-61 -1.96824C+90 
2.10143E-C2 -1.21290E+Cl -7.68449E-01 -4.69879E-51 
2.lG143E-32 -1.35575E+01 -7.6R458E-C1 -4.89391E-01 
2 . 1 0 1 n 4 ~ - ? 2  - I . ~ ~ C O ~ E + C I  - 2 .92091~ -01  - 3 . 7 5 0 2 ~ ~ - 0 1  
2.lC11OE-32 -1.40659E+C1 -2.92097E-01 -4037351E-G1 
2.1006AE-82 9.59272C-01 -3.45853E-15 -9 -59272E-81 
2.1506JE-C2 3.77556E+OC -7.94311E-15 -3077355E+50 
2e10075E-?P 4.54892E-01 4o95841E-11 -4 -54802E-01 
2.117078E-32 1.95442€*00 2.99628E-01 -2 r174?5E+Of t  
2.10Ce5E-02 -2.38347E+00 204R697E+Ol -1-@35!'fiE-01 
2.10078E-32 -1.95331E*00 2.32014E+00 -3 -66933E-01  
2010C75E-n2 2*02569E+CC -l.A3@85C+CG -1-!6938E-01 
2 r10281E-52  2.5R69P.E+00 .-l.R6550E+OC -7.021475E-?1 
2010085E-22 2.13197E-Pl -2eC9627E-q1 -3 r5626aE-03  
2.09294E-32 F. 5.63738E-11 0 1  
2-58536:-02 9. 1.67974E-07 0.0 
2.01227E-02 6.90?nOE-C3 -6.90209E-03 0. 
2.10085E-?2 5026429E-01 6.92764E-14 -5 -26429E-01 
2.lC096E-52 n. 4.96859E-11 O r  
2.09962E-'i 2 3047760E-01  -3.47769;-01 01 
2-09829E-02 1.16208E+OC -10162CAE*00 n.. 
2.09832E-02 1042797E+90 -1.42798E*00 0- 
20C9836E-62 -1.42845E+OC' 1.42845f*00 CI 
2e0970OE-112 -1.51127E+OC 1 *511275+00  C .  
2 ~ 0 9 5 6 4 E - C 2  -1.11455E+00 1.1:455E+00 Tm 
2 , ~ ~ 5 4 3 ~ - ? 2  4.5R89OE-C1 -4.5a894E-01 F- 
2m07545E-C2 6.72410E-01 -6.72405E-31 Or 

E R E N T  
ACCL P S I  
2.54657E-14 
l .42109E-14 
3.7R780E-06 
1.33227E-15 
8.88178E-16 
1.421 09E-14 
6.03961E-14 
0. 
5.29417E-18 
1.11022E-16 
1.77636E-15 
3.90799E-14 
3.55271E-15 
1.42109E-14 
3.55271E-15 
3055271E-15 1 -77636E-15 

3.55271E-15 
3.55271E-15 
1.77636E-14 
5.19602E-15 
1.92139E-14 
4.44089E-16 
?.55271E-15 
3.44169E-15 
1.28786E-14 

-2.19202E-06 
5.82377E-11 
1.67973E-97 

-2.09242E-06 
3.55271E-15 
5.82077E-11 
5. J4224E-08 

-1079619E-96  
-5.9Al74E-86 

4 .81925C- i5  
3.22339E-57 

-3.19396E-27 
-4.16812E-C6 

4.55855Z-56 

I A L S  
PUMP P S I  
0. 
a. 
0. 
3 .  
0. 
3. 
0. 
C. 
0. 
0. 
0. 
3. 
0. 
r, . 
1.33673E+31 1.48154E+01 

1 * 3 3 6 7 3 E + 6 1  
1.48154E+01 
0. 
0. 
'I. 
3. 
b. 
0. 
0. 
9. @. 
.I . 
a. 
0. 
0. 
3. 
3. 
C. 
iJ. 
0. 
iJ. ;. 
0 . 
0. 



4 8  TO 22  0 0 
2 9  1-3 39 0 0 
2 6  T,3 38 il 0 
4 3  T O  46  G 0 
4 1  TO, 4 0 0 
4 8 r O  23 u I! 
4 6  TO 2b  0 0 
4 7 1 0  27 0 0 
2 6  T O  40 0 0 
2 3  T O  49 0 3 
3 7 1 0  48 Li D 
4 4  TO 0 5 3 
4 5  TO d .  0 0 
G TO 46 0 3 
3 TD 46 0 0 

2024199E-51  
3.5J330E-51 
4.99T90E-01 

-1.6A434E+G3 
-6oR5147E-31 
-1.72911 E+00 
-6.30824E-91 

I). 
4..C.4A04E-01 
l.O5406E+OO 

-2.081?4E+9D 
2 .  
0. 
0. 
0. 



SL IP  VEL. 
(FT /  5.E.C) 
P. 
0, 
3. 
n. 
0. 
C. 
p. 
0. 
0. 
c. 
0. 
n. 
9. 
C. 
0. 
0. 
0. 
0. 
0. 
C. 
I). 

0. 
3. 
0. 
0. 
G. 
c. 
0. 
0. 
0. 
0. 
0 
0. 
0. 
0 .. 
0. 
9 . 
0. 
0. 

. 0. 
0. 

., 0. 
0. 
0. 
0. 
0.. 
0. 
9 . 
0.. 

L I O l l I D  VEL. 
(FT/SECl 
2.5396JE+Ol 
1.82084F.+nl 
0. 
1.8bG99E+01 
3.46455€+01 
1 .62099EiOl  
2.23587E+01 
7.64477E+OJ 
7.64501€+03 
7.64523E+00 
7.64515E+JU 
2.23605E+01 
1.82116E+Ol 
1.82116E+01 
1.53640E+01 
1.56678E+Ol 
1.58811E+01 
1.56647€+01 
1.58784€+51 
1.56617E+E1 
1.83972E+Ol 
i .82064E+01 
6.87154E+iI0 
8.90482E+OJ 
1.17703E+01 
1.59261€+01 
0. 
3 .  
0. 
C. 
8.5399'0f+~O 
0. 
0. 
5. 
L. 
0. 
0. 
u. 
0. \ .  

.G . 
5.83683E-01 
0. 
0. 
0.. 
3. 
i .07655E+01 
0.  
0. 
1.83 C78E+01 

VAPOR VEL. 
(FT./SEC) 
'2:58963E+01 
1 ~ 8 2 t 8 4 E + C l  
G & 
l b 6 8 0 9 9 E + G l  
304645SE+Cl  
l r 8 2 G 9 L E + r l  
2 i 2 3 5 R 7 E + g 1  
7C64477€+03 
7c64501E+OE 
7b64523E*JG 
7c64515E+G3 
2*23605E+Gl  
l L 8 2 1 1 5 E + 0 1  
1682116E+01  
l C 5 8 8 4 0 E + 0 1  
1C5667RE+Cl 
l b 5 8 8 1 1 E + 0 1  
1 6 5 6 6 4 7 € + 3 1  
1.&58784E+C1 
1456617E+01  
. l cR8G72E+01 
1 .&82364€+51 
6..87154E+30 
B..9il4b2E+50 
l c 1 7 7 0 3 E + 0 1  
1658261E+01  
0. 
C .  . . 
u '0 

uc 
3&53990E+03 
0 *. 
t C 
C. 
2 .. 

. 3.. 
.G. 
'3 ,. 
3 !. 
D. 
5C89683E-01 
0 .  . 
3'. ' , 

.j , 
G C 
1637655E+91  
-j '0 
9. 
l b 8 8 0 7 8 ~ + 0 1  

JCT. FLOGG 
(LBPlSEC)  
C. 
G. 
5 .  
0. 
0. 
0. 
0 . 
0. 
6.  
C. 
3. 
0. 
0. 
0. 
0. 
C. 
G .  
G. 
0. 
0. 
C. 
0. 
0. 
0. 
'I. 
0. 
0. 
0. 
C. 
5 .  
0. 
3. 
P. 
J. . 
0. 
0; 
0. 
F. 
II. 
0. . 
0. . . .  
0. 
0. 
0.. . :  
0. 
9 .  
0. 
0. . '  

SAT. H-5 .  
(aTU/L3M) 
0. 
9. 
C. 
0. 
0. 
0. 
C. 
0. 
0. 
il . 
0. 
0. 
0. 
C. 
0. 
0. 
3. 
0. 
0. 
0. 
9. 
0. 
0. 
0. 
0. 
3. 
6 
6. 
0. 
0. 
0. 
0. 
0. 
0. 
?. 
?. 
C. . 
0. 
0. 
9. 
0. . 
0.:. 
0'. . . 
0. 
0. 
0. ' 

0. 
n. 
.4. 



CXPOP4/C E OLOFTSV 02 ( 7 3 )  EXPERIMENTAL RELAP4 TYPE D R O G R A M  CONFICIIRATIO?I COVT40L:YES 
LOFT L145-A20 1 - 1 4  POSTEST ANALYSIS 1 0 / 2 0 / 7 7  

CPU T1Y.f = 1.51 

SLIP VEL. L I Q U I D  VEL- 
(FT/SEC) (FT/SECl  
0. 1.17705E*01 
n. 1 . 4 8 3 2 9 ~ + 3 1  
0. 
(I. 

0. 
( :: 

0. 
0. 0. 

VAPOR VEL. 
(FT/SEC) 
1C17705E+,01 
l i 4 8 3 2 9 E + C l  
"0 

0 6 
0 .: 
0 :. 

JCT. FLOV-L 
(LCMISEC) 
5.91667E*32 
3.07117E*02 
0. 
0. 
0. 
0. 

SAT. H-G 
( RTUILBM) 
0 .  
0. 
0. 
C. '  
C. 
0. 

EXPOP4/.C C OLOFTSV92(73) EXPERTMCNTAL RELAP4 TYPC'  DROGRAM CONFIGURATTON CONTR0L:YES 
LOFT L 145-k20 L1-4 POSTEST ANALYSI S . l C 1 2 0 / 7 7  

EN0 TRIP SIGNAL. 

L ISTING OF INP'UT DATA FOR CASE 1. 

1 =LOFT L 1 4 5 A 2 1  L1-4  POSTTEST ANALYSIS' 
2 .  132  DE64EE C ECC YATER 
3 0 5 0 4 5 1  1 O 613.6 290.0 0.C 124.8734 
4 0 5 3 4 6 , l  U 0 2297.9426466 230. -1 0 5.37 , 

5' 1 3 3 1 0 0  6 2 1 3  4 tGAL /M IN t  1 0 0 .  ,270 .0  * L P l S  
6 13J20G * 4  2 2 4 tGAL/HINT lOUGC 270.0 
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TABLE B - I  

ENGINEERING UNITS CONVERSION OF THE RELAP4 DATA 

Transducer Engineering 
I d e n t i f i c a t i o n  Ca lcu la t i on  Method U n i t s  

DE-BL-lA, -16, 1.0 + JV29 
and - l C  

DE-BL-2A, -2B, 1.0 i JV33 
and -2C 

DE-PC-IA, -1B, 1.0 i JV21 
and - l C  

DE- PC- 2A, - 28, 1.0 i JV4 
and -2C 

DE-PC-3A, -38, 1.0 i JV13 I bm/ft3 
and -3C 

FE-BL-lA, -18, FV29 x 0.896566 
and - l C  

FE-CS- 1 

FE-PC- 1 

FE-PC-3 

FE- 1 ST- 1 

FT-P120-36-1 
and -5 

FT- P128- 104 JW55 x 7.48052 

FT-P139-27-1 JW5 x 0.0036 
and -3 



TABLE B- I  (continued). 

Transducer Engineering 
I d e n t i f i c a t i o n  Ca lcu la t i on  Method Un i t s  

(1.7534 x M 2 3 '  x VF23) + 
. . . ., 

LE-1ST-1 .. 
. .  . (1 1.691 6 x WM22 X .  .VF22) + 

(7.9210 x WP121 x VF21) 
. . . , i n&es 

LE-2ST- 1 (1.7534 x WM23 x VF23) + 
(23.3832 x WM48 x VF48) + 
(15.8421 x WM37 x VF37). inches . , 

LIT-PI 20-44 12.0' x ML43 inches 

LT-P139-6, -7, 10.2835 x ML41 
and -8 

LT- P4-80 

ME-BL-1A, --1B., . 
and - l C  

ME- B'L-2 

ME-CS- I 

ME- PC- 1 

. '+. . 

(0.001 + JV29) x 
(absolute value o f  FV29) x 
FV29 x 0.803831 

(.0..001 t JV33) x 
(absolute value o f  FV33) x 
FV33 x 0.0192763 , ....,, . , 

. . 

(0.00'1 i JVI.) x 
(absolute value o f  FV1) x 
FV1 x 0.0727181 

(0,001 + JV21) x 
(absolute value o f  FV21) x 
~ ~ 2 1  X 1.03857 .: . . 

i ncher 

inches . : . . .  

k l  D d f  t- sec 2 '  

: . . 

ME-PC-2 . , (0.001 f JV4) x . . . . . . ) .' * 

(absolute valuc o f  FV4) x 
.. . FV4 x 1.03857 . : 

. . 2 k l  bm/f t- sec . 

ME- PC-3 (0.001 + JV13) x. . . 

(absolute value o f  F.V.13) x 
FV13 x 1.10826 

' ' 2 . .  k l  bm/ft-scc 
. . . % .  

. . . . .  .. . . 
ME- 1 ST- 1 (0.001 i JV24) x 

(absolute value o f .  EV24) x - : . .  . 

FV24 x 0.324579 k l  bm/ft-sec 2.- 
, * .  , . : ..' . 

ME-2ST- 1 (0.001 + JV52) x . . d .  . 

(absolute va.1ue o f  FV52) x 
FV52 x 0.081 1447 k l  bm/ft-sec 2 



TABLE B - I  (continued) 

Transducer Engi neer i  ng 
I d e n t i f i c a t i o n  Ca lcu la t i on  Method Un i t s  

PdE-BL-4 AP36 - AP45 p s i d  

p s i d  

p s i d  

p s i d  

p s i  d 

p s i d  . 

PdE-PC- 1 AP19 - AP13 p s i d  

PdE-PC-2 AP6 - AP12 p s i  d 

PdE- PC-3 AP3 - AP4 . . p s i d  . . -- . 

AP4 - AP6 p s i d '  , 

. . 

PdE- PC-4 

PdE- PC-7 AP20 - AP25 

PdE-PC-8 

PdE- PC-9 

PdE- PC- 10 

PdE-RV- 1 

PdE- RV-3 

PdE-RV-4 

PdEh2ST-2 

PdT-PI 39-30 

PE-BL-1 

PE-BL-2 

p s i d  ' 

p s i d  

p s i d '  

p s i d  

p s i d  

p s i d  

p s i d  

p s i d  

p s i  d 

p s i d  

p s i g  

p s i g  



TABLE B - I  (continued) 

Transducer Engi neer i  ng 
I d e n t i f i c a t i o n  c a l c u l a t i o n  Method - . ' U n i t s  

AP34 - 12.3 p s i g  
. . 

PE-BL-6 

PE-PC-3A and 
-3B 

PE-JST-TX, ' -liB, 
and -lFF. 

PE-1ST-3A, -38, 
and -3FF 

PE-2ST->A, -1B, 
and - IFF , 

PT- P 1 20-43, 

PT PI39 .2, 3, 
and -4  

RPE- PC-  1 "' 

1E-BL-lA, -1B, 
and - l C  

. .  . 
psig. . 

psis , . . .. . .. . 

p s i g  . " .  

p s i g  

rpm . . ' 

rpm ..  . 



TABLE 0-1 (continued) 

Transducer Engineering 
I d e n t i f i c a t i o n  Calcu la t ion Method Uni ts  

TE-PC- 1 AT20 O F  

TE- 3 AT1 3 

TE- P I  20-41 AT43 

TE-P139-19 
and -20 AT4 1 

TE- SG- 1. AT7 

TE- 1 ST- 1 AT2 1 

TE-1ST-2, -3, AT22 
-4, -5,. -6, -7, 
and -8 

TE- 1 ST-9, -1 0, AT23 
-11, -12, and -13 

TE- 1 ST-.1.4 . AT22 

TE- 2ST- 1 AT37 

TE-2ST-2, -3, A148 
-4, -5, -6, -7, 
and -8 

TE-2ST-9, -10, AT23 
-11, -12, and -13 



TABLE B- I  (continued) 

Transducer ~ n g i  n & r i  ng 
I d e n t i f i c a t i o n  Ca lcu la t i on  Method Un i t s  

TT-P120-32, -33, AT5 
and -34 

Enthalpy a t  BL-1 AH26 

Enthalpy a t  BL-2 AH29 

Enthalpy a t  PC-1 AH20 

Enthalpy a t  PC-2 AH3 

Enthalpy a t  PC-3 AH13 

. . Void f r a c t i o n  
a t  BL-1 1 . 0  - (WM26 x VF26 x 0.653424) f r a c t i o n  . , .  . . . .  . ._ .. . , 

Void f r a c t i o n  
1.0 - (WM29 x VF29 x 0.433943) f r a c t i o n  . . .  a t  BL-2 

. . V.oid f r a c t i o n  
a t  PC-1 1.0 - (WM20 x VF20 x 0.61946) f r a c t i o n  . . 

. , 
.J . 

Void f r a c t i o n  
1.0 - (WM3 x VF3 x 0,125766)' f rack  .7n a t  PC-2 

6 .  , 

Void f r a c t i o n 8 '  . . 

a t  PC-3' 1.0 - (WM13 x VF13 x 0.. 225328) f r a c t i o n  . . 
t , ,  

Mass flow/system 
volume a t  BL-1 JW29 + 273 lbm/sec-ft  

3 

Mass f 1 ow/system 
v o l  umeP a t  BL-2 JW33 + 273 

. . . - .  
Mass f 1 ow/system 
volume a t  PC-1 JW21 i 273 Ibm/sec-ft  

3 
, - 

Mass f 1 ow/system 
volume a t  PC-2 JW4 I 273 

. . .  . . Mass f 1 ow/system 
. . 1 bm/sec-ft 3: . . 

volume a t  PC-3 JW13 i 273 



TABLE B - I  (continued) 

Transducer Engineer ing 
I d e n t i f i c a t i o n  C a l c u l a t i o n  Method U n i t s  

S t a t i c  q u a l i t y  AX26 
a t  BL-1 

f r a c t i o n  

S t a t i c  q u a l i t y  AX29 
a t  BL-2 

f r a c t i o n  

S t a t i c  q u a l i t y  AX20 
a t  PC-1 

f r a c t i o n  

S t a t i c  qual i t y  , AX3 
a t  PC-2 

f r a c t i o n  

S t a t i c .  qua1 i ty  AX1 3  
a t  PC-3 

f r a c t i o n  
. . 

Sa tu ra t i on  tempera- . 
t u r e  a t  BL-1 TS26 

~ a t u r a t i  on tempera- 
t u r e  a t  BL-2 TS29, 

Sa tu ra t i on  tempera- . . 

t u r e  a t  PC-) , TS20 

Sa tu ra t i on  tempera- 
t u r e  a t  PC-2 TS3 

Satura t ion  tempera- 
t u r e  a t  PC-3 TS13 

Sa tu ra t i on  tempera- 
t u r e  a t  CS-1 : TS2 

Sa tu ra t i on  tempera- 
t u r e  a t  PE-1ST-1A TS23 

Sa tu ra t i on  tempera- 
t u r e  a t  PE-2ST-1A TS23 

To ta l  mass o f  TM37 + TM21 + TM22 + TM48 + Ibm 
l i q u i d  i n  r e a c t o r  TM23 + TM49 + TM24 + TM2 + 
vessel TM 1 

Tota l  ECC mass 
f 1  ow r a t e  JW44 + JW54 + JW55 



TABLE B - I  (cont inued) 

Transducer Eny i neer i  ng 
I d e n t i f i c a t i o n  C a l c u l a t i o n  Method U n i t s  ' 

. . 

I n t e g r a t e d  ECC (JW4.4 + JW54 + J'd55) d; ' Ibm - ' .  :. 

mass f l o w  r a t e  
0 

where 

JVXX i s  t he  . junc t ion  s p e c i f i c  volume i n  , junct ion XX 

FVXX i s  t he  j u n c t i o n  v e l o c i t y  i n  j u n c t i o n  XX 

. . JFXX i s  t he  j u n c t i o n  vo lumet r ic  f l o w  i n  j u n c t i o n  XX . . . . 

JWXX i s  t he  junct . ion mass f l o w  i n  j u n c t i o n  XX . . 

AHXX i s  t he  j u n c t i o n  enthalpy i n  j u n c t i o n  XX 
" " 

MLYY i s  t h e  m ix tu re  l e v e l  i n  volume YY 
I ,  

WMYY i s  t he  l i q u i d  mass i n  volume YY'  

TMYY i s  t he  t o t a l  mass i n  volume YY 

PRYY i s  t h e  pump speed i n  vo l  um,e YY 
. . .. 

APYY i s  t h e  average pressure i n  volume'YY 

OTYY i s  t h c  avcragc tcmpcraturc i n  vo l  umcl YY ' . . . 

RXYY i s  t he  average qua l i ty  In volume YY 

TSYY i s  t h e  s a t u r a t i o n  temperature i n  volume Y Y  



TABLE 6-11 

ENGLISH TO S I  UNITS CONVERSION CONSTANTS 

Type 
Measurement 

Accel e r a t i  on 

Current  rms 

I ns.tantaneous 
c u r r e n t  

Densi ty  

Average dens i t y  

~ n g l  i sh S I I a l  Conversion 
U n i t s  U n i t s  Factor  

. m/s 
2 

9 9.806650E+00 

A rms A rms 1.000000E+00 

A A ' 1.000000E+00 

Enthal py b t u / l  bm kJ/kg 2.326000E+00 

. ~ x t e n s i o m e t e r  i n .  m 2.540000E-02 

Flow r a t e  k l  bm/hr kg/s 1.259979E-01 

Flow r a t e  9Pm 1 /s . 6.309020E-02 

F l  ow f i 1 t e r e d  9Pm 1 /s 6.309020E-02 
.. . . 

Volumetr ic  f l o w  r a t e  gPm 1 /s 6.309020~-02 

Water horsepower hp MW 7,460430E-04 

I n t e g r a l  mass 'f 1 ow 

Flow qua1 i t y  

Frequency 

L i q u i d  leveq 

Cool a n t  1 eve1 

Mass. f 1 ow/system v o l  

Mass f l'ow ' r a t e  

Mass f l'ow r a t e  

i n .  

i n .  

3 - - -  1 bm/ft  sec 

k l  bm/ft-  sec 2 

kg 

"Hz 



TABLE B- I I ( c o n t i  nued) 

Type Engl i sh SI[?] Conversion.. .. .. 

Measurement Un i t s  l j n i  t s  Factor  

Momentum f 1 ux f i 1 t e r  2 k l  bm/ft-sec2 mg/m-s . . 1.488164E+00 : 

~ a l  ve pos i . C i  on Pet Pet 1.000000E+00 

Pressure ~ s i g  MPa 6.894757E-03 

MPa . 6.894757'E-03 ' . Pressure p s i a  -2 

Cool a n t  pressurg 
I . . ,  . p s i g  .. MPa 6.894757~-03 . 

, ' .  . .  . 
D e l t a  pressure . . ,. ~ s i d .  MPa 6.894757~-03 . . 

D e l t a  ,pressure i n .  H 0 
. .  . a Pa 2.488400E+02, . 

' .  , "  . . .  

S t r a i n  p in . / i n ;  pm/m 1 . :00~000~+00 

Stress 

Stress , 

PUIII~ speed 

1 b f t ,  

k l b f t  

rpm 

Punip rpm rPm 

S l  i b  

S t a t i c  q u a l i t y  

Steam, qua1 i ty, 

Ve 1 o.cl t y  .. f t /sec 

V e l o c i t y  f i l t e r e d  f t / sec  

Average v e l o c i t y  f t / sec  
. . 

L i q u i d  phase ve . loc i t y  . f t / s e c  

vapor phase v e l  ac9 t y  f t / s e c  

. .Coolant v e l o c i t y  f t / sec  

V o l t s  rms V rms 



TABLE B- I1  (continued) 

Type Engl i sh Conversion 
Measurement Units  . Units Factor 

Ins  tantaneous vo l ts  V V 1.000'000E+00 

Void f r a c t i o n  1.000000E+00 

[a]  S I  - I n te rna t iona l  System o f  Units .  
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