
-. .

'

m i r:a: .1 a u>oa r
|

5-30-79 tm -o M. _ _ _ _ _ _ -. , <

- _ - _ - _ - --
-

o .t r ., t en c.3 r r,. .- I::!4:

c 4 ...t of e.:, 0 .u.nt: Quick Look Report on LDFT fiuclear Experiment L2-3

ry;. of c, .a .. a t: Quick Look Report

20 , i b): D. L. Reeder,

I
c ite ,f o , i t: flay 1979

.i.;c n > : t . .i ,J. . c cu . u o - n: D. ficP! _rsonn..,. .

. . .

it : ot
--

1!; ..u:< 'r,o i<u
-

i3- s. .s. : .,t. . , - , , .

,a'.in , .v . + . ! , : 1. 'D . C+ <!.- - . '.''5' * '
>n ,,

et t '- . ' ! r ,1 ' , . - 1 En.d.'
'

i..

-_ _
_ _ . - .

--
- - - - -

~

t

7A Om-~ in
s/ Pearson, SupervisorH. P.

-

Information Processing
EG&G Idaho, Inc.

' . i ', , (
,

,<c, .a
' , I) 8 $

u, . ' . <-

1 - .F'' U
,

fiRC Fin #A6048

.it i <ar

. ,__ ,

N RC Researcl anc ec1ruca

gg g) Assistance Report
7 9 08 010 .r c y3 .) s)i| J.t u.

\
/



. ,

Q LR-L2-3

PROJECT NO. P 394
for U.S. Nuclear Regulatory Commission

.

.

QUICK-LOOK REPORT ON LOFT
NUCLEAR EXPERIMENT L2-3

IX;UGLAS L. REEDER

NRC Research and iechnic'di
Assistance Report

Mai 1979

..

J

.,

.
EGES Idaho, Inc. 1

, .f.
'

.,+r

IDAllO NAllONAl. ENGINEERING LABORATORY

y ,, ,

_ gg,C
.. . . . . . . - . . . 1 . . . . . . . . . ..~

~ ~ = - m.. . .

^h . _ , | , . 1k .
.

,;
L__ ,

-s_--- . - ~ _ _ . - . . . -a _ ,.

IDAHO OPIR ATIONS OFFICE UNDER CONTR ACT EY-76-C-07-li70

a 7 ,, .,

4/) 3 :t 3



, -

s

.

NOTICE

T h r_. re<'t was prepared as an accuunt of work sponsores by the United;

States G verr: ment N.m her tre United States nor the Department c' Energy. nor
a; lo y e :s ny any of the r ccntrar' ors subcontract irs. cr theirany r;f !! en .

e'r;plo y ers rna<es . toy warranty. express or imphed or ass urre any legal
h a bih t y nr rospc isibih!V for the Accuracy Completeness or usefuh ess of any

- *inf e<m steyn apparat jS prnduCf Or pr0 Cess Cistlasad or represents hat its use
A t 'r! n')! i.f t): r;r pi r s.i!ely 0 4: * J e hl ts

e

4 ~t ') |+



i

.

QUICK LOOK i<EPORT ON LOFT NUCLEAR EXPERI5'ENT L2-3

Approved:

?
. ' , -

.A y

) t c c r. /}
~~~

L. P. ' acn, Manager
LOFT Experimental Program Division

,

1 , m13 ,.

///(' ,fc 3 ,-'

-

N. C. Kaupan, Director
lg CFT

J

-
, . - ,

-r. o n o ri -) c. ,
,

r
'4 . s v 4,', v_. .

.

l i .r'' s . .e t a n et n -
-

.; :. .,fl , i. .)2 , ,

The inf or: ut ion cc.ntained in this sum!ary report is preliminary
and i nc orro l + > t +' Sele:cted pertinent r| eta are oresented in order to

draw preliminary conclusicos and to expedite the reporting or research
results. $f/ s'C'

. - J



QLR-L2-3

.

.

QUICK LOOK REPORT ON LOFT NUCLEAR Fv.~tKIMENT L2-3

Douglas L. Reeder

EG&G Idaho, Inc.
Ida;io Falls, Idaho 83401

Published May 1979

'

. - ',
6. :~. . .. '; -

.
.

.

PREPAR ED FC., THE

U.c NUCLEAR REGULATORY COMMISSION
AND THE U.S. DEPARTNENT OF ENERGY

IDAHO OPERATIONS OFFICE
UNDER CONTRACT NO. DE-AC07-76ID01570

NRC FIN NO. A6048, r. ,

4 | .] s"O



SUMMARY

The preliminary evaluation has been co.opleted of the results of
the LOFT nuclear Loss-of-Coolant Experiment (LOCE) L2-3, which was
successfully conduc ted on May 12, 1979. LOCE L2-3, the second expr.ri-

- ment in the LOFT Power Ascension Series L2, simulated a complete
double-ended of f set shear break of a large pressurized water reac tor
inlet pipe. The initial conditions for LOCE L2-3 were selected to
simulate the primary coolant and core conditions typical of a com-
cercial reactor operating at normal power. Selec ted data, presented
in this report, confirm that the objectives of LOCE L2-3 . 2re success-
fully ach'eved.

At the time of break initiation, the nuclear core was operating
at a steady state maximum linear heat generation rate of 39.4 kW/m.
Other significant init ial conditions for LOCE L2-3 were: system

pressure, 15.06 1 0.2 MPa; hot leg temperature, 592.85 1 3.0 K; and
intac t loop f low rate, 199.8 1 6.3 kg/s. Scaled quantities of high
pressure, low pressure, and accumulator emergency core coolant were
injec ted during the LOC E. The primary coolant pumps were operated it
constant speed throughout the experiment.

The expercent started with a rapid (150 ms) dr op to hot fluid
saturation pressure af ter simultaneous opening of the quick-openir.g
salves in ?0.6 ns. Departure from nucleate bniling occurred at about
0.96 s af ter rupture on the hot pins of the core, which reached a peak

,

cladding temperature (PCT) of 914 K at 4.95 s af ter rupture. The

emergency core coolant flow f rom the high-pressure system started at

.
14 s, the acc.umulator system flow started at 16 s, and the
low-pressure system flow started at 29 s after rupture. The core was

,
reflooded at 55 s after rupture. The final quench occurred from the
hottom up and the top dor.n, with the hot rods in the central core
region being rent by So s.

479 197
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The are thermal response was dominated by the system hydraulics

causing a core wide rewet during the early blowdown phase of LOCE L2-3
in the same manner as in LO.E L2-2. The emergency core cooling system

* perf ormance was not ignificantly degraded by the initial power level

of LOCE L2-3 in that the core was quenched at a rate of app: Jximately
'

O.1 m/s, which is just slightly less than the 0.12 m/s in LOCE L2-2.

No loss of cladding integrity or other fuel rod degradation is

believed to hav occurred during LOCE L2-3.

The instrumentation and data acquisition systera performed well.
Of the 883 instruments (includes discrete event measurements) recorded,
661 (97%) are estir,ated to have operated successfully.

The LOCE L2-3 pretest calcu'atior,, using the RELAP4/M006 computer

code, of thermal-hydraulic response in the primary coolant system
appears to compare reasonably well with LOCE L2-3 data. The fuel
cladding terperature response predicted using the RELAP4/M006 computer
code did not agree with LOCE L2-3 data except in regions near the
periphery of the core, the calculot o maximum cladding tenperatures
exceeded those measured by approximately 100 K. The PCT calculated
using the TRAC-PlA computer code was higher than that measured in LOCE
L2-3 by approximately 50 K. Both codt predicted the final quench to

nccur at approximately the same time as was measured at 55 s. Addi-
tional cedes and calculations [spe ifically, RETRTN and the develop-
rental TRAC-PlA+Iloeje, and WREM and Combustion Engineering (CE)

calculations] were applied to LCG L2-3. All of the predictions of

PCT during the blowdenn phase of the transient with these calculatinns

exceeded the meawred value except TRAC-PI A+Iloeje, which was very

c lost in predicting the PCT (lower than n easared by about 5 t).,

REIR AN, CE calculations, and WREM pr edicted PCTs were higher than
measured by about 120 E, 95 K, and 575 K, respec ti vely.,

LOFT LUCE L?-3, t he second experiment in LOFT Power Ascension

Series L2, provided experimental data en thermal-hydraulic behavior,
nuclear cere response, and the behavior of emergency core cooling

479 348
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syr,tems during a loss-of-coolant accident in a oressurized water
nuclear reactor. The intensive analysis of the : esults of LOCE L2-3
currently underway will result in additional understanding of '03: -of-
coolant accidents and together witn results from other Nuclear Regu-*

latory Conmission experimental programs will contribute to the data
-

base required !;,- development and assessment of analytical models for
licensing conc:ercial pressurized water reactors.

.
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QUIE LOOK REFORT ON LOFT NUCLEAR EXPERIPENT LP-3

I. INTRODUCTION

l
The Loss-of-Fluid Test (LOFT) facility is a 50 PW(t) volume-

~

trically scaled pressurized water reactor (PWh) system desig. 1 to
study the response of the engineered saf ety f eatures (ESF) com-

cercial PWR systems during the postulated loss-of-coolant accident

( L OC A ) . Wi th recognit ion of the dif f erer.:es in ccmercial PWR designs
and inherent distortions in reduced scale systems, the design objective

f or the LOFT f ac ility was to produce the significant thermal-hydraulic
phenomena that v;ould occur in conr,ercial PWR systen.s in the same

< 'quence and with approximately the same time frares and magnitudes.

The objec tives of the LOFT experimental program are:

(1) To provido data required to evaluate the adequacy and

,,oprove the analytical methnds currently used to predict
the LOC A response of large PWRs. The performance of the

E5Fs, < ith particular enhasis on emeroency core cooling
systems (ECCS), and the quantitative margins of safety
irherent in the perfortrance of the ESF are of primary

intcrest.

(?) In i, ent it y and investigate any uncxpec ted event (s) or
themhold(s) in the response of either the plant or the

ESF :.nd develop analytical techniques that adequately
describe and account f or such unexpec ted behavior.

The int or mat inn acquired from loss-of-coola , experiments (LOCE)
.

is thus used f or evaluation and development of LOCA anr.lytical methods

. and ar,sossment nt the quantitative margins of safe'.y nf ESFs in
esponso t o a L OC A .

LOCE LP-3, the wcend experiment in the LOFT Power Ascension

Reries LP (first serier. of nuciear LOCEs) scheduled f or perf ormance in

accessfully compl?ted May l?, 1970.the L0fT t e ility, w

477 El
1



Experiment 5eries L? was designed to provide large scale integrated
plant data on thermal-hydraulic and fuel behavior. The geroral

requirements f nr the LOFT Experiment Series L2 are specified in

Reference ?.

'Tht spec if ic objec tives f or LOCE L2-3, as stated in Ref erence 3,

a e as follons

(1) Determine core wide and spatial variations of fuel rod

c l adding thermal respor.se

(2) Ident if y thermal-hydraulic phenomena and determine
ef f ects of thermal-hydraulic phenomena on fuel rod
cladding thermal response

(3) Deter mine ECCS performance and core reflood character-

istics

(4 ) Determine the integrity of the fuel rod cladding

(S) Determine principal variables of temperature, prer,sure,

der cy, mass flow, and mass inventory as f unc tions of
tir.e associated with the core, PCS coolant, and ECC,

sof t icient f or comparison wit h and assessment of code

predictions.

This report presents a oreliminary examination of the plant

pect ormanc e ( Sec tion II) and a sumary of the results f rom LOFT LOCE

L?-3 (Sectinn III). Section IV presents conclusions reached from this
,

preliminary examinatinn of results. Data plots are presented in

Q i. t i on V te a l l ow preliminary evaluation of LOCE LP-3 relative to the
,

experiment objectives. The data plots presented include compa'isons
0

of LOCE LP-3 data with (a) Semiscale Test S-06-3 , which is the
5cconterpart to LDCE L?-3; (b) LOCE L2-3 pretest calculations ,6

using the PLL AP4/M006 computer cnde; and (c) LOCE L2-3 pretest

calculation tade t;y Los Alamos Scientific Lanoratory' using the

h' ) b S. ?? L



a
TR AC-Pl A compute r code. Other calculational methods, identified as

10 Combust ico Engineering (CE)11 , WREM , and the12
R ET Rid ,

13developmental IRAC-PlA+Ilceje , were applied to LOCE L2-3. The

predictions of peak cladding temperature during the blowdown phase of,

the transient from all of these methods and frem RELAP4/ MOD 6 and
- TRAC-PlA are compared with the measured data.

LOCE LP-3 simulated a 200% (100% break area in each leg of the

LOFT breken loup) double-ended offset shear in the cold leg of a
f our-loop large PWR. The LOFT system geometry is shown in Figure 1,

and a repre entation of the core configuration illustrating the
instrumentat ion and pasit ion dcsignations is shown in Figures 2 and 3,
respec t i ve l; . Additional details of the core and f uel modules are
given i n Re f e rc nc e 1..

LOCE L2-3 5.as designated as United States Standard Problo- 10 l;y

the hRC. In light of this designation, the results from this

experiment will provide data for important computer code assessment.
lhe peak cladding temperature calculations by several standard problem
participants are cypared with the measured data as described above.

.

P

. , . .
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II. PLANT LVALUATION

An evaluation of plant perfonnance is presented. The discussion
nur.wrizes the init ial experimental condit ions, the identifiable

;ignific ent events, and the instrumentation perf ormance f or LOCE L2-3.
.

1. IhlTIAL EXPERIMENTAL CONDITIONS

is erary of the specified and measured system conditions

imnediately prior to LOCE L2-3 blowdown initiation is given in
Table I. The c.easured average initial terr:perature of the primary
coolant was 576.8 K, init ial terrperatures ranged from 560.7 to
592.9 K The measured average initial cladding temperature was
598.4 K, the range of cladding temperatures was 567.4 to 618.4 K. The

initial mass flow rate in the primary coolant loop was 199.8 kg/s, and
pressurizer pressure was 15.1 MPa. The initial power level of 36.7 FW

yielded a maximum linear heat generation rate (MLHGR) of 39.4 kW/m.

TABLE I

INITI AL CONDITIONS FOR NUCLEAR LOCE L2-3

_ _ _ _ _ _ _ . - _ _ _ _

Measured
3

Par.neter EOS Sp cifien Value Value

firimar1 oolant SystemC

" ass flow rato (kg/s)' - 199.S + 6.3

Pressure (MPa; 14.95 + 0.34 15.0C + 0.03

2{2
9h +

Temperature, T (K) 591.67 592.9 1 37-

Baron concentration (ppm) As required 679 + 4

Cold leg te g erature (K) -- 560.7 + 3-

Reactor Vessel

Power level /W) -- 36.7 + 1-

Mcximum linear heat 39.4 39.4 + 1
ceneration rate (kW/m)
Control rod position 1.372 + 0.013 1.37 + 0.01
(rreters above f ull-in
position)

! E b7 !



TABL E I (continued]
.- . . - - _ _ - . - - - - - - - _ _ - - . .-- - - - - - - - - - -

Measured
3Parameter EOS Specif ied Value Value

Pressuri/er
,

Steam volure ( n. ' ) -- 0 P873 + 0.008
'

,

Water volume (m') -- 0.70P8 O.008'

Water temp >,iture (K) As required to 615.3 + 3
establish pressure

_

Pressure (MPa) 14.95 + 0 .34 15.06 f 0.03
l evel (m) 1.13 + 0.178 1.19 + 0.01

ivoken Loop
+ 0Hot leg t lu nt temper.iture (K) 587.6
- 44.4

Near vessel -- 565.49 + 3
Near break -- 556.48 + 3

+ 0
__

Cold leg f luid tenperature (K) 563.8 - 14
Near ve,s"1 -- 554.37 + 3
Near br"ak -- 550.37 j 3

' team Generator Secondarv.

t i d e_h
Water lev e l (m) 3.16 3.11 + 0.0Pb

Water ten:pe ratu re (K) -- 482 + 3
_

Pressure ("Pa) -- 6.17 + 0.08

May flow rate ( L.q / :,) -- 19.5 0.4
{fC Accun.ulator A

Gas volurre (ml) -- 0.9597 4 0.03
<, .i t e r volume injected -- 1.714 + 0.El

_

(inc lud ing line voluw)

(n))
.''re ,ure (MPa) 4.27 f 0.1) 4.18 + 0.05

lemperatu r e (F) 305.4 + 8.3 307.2 + 3
.

3oron c.onc en t ra t i en (ppm) 3100 3P81 + 17

'. iqu id level (m) P.045 + 0.03 P.03/ + 0.09
'>uppry g ion Tgnk

|iquid lev >1 (m) 1.Pl + 0.0Pb4 1.P5 + 0.0P

Gas volun.. (, ') -- 54.7 0.59

.O
lh | <| .i J U
.
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TABLE I (continued}
____ ----_- . .__. . - _

_-

Measured
Parameter EOF 3pecified Value Value

Suppression Tank (continued)
3~ Liquid volume (m ) - 28.68 + 0.59

Downcomer submergence (m)c -- 0.3861 + 0.02
Water temperature (K) 356 + 3.6 350.1 + 3

Pressure (gas space) (MPa) 0.086 4 0.007 0.10 + 0.01

a. Calculated.

h. Not contrnlled.

c. Based nn average submergence of f our dowr. comers.

d. Out of specification but did not aff ect results.

2. CHRONOLOGY OF EVENTS

Identit iable significant even ts that occurred during LOCE L2-3
14are listed in Table II along with values f rom nonnuclear LOCE L1-5

and nt clear LOCE LP-2 'or c wpar ison. For LOCE L2-3, the emergency

r. ore coolant (ECC) injection from <he hign-pressure in jection system
(HPIS) and lcv;-pressure injec tion system (t 'IS) wc 3 initiated auto-

na t ic illy upori rtcript of a primary systcm hot leg low pressure
indicat ion coinc i Ant 'ith a low pressurizer level trip. Accumulator

ECC injection was initiated automatically when the primary system

pressure reached 4.18 MPa. As shown in Table II, the HPIS,

accumulator, and LPIS started injection 14,17, and 29 s af ter
.

. x per iment init iat ion, re s pec ti v e ly .

.

The plant protec t ion systerr (PPS) in itiated t he -,c' 'r scram

1uring LOCE LP-3 an:1 would have taken control of ' the LPIS
and accumulator injection had not occurred within 8 eJ t: ire
after rupturo. Th is condit ino did not occur during LP-3 and the
ECCS perform d as planned.

,

_ _ . .

(
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FABLE II

CHROV) LOGY OF EVENTS FOR NUCLEAR LOCF L2-3 WITH
LOC E c L2-2 AND L1-5 COMPARATIVE VALUES

'

. _ _ _ _ ..

Tin'e Af ter LOCE Initiation (s)
.

Event LOCE L2-3 ' 0CE L2-2 LOCE L1-5.

LOCE initiated 0 0 0
UEubcooled blondonn ended 0.05 0.07 0.1

Reac tor scran' iignal received 0.103 0.085 0.087
at control reue

First indication of CNB 0.96 1.0 25.6

Control rods completely inserted 1.683 1.725
cSubcooled breax flow ended 3.0 3.8 0.1

Max imum cladd ing temperature 4.95 5.8 0

attained

Earliest core-wide rewet 8 8 48

t allow ing DNB

HPIS injec tion initiatec 14 12 13

Pressurizer er p t i ed 14 15 14

Accuculator injection init iated 16 18 19

LDIS injection in i t i a t ed 29 29 34

Lower plenum filled with liauid 35 35 37

Saturated blnadown ended 40 44 47

Accumulator liquid +10w ended 45 49 54

Core volume reflooded 55 55 59

_ _ _ _ _ . .

a. End of subcooled blowdown is defir.dd as the occurrence of the first
phase transition in the system excepting the pipe break location.

b ONB - departure from nucleate boiling.
.

c. . End of subcoolod break flow is defined as '. he first t ime both break
nozzlee. c:cmplete discharge of subccoled fl;id.

,

_________ _ __

f M -

,) ; ,
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3. INSTRUMENTATION PERFORMANCE

The performance of the instruments and the data acquisition

system during LOCE L2-3 was excellent. Of 888 instruments recorded
for LOCE LP-3, it is estimated that 861 (97%) performed satisf actorily.

.

The instrument failures did not significantly affect achievement of

the objec tives of '_0CE L2-3. The loss of the Bear A in several of the

gamma densitometers did not cause loss of density information at those
measurement locations, since calculational techniques have been

developed to provide good compensation for the loss of a single beam.
The loss of the turbine meters in the upper plenum and downcomer (five
locations) was not significant, since the drag discs at four of those
measurement locations were operational. Some thermocouples and

absolute pressure transducers failed. However, sufficient redundancy

in these measurements existed to provide information on transient

phenomena such that the f ailed instruments did not affect ach;evement
of experiment objectives.

.

.

| 2

. , , .

I0f
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III. EXPERIMENTAL RESULT 5 FROM LCCE L2-3

The experimental results from LOCE L2-3 are sumarized in the

following sections: The section number correspends to the objective -

being addressed in that section.
.

1. CORE THERMAL RESPONSE

The f uel rod c ladding thermocouples perf ormed well and provided
cere-wide data on fuel rod cladding thermal response satisfying this
obj ec t i v e . The core-wide and spatial variations of fuel rod cladding
thermal response are shown in Figures 4 through 7 and in Table III.
The measured peak cladding temperature was 914 K, which occurred in

the center rrodule 0.38 m from the core botton of fuel Rod E8.

The reasured peak cladding temperature (PCT) of 914 K was
easured at ; s into the blowdown, prior to an early core-wide return

to nucleate boiling (PNB) occurring by S s. This early RilB was the

domi na n t influence on core thermal .esponse as was the case in LOCE

L2-2. The RNB time was essentially the same in both experiments. The

tenperatures masured in the core were higher and the duration of the
intervals of + iln boiling was longer than in LOCE L2-2. All cladding

temperatur. >1sur rents showed that the core was completely quenched
,

it about 54 s.

The hot rcds in the core first experienced departure from

nucleate boili..g (DNB) at 0.96 s, af ter which the cladding temrjerature
rose rapidly. This rise began to noderate at about 3 s, and the rods
experienced a core-wide RNB from the bottom to the top of the core by ,

s. The conler rods in the core did not experience the early DNB.

Following the first RNB, at about 10 s, the hot rods experienced ,

dryout inJ rentined in a dryout conditico until the ECC quenched the
core During th is t im+ , the cooler rods in the peripheral fuel

-dulos and t h4 uoper und lcwer portions of the center fuel tradule
drynut/RNB cycles. The terperature excursiensunderwent .e. a,

gererally smaller tnan those experiencedduring these c yc im ,.e r -

I. F; J
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TABLE III

SUMPARY OF EORE TEMPERATURE RESPONSE CHARACTERISTICS

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

quench (sdpeak ('s). . peak (K) DNB(c)initial (K) T t~ tT. t 'Instrument

TE-1All-030 603.28 733.41 2.99 6.19 41.33
TE-1B10-037 6C3.93 640.95 N/Ac 6.37 40.09
TE-1611-028 605.32 726.09 N/A 6.19 42.19
TE-1Bll-032 606.31 712.87 ?.99 6.25 42.25
TE-1B12-026 604.75 750.79 ?.99 6.19 12.13

TE-lCll-021 594.55 700.13 2.99 0 37.47
TE-lF7-015 585.28 613.89 N/A 6.09 37.49
TE-1F7-021 5S5.11 632 60 N/A 6.19 39.83
TE-1F7-026 SEP.65 626.33 N/A 6.25 39.C9

lE-1F7-030 596.66 639.52 N/A 6.23 42.17
TE-?ES-Oll 586.91 591.11 N/A 0.29 37.45
TE-?E8-030 603.63 609.19 N/A 6.53 42.27
TE-2EE-045 607.E9 609.67 N/A 0 42.39
TE-2F7-015 603.32 604.49 N/A 0 40.05

TE-2F7-037 SSE.57 59) . 3) N/A 0.21 36.07
TE-2FS-02c 601.0E 603.20 N/A C 40.03
TE-2FS-032 604.57 606.17 N/A 0 24.97
TE-2F9-026 59E.95 604.03 N/A 16.50 42.09
TE-2F9-041 604.05 608.33 N/A 15.51 46.19

TE-2GO?-030 59 0.21 593.17 N/A 0 39.97
TE-2G03-021 596.98 610.99 N/A 16.23 39.85
TE-2G08-039 604.33 605.74 N/ A 0 42.23
TE-2G14-Oll 595.55 790.73 1.17 4.87 39.77
T E - 2 G14 - 030 61?.0L /99.94 1.19 5.57 52.35

TE-2G14-?45 615.56 663.95 1.35 6.55 44.01
TE-2h01-03/ 58 5.r ? 589.67 N/ A 0.21 39.99
TE-2H02-02F 5F5.07 591.32 N/A 0.13 39.93
TE-2F02-032 5tl.r6 590.93 N/A 0.13 40.05

:-Ph03-026 59?.02 595.47 N/A 0 39.93'

TL-? HOC-039 533.44 531.65 N/A 0.11 44.53
.

TE-2H13-021 601.55 752.33 ?.17 F.55 39.59
TE-?H13-049 612.55 647.32 N/A f.55 43.39
TE-2914-02t 606.i2 782.95 1.59 5.29 50.47.

TE ^Hla-Ox nll.'^ 805.25 1.55 6.33 46.01
!E-2H15-q?6 60? 853.01 2.37 R.15 50.51"

O ,j Q jQ
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TABLE III (continued)
--_-__--_ _ - - _

--

auench(s)b
'

peak (s)( tDNB's)'_ pep,s ( K )initlai(K) tT tT. ..,

Instricent
.

TE-2H15-041 613.29 745.93 1.63 6.31 47.53
TE-2IO2-021 589.7E 604.61 N/A 6.11 37.55
TE-2102-039 584.52 589.94 N/A 0.19 40.19
TE-2'14-021 600.32 841.53 1.?1 4.47 42.05
TE-?!1;-039 611.95 760.61 2.25 3.39 46.71

TE-3A11-030 6C4.26 745.c' ?.99 6.23 45.85
IE-3B10-037 603.35 649.92 N/A 37.55 42.17
IL-3Bil-0T= 605.4h 695.32 N/ A 6.23 50.43
TE-3B11-032 610.63 716.60 N/A 6.31 48.27
T E -3Bl? -O' 6 605.16 757.81 2.99 6.21 50.33

TE-3C11-021 E91.95 674.55 N/A 5.71 37.49
TE-3C]I-039 605. W 656.64 N/A 6.47 46.39
TE-3F7-015 531.3" 611.90 N/A 6.11 39.37
TE-3F/-021 SE6.06 635.21 N/A 6.21 39.83
lE-3F7-026 587.97 6 37 .7% N/A 6.21 42.07

Tr -0K 59 3. 6L 64b.47 N/A E.21 42.33
_-a b nl1 SS6.FT 591.13 N/A 0.27 37.41E

TE-4EE-030 604.34 612.40 N/A 6.25 40.09
TE 4EC-045 613.70 615.60 N/A 0 42.27
TE-4F7-015 bE2.77 594.26 N/A 6.13 27.45

TE 4F7 n37 496.16 597.67 N/A 0 40.1
T E - a F L - 0 2'' 603.05 605.91 N/A 0 40.0i
TE-4Fh-D U 60?.70 604.52 N/A 0 40.14
iE4F9-Oh6 5"" ,4 7 601.04 N/A 0 44.44
TE-4F9-041 60/, ! 609.42 N/A 0 42.24

IE-4G02-D3 "3 '. 622.96 N/ A 6.16 4C.14
rE GOE-021 'o4 %: 59 6. ^o N/A 0 27.60
TE 4GOS-039 :Oc 609.64 N/A 0 42.?4i

TE-4G14-030 E ll . " S47.15 1.32 5.22 37.7?

TE 4Gla-L. 61~ 'E 691.52 1.34 6.40 42.30
IL-4H01-037 EEo.61 590.32 N/A 0.34 40.12
t 4H02 -Oc ' _/n: 615.40 N/A 6.16 40.00m ,

TE-4HO?-039 5.00 '7 6n9.46 N/A C.E0 40.24
TE 4H03-D26 9* 61).92 N/ A 6.10 39.99,

TE-4 HOE-D39 ;4E 95 548.92 N/A 1.12 44.5E ,

it ?.nli-L r! 6E7.43 '4 3.06 40.17.

4H1 -05 oln. O E60.27 1.56 6.20 40.1?
Ir 4H14-0,-- g .; . dou.E a '.?P 5.36 42.14n

if-4 Hlb-h.h nli, U 876.97 1,40 5.76 39.96

b '' 0 t](j b
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TABLE III (continued)

auench's)b. . peak (K) peak (s) i
DNC(s)initial (K) TT. tt tInstrunent

TE-4H15-041 616.74 782.49 ?.10 6.36 40.22
TE-1I02-021 582.95 604.31 N/ A 5.92 37.58
TE-4IO2-039 593.39 594.15 N/A 0 42.28
TE-4114-021 613.68 832.68 1.38 4.76 37.54
TE-4I14-039 616.75 790.10 1.52 6.32 40.08

TE-5EG-024 574.34 581.97 N/ A 0.66 37.96
T E- 5D 6-0 30 608.71 879.05 1.54 6.30 50.86
IE-5D6-032 613.60 876.29 1.34 6.20 52.80
TE-5D6-037 612.00 839.89 1.34 4.94 46.78
TE-5D6-039 616.01 859.52 1.40 6.34 50.50

TE-SE8-015 596.41 914.07 0.94 4.96 42.92
lE-5ES-034.5 605.81 807.02 1.36 5.76 40.70
TE-5EE-049 614.87 787.74 1 .30 6.02 43.50
TE-5F3-024 573.91 658. N/A 40.28 47.74
TE-5F4-015 595.08 873. 1.le 5.78 42.06
TE-5F4-021 609.9a 878.66 '.20 5.72 46.38

TE-5F4-026 610.23 856.97 1. ? 5.56 50.52
TE-5F4-030 612.19 908.05 1.30 5.80 54.32
TE-5F7-005 581.35 796.05 1 . 06 4.04 35.80
TE-5F7-039 608.85 38 .4 3 1.30 5.56 47.40

TE-5F7-054 614.66 762.42 1.60 6.44 42.30
TE-5F8-024 610.06 886.85 1.04 4.36 52.34
TE-5F8-028 608 .38 890.38 1.12 5.32 53.70
TE-5F8-032 611.42 860.49 1.04 5.76 52.74
TE-5FB-037 615.96 852.02 1.12 5.56 e6.30

TE-5F9-011 59 3.0E 838.41 0.98 5.78 39.80
TE-5F9-03n 607 ;2 86'.69 1.24 5.56 48.18
TE-5F9-045 616.98 Sfl.82 1.44 6.38 38.18
TE-5F9-062 614.79 710.69 1.84 6.52 40.30
TE-5G6-011 591.63 835.44 1.0 5.70 39.76

TE-5G6-030 605.78 859.84 1.20 5.52 54.96
TE-5G6-045 613.10 918.50 1.52 6.42 44.50*

TE-5G6-06? 612.03 708.82 1.82 6.50 42.52
TF-5GE-00H 59?.72 016.49 1.0E 4.14 37.44

'

TE-5G8-026 606.El 887.15 1.24 5.52 51.65

TE-5G3-041 615.13 805.78 1.32 5.52 47.5E
TE-5G8-05E 614.52 717.P0 1.78 6.48 42.38
TE-5H5-0C? 409.77 706.55 1.32 3.24 60.52
TE-5H5-015 594.44 884.74 1.12 5.00 46.06
Ti-5H5-034.5 610 EG S48.97 1 20 6.30 44.0F

4 r, . cc
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TABLE III (continued)
. - - . __

quench (s)bDNE(s)u peak (s). . peak (K)initial (K) T tT. t t
'istrument

.

TE-SHS-049 614.10 774.34 1.32 6.42 43.18
TE-5H6-024 603.46 879.83 1.12 4.80 51 o'

TE-5H6-02S 607.07 884.49 1.14 5.40 53.94
TE-5H6-032 610.65 879.27 1.20 5.90 53.70
TE-5H6-037 611.75 846.59 0.96 5.70 46.78

TE-5H7-00: 59/.10 817.71 1.28 4.40 37.44
I L-5h 7-0 26 606.83 894.00 1.14 5.70 51.88
IE-5H7-041 612.03 826.24 1.14 6.34 43.34
TE-5H7-055 612.50 729.45 1.78 6.48 42.38
TE-516-003 577.43 806.20 1.12 3.94 35.58

TE-516-021 609.75 898.31 1.22 5.38 42.12
TE-516-039 613.18 848.08 1.06 5.66 48.72
TE-516-054 613.41 746.22 1.62 6.44 40.34
TE-5Ib-COE 595.76 823.78 1.18 4.84 37.4?
TE-5IS-026 611.84 895.97 1.26 5.72 51.14

TE-513-041 615.l_ 821.43 1.26 6.36 50.90
TE-SIS-053 615.15 732.64 1. 74 6.50 47.50
TE-5J3-0Z4 572.66 654.38 N/ A 40.14 47.78
TE-5J4-015 595.90 887.93 1.24 5.52 42.04
TE-5J4-0?1 f.05 4 0 F98.70 1.5? 5.36 42.12
TE-5J4-026 611.7F 879.54 1.26 5.30 51.16

IE-5J4-030 612.00 907.96 1.12 5.54 54.80
TE-5J7-Oll G90.07 834.26 1.04 5.64 41.9?
TL-bJ7-03U 60'4 00 C61.70 1.06 6.18 54.50
TE-oJ7-045 618 ?" 804.53 1.34 6.42 40.76
TE-5J7-C62 6]3.40 710.62 1.82 6.48 42.42

TE-bJc-024 61'.1h 885.90 1.04 4.88 52.20
IE-5J8-023 611.;- 905.31 0.96 5.42 54.50
TE-5J5-032 61F.14 888.50 1.08 5.54 53.44
I F-5JB-0 37 610 . ' ' 352.40 1.12 5.74 46.74
TE-5J9-005 58 7. sb 760.20 1.06 3.18 35.62

TE-5J9 n?1 E9 E .' ' 904.08 1.16 5.38 45.46 -

IL-bJ9-039 614.10 635.07 1.30 5.72 44.20
if-5J9 ob4 61E 4 744.05 1.5h 6.12 42.32
TE-5FS-002 56H.El 718.70 1.20 1.26 60.84
TE-9 E-015 603.'/ 890.P7 1.60 5.00 39.90

,t-9.L-034.- ni? 816.92 1.40 5.70 42.??,

,..- C -040 $1?.nl 280.44 1.30 5.96 43.0F*

TL-5L6-030 611.T 892.25 1 26 5.36 52.34
IL 'L6-Di nl5 1;' '867.94 1.10 5.16 5 2 . P f,

TE-5La-03/ h14.11 8?9.E6 1.64 5.70 1?.2P

A l'
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TABLE III (continued)

quench (s)bDNB(s)u peak (si. . peak (K)initial (K) T tttT. '

Ins t r ument
,

TE-5L6-039 614.21 806.53 1.34 6.20 50.'
TE-5L8-011 567.39 578.53 N/A 2.34 35.0i
TE ELS-024 575.49 580.94 N/A 1.28 36.70
TE- L8-039 588.76 589.66 N/A 0.42 38.16
TE-SL8-045 592.23 593.18 N/A 0 40.50

TE-SM6-024 573.64 657.47 N/A 40.23 47.42
TE-6ES-011 591.88 595.71 N/A 0 37.44
TE-6ES-03C 605.27 606.75 N/A 0 42.30
TE-6E8-045 609 .18 610.07 N, n 0 42.44
TE-6F7-015 585.52 592.34 N/A 6.06 37.44

TE-6F7-037 602.65 603.81 N/A 0 39.92
TE-6F8-023 599.05 598.05 N/A 0

TE-6FS-032 602.29 603.89 N/A 0 42.40
TE-6F9-026 593.86 600.32 N/A 13.74 42.06
it-6F9-041 603.09 604.98 N/A 0 40.24

TE-6G02-030 587.02 596.66 N/A 6.50 37.60
TE-6G08-02) 595.65 598.67 N/A 0 39.27
TE-6G08-039 601.92 604.60 N/A 0 40.17
TE-6G14-011 602.41 802.56 1.41 5.11 39.23
TE-6G14-030 f 6.10 836.08 1.79 4.75 46.55

TE-6G14-045 615.41 728.75 1.45 4.71 44.15
TE-6H01-037 583.43 589.53 N/ A 0.34 37.77
TE-6H02-028 5S8.83 591.99 N/A 0.11 39.91
TE-6H02-032 585.82 589.98 N/ A 0.21 42.15
TE-6H03-026 595.33 596.85 N/A 0 39.85
TE-6HD8-039 530.94 58 ?.16 N/A 0.91 44.53

TE-6H13-015 595.55 754.48 2.53 4.55 37.49
TE-6H13-037 609.88 616.07 1.91 3.37 40.11
T E- 6H 14-028 607.64 310.04 1.52 4.62 4?.18
TE-6H14-032 614.74 848.82 1.40 4.56 43.14
TE-6H15-026 61C.25 867.49 1.42 5.88 42.10

*
IE- 6H15 -041 616.15 747.47 1.50 4.66 38.04
TE-6IO2-021 582.76 588.88 N/A 0.23 37.48
IE-6102-039 589.96 591.5S N/ A 0 40.12

~

TE-6I14-021 604.55 867.15 1.28 5.38 42 12
T E-6114 -039 613.96 726.33 1.36 4.22 42.26

- _ _ _ - . - -

a. Time to tirst DNB

b. Tine to final quench.

c. N/A - not applicable (did not qc into iNE).

_ _ _ _ _ ____ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ . _ _ _ _ _
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cy t he hot t er reds. Ihr cooler rods were quonched by the ECC slightly
,ooner than the centi al pnrtion of the core.

The thermal re ~.oonse varied with location in the core both -

ax ially and radially. The largest temperature excursions and longest
durations of film boilirc occurred in the central and slightly lower

portion nf the center fuel modt.le. The response was progressively
less severe toward the edges and upper and lower regions of the core.
The thermal repsonse was genera lly ax isymretr ic near the center of the
cnre bec omi ng less axisyretric near the periphery. Fuel rods in
"odules ? and 6 had thermal responses similar to those in Module 4

during the first 10 s and generally experienced longer dryout/RNB
cycles during the remainder of the transient. Fuel rods in Module 3
generally exper ienced larger temperature excursions and longer periods
of dryout than did rods at axisymetric positions in Module 1. The

t inal quench cccurred tecn the bottom up and the top down. The quench

was basically unif onn radially with the rods in the center fuel module

quenching slightly slower than in the peripheral fuel modules. All

t uel rods were quenched by 54 s. Core reflood was complete at 55 s.

Figure ' through 10 shown three-d rensional axial temper:ture

h istories t rne three locations in the center bundle. Figures 11
through 15 shc6 t bree-dimensional axial terperature histories f or

e isynrmtric positions i r, the three instrumented control modules and

radial ' mperature histories at two axial loc at ions. Figures 16
through ?l sha measurec claddirg temperature along the axial length
,f the f uel rods clustered ebr t fuel Rod SF8 (center module).

l6Testing perfurned in the Poner Burst 'ac i l i t y , at Co lurr b i a
,

17
b ivers ity'' , anu in the LCFT Test Support Facility}O indicate

'

measured mf: tir m rav he in arr: 10.5 s due tn the ther mocouple
,

attach H t. the fuel rod. f'easured peak c ir id ing te"peratures may be

in errtW hy + ?l) K, an.1 q u/nch ti-es may he in error by 15 s.

/ -

'T :) || {,j y
'

.
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2. THERMAL-HYDRAULIC PHENOMENA

The '_ OFT experimental instrumentation worked well measuring fluid
'

pressures, temperatures, densities, mass flow rates, and fuel rod

cladding temperatures. The reasurements allcwed a comprehensive
.

determination of the thermal-hydraulic phenomena occurring during the
LOCE L2-3 and subsequent eff ects on fuel rod thermal response.

The system hydraulics during blowdown dominated the transient
thermal response as in LOFT LOCE L2-2. The hydraulic eff ec ts

moderated the cladding temperature rise and rewet the core by 8 s

after rupture The migrat ion of hot core fluid to the cold leg break

and the inter # ion of the intact and broken loop cold leg mass flows

aere the st engest influences on the thermal-hydraulic respcnse. The

ECC quenched all the core fuei rods by 54 s. The core was reflooded
completely by 55 s.

Subcooled blcs.down ended at about 50 ms and was f ollowed by core

initial DNB at about 0.96 s. are flow stagnated and reversed by
0.12 s witn Fotter fluid migrating to the broken loop cold leg by

dbout 2.5 s, as 3een in Figure 22. Lcw magnitude positive core flow
.ga s r e e s t a b l i '; h H by 60ut 2 s which caused the moderation of clodding

temperature c1w |he migration of the hotter core fluid to the

broken loop cold 'cg initiated saturated chokinn at 3.0 s. This

choking causeo a reduction in flow to below the intact loop cold leg
ficw rate, as shown in Figure 23, wh ich in turn caused an insurge of
collant to the downcomer Tnis coolant insurge was the driving force
for the early rewet of the core. At about 6.4 s thr> coolant in the
pump suction leg beca.ne saturated and reduced the pump suction head

causing a reduction in intact loop cold l eg f i cw . This reduction in

t1ow and ino eased qua1ity was propagsted to the core, reduced
c oe l i rig , 'nd caused the f uel red cladding temperatures to begin to

w After initiatior cf accumulator flow, the localized low-

pre ss ure in the intact cop cold leg ar.d downcomer caused a minor core
flen reversal, which induced a top-down rewet in the core. This rewet

onlj progre', sed down tu approximately thr- 0.85 m elevation and did not

a .
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rewet the entire axial length. The other rewetc. and dryouts prior to
the final quench appear to be caused by local thermal-hydr aulic
phenomena. The ECC hegan to penetrate the do..ncnmer at 18 s and

filled the lewar plenum by about 35 s. The cere began to reflood at *

0.1 m/s and reflooded completely by 55 s. Thermal-hydraullc data
plots are shown in Figures 24 through 34. ~

3. EMERGENCY CORE COOLING SYSTEM PERFORMANCE

The ECCS pert armed as expec ted. The accumulator, LPIS, HPIS, and
total ECCS t low rates are shown in Figures 35 through 38. ECCS

initiation timec are presented in Table II along with other pertinent
LOCr even's. Preliminary analysis of the data has shcwn that the ECCS
perf ormed in a manner ;imilar to that in LOFT LOCE L2-2, whi'.n was
performed at a lower power. Indications are that the ECCS performance
indices of hot wall delay, ECC bypass, lower plenum refill rate, and
core re flood ra te we re not adversely aff ected by the presence of
stored energy in the core resulting from steady state power generation
with a FL9GR of 39.4 kW/m. The magnitudes c,f the performance ind1 ras

determined in the LOFT nonnuclear LOCEs and nuclear LOCE L2-2 ao not
vary significantly as a f unc tion of init ial core power level in LOFT

L OCEs up tn th is pov.or level.

The ECf qum ched the core by 54 s, with reflood starting at 35 s
and a reflood rate of 0.1 m/s. The LOCE L2-3 reflood rate was similar
to that seen in LOCEs R-2 and L1-5 and was nearly uniform radially as
in these two p rev i ou s '_0i E s . The liquid level plots presented in

f igures 19 through 42 indicate the reflood rate for LOCE L2-3.

4. FUEL R0D CLADDING INTEGRITY

.

Tio r.laddinq nrrtorat on occurred in LOCE L?-3. Chemistry samples
t aen from the supprt 'sion system after tne experiment indicated no
f 1: ion preum '' we., ruicased into the blowdown ef f luent. The lacks

of ' is iion produ:t , in t he suppression .;ystem is a strong indication
that no cladd mq pert arat ion occurred during the ex periment.

hMm i; b
20



Other indices of fuel rod deformation and icgradation also
indicate the fuel rods were not damaged during LOCE L2-3. The

cladding did not enter the buckling, waisting, or collapse regimes of
19deformation , as shown in Figt 43. The PCT mecsured during the'

experiment was below that necessary for significant metal-water
reac tion to occur. Posttest examination of the fuel will confirm the
c1 adding condition.

5. CODE ASSESSMENT PARAMETERS _

The data taken during LOCE L2-3 were sufficient to allow asress-
ment of important computer code calculational capabilities. The

experiment was successful in providing data necessary for adequate
code assessment.

Examples of LOCE L2-3 data applicable for code assessment are

shown in Figures 4a through 50. The data are overlaid with pretest

Calculations made with the RELAP4/ MOD 6 and TRAC-PlA computer codes and

Semiscale Mod-l data. The comparison of measured PCT with predicted

temperatures is shown in Figure 51.

.

*a
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IV. CONCLUSIONS

The conJuct of LOF T LOCE L2-3 and the experimental dat a acquired

concerning integral syst ems phenomena associated with a loss of
.

coolant are considered to have n'et the cbjectives a' defined by the

er.per iment epera'_ing spec if icat io[ and d is cussed as in

section 1II. Conclusions based on che pre 1iminary analyses and

experiment a t , e s < .1: e n t are

(1) Tne transient response during LOCE L2-3 was dominated by
a core-wide owet during the blowdown phase of the
ex per imen t , as was the case in LOFT LOCE L?-?.

(?) Na f uel red damage was indicated to have occurred in
l oc [ Lp_j,

(3) The [[C5 t unc tioned as expected and cooled thc core to

4 ;'O L h y 54 s . The ECCS per orttiance was not signifi-f

cantly af f ec ted by the init ial ptwer level of 39.4 kW/m.

(4) The measured and predic ted hydraulic responses agreed

quit , well, The measured hydraulic behavior of LOCE

L2-3 was similar to that seen in LOCE LP-? and in LOFT
counterpart lest S-06-3 perf ormed in t he St.niscale Mod-l
tacility.

(5) The rea s ; red and calcul3ted cladding tenporatures did

not agree. The i'C T measu red dur i r.g b l owdown was less

than that taltalated by all metheJs except the
*

v.velopmental IRAC-PIA +Iloeje. Th is met hod predit ted

PC T dur ira blowdown wit hin t he uncert a int y of the
n e, ,ored data. Al so, the TR AC-FI A+ Ileeje was tho only

uthod ti ; re lict the early rewet and RNB

,i tt .i
*
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V. DATA PRESENTATION

This section presents selected, preliminary data f rom LOCE L2-3.
LOCE L2-3 data are overleyed with data from LOFT counterpart Test

4S-06-3 performed in Semiscale and LOCE L2-3 pretest calculations
6 20using the REL AP4/ MOD 6 , FR AP-T4 and TR AC-Pl A' compu ter codes.,

A listic.,of the data plots is presented in Table IV. Table V gives
the norrenclatur e system used in instrummtation identificaticn. A

complet? lism of the LOFT instrumentation and data acquisition
require ants f or LOCE L?-3 is given in Reference 3.

The maxirrum uncertainties in the reported data are as follows:

(1) Te, erature - 13K

(2) Pressure - 1 0.03 MPa

3(3) Density - + 0.03 Mg/m

(4) Mass flow rate - 1 25 kg/s (est.)

9
(5 ) Nonentum flux - 1 12.0 Mg/m-s'.

The liquid level plots, Figures 39 through 42, are made by
analyzing the voltage output of conductivity liquid level probes using
the following criteria:

(1) A response titre of 550 ms during dryout or wetting was
acsumed.

,

(2) The voY f raction is assumed to vary linearly with the

voltage. The maximum voltage rocasured during the LOCE
f rcn each probe is an indication of 100% void.

' r,
v' ,
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TABLE IV

LIST OF DATA PLOTS

_ _ _ . _ _ _ - . - - . _ _ .-___ __ -_ -. ---

*

Measuremen
Fiqure Title Identificv. ion Page

4 Temperature of cladding in fuei TE-5K6-030 31

Module 5 TE-5D6-032
TE-506-037
TE-5D6-039

b Tenperature ut cladding in fuel TE-3Cll-021 31

Ma1ule 3 TE-3B12-026
TE-3Bil-032
TE-3B10-037

6 Temperature of cladding in fuel TE-2IO2-021 32

f>odule ? TE-2H02-028
TE-2H02-032
T[-2H01-037

1 Temperature of cladding in fuel TE-lCll-021 32

Fodule 1 TE-1812-026
TE-1Bil-032
TE-1B10-037

b T hree-d imen .1onal ax ial pro fi!e TE-5KS-2 33

of cladding tenperature in fuel TE-5J9-5
Module 5 TE-518-8

TE-5J7-11
TE-5K8-15
TE-5J9-21
TE-5J8-24
TE-518-26
TE-5JP-29
TE-5J7-30
TE-5J8-32
TE K8-34.b
TE-5JS-37
TE-5J9-39
TE-518-41
TE-5J7-45 *

TE-5K8-49
TE-5J9-54
TE-SI>-58
TE-5J7-62

/r G j
e a
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TABLE IV (continued)
- _ _

Measurement
Fiqure Title Identification Page

9 Three-dimensional axial profile TE-5F7-5 34
of cladding temperaturo in fuel TE-5F7-21
Module 5 TE-5F7-39

TE-5F7-54
TE-5F4-26
TE-5F4-30
TE-SD6-32
TE-5D6-37

10 Three-dimensional axial profile TE-SHS-2 35
of cladding temperature in fuel TE-5G6-11
Module 5 TE-5F4-15

TE-5F4-21
TE-5F4-26
fE-5F4-30
TE-5H5-34.5
TE-5G6-45
TE-5H7-58

11 Three-dimensional axial profile TE-212-21 36

of cladding tecperature in fuel TE-2H3-26
'*odule 2 TE-2H2-28-

TE-2G2-30
TE-2H2-32
TE-2Hi-37
TE-212-39

12 Thece-dic:ensional axial profile TE-4G14-ll 37

of claddina temperature in fuel TE-4H13-15
Module 4 TE-4I14-21

TE-4H15-26
TE-4H14-28
TE-4G14-30
TE-4H14-32
TE-4H13-37
TE 4Il4-39
TE-4H15-41
TE-4G14-45'

13 Three-din en ;ional axial profile TE-6I2-21 39
of cladding tenpcratum in fuel TE-6H3-26
Module 6 TE-6H2-28

TE-6G2-30
TE-6H?-32
lE-6Hi-37
TE-612-39

(F i ' ~

J s. J
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TABLE IV (continued)
__

Measurement
Figure Title Identification Page

14 Three-dimensional radial prtfile TE-4I2-39 39

of c~ adding temperature at 0 99-m TE-4G8-39
core elevation TE-4Il4-39

TE-5D6-39
TE-5F7-39
TE-5J9-39
TE-5L6-39
TE-6I14-39
TE-GG8-39

15 Three-dimensional radiai prafile TE-4H2-32 40
of cladding temperature at 0.81-m TE-4FS-32
core elevation TE-4H14-32

TE-5F8-32
TE-5H6-32
TE-5J8-32
TE-6H14-32
TE-6F8-32
TE-6H2-32

16 Initial DNB and rise to peak 41

cladding temperature during 0 to
5 s af ter rupture (LOCE L2-3 data
and FR AP-T4 calculations)

17 Initial rewet (from bottom) 42

during 6 to 9 s af ter rupture

(LOCE L2-3 data and FR AP-T4
calculations)

la Eecondary LNB during 9 to 16 s 43
af ter rupture (LOLE L2-3 data ana
FR AP-T4 calculations)

19 Tcp-down rev.et f oll ow i ng 04

secondary DNB during 17 to 19.3 s
af ter rupture (LOCE L2-? data and

'

FR AP-T4 c alcul ?t ions)

/0 Drycut during 19 tc 34 s aft" 45
upture (LOCE L2-; data and

FR AP-T4 calculations)

?1, Ref ieoding during 34 to 59 s 46

/; L: f| after rupture (LOCE L2-3 data and
.

~ 'FRD-T4 calculations)

*!e'
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TABLE IV (continued)
___ _ _ _ _ _ _ _ _

Measurement
Figure Title Identification Page

.

22 Migration of hot coolant to the TE- 5L P- 1 47

b rok en loop cold leg TE-1ST-14
TE-BL-1A

23 Brok e' loop and intact loop cold 48

leg mass flows

24 Pressure in the Droken loop cold PE-BL-001 49

leg

25 Pressure in the intact loop cold PE - PC - 001 49

leg

26 Average density in the brot n DE-BL-1 50

loop cold ' g

27 Average density in the broken DE-BL-2 50
locp hot leg

2S Average density in the intact DE-PC-1 51

leap cold leg

29 Average density in the intact DE-PC-2 51

hot leg

30 ienperature in ne intact loop TE-PC-001A 52

cold leg TE-PC-001B
TE-PC-001C

31 Temperature in the intact lo:p TE-PC-002A 52

hot leg TE-PC-002B

32 Tenperature in the brok en loop TE-PL-001B 53

cold leg

33 Te mp e ra t u re in the broken loop TE-BL-002B 53

hot leg

34 Momentum flux in the downcomer VE-lST-001 54
ME-2ST-001

35 ECCS accu''ulator flov rate FT-P120-36-1 54

26 ECC S H F I S t l ov. rate FT-?l28-104 55

37 ECES mPIS tlow rate FT-P120-85 55

i

/ \j
,
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T_ABLE IV (continued)
__ -.-- __- ._._ __- - - - - --

Measuremert
Fiqure Title Identification Page

38 ECCS total t low rate Sur" of HPI S, E6

LPIS, and
accumulator

39 Liquid level in fuel Module 5 LE-Sell-GND 57

40 Liquid level in fuel Module 3 LE-3F10-GND 57

11 uiquid level in fuel Module 1 LE-lF10-GND 58

4? Liquid lev el in downcomer and LE-15T-GND 58
lower plentn, under the brck en
loop

''ude , of c ladding def ormation at 5943 -

d i f f erent pressures and temper-

atures maintained for 15 s

44 Co parison at measured and cel- 60
culated hot pin cladding temper-
1tures

45 Comparisor of measured and cal- 60
culated temperature in the broken
Icap cold leg

ab Lor parison of measured and cal- Si
culatou temperature in the intact
leup cold lor]

47 Co:.parison of measured and cal- El
uil ated tenporature in the intact
loop cold ieg

4? Lompar non of ceasurec and cal- 6?
culated mass tlow ir, the bro,en

loop cold bg

49 fo:.;)ar isen et :re a s u re d anc cal- 62
colatod mc' flow in the intact
la,p cold l',

T r.p ar e_,0. of reasured and c61- 63
culatel '! ass low in the intact
1.x p n e t 'n

El E ntro .u i t o n of measured peak clad- 64
d '. n l tt :rpe ra t u re w i t h a l l ']re-
d iC t i ri. P * t l;t .I'

'T d ,b, ,
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TABLE V

NC#ET LATURE FOR LOFT INSTRUMENTATION

_

Designations for the different types of transducers:d

TE - Terrperature element FE - Coolant flow transducer
PE - Presst re transducer DE - Densi! ater

PdE - Differential pressure die - Displacement transducer

transducer ME - "orrentum f lux transducer
LE - Coolant level transducer FT - Flon rate transducer

Designations for the different systens, except the nuclear core:

PC - Primary coolant i ntac t UP - Upper plenum

loop LP - Lower plenum

EL - Broken loop ST - DowncoTer stalk
RV - Peac tor vessel P120 - ECCS

SV - Suppression tank P128 - Primary coolant addition and

control

De_signatiens for nuclear core instrurnentation:

Transducer loc at ion (inches from bottcm af fuel rod) p
Fuol asse'.bly rox 7
Fuel asserbly calurn /_ _ , -

/,' ,/
Fuel assembly nut er 7 / ,

/
',/ ' -

'Transducer type - - - - ,

TE-3Bil-?F
. _ _ _ _ _ _ _ _ _

a. Inc lud-s cnly insut.r ents dis cussed i n +hi- repcrt.
.

____ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

'

(3) Jen there is a change in prese fror water to steam, an

"X" i ', i rit ic a ted f or vo ld f rac t i: ns 4ss then 20%, with

the spa & loft blank for voiu f r ic ticns nre.3ter than

RO't . A "C" i< indicated for void frem tien between 20
and m, .nl *

,. I 'o ')
! >v y
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Eng ineer ing ,iudgmen t was required at times on each conouc tivity probe
in order to best sat isf y the above cri teria.

Caution should be exercised in applying the in-core liquid level ,

data to the core as a whole because the in-core liquid level stings

are loc ated at " cold spots" (that is, alcng guide tubes rather than

fuel rods) in t!e core. Prior to the first r+~ot, these liquid level

plots indicato more fluid than i ', present at the su* rounding hotter
fuel rods due to the eff ects of a strong radial temperature profile.

Toe data cf signated REL AP A in the figures are f rom a RELAP4/ MOD 6
c

pretest calcu lat ion'. Subsequent to tha' calculation, the experi-

wnt .n i tia l cond it ions were changed and some mode ling changes were
6

mstituted The data designated RELAP B reflec t these changes.

.

e
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