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ABSTRACT

The RELAP5 independent assessment project at Sandia National
Laboratories is part of an overall effort funded by the NRC to
determine the ability of various systems codes to predict the

; detailed thermal / hydraulic response of LWRs during accident and
off-normal conditions. The.RELAP5 code is being assessed at SNLA
against test data from various integral and separate effects test

i facilities. As part of this assessment matrix, a large break
i transient performed at the LOFT facility has been analyzed. *

The results show that RELAPS/ MODI correctly calculates many
of the major system variables (i.e., pressure, break flows, peak
clad temperature) early in a large break LOCA. The major problems
encountered in the analyses were incorrect pump coastdown and
loop seal clearing early in the calculation, excessive pump,

speedup later in the transient (probably due to too much
condensation-induced pressure drop at the ECC injection point),
and excess ECC bypass calculated throughout the later. portions of
the test; only the latter problem significantly affected the
overall results. This excess ECC bypass through the downcomer and
vessel-side break resulted in too-large late-time break flows and
high system pressure due to prolonged choked flow conditions. It
also resulted in a second core heatup being calculated after the
accumulator emptied, since water was not being retained in the
vessel. Analogous calculations with a split-downcomer nodaliza-
tion delivered some ECC water to the lower plenum, which was then
swept up the core and upper plenum and out the other (pump-side)

; break; thus no significant differences in long-term overall
behavior were evident between the calculations.
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1.0 INTRODUCTION

'The RELAPS independent assessment project at Sandia National
Laboratories in Albuquerque (SNLA) is part of an overall effort
funded:by the U. S. Nuclear Regulatory Commission (NRC) to
determine the ability of.various systems codes to predict the i

detailed thermal / hydraulic response of LWRs during accident and
;

-

i off-normal conditions. The RELAP5 code [1] is based on a '!
! nonhomogeneous and nonequilibrium one-dimensional model for i

! two-phase systems, and has been under development at the Idaho
j National Engineering Laboratory (INEL) for.an extended period,

with the first version released in May 1979. The version.first'

i used for this assessment project was RELAP5/ MOD 1/ CYCLE 14, the
j latest publicly released version available at the time the
i project started. In June 1982, we received the formally-released
} updates creating cycle 18 together with some unreleased, but
j recommended, updates then being used at INEL. [2] These changes

have been used to create and run a MOD 1 version at Sandia we call7
cycle 18+, which was used as the assessment code for these L2-5 :
analyses. -

i

! The RELAPS code is being assessed at SNLA against test data
j from various integral and separate effects test facilities. The

,

j assessment test matrix includes several transients performed at
; the Loss-of-Fluid Test (LOFT) facility (3) at INEL. One of these
I assigned transionts was LOFT nuclear experiment L2-5, a 200%
| large break scenario with early pump. trip. [4,5,6] This' test was
| originally in our MODL.5/ MOD 2 assessment matrix; since our |

)e version of MOD 1.5 was not yet ready for production runs, we began
'

: preliminary L2-5 calculations with MODl. The analysis was then.

] completed with MOD 1 when the NRC delayed the MODL.5/ MOD 2
i assessment project.
:

*

This report summarizes.the RELAPS ana?.yses of the LOFT L2-5
transient. The RELAPS models used for the analyses are described,

in Section 2, and the calculational results are presented in
Section 3. The overall conclusions and their possible relevance
to future RELAPS code' development are discussed in Section 4..The;

i appendices provide a brief description of the test facility,
! input listings for the transient, and a list of the additional
| INEL updates used to create cycle 18+.from cycle'18, for
I reference.
!
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2.0 NODALIZATION

The Loss-of-Fluid Test (LOFT) facility (shown in Figure 2.1)
is located at the Idaho National Engineering Laboratory and
supported by the NRC. The facility (3) is a 50 MWt pressurized
water reactor (PWR) with instrumentation to measure and provide
data on the thermal / hydraulic conditions during a postulated
accident. The general philosophy in scaling coolant volumes and
flow areas was to use the ratio of the LOFT core power (50 MWt)
to a typical PWR core (3000 MWt). The experimental assembly
includes five major subsystems: the reactor vessel, the intact
loop (scaled to represent three operational loops), the broken
loop, the blowdown suppression system and the emergency core
cooling system. A more detailed description of the test facility
is provided in Appendix I.

The original RELAPS nodalization we developed for LOFT test
L2-5 is shown in Figure 2.2. The intact loop is shown on the left
while the broken loop is on the right; the vessel is in the
middle. A complete input listing for this nodalization is given
in Appendix II. The RELAPS nodalization developed for LOFT
experiment L6-7/L9-2 [7] was used as the starting point for this
L2-5 nodalization: changes include removing'the detailed
secondary feedwater train, redefining transient trips .renoding
the broken loop to include the steam generator and pump
simulators and break assemblies, and adding the required ECC
systems.

There are a total of 180 volumes, 194 junctions and 200 heat
slabs in this nodalisation. In the intact loop, 2 volumes are
used for the two parallel primary coolant pumps and 30 volumes
are used to model the piping. The steam generator contains a
total of 31 volumes -- 10 for the primary side plena and U-tubes,
17 in the secondary side, 3 for the steam outflow-and 1 for the
feedwater. The pressurizer and its surge line are modelled with
21 volumes, 9 of which are in the pressurizer itself, I which~
represents the spray cooling line andRL time-dependent volume
which provides the steady state boundary condition. The broken
loop contains 46' volumes, 2 of which are time-dependent volumes

~

providing break downstream boundary conditions. The vessel itself
is modelled with 45 volumes -- 9 in the main annular downconer, 3
in the lower plenum. 4 in the core 4Lin the' upper plenum, and 25
representing various secondary and bypass flow paths. The ECCS is
modelled by 5 volumes,~1 for the accumulator, 2 modelling. surge

'

line piping, and one time-dependent volume each for HPIS and
LPIS. Heat slabs for most of the piping and major structural mass
are included, as well as for the core fuel rods and steam
generator U-tubes. Most of the heat slabs contain five nodes,
although the fuel rods.are modelled with ten. and a few of the
thick plates'in the vessel have from nine to twenty nodes.

3
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The vassel nodalization is shown in more detail in Figure
2.3. The relativo elevations of the cell boundarios are given, as
are either cell flow areas or volumes. Most of the vossol flow
areas were taken from a careful study of the flow area data given
in Table A-5 of reference [3J. We attempted to model most area,

'

changen explicitly (e.g., small flow area changes in the
downcomer). However, we modelled a rapid series of area changes
(such as in the lower core support structure) as a typical area
with a geometrically-derived loss coefficient. The bypass
controlling juctions are indicated (with the number corresponding
to the bypass identiflors used in the description given in
Appendix I): based on guidelines developed during this assessment

! project [7], those bypass paths were modelled with user-input
loss coefficients at default tiow areas.'Hosides the fuel rods
themselves, heat slabs have been included for the outer vessel,
the filler blocks, the core barrel, the uppor and lower core
support structures, and the upper closure plate. These heat slabs
account for ~89,000 kg of vessel structural mass (as compared
to ~93,000 kg of vessel structural mass shown in Table AI.8).

,

i
l (As part of the L2 5 analysos, calculations were also done

using a modified vessel nodalization with a split downcomer, in
an effort to force ECC delivery to the lower plenum (as discussed

| below in more detail in Section 3.4). The details of this split
downcomer model are shown in Figure 2.4; the downcomer piping

'

(and, not shown, its associated heat slabs) was divided into two
equal area flow paths, and limited crossflow was permitted by the
two cronsflow junctions (573 and 574) defined. Sensitivity
studios were done in which the user-input loss coeCCicient at
theco two lunctions was varlod from a geometrically-based low
crossflow resistance of K ~ 1.5 to an artificially-incroased
high crossflow resistance of K ~ 100.)

The steam generator nodalization is shown in Figuro 2.5, with
the relative oluvations of the cell boundaries. All the U-tubos'

are lumped into a single tiow path. Bosidos the U-tubes
j themselves, heat slabs representing thu tube sheet, the shroud

and the external wall are included in the model. Bocause of the
limitod amount of information on the steam generator secondary
sido in the facility description [3], we had to estimate the

: secondary volume distribution, given the global secondary volumes
and dimensions in Tables AI.4 and AI.S.

All area changes and elbows are carefully modelled in the
loop piping. Figure 2.6 shows the loss coefficients used in the

. (basecase) calculations. Thono lous coefficients can be either
| user-input, as for elbow lossos, or codo-calculated using abrupt

area chango models. Tho user-input numbers are glvon first; two
values ato given for the forward and reverse loss coefficients
respectively, if they aro differont. The codo-calculated numbers,

i

4

|
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which are shown in paronthoses, aro singlo-phaso values (in the
direction of normal steady-stato flow) which may change in
two-phase flow. The resulting pressuto drops are its good
agrooment with the differontial pressuto meanuromonts for
steady-state conditions.

,

|

The pump homologous curves first used were thoso handed out
at the LOPT/Somiscale modelling workshop [8). (As discussed bulow
in Section 3.2, wo lator modified some of the pump curve input.)
Also taken from the data made availablo at that workshop were the
nominal values of the various bypass flows and the ostimated<

environmental hoat loss magnitudo and dintribution. In our
nodalization, we used average heat transfor coefficients for
natural convection,for tho appropriato component sizes and
temperatures [9), and assumed containment temperature to be 300
K. Heat transfer coefficients wore approximated by linear
functions of surface temperature. Throu functions wore used

| one for all of the piping, another for the vossol cylinder and a
third, artificially loworod, function for the prousurizer and
steam generator walls (to match tho given ambient heat loss
distribution [8]). Those yinld a steady.stato heat loss of ~200
kW - 30 kW from the steam gonorator secondary, 103 kW from the
vessel, 29 kW and 27 kW from the intact and broken loop piping
respectively, and 11 kW from t.he pronsurizer.

,
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3.0 ANAL.YSMS

t.Ol'T oxpurimont 1.25, succenst ully comploted oli Jinno 16,
,

!
1982, connitated of a double onded 200% cold 109 break. The
reactor nerammed on low prensure and the primary coolant pumps!

were manually Iripped and decouplod Crom their flywheeln within 1
! second after break initiation, in an attempt to avo'id early fuel
! cod rewot. Thin was gonorally achluvud except for a rewet of the

upper portion of the contral Cuol ansombly that began at ~12 s
and unded at ~23 s. Accumulator In)oction into tho intact loop
cold log began at ~17 s; llP!G and I.PIS injuction woro dolayed
until ~24 and ~37 s, respoctively, to simulato the delay
expected for a pWR omorgency diosol to buyin dollvoring power in
response to a loss-of-of f ulto-power accidont. The fuol rod peak
clad temporaturo of 1078 1 13 K occurrod at 28.5 s. The clad was
quenched and the coro rocovorod within 70 a of broak initiation.
The i.PIS inloction was stopped at ~107 s, attor the i,2-5
experimont was considorod comploto, and ariother tost was boqun.
The blowdown supprossion tank (HST) protinute wan diatomatically
controllod by the spray system throughout tho tost to simulate
the containment backpronnitro oxpected during a pWR f,0CA. [4,5,6)

3.1 Steady Stato Calculation

ideally, ono wants to calculato all the exporimontal initial
conditions for the primary and necondary siden nimiiltanoounty,
within tho glvon exporimontal uncertainties. Wo wuro readily able
to achlovo such an initial condition for L2-5 (shown in Table
3.1.1), starting [com the L6 7/t,9-2 steady ntato (7); the uuer
pxportorico galnad in ttiot calculatiott and othorn (10,111
simplitiod the L2 5 initialization considurably.

A steam filled timo-dupondent volume attached to the top of
the pronsurizor maintained the donirod primary prosaure without
difficulty, and, as in our previous assessmont calculations,3

using an integral controllut to ad just the primary pump upoed
worked very well. Also as beforo, the atuam Clow valvo was
controlled to match the steam domo pressure using ali exponontial
rolaxation scheme. The dosited nocondary pressure resulted in
primary sido temperaturos within tho high sido of the
experimental uncertainties af ter defining the U- tubo secondary
sido hoated equivalent diamotor to be the U tubo minimum
tube-to tubo spacing; this particular valuo had already been
dotormined from previous announmont calculattons (7,10,11], and
wan not Curther adjustod during the L2-5 Initialization.

A small incroaso in a Courant limit condition allowed the
codo-selected timo utep to datiblo during the latter part (> 50 s)
of the stoady state calculation, resulting in oscillations in
both tho secondary side liquid lovot (shown in trigure 3.1.1) and

13
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uncondary pronouro (shown in Plyuro 3.1.2); thuno oscillations
wore t. hon tranumiltod to thu primary nido, an uhown by the hot
lug pronsure in Figuro 3.l.3. The oscillations, howovor, were a
rotatively minor problem that could bo oliminated by a
unor-forced reduction ot thu timo ntup, an domonstrated at 190 s j
in the figuro.

,

l
3.2 proliminary Tranniont Calculations 1

The 1.2 5 tranniont wan run nevoral timen. In tho titut
tranciont calculations, the brokon loop ateam gonorator almulator
nodalizatton was cetined to model the multiptu orifico platos
explicitly; wo found that thin allowed bottor prodletion of the
very early-tlmo ooquantlai tlanhing throughout tho beokon loop
and thu poak hot tog (pump- side) nubcontud broak tiow, without
any additional unor-input loan oootticienta being requirod. The
primary system pronsuro (shown in Flyuro 3.2.1), and the cold log
(vossol.nido) and hot 109 (pump nido) broak flows (chown in
Figuren 3.2.2 and 3.2.3) during tho ftrut ~30 tioconds woro all
in rodnonably good agroomont. with oxpurimont.al data f or thcoo
oarly ca'culations. Tho prodicted clad temporaturen (nhown for
our four coro nodos in Figuro 3.2.4) woro also well- bohaved,
particularly during the blowdown time of ~10 n. The various

j ntudios ruported in this imetion had very 1ittlo visiblo of f act
; on these major uyotom variables.

Although the primary pronuuro and broak ilown wore
l woll.behavod. Figure 3.2.5 shown that the primary coolant pump

rosponco was not boing corructly prodleted aftor ~8 onconds;
the pump data shows a platuau with the pump "troo-whooliny" until
establinhed accumulator in)oction boyan forcing a slow upcodup,
while the calculation continuun tho initial rapid coastdown until
the start of fall accumulator Injoution at ~20 acconds when the
pump spood ricos vory rapidly to ~100 rad /s. This discropant
pump respanoo did not apparontly food back nignifleantly to the
ovocall calculated bohavior.

The firut ottorto to calculato pump coantdown and uubcoquent
spoodup in bottor agroomolit with thu f,2 5 oxporimontal data
involved replacing parts of thu pump hoNologous Curves (tho hoed
and torque two-phaco multiplier tabloo and first quadrant
two phaco diffotonco curvos) with now pump curves duvoloped by
I. OPT porconnot. The now curvon wero baned on the t,3 6 (pumps.off
nmall broak test) experimontal data (12). This modification
allowod the chango in pump upcod at ~8 coconds in f.2 5 to be
calculated corroctly, but. the roviood calculation ran into
trouble lator when attempting to calculatu tho intact loop pump
coal cloating at ~20 30 a; tho coal clearod lat.o and
catant.cophically. Wu havo not yut found a way to calculate the
" co r r oc t. " intact loop pump soal bohavior, but by using the

,

14
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.

ono-volocity formalium in the loop nual junctions (i.e., cetting
h.2 its the caha junction (tag) we can forco the dentrod boliavior |

| uiticu the liyutd pronont to thun countrained to movo with tho ;

vapor flow. Thoco two changen ytold bottor calculated early timo
piimp bohavior, as shown in Piquro 3.2.6 but tho difteront pump

| behavior han tio significant ot toct on the ovocall oyntom
bohavior.

4

Although the pump still spoods up too much whon the MCC
injuction begins at ~15-20 n. it tison begitin a notion of small
oscillations trom 150 rad /o to 200 rad /s qualitatively similar to
thonc in the exporimontal data. The liigh pump upoodo parsist
until about 70 s, and the timing providos a cluo to a possiblo
sourco of this problom. The period betwoon ~20-70 n in the
calculation corrosponds to thu timo durtny which the accumulator
is injecting a largo amount og subcoolod MCC water into the
intact loop cold log. just as the somewhat nilottor portod of
moasured pump spondup ot -20 60 a cottonpondo to the slightly
ithorter time the accumulator wac actually injectiny in the
exportmunt (discuanod lator in more detail in Doctiott 3.3). The
most probablo cause of thu calculated uxcoonivo pump upondup to
over.ostimation of the condonnation induced pronuuto drop at the
ECC injection point, which croatos a nuctiots offect pulling moro
flow through the intact loop. Too much tlow in boitiy pulled
through the hot 109 piping, stuam gonorator and pump as a ronult.

Flyuros 3.2.7 and 3.2.0 show the calculated and moatiured
intact loop cold and hot luy mass tiow ratoJ. (The
instrumentation for the liot tog itow doon not moauuro direction,
but only magnitudo, of flow.) Whilo the cold log f low rato nilows
colativoly good agroomont with data, tho hot 109 tiow in high1

compared to data when the exconoivo pump spoods are boing
calculated. Comparison of measured and calculated intact loop hot
104 densitios shown in Figure 3.2.9 nhows tilat tho high
calculatod mass flow is riot a renuit of much more liquid, and
thus must bo due to highor volocition. Irrogardlous of whether

4

the highor mann flows are cauced by too largo an HCC condonnation
pressuto drop (as suggouted by the timing), or are nimply due to
the code calculating too high a two pliano riattital circulation
flow rato (as indicated by othor annossmorit calculations
(13.141), the higher mass flow calculated accoutita for the
incorrect pump spoodup. i

Gomo connitivity studios woro also dono 11: thono early
translunt calculations on tho ECC in)octiori modolling, witti part
of the injection being forcod to flow upntroam toward the pump in
an effort to calculato the slugu of wator appodring upstream of
the in)oction point in the data, nhown in tho intact loop density
data plot in Figuro 1.2.10. Calculatioria woro dono with the ECC
injection junctioli pointing toward the vonnel (tho banocano, as

15
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shown in Flyuron 2.2 and 3.2.lla), poliiting back toward the pump
(FiJuro 3.2. lib), and split leito two lunctions, ono pointing
upstream and the other downstream (Figuro 3.2. llc). The two
jur.ction contiquration royulrod a chock valvo to provent
unphysical rocirculattori Lluws botoro ECC in joction boyan, and>

then utill calculated some unphynical rucitculation tiow pattorna
attor ECC injection initiation. In)octing all the KCC watoi'

toward the pump ovontually t i tled up the upnt roam cold loy, pump
! and pump suction log, injectiny tho MCC toward the vonnel (in the
I normal mannor) yavo the boat calculated ronults, although the
i niuno of water appodring in tho data urutroam ot the in)oction

| point woro cuidom or novor calculated.
1

| Anothor problom oncountored in those prollminary calculationn
was tho unavoidablo codo failure whon the accumulator emptlod and

;

! was supponod to start in)oct inq nitrogon. Otacunnions with the
code dovoloporu rovualod that thin to a known (but undocumonted)

i problem in both MODI and MODt.5 which han to bo modulled around;
the accismilia tor mun t bu valved shut when it runs out of water.

| (currently the accumulator will correctly umpty and in)oct
nitrogon only it all volumus in the model aro dotined to bo |

'

(nonntandard) oquilibrium volumon. Tho ditticulty atinon from an |
'

1 incompleto modol in the wall heat tranator packayo.)
i

Although apparently having no nignt[icant ottoct on the
ovorall tranatont bohavior botny calculatod, the oarly

I
j calculations alan nhowod problema matchtny tho obnorved (nllyht)
; accotid.ity nido doproscurlaation. As chown in Flyuro 1.2.12, tho
! analynon prodleted a much greator prosauro drop tilan measured in
i the lattor portion of the tont. The lowot nocondary nido ptonnure

and annociated low saturation tumporature attocted the primary

i sido utuam yonorator outlet plonum temperatuto boing calcul.ited.
' The nourco of the groator calculated dopronourizattori was tound

to bo manomotor-type oscillationn in tho (utagnalit) oncondary
; nido, nhown in Piqueo 3.2.13; ovory cyclo, como stoam wan

condoncod. With a conouquant drop in pronnuto. Thin ronultod in a
3

I steady oncillation which would last throughout tho 1.2 5
trannient. An attiticially large form loan (K + 200) wan added in

.

tho downcomer nhroud lunction to damp thono oncillationii arid holp
' maintain nocondary prennuto attor tho Start of the tranGionte 48
; chown in Flyuron 3.2.14 and 3.2.16.

I
3.1 Trannlont Calculat toli lining Olnylo Downcomor'

! Donpito the kilown probloma dlncunned in the previoun noction.
3 tho 1.2-5 tranniont wan run to complotton, l.o., until tho
; ottletal and of the oxporiment at ~100 at Tablo 3.3.1 ylvon the

moanured and calculated nuquenco of ovonto. (The calculationu
: discunned in thin and the noxt noction unod the rovinnd pump
j curvon, the ono.valoclty tormallnm in the loop nual lunctionn and

!
'

16
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a large form loos cootticient in the secondary side
! downcomer shroud lunction to damp the sucondary side

oscillations. The MCC injection Wan poltitud toward tho vascot as
was shown in Figure 2.2.) !

The intact loop cold 109 pressure for tiio final calculation
is shown in Piqure 3.3.1. Duspito slightly overprodicted :;

i dopreocurization around t-10 a and lator.timo (~30-70 s)
' prousuto oscillations tracuablo to the ottocts ot ECC injection, i

the overall agtoomunt with the moanured data is very good. The
i vonnel-nide (cold log) and pump side (hot log) becak flows are

shown in Piqurus 3.3.2 and 3.3.3. Again, despite somoi

discropanctus due to oxcousivo calculated ECC bypaus. the overall,

agroomont between analysis and data is very good, using nubcoolod'

and saturated dinchargo cootticients of 0.85. Tho attect of the
.' accumulator injection beginning at ~15 a cati clearly be soon in

the brokon loop cold leg tiow; tho analysis bypanoes the inlocted;

ECC water to the broken loop and out the vossol.nide break. The-

oxcons ECC bypass causes the break flow to romain choked longeri

i in the calculation, holding up the system pronsure at later e

~ timos.

I Figuro 3.1.4 shows the calculated and measured broken loop
j cold 109 dongity, with tino analysin showing much more Water ;

2 prosent in the brokon loop cold 109 tliroughout the period of n

; accumulator injection (~15 70 s) titan WAs moasured, particue
; larly at late timos (~60 70 m). The btoken loop cold leg does i

4 not vo'1 in olther the calculation or the test until About 10
i unconda alter ttie accumulator emptiest as showfi in Table 3.3.1,
i tho accumulator in the oxpurimont can out 01 water somewhat :

} soonor (~50 s) than occurred in tho arialysis (~60 m), |
| primarily becAuse the calculated accumulator injection appears
i about 10% low. (No experimotstal Accumulator flow rate is given,
j so tino (10w must be cutimated from the chango in accumulator

liquid lovel.)'

} This oxcess MCC bypass is boat soon by looking at the
i intograted break flows, shown in Figuro 3.3.%. The Agtvomont with

data is oxcellent untti accumulator inluction begins, but the ,

calculated wass lost quickly divorgos from moAsutoment1

thereafter. The higher calculAtod mass lost corresponds to:

bypassing most of the MCC water thrcuyh the doWncomer And out the
broken loop cold Ing (vonnel-sido) broAk tiscoughout the period of
accumulator inloction. The Actual beliavior oxpected and observed |

.

consists of a relAtively short period of MCC-bypass folloWMd by !

{ substantlAl delivory doWn the doWncomof to the vessel lower
| plenum at later times. The broken loop' hot leg (pump side) break

,

flow is also A bit high compared to detd At late times, the'

result of Any MCC liquid coaching (lio loWef plenum balng
ontrained and swept up the core and out thAt brook (as will be

! discuaned in more dotAll ill the n#Nt section). Thuse Any,

accumulator WAtor reaching the loWor plunum is llut retAlned IM
the vessel. 3

17
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Unliko the d!ucropant pump coastdown/spoodup bohavior being
calctilated, this axcess ECC bypass and outrainment signiticantly
affects the overa:1 results botnq calculatud at lato timoni the
analysis Will shoW no VORaul and core totill alid rollood, and the
coro will not be recovered and quenchod at the end ut the
trannient. Figure 3.3.6 nhows thu 1luid mass in the core
throughout the trafit iont calculation. Althouyti thoto is a allyht
incroano in the amount ot Watur in the coro during the period of
accumulator injuCttoH. this Wator is inwopt up tlin vussel alid out
the hot 109 bruak vory soon attur tho accumulator umpties and, as
will bo soon in the r>l tomporatuto plots, the core buyins
huating up again at the und ot tho tranniont.

Itod clad tamporaturus .ste shown in Flyurus 3.3.7 through
3.3.10. The plottod experimontal data in cach (tyurg includos all
thermocouplos closest in olovation to that particular host slab
midpoint. to givo an idea ot the ovurall coro responso. Tno
considorable radial power varlation in the tacklity, which wo are
not attempting to modul, colitributos to the dittoront
thormocouplo readinus throughout the coro.

The early hoatup la calculated well, ukeupt at the top of the
coro, whoro the initial rino is lato but the first total towet is
correctly calculated. The calculated PCT of 1105 K la in good

*dyruomont with data (noting that the expor tmolital PCT ot 1077 K
occurs at a core olovation tiot tincludod in the plots, betwoon our
second and thitd coro tuvois). but tho codo prodicta an oArly
blowdown PCT at -10 a while tho data nhows PCT occurring at
~30 s. cottonponding to the utart ut rollood. (Tho data does
show an almost (lat platoau in tho hlyhot poworod toyions tiirough
those times.) We are, howuvor, comparinQ an AVorayo calculated
PCT (with no radial poaking modolled), with an absoluto PCT given
by a single thormocouple moauuromont in a facility with signiti.
cent radial poaking, so that the calculated PCT is hiQh compared
to the avorage data. The roason for this may bo tound by compar-
ing the calettlated and oxperimontal coro docay huata nhown
(toyother with the calculated total poWor) in Piqueo 1.1.11
showing that cycle to of itMI.APS/ MODI is ovorprodictiny the decay
heat throughout most of thu tranutont, which ronults in higher
calculated clad temperatures. Gimilar bohdVior has boon noon in
other 04ndia assonnmont calculations (l$.16), with cyclo 14
calculating docay heats lowot than data and cyclo 10 (with an
updato "tix" to the roactor klautles which ronults in htyhor
calculated docay hoAL) QiVini docay hoats h19 hor than
experimontal data.

The core responso atter PCT occura consists of a gradual
cooldown calaulated with roughly halt the thurmocouples showing
significantly hlyhor tomporatutos whilo the other halt uhow
quonch to the naturation temporatuto. Alt. hough a :. tarp quench

10
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tront progrossing through the core is not being calculated by
MoDL. the lower half of the cort in particular is calculated to
all be " quenched" (i.e., at saturation) by the correct time,
llowevor, due to the excons ECC bypass being calculated, the
analysis incorrectly shows the core beginning to heat up again
attor the end of accumulator injection at ~70 s.

|
| The clad temperature agroomont is generally botter in the

lower half of the coro and calculated rod temperatures tall
progressively below data higher in the core, and at late: times.
This is not throught to be duo to any extal power shape
uncertainty since the same behavior is soon with electrically
heated rods (LOBI) (17) as with nuclear fuel in LOFT. The main
reason appears to be that MODI cannot calculate a mixture of
supocheated steam and entrained saturated droplets (with the heat
transfer from the rods to the steam), becauso it vaporizes all
liquid before superheating any steam. Wo expect such a mixture of
supotheated steam and entrained saturated droplets to be
generated in the lower portions of the core as the MCC water
comes in. Among the supporting evidence is that hot log cuperheat
resulting from superhcated steam leaving the core is seen
experimentally, but no hot tog superheat is calculated, as shown
in Figure 3.3.12. (The data shows hot leg superheat from ~30 s.
the start of core reflood, until ~50 s when the accumulator
injection ends in the experiment; the timing apparently verities
the genocction of superheated steam from the ECC water in the
core.)
1.4 Transient Calculation Using Optit Downconer

The major problems encountered in the L2-5 transient
calculations were the error in calculated pump coastdown, the
tailure of the loop seal to Clear properly and the excess ECC
bypass being calculated (with resulting errors in both break Clow
and late-time vessel inventory). Tho discrepant early-time loop
seal cinating and pump response have been discussed in Section
3.2 And are nos considered major problems. The excess ECC bypass
and entrainment being calculated, on the other hand, which koops
the break tiow choked and the system pressure up later in the
transient, and results in a late-time core heatup being
calculated, is much more significant.

Ditticulties calculating correct ECC bypass / penetration
behavior have been encountered in many other HELAPS analyses,
notably in our BCL assessment calculations (18). These BCL
results, and the reported INEL L2-5 analyses (19), led us to redo
the transient calculation using a split downcomer nodalization,
described earlier in Bection 2. (In the crossplots given in this
noction, "cale la and ande" refer to the original single
downcomer analyses while "cato 2 and "ddo" refer to the final
double-downcomer calculations.)
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| The results of early double-downcomer analyses were still
! similar to the original single-downcomer results, because the

geometrically-derived resistance in each crossflow junction was
relatively low (K ~ 1.5). The crossflow resistance was then

,

artificially increased to more closely regemble the INEL [19]!

value (K ~ 100), with considerably difforent results.
Accumulator ECC water is now delivered to the , lower plenum but,
rather than remain and slowly refill the vessel, it is then
pulled through the core and upper plenum and ou,t'the pump-side
hot leg break; this was also what happsned to the much smaller
amount of ECC water reaching the l'ower plenum in . the original l
single-downcomer calculation disc ~ussed aUove in Section 3?3.'

Figure 3.4.1 shows the intearated breakJflows for both"the
single-downcomer calculation discussed in Section 3.3 and the
high-crossflow-resistance split-downedmer calculation. Both' lose
too much mass compared to data, wita.t'hh original nodalizatioa

.

losing somewhat more total mass (shown be,tter by the primary mass
inventories in Figure 3.4.2). However.x the double-downcomer model
loses more mass out the hot leg (pump-side) break,and, 'less out
the cold leg (vessel-side) break than'the single-down:omer model;

_

this is also seen by comparing the broken loop hot and cold leg
densities in the two calculations, as is done in Figures 3.4.3
and 3.4.4.

The relatively large amount of entrained ECC water being
pulled through the core in the double-downcomer analysis,
compared to that in the original single-downcomer calculation, is
shown in Figure 3,4.5. (As shown in Figure 3.4.6, the accumulator
injection is virtually identical in the two calculations.) The
greater quantity of liquid.present in the core during the period
of accumulator injection (~15-65 s) results in slightly more
rapid fuel rod cooling, shown for the hottest of the four core
nodes in Figure 3.4.7. The comparison to rod temperature data is,
however, similar to that seen i~n the. single-downcomer analysis,
because of the wide variation in the various thermocouple
readings (as shown for the same node plotted against experimental
data in FigU5as 3.3.8 and 3.4.8). The peak clad temperature in
the split-doincomer calculation is a few degress lower than that
in the otiginal single-downcomer analysis. The slightly larger
late-time system inventory (Figure 3.4.2) and the relatively
later voiding of the core (Figure,3.4.5) i'n1the double-downcomer
analysis'resnits.in later onset o'f the l'a'testime' core heatup
compared to that calculated Gsing the original single-downcomer

Tmodel. y,
,

Desp(tethedifferentEcc'behaviorbe'i~n~g.calculatedinthe
two calculations:sthe ov'erdllusystem re'spbnse is not
significantly affected, asinhown by the' primary system pressure
in Figure;3.4,.9,Jalt, hough |the double-downcomer noda,li,z'ation does
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yield slightly.better early time agreement with data with the
large crossflow resistance holding up the intact loop pressure
slightly during the period ~10-20 s. And, although the
integrated break flows in the two calculations are quite visibly
different (Figure 3.4.1), the calculated hot (pump-side) and cold
(vessel-side) break flows evince similar agreement with data as
did the results of the single-downcomer calculation, as seen by
comparing Figures 3.3.2 and 3.3.3 to Figures 3.4.10 and 3.4.11;
the differences in calculated behavior are hard to see amid the
experimental noise.

|
! 3.5 Computational Speed

The single-downcomer L2-5 calculation, run with
RELAP5/MODl/ CYCLE 18+, required 3.27 hours of CPU time on a
CRAY-lS computer to run a total of 112 seconds of problem time
(which includes 10 seconds of steady state for plot purposes),
while the double-downcomer calculation required 4.03 hours of
Cray CPU time to run 113 seconds of problem time (again with 10
seconds of steady state), as shown in Figure 3.5.1. Except for a
short time in the split-downcomer analysis when the time step had
to be forcibly cut in order to continue calculating (discussed
below in more detail), the time step used in both calculations
was dominated by Courant limits in the broken loop piping.

The ~20% difference in run time is not due to the slightly
greater number of cells in the double-downcomer model, but is
primarily caused by a code problem encountered at ~50 s in the
latter ca'.culation which required the user to drastically reduce
the time step in order to avoid a code abort. When a plug of
water temporarily blocked the broken loop hot leg flow, a low
pressure region caused one of the cells in the broken loop piping
to suddenly dry out and heat up oufficiently (T > 1500 K) to
cause a steam table failure; cutting the time step for a few
seconds of problem time allowed the difficulty to be bypassed.

|
l

!

|
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Table 3.1.1 L2-5 Initial Conditions

Parameter Data RELAPS
!

Core Power (MW) 36.0 12 36.01

Pressure (MPa) 14.94 0.06 14.911
j IL Hot Leg Temp (K) 589.7 16 590.21

IL Cold Leg Temp (K) 556.6 10 557.14
Core AT (K) 33.1 13 33.14
IL Mass Flow (kg/s) 192.4 18 195.97
Pump Speed (rad /s) 131 134
Pressurizer Temp (K) 615.0 10.3 614.8j

' Przr Steam Vol (m**3) 0.32 0.02 0.351
Przr Liquid Vol (m**3) 0.61 0.02 0.611
B6 Hot Leg Temp (K) 561.9 13 561.94

,

BL Cold Leg Temp (K) 554.3| 12 554.24
SG Sec Pressure (MPa) 5.85 0.06 5.851
SG Sec Temperature (K) 547.1 0.6 547.0

| SG Sec Mass Flow (kg/s) 19.1 14 19.10
Accum Liquid Vol (m**3) 2.92 0.01 2.921,

! Accum Pressure (MPa) 4.29 0.06 4.291

!

!

,

,
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Table 3.3.1 L2-5 Chronology with Original Model

Event Time (s)
; Data RELAPS
|

| Experiment Initiated 0.0 0.0
' Reactor Scrammed 0.24 0.01 0.241

Pumps Tripped 0.94 0.01 0.941
Pressurizer Empty 15.4 110 11.7
Accumulator Begins 15.8 11 15.10
HPIS Injection Begins 23.9 1 02 23.90
LPIS Injection Begins 37.32 0.02 37.32
Accumulator Empty 49.6 11 68.40
End of L2-5 107.1

I

Table 3.4.1 L2-5 Chronology with Single- and Double-
Downcomer Nodalization

Event Time (s)
Data SDC* DDC**

,

Experiment Initiated 0.0 0.0 0.0,

Reactor Scrammed 0.24 0.01 0.24 0.241
Pumps Tripped 0.94 0.01 0.94 0.941;

| Pressurizer Empty 15.4 1.0 11.7 11.7
I Accumulator Begins 16.8 11 15.1 16.00

HPIS Injection Begins 23.9 01 02 23.9 23.9.
| LPIS Injection Begins 37.32 0.02 37.32 37.321

Accumulator Empty 49.6 11 68.4 66.50
End of L2-5 107.1

SDC = Single-Downcomer Calculation*

** DDC = Double-Downcomer Calculation
| |
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4.0 DISCUSSION AND CONCLUSIONS

Our LOFT L2-5 analyses show that RELAPS/ MODI correctly
calculates many of the major system variables in a large break
LOCA, such as the primary system pressure and break flows.

| particularly during blowdown. The major problem encountered was
| the excess ECC bypass calculated throughout the later portions of
I the test, which resulted in too-large late-time break flows and
I high system pressure due to prolonged choked flow conditions. The
! excess ECC bypass also resulted in a second core heatup being

calculated after the accumulator emptied, since water was not
being retained in the vessel. Otherwise-identical transient
calculations with a split-downcomer nodalization delivered more
ECC water to the lower plenum, but that water was then swept up
the core and upper plenum and out the other (pump-side) break; no
other significant differences in overall behavior were evident
between the calculations.

The early fuel rod heatup is generally calculated to be in
good agreement with experimental data; the code, however,
predicts early PCT during blowdown at ~10 s while the data
shows PCT occurring at ~30 s, a time corresponding to the start
of reflood. (The data does show an almost flat plateau in the
higher-powered regions during this time.) The calculated PCT of
1105 K is in good agreement with data (1077 K), but one should be
careful of comparing an average calculated PCT (with no radial
peaking modelled) with an absolute PCT determined from a single
(hottest) thermocouple measurement in a facility with significant

.I radial peaking; the calculated PCT is high compared to the
average data. Part of the reason for this is thought to be that
cycle 18 of RELAPS/ MOD 1 overpredicts the decay heat throughout
most of the transient, which results in higher calculated clad
temperatures.

,

In general, the calculated clad temperatures agree better
with measured data in the lower half of the core and fall
progressively below data with increasing core elevation, and at
later times. We believe that this occurs because MOD 1 is not
calculating a core fluid mixture of superheated steam and
entrained saturated droplets (with the heat transfer occurring
from the rods primarily,to the hot steam and only indirectly to
the entrained liquid present); the calculation is vaporizing all
the liquid present before superheating any steam. We expect such
a mixture of superheated steam and entrained saturated droplets
to be generated in the lower portions of the core as the ECC
water comes in and begins quenching the rods.

The primary coolant pump response (after pump trip at the
start of the transient) has not been correctly predicted. Efforts
to calculate correct pump coastdown and subsequent speedup
involved replacing parts of the pump homologous curves with new
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pump curves developed by LOFT based on the L3-6 (pumps-off small
break test) experimental data [12], and using the one-velocity
formalism in the loop seal junctions to force clearing at the
correct time. These two changes resulted in better calculated
early-time pump behavior, but had no significant effect on the
overall system behavior, and did not correct the excess pump
speedup calculated later in the transient.

This excessive pump speedup corresponds to the time during
which the accumulator is injecting a large amount of subcooled
ECC water into the intact loop cold leg, so that the most
Probable cause of the excess speedup being calculated is that the
condensation-induced pressure drop at the ECC injection point,
which creates a suction effect pulling more flow through the
intact loop, is being overestimated and that too much flow is
being pulled through the hot leg piping, steam generator and
pump. Whether the higher mass flows are caused by too large an
ECC condensation pressure drop (as suggested by the timing), or
are simply due to the code calculating too high a two-phase
natural circulation flow rate (as indicated by other assessment
calculations [13,14]), the higher mass flow calculated accounts
for the large pump speedup.

Another problem encountered during the L2-5 analyses was the
code failure when the accumulator emptied and was to start

'
injecting nitrogen. Discussions with the code developers revealed
that this is a known (but undocumented) problem in both MOD 1 and
MODl.5.

|

|

!

|
|
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APPENDIX I FACILITY DESCRIPTION

The Loss-of-Fluid Test (LOFT) facility [2] is located at the
Idaho National Engineering Laboratory and supported by the NRC.
The facility is a 50 MWt pressurized water reactor (PWR) with
instrumentation to measure and provide data on the thermal /
hydraulic conditions during a postulated accident. The experi-
mental assembly includes five major subsystems: the reactor
vessel, the intact loop (scaled to represont three operational
loops), the broken loop, the blowdown suppression system and the
emergency core cooling system (ECCS). The general philosophy in
scaling coolant volumes and flow areas was to use the ratio of
the LOFT core power (50 MWt) to a typical PWR core (3000 MWt). A
summary of the LOFT primary volume distribution is given in Table
AI.1. The LOFT configuration for test L2-5 is shown in Figure
AI.l.

The intact 1 cop, shown in Piqure AI.2, simulates three loops
of a commercial four-loop PWR and contains a steam generator, two
primary coolant pumps in parallel, a pressurizer, a venturi
flowmoter and connecting piping.

The coolant leaves the reactor vessel outlet nozzle through
14-in. Schedule 160 piping and proceeds to the steam generator
inlet through a venturi flowmeter. The steam generator inlet is
slightly higher than the reactor vessel outlet nozzle. The piping
entering and leaving the steam generator is 16-in. Schedule 160.
After dropping to the level of the reactor vessel nozzles, it
proceeds into a 14-in. reducer and then down into a tee. At this
point, the piping branches into two 10-in. Schedule 160 lines and
proceeds to the pump inlets. A 10-in. Schedule 160 pipe connects
the pump outlets to a toe, at which point the loop becomes 14-in.
Schedule 160 piping joining the reactor vessel inlet. A brief
summary of the intact loop piping is given in Figure AI.3 and
Table AI.2.

The pressurizer includes a vertical cylindrical pressure
vessel, immersion-type electrical heaters, a surge nozzle,
pressure relief and spray nozzles. The surge line connects to the
primary coolant loop between the flow venturi and the reactor
vessel. The spray line connects to the primary coolant system
downstream of the pump discharge. Pressure is increased by
energizing the electric immersion heaters and decreased by spray
flow of relatively cool primary coolant into the steam space. The
pressurizer is described in Figure AI.4, while the surge line
piping is summarized in Figure AI.5 and Table AI.3.

The steam generator is a vertical shell and U-tube
j recirculation-type heat exchanger with primary coolant flow in
'

the tube side and secondary coolant in the shall side. The steam
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generator, located between the reactor outlet and primary coolant
pump suction, is elevated such that its entire primary volume
will tend to drain into the reactor vessel. Orifices are
installed in the inlet and outlet plena to scale primary flow
through the intact loop for simulation of PWR response to a LOCA.
Penetrations in the shell are provided for the steam outlet,
feedwater inlet, top and bottom blowdown, level control,
draining, and primary coolant inlet and outlet. The steam
generator is shown in Figure AI.6 and some steam generator design
parameters are given in Tables AI.4 and AI.S.

The broken loop, shown in Figure AI.7, consists of a hot leg
and a cold log that are connected to the reactor vessel and the
blowdown suppression tank (BST) header. Each log consists of a
break plane orifice, a quick-opening blowdown valve, an isolation
valve, ar,d connecting piping. Recirculation lines (not shown)
establish a small flow from the broken loop to the intact loop
and are used to warm up the broken loop prior to experiment
initiation. The broken loop hot leg also contains a simulated
steam generator and a simulated pump; these simulators have
hydraulic orifice plate assemblies which have similar (passive)
resistances to flow as an activo steam generator and pump. A
brief summary of the broken loop piping is given in Figure AI.8
and Table AI.6.

The blowdown suppression system consists of the blowdown
suppression tank (BST) itself, the BST header, the nitrogen
pressurization system and the BST spray system. The blowdown
header is connected to the suppression tank downcomers which
extend inside the tank below the water level. The header is also
directly connected to the BST vapor space to allow pressure
equilibration. The nitrogen pressurization system is supplied by
the LOFT inert gas system and uses a remoto-controlled pressure
regulator to establish and maintain the specified BST initial
pressure. The spray system consists of a centrifugal pump that
discharges through a heatup heat exchanger and any of three spray
headers or a pump recirculation line that contains a cooldown
heat exchanger. The spray pump suction can be aligned to either
the BST or the borated water storage tank (BWST). The three spray
headers have flow rate capacities of 1.3, 3.8 and 13.9 1/s,
respectively, and are located in the BST along the upper
centerline. The BST spray pump suction was connected to the BWST
and the liquid wac sprayed into the BST so that the BRT pressure
simulated the containment backprossure expected during a LOCA.

The LOFT ECCS simulates the ECCS of a commercial PWH. It
consists of two accumulators, a high-pressure injection system
and a low-pressure injection system. Each system is arranged to
inject scaled-down flow ratos of emergency core coolant directly
into the primary coolant system. All ECC flow was directed to the

!
>
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intact loop cold leg during experiment L2-5. The llPIS injection
was delayed until 23.90 1 0.02 s, and the LPIS injection was
delayed until 37.32 0.02 s. Both these injection systems drew
suction from the BWST. (During the recovery, ECC was injected
into the reactor vessel lower plenum.)

The LOFT reactor vessel, shown in Figure AI.9, has an annular
downcomer, a lower plenum, upper and lower core support plates, a
nuclear core and an upper plenum. The vessel volume distribution
is given in Table AI.7, and the metal mass present is summarized
in Table AI.8. The station numbers in Figure AI.10 are explained
in Table AI.9.

The reactor vessel itself is a vertical stainless steel clad,
low alloy steel cylinder with a semi-elliptical bottom head and a
flanged, bolted two-piece top head. The vessel has two primary
coolant inlet and outlet nozzles in the same plane above the
core; they are diametrically opposite and provide the interface
between the primary coolant and the reactor systems. The core
support barrel, a single stainless steel structure, is a
cylindrical barrel with a heavy top flange whose shoulder rests
on the reactor vessel: the flange in also counterbored to accept
the upper core support plate assembly. The cylindrical section of
the core barrel has approximately a 0.76 m (30-in) ID, 4.6 m
(15.1-ft) length and 0.04 m (1.5-in) wall thickness. Outlet
nozzles in the core barrel are aligned with the reactor vessel

,

outlet nozzles. An interior shoulder at the lower end of the
barrel supports the lower core support structure. The core
support barrel forms the inside of the annular downcomer,
separates the inlet from the outlet coolant, and also serves as
the outside of the cylindrical outlet plenum above the core.

The core support structure consists of three assemblies: the
upper core support plate, the upper core support tubes and the
lower core support structure. The upper core support plate is a
0.99 m (39-in) diameter, 0.18 m (7-in) thick plate made of Type
304 stainless steel, bolted to a ledge in the core support
barrel. It has a 0.23 m (9-in) square hole in the center (which
provides access for the replacement of the center fuel module)
and four circular holes (for passage of control rod shafts). The
lower core support structure, seated on the interior ledge of the
core support barrel, is made of Type 304 stainless steel. It is
basically a three-plate assembly surrounded by a cylindrical
shell with an outside diameter approximately the same as the
inside diameter of the core support barrel (the lower core
support skirt). Support for the three plates is provided by the
cylinder and inner structural columns. The upper (core mounting)
plate is 38 mm (1-1/2-in) thick and has 24 round flow distribu-
tion holes. The intermediate (diffuser) plate acts as a diffuser
to improve coolant distribution to the core: it is 0.025 m (1-in)
thick and is supported only by the interior structure (columns).
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The flow paths for the coolcnt are through 1543 holes in the
diffuser plate and 154 holos through the lower core support
skirt. The bottom core copport plate has a 0.76 m (29.96-in)
outside diameter and r. 0.11 m (4.22-in) chickness: coolant flow
through this plate is through five 0.15 m (6-in) squato holes and
fout 0.1 m (3.9-to) circular holes.

The flow skirt and core filler assembly are considered as one
assembly due to the similarity of purpose and design. The core
filler is fabricated by bolting relatively small sections to the
flow skirt. The flow skirt and core filler assemblies consist of
three subassemblies which stack vortically to form a structure
that lines the length of the core support barrel above the lower
core support structure. Core filler subassemblios have the samo
length as the flow skirt sections and are permanently attached to
them. The fillers occupy the volume between the flow skirt and
the fuel assembly envelope. Coolant bypass channels (discussed
below) are provided through and around the flow skirt core filler
to limit the temperature rise in this assembly due to nuclear
heating.

The purpose of the reactor vessel fillors is to displace
excess coolant in the inlet and downcomer regions to maintain a
ratio of water in the inlet and downcomer to that in the core and
primary system similar to the ratio found in a full-sizo PWR; the
fillers also serve to distribute inlet coolant and ECC downcomer
flow. The filler assemblies form the outer edge of the annular
downcomer regions. A 0.05 m (2-in) thick annulus is formed with
the core support barrel except in the nozzle region where a 0.089
m (3.5-in) thick by 0.69 m (27-in) high annulus is formed. This
larger annulus links the two inlet nozzles and acts as a main
flow distribution channel. A thin (6.4 mm (0.25-in)) secondary
annular downcomer is formed by the clearance between the filler
assembly and the reactor vessel.

The flow has several paths available when it enters the
reactor vessel. The main flow path is around the distributor
annulus, down the downcomer, through the core, and out the outiot
nozzles. There are several alternate paths available which do not
direct the coolant through the core; these are termed core bypass
paths. Figure AI.10 shows the reactor flow paths schematically.
There are five possible core bypass flou paths (paths 1 through
5) and one path (path 6) which allows communication between the
core and a bypass path. These are shown and numbered in Figure
A1.9 and detailed in Figure AI.11. Path 1 allows coolant to flow
between the lip at the bottom of the core support barrel and the
lower core support plate. From there it travels between the lower
core support structure and the core barrel upwards to the bottom
of the flow skirt. then travels in the annulus between the core.

barrel and support skirt to the top of the support skirt and into
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the hot leg nozzle region. Path 2 allows coolant which has gono
through the tou:W coto support structure to flow utiderneath the
core filloc blocks and in tho gap betwoon the filter blocks and;

i the flow skirt or in tho gaps betwoon the filler blocks. This
path lida the. opportunity to communicate with the core at station

) 173.236. The coolant niitoring path 2 will oither itow in the flow
r.kirt.fillor block qaps to the top of the upper flow skirt or
commutnce te with v.no core flow at the lowoc to intermediate flow
skirt mating or.the intormodlata to upper flow skirt mating. Path
3 allows coolant to (tow from tne downcomor directly into the
coto w+1pport bArrol-flow skirt annulus. After the coolant enters
the coro support barrel-flov.chlrt annulus, it flows upward to
the top of the flow skirt and into the hot lug nozzle region.
t>ath 4 allows coolant to ficv from the cold log nozzle region
directly to the hot log noaute toqion. Thu coolant flows in the
gap botwonn the re.ector vonset fillor blocks and the reactor
vonnel and-then throuch the gap.hotwoon the coro support barrel
hot leg nozz1vitnd thn reactor vonnel into the hot leg nozzle
area. Path 5 altows coolint to tlos from the cold leg nozzle
region into the uppot alonum. Tho controlling flow areas and
their equivalent diaOAurs as well as the nominal flow rates in
each bypass, ato givon'In Table Af.10.

Tha 1.68 m (5.5-ft) coro unca in LOFT is designed to have the
name phynical, chemical and metallurgical properties as those in
commercial PWRs. It is also dostynod to provide thermal / hydraulic
relationships, modhardeal responno, and fission product release
bohavios curing the LOCMg and ECC recovery which are
representative of PWim during a LOCA. The core contains 1300
nucioar fuel rods arra: qod in live square (15 x 15) annemblies
and tour triangatar (corner) assemblius. shown in Figure A1.12.
The contor.donembly is highly instrumented. And its fuel rods
woro propredsurired to 2.4 Miat the (nel code in the peripheral
assomblies are unprussurized. Two of the corner and one of the
squato annomtlios are not $nJCrumontod. The fuel rods have an
active longth of 1.67-d and an outside diamuter of 10.72 mm. The
fuel consints of UO-2 sintored pallets with an average enrichment
of 4.0 wt% finsile uraniusi (U-235) and with a ionsity that is 93%
of theoretical density, the fuel pellet diameter and length are
9.27 ano 15.24 mm. reapuctively. Moth unds of the pellets are
dished with the total dish volume aqual to 2% of tlie pellet
volume. The cladding maturtal is El'rceloy-4. The cladding inside
and outsido diameters.are 9.48 and 10.72 mm. respectively.
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22W W WW-

4 Parameter Value
f ""'

r 3 3 33 tem erro. 1 2- er ' ' Normal operating pressure 15.51 PW's (2250 psig)u s |
s .

, i ,e I Normal operating temperature 617 K (650*F)g 4 de R3 en surge 91/r
ig- Normal variation in pressure3,,

"- 0 Operating 'lI
-*0.10 MPs (+15 psla)Opereung 3.5 M3 e +0p W P

[ 'W '
Accuracy *I +0.31 MPa (145 psia)

Itr

\ 3 5 n3 4W
{ Pressurizer volume 0. % m3 (34 ft )3it

" 56-1/4'

Steam volume 0.33 m (11.5 ft )
'. 108-1/C Lfquid volume 0.64 m3 (22.5 ft )3

2 3a-1/4" 26-t/C) 13 M3 8 Out surge Voltane/MW(t) 3
y y 0.0175 a f (t)
@ a-f g (0.618 ft /MW(t))# \y

g Maximum heater input by heaters 48 kW

1''1g, g Continuous spray flow 0.03 1/s (0.5 gpm)U2_1t 3 n3 Led *"o" - s -

51/C F' 4 e n3 Hoew' L. 5s- C''
o , ,_,2 -

Spray rate (eastnum) 1.26 1/s (20 gpe)TL e u h I'2- g 5 pray norrie differentfai pressure at 0.13 MPa (20 psid)( Q maximum spray rate and 555 K (540*F)
h

,,N
j'

Ms \=(:

(a) The error band of the pressure transducers is +0.310 MPa (+45 psta);
s t 1_,,s s m

##
however,thetransducersarerepeatablewithin'0.133MPa({15psta).
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-
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Figure AI.4 Pressurizer Geometry
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| Table AI.1

LOFT VOLUME DISTRIBUTION [a]

Value
3 3

Parameter [m (ft )3
J

Reactor Vessel

Downcomer region

Vessel to filler gap 0.285 (10.05)
f

Distribution annulus )

Above bottom of nozzles 0.104 (3.67) |

Below bottom of nozzles 0.068 (2.41)

Downcomer annulus 0.564 (19.91)

Lower plenum

Below core support structure 0.564 (19.92)
Within lower core support 0.096 (3.39)
Above lower core support to
attive core 0.020 -(0.71)

Core 0.293 (10.36)

Core bypass 0.053 (1.89)

Upper plenum 0.896 (31.631

Reactor vessel total 2.943 (103.94)

Intact loop

Hot leg from reactor vessel to
steam generator inlet 0.384 (13.55)

Steam generator plenums and tubes 1.452 (51.27)

Pump suction piping 0.337 (11.89)

Pumps 0.193 ' (7.00)

Cold leg from pump outlet to
reactor vessel 0.333 (11.75)

Pressurizer 0.928 .(32.88)
!

Pressurizer surge line 0.012- -(0.44)

Intact loop- total 3.647 (128.79)

'
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Tablo AI.1 (Continued).

Value
3 3Parameter [m (ft))

.

Broken loop

From reactor vessel to centerline
of joint A including hot leg side
of reflood assist bypass system 0.332 (11.74)

From reactor vessel to centerline
of joint C including cold leg side
of reflood assist bypass system 0.358 (12.64)

Spool piece 0.023 (0.80)

Simulator section 0.617 (21.77)

From joint F to isolation valve 0.013 (0.47)
From joint B to isolation valve 0.014 (0.48)

Broken loop total 1.356 (47.90)

Total system liquid volume [b] 7.566 (267.20)

Total system volume [c] 7.896 (278.86)

Suppression system

Tank (w/downcomers) 85.23 (3010)

Header 19.40 (685)

Downcomers inside tank (4) 2.61 92 (23 each)
(0.65each)

Downcemers between tank 0.99 34.8 (8.7 each)
and headers (4) (0.24 each)

Accumulator A line volumes

Accumulator A to cold leg 0.36 (12.8)
Accumulator A to lower plenum 0.37 (12.9)
Accumulator A to downcomer 0.56 -(19.7)

Borated water storage tank 102.22 (3610)

[a] These volumes represent the best knowledge of the system at this
time (September 1980).

[b] The system is defined as the intact loop piping and components, the
reactor vessel, and the broken loop piping and components up to the
break planes.

[c] Includes pressurizer gas volume of 0.33 m3 (11.7 f t ).3
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Table AI.2 Intact Loop Piping Geometry

Elevation 2
Flow tength (m) (Station) Diarneter (m) Area (m )

Volume Ref.D Volume
330.8 Description Piece to Exit Entry Enit g Exit h Exit (m )

la Core barrel nozzle 0.351 0.736 264.00 264.00 0.292 0.292 0.0670 0.0670 0.0239

lb Vessel nozzle 0.526 1.262 264.00 264.00 0.284 0.284 0.0634 0.0634 0.0336

2 14-in. Sch 160 1.322 2.584 264.00 264.00 0.284 0.284 0.0634 0.0634 0.0869

3 14-in. Sch 160
450 LR elbow 0.419 3.003 264.00 264.00 0.284 0.284 0.0634 0.0634 0.0266

4 14-in. Sch 160 0.719 3.722 264.00 264.00 0.284 0.284 0.0634 0.0634 0.0461

5 venturt 0.965 4.688 264.00 264.00 0.284 0.290 0.0634 0.0659 0.0490
0.03330.206Throat - --- - - -

6 14-in. Sch 160
900 SR elbow 0.559 5.246 264.00 264.00 0.284 0.284 0.0634 0.0634 0.0354

7 14-in. 5ch 160 0.195 5.441 264.00 264.00 0.284 0.284 0.0634 0.0634 0.0124

8 16 a 14-in.
Sch 160 reducer 0.356 5.797 264.00 264.00 0.284 0.325 0.0634 0.0832 0.0263

9 16-in.
0 elbow 0.270 6.066 264.00 267.39 0.325 0.325 0.0832 0.0832 0.0224Sch 160 38

10 16-in. Sch 160 0.260 6.327 267.39 273.70 0.325 0.325 0.0832 0.0832 0.0217

11 EC inlet plenum 0.630 6.956 273.70 293.89 0.325 0.439 0.0832 0.1512 0.3353

12 SG straight tube 2.135 9.091 293.89 371.93 0.439 0.439 0.1G2 0.1512 0.R26

13 E curved tube 0.899 9.990 377.93 277.93 0.439 0.439 0.1612 0.1512 0.1359

14 % stre.i9nt tube 2.135 12.115 377.93 293.89 0.439 0.439 0.1512 0.1512 0.3226

15 % outlet plenum 0.630 12.754 293.89 273.70 0.439 0.325 0.1512 0.0832 0.3353

56 16-in. Sch 160
520 elbow 0.30 13.123 273.70 261.09 0.325 0.325 0.0832 0.0822 0.0307

17 16 : la-in.
5ch 160 reducer 0.356 13.479 261.09 247.09 0.325 0.284 0.0832 0.0634 0.0260

18 14-1'i. 5ch 160 0.511 13.990 247.09 226.98 0.284 0.284 0.0634 0.0634 0.0332

19 14-in. Sch 160
900 SR elbow 0.559 14.548 226.98 212.98 0.284 0.284 0.0634 0.0634 0.0354

20 14-in. 5ch 160 0.622 15.171 212.98 212.98 0.284 0.284 0.0634 0.0634 0.0401

21 14-in. 5ch 160 tee
Main run (pump 1) 6.439 15.609 212.98 212.98 0.284 0.284 0.0634 0.0634

0.0464
Branch run (pump 2) 0.439 0.439 212.98 212.98 0.284 0.284 0.0634 0.0634

22 14-in. 5ch 160
900 SR elbow 0.559 16.168 212.98 226.98 0.284 0.284 0.0634 0.0634 0.0354

90
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: Table AI.2 (continued)

Elevation 2
Flow Length (m) (Station) Diameter (m) Area (m )

Volume Ref.b yo3y,,
38eo.a Description Piece to Exit Entry Exit Entry Exit Entry Exit (m )

23 14 x 10-in.
Sch 160 reducer 0.330 16.498 226.98 239.98 0.284 0.216 0.0634 0.0366 0.0163

24 10-in. Sch 160 0.292 16.790 239.98 251.48 0.216 0.216 0.0366 0.0366 0.0107

25 Pump 1 0.457 17.247 251.48 264.00 0.216 0.216 0.0366 0.0366 0.09913

26 10-in. Sch 160 0.203 17.450 264,00 264.00 0.216 0.216 0.0366 0.0366 0.0074

27 10-in. Sch 160
450 LR elbow 0.299 17.750 264.00 264.00 0.216 0.216 0.0366 0.0366 0.0110

I 28 ;0-in. Sch 160 0.799 18.549 264.00 264.00 0.216 0.216 0.0366 0.0366 0.0292

29 10 x 14-in.
Sch 160 reducer 0.330 18.879 264.00 264.00 0.216 0.284 0.0366 0.0634 0.0163,

30 14-in $ch 160
900 SR elbow 0.559 0.997 212.98 226.98 0.284 0.284 0.0634 0.06 '4 0.0354

l 31 14 x 10-in.
5ch 160 reducer 0.330 1.328 226.98 239.98 0.284 0.216 0.0634 0.0366 0.0163

32 10-in. Sch 160 0.292 1.620 239.98 251.48 0.216 0.216 0.0366 0.0366 0.0107q

| 33 Pumo 2 0.457 2.077 251.48 264.00 0.216 0.216 0.0366 0.0366 0.0991

34 10 in. $ch 160
900 SR elbow 0.399 2.476 264.00 264.00 0.216 0.216 0.0366 0.0366 0.0146

1 35 14 x 10 in.
5ch 160 tee
Sain run (cump 1) 0.559 19.438 264.00 264.00 0.284 0.284 0.0634 0.0634

0.0408
' Branch run (pump 2) 0.424 2.900 264.00 264.00 0.216 0.284 0.0366 0.0634

; 36 14-tr. 5ch 160 0.217 19.655 264.00 2e4.00 0.284 0.284 0.0634 0.0634 0.0138

37 14-is. Sch 160 ,

; 900 SR elbon 0.559 20.213 264.00 264.00 0.284 0.284 0.0634 0.0634 0.0354

38 14-in. Sch 160 0.194 20,408 264.00 264.00 0.284 0.284 0.0034 0.0634 0.0123 -4

39 14-in. $ch 160
; 450 LR elbo. 0.419 20.827 264.00 264.00 0.284 0.284 0.0634 0.0634 0.0266

40 14-in. $ch 160 1.412 22.239 264.00 264.00 0.284 0.284 0.0634 0.0634 0.0917

41 vessel nor41e 0.526 22.765 264.00 164.00 0.284 0.284 0.0634 0.0634 0.0336

42 Vessel filler 0.224 22.988 264.00 264.00 0.286 0.286 0.0641 0.0641 0.0143

a. The volume numbers correspond to the circled nunters in Figure A1.3.

b. Ref. . Reference at centerline of reactor vessel, see Figure AI.3.

c. SG - steam generator.
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Table AI.3 Pressurizer Surge Line Component Identification

Cross-
Section 10

Centerline Metal Flow Fluid Surface EquivalentIDI
A LengthLength hielght A

5(i9)] [e2 (reaft )] [e (ft)] L/0Location ,) Description [a (ft)] [to (Ib)] [e2 (' "ft )] [eg I2
ft

1 4 in. pressurizer stub 0.581 0.835 0.006 0.003 0.157 0.581 6.6
(1.9062) (1.84) (0.0167) (0.1176) (1.686) (1.906)

2 2- g 5ch 160 LR 0.120 1.361 0.001 0.0002 0.016 0.858 20.0
EL (0.3932) (3.0) (0.0156) (0.0061) (0.174) (2.815)

3 2-in. 5ch 160 pipe 0.419 4.627 0.001 0.001 0.056 0.419 9.8
(1.3750) (10.2) (0.0156) (0.0214) (0.608) (1.375)

4 2-in. 5ch 160 LR EL 0.120 1.361 0.001 0.0002 0.016 0.858 20.0
(0.3932) (3. 0) (0.0156) (0.0061) (0.174) (2.815)

5 2-in. Sch 160 pipe 0.982 10.886 0.001 0.001 0.132 0.982 22.9
(3.2214) (24.0) (0.0156) (0.0503) (1.425) (3.221)

6 2-in. Sch 160 LR EL 0.120 1.361 0.001 0.0002 0.016 0.858 20.0
(0.3932) (3.0) (0.0156) (0.0061) (0.174) (2.815)

1 7 2-in. 5ch 160 pipe 0.838 9.299 0.001 0.001 0.113 0.838 19.5
(2.7500) (20.5) (0.0156) (0.0382) (1.215) (2.750)

8 2 in. 5ch 160 SR EL 0.080 0.907 0.001 0.0001 0.011 1.287 30.0
(0.2617) (2.0) (0.0156) (0.0041) (0.115) (4.221)

9 2-in. 5ch 160 pipe 0.204 2.268 0.001 0.0003 0.027 0.205 4.0
(0.6706) (5.0) (0.0156) (0.0105) (0.2%) (0.671)

10 2-in. 5ch 160 SR EL 0.080 0.907 0.001 0.0001 0.011 1.287 30.0
(0.2617) (2.0) (0.0156) (0.0041) (0.115) (4.221)

11 2-in. 5ch 160 pipe 1.321 14.606 0.001 0.0002 0.178 1.321 30.8
(4.333) (32.2) (0.0156) (0.0676) (1.915) (4.333),

! 12 2-in. Sch 160 SR EL 0.080 0.907 0.001 0.0001 0.011 1.287 30.0 I'

(0.2617) (2.C) (0.0156) (0.0041) (0.115) (4.221) )
| 13 2 in. tch 160 pipe 0.203 2.268 0.001 0.0003 0.027 0.203 4.7

(0.6667) (5.0) (0.0156) (0.0104) (0.295) (0.f67)

14 2-in. 5th 160 SR EL 0.000 0.907 0.001 0.0001 0.011 1 287 30.0
(0.2617) (2.0) (0.0156) (0.0041) (0.115) (4.221)

15 2 in. Sch 160 pipe 0.483 5.352 0.001 0.001 0.065 0.483 11.2
(1.5833) (11.8) (0.0156) (0.0247) (0.700) (1.594)

16 2-in. $ch 160 LR EL 0.0120 1.361 0.001 0.0002 0.016 0.350 20.0
(0.3932) ( 3. 0) (0.0156) (0.0061) (f.174) (2.815)

17 2-in. $ch 160 pipe 0.762 8.43.7 0.001 0.001 0.103 0.762 17.8
(2.5000) (18.6) (0.0156) (0.039), (1.104) (2.500)

IS 2-in. $ch 160 LR EL 0.120 1.~361 0.001 0.0002 0.016 0.858 20.0
(0.3932) (3.0) (0.0156) (0.0061) (0.174) (2.815)

19 2-in. 5th 160 pipe 0.303 3.357 0 001 0.0004 0.041 0.303 7.1
(0.9935) (7.4) (0.0156) (0.0155) (0.439) (0.994)

20 Screen 24.7- --- -- -- ----- ------ ----- -----

..... ..... ..... ...... ..... .....

[a] Location numbers. correspond to circled num6ers on Figure AI.S.

[S) Equivalent length is the length of pipe that will give the same pressure drop as the piping section described.

(c) EL - elbow.
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Table AI.4 Steam Generator Lesign Parameters

Perameter Value

Tees

Mintown length including tube sheet 4.27 m (14.0 ft)
Maximum length including tube sheet 5.19m(20.3ft)
Average length including tube sheet 5.17 m (16.95 ft)

'

Enternal surface area of tubes less 335 m2(3610ft)2

tube sheet

Surf ace area of tubes inside tube 43 et (463 f t )2

sheet

Internal cross-sectional area of tubes 82 m2 (0.127 in.2)
Outside diameter of tubes 12.7 mm (0.50 in.)
Average wall thickness 1.24 m (0.049 in.)
Not er of tubes 1845

Thickness of tube sheet 0.292 m (11.5 in.)
Tube arrangement Equilateral triangulse

pitch on 19-se (0.75-in.)
centers

Material Incon,1-600
Maximum height from bottom of tube 2.73 m (107.5 in.)
sheet,

Minimum height from bottom of tube 2.15 m (84.5 in.)
sheet

| Tube bundle diameter 1.22 m (48 in.)
Internal volume of tubes including 0.781 m3 (27.6 ft )3

Lt.be sheet
3

Internal volume of ti.bes inside t 4 0.000 m3 (3.12 f t )
sheet

Primary plent.as

! Inlet plenum volun 0.223 m3 (7.887 ft )3

Outlet plenum volume 0.223 m3 (7.887 ft )3

Secondary side

Secondary shell volume 6.654 m3 (235 ft )3

Secondary shell material Carbon steel MIL-QQ-5691a,
Grade C

!
' Morsal operating pressure 15.51 MPa (2250 psig) !

93
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Table AI.5 Steam Generator Data

|. STUM GEERATOR IIIFolMATloll

STEAM GENERATOR ELEVATI0llS ABOVE TUBE SEET

TUBE INSIE DIA ETER 0.402 IN.

TUBE OUTSIE DIAETER 0.500 In. ELEVATI0ll'
Ius

AVERAGE TUBE LUIGTH

IELUDillG TUBE SEET 16.957 FT TU K BES LIE 72.50

TUBE SHEET THIC101ESS 11.5 IN. LOW TUBE SPILLOVER 73.00

DOMCO ER OUTSIE DIAKTER 56.00 IN. BOTTOM OF FRUSTRUM 88.125

DomC0ER IIISIE DIAETER 51.75 IN. HIGN TUBE SPILLOVER 96.00

SMOW llISIE DIAETER 50.75 IN. TOP OF FRUSTRIM 101.22

BAFFLES 100lMAL HATER LEVEL 126.00 **
* NumER 4 BOTTOM 0F SEPARATOR 144.63

SPACllIG 17.375 IN. T0P OF RISER 161.75

AREA 0F 3 L0NER BAFFLES 4.867 so FT

AREA 0FTOPBAFFLE$ 4.314 so FT
TUBE SHEET TOP IS 41.39 IEHES ABOVE THE Cold LEG CGITERLIE*

g gg33
MMilm LEVEL IS 116 + 1 IllCH FOR EVERY 101 POWER*

50 IBf OPutATIGH 4130 Lan

37 ;tt OratAT1011 4505 Lan

f

.

s



I

Table AI.6 Broken Loop Piping Geometry

Elevation 2
Flow tength (e) (Station) Of eneter (m) Area (m )

Volume 8ef.b y,9 ,,,
no.a Description Piece to Entt Entry Exit h tuft Entry fait d

1 Wessel filler 0.224 0.736 264.00 264.00 0.286 0.286 0.0641 0.0641 0.0143
2 yessel nearle 0.526 1.262 264.00 264.00 0.284 0.284 0.0634 0.0634 0.0336

3 14-in. Sch 160
450 LR elbow 0.419 1.681 264.00 264.00 0.284 0.284 0.0634 0.0634 0.0266

4 14 s 14 a 10-in.
Sch 160 tee 0.559 2.240 264.00 264.00 0.284 0.284 0.0634 0.0634 0.0403

0.216 0.036610-in. branch -- - - - - -

5 14-in. $ch 160 0.695 2.935 264.00 264.00 0.294 0.284 0.0634 0.0634 0.0449

6 Flange 0.450 3.385 264.00 264.00 0.284 0.103 0.0634 0.0084 0.0050

7 Orifice plate 0.076 3.461 264.00 264.00 0.103 0.103 0.0084 0.0084 0.0006

8 Flange 0.168 3.629 264.00 264.00 0.103 0.103 0.0084 0.0084 0.0014

9 5-in. Sch IX
900 LR elbow 0.299 3.928 264.00 256.50 0.103 0.103 0.0084 0.0084 0.0025

10 6-in. Sch 160 0.832 4.760 256.50 223.75 0.132 0.132 0.0136 0.0136 0.0114

11 5-in. Sch II
900 LR elbow 0.299 5.059 223.75 216.25 0.103 0.103 0.0084 0.0084 0.0025

12 Flange 0.168 5.228 216.25 216.25 0.103 0.103 0.0084 0.0084 0.0014

13 Pump simulator 0.473 5.701 216.25 216.25 0.103 0.287 0.0064 0.0645 0.0102
Orifice plate 0.008 0.0101- - - - - - -

Suoport plate 0.152- - - - - - - -

,

l 14 14-in. 5ch 160
| 900 SR elbow 0.559 6.251 216.25 230.25 0.284 LN284 0.0634 0.C534 0.0354

15 14 a 5-in. <

Sch 160 reducer C.330 6.570 230.25 243.15 0.284 0.110 0.0634 0.0094 0.0107

If 5-in. 5ch 160 0.927 7.526 243.25 280.12 0.110 0.110 0.0095 0.0094 0.0028

U flange 0.206 7.732 280.12 288.24 0.103 0.103 0.0004 0.0084 0.0008
|

18 SG simulator 2.051 9.784 288.24 369.00 0.103 0.371 0.0084 0.1079 0.1725 ,

Support piate 0.119 0.0112- - -- - - - -

(
j Orffice plate 0.124 0.0326- - - - - - -

19 18-in. 5ch 160
900 SR elbow 0.718 10.502 369.00 387.00 0.367 0.367 0.1056 0.1056 0.0759

20 18-in. 5ch 160 0.263 10.765 387.00 387.00 0.367 0.367 0.1056 0.1056 0.0278

21 18-in. $ch 160
900 54 elbow 0.718 11.483 387.00 369.00 0.367 0.367 0.1056 0.1056 0.0759

22 5G simulator 2.051 13.535 369.00 288.24 0.3/1 0.103 0.1079 0.0084 0.1725

0.119 0.0112Support plate - - -- - - -

0.123 0.0326Orifice plate -- - - - - -

| 23 Flan 9e 0.206 13.741 288.24 280.12 0.103 0.103 0.0084 0.0084 0.0008
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Table AI.6 (continued)

Elevation 2
Flow Length (m) (Station) Diameter (m) Area (m )

Volume Ref.b Volume

10 0 . 4 Description Piece to Exit Entry Exit Entry Exit Entry Exit (m )3

24 5-in. Sch II 0.282 14.023 280.12 269.00 0.103 0.103 0.0084 0.0084 0.0024

25 5-in. oversize
900 elbow 0.199 14.223 269.00 264.00 0.103 0.103 0.0084 0.0084 0.0017

26 Flange 0.168 14.391 264.00 264.00 0.103 0.103 0.0084 0.0084 0.0014

27 Orifice 0.076 14.467 264.00 264.00 0.077 0.114 0.0046 0.0108 0.0005

28 Flange 0.244 14.712 264.00 264.00 0.257 0.257 0.0520 0.0520 0.0127

29 1 solation valve 0.762 15.474 264.00 264.00 0.257 0.257 0.0519 0.0519 0.0838

30 008vc 1.651 17.125 264.00 264.00 0.257 0.273 0.0520 0.0520 0.1050

31 Expansion joint 0.991 18.115 264.00 264.00 0.273 0.298 0.0586 0.0700 0.0972

32 Core barrel norrle 0.351 0.736 264.00 264.00 0.292 0.292 0.0670 0.0670 0.0239

33 vessel norrie 0.526 1.262 264.00 264.00 0.284 0.284 0.0534 0.0634 0.0336
i
'

34 14-in. Sch 160
450 LR elbow 0.419 1.681 264.00 264.00 0.284 0.284 0.0634 0.0634 0.0266

'

35 14 x 14 x 10-in.
Sch 160 tee 0.559 2.240 264.00 264.00 0.284 0.284 0.0634 0.0634 0.0403

8 ranch 0.216 C.0366- - - - - - -

16 14-in. Sch 163 0.695 2.935 264.00 264.00 0.284 0.284 0.0634 0.0634 0.g s 3;

37 Flange 0.450 3.385 264.00 264.00 0.284 0.110 0.0634 0.0309 0.0054
'

38 Ortfice plate 0.076 3.431 264.00 264.00 0.114 0.077 0.0102 0.0046 0.0005
,9 Flange 0.206 3.667 264.00 264.00 0.173 0.173 0.0235 0.02% 0.0049
40 S-13. Sch 160 0.494 4.161 264.00 264.00 0.173 0.173 0.0235 0.0235 0.0114 '

41 Flapse 0.2rA 4.368 264.00 264.00 0.173 0.173 0.0235 0.0235 0.0049 i

42 Orifice plate 0.076 4.444 264.00 264.00 0.173 0.173 0.0235 0.0235 0.0018
43 Fiange 0.244 4.688 264.00 264.00 0.257 0.257 0.0520 0.0520 0.0127
44 1 solation valve 0.762 5.450 264.00 264.00 0.257 0.257 0.0519 0.0519 0.0838

45 008V 1.651 7.101 264.00 264.00 0.257 0.273 0.0520 0.0520 0.1050

46 Espansion joint 0.991 8.092 264.00 264.00 0.273 0.298 0.0586 0.0700 0.0972

e. The volume nuders correspond to the circled nueers in Figure AI.8

b. Ref. - Reference St centerilne of reactor vessel, see Figure AI.8

c. 000V - quick-opening blowdown valve.
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Table AI.7

LOFT REACTOR VESSEL VOLUME DISTRIBUTION a

Parameter Value [m (f t )]

Downcomer region

Vessel to filler gap 0.285 (10.05)

! Distribution annulus
1 Above bottom of nozzles 0.104 (3.67).
' Below bottom of nozzles 0.068 (2.41)

Downcomer annulus 0.564 (19.91)
lower plenum

Below core support structure 0.564 (19.92)
Within lower core support 0.096 (3.39)

, Above lower core support to
! active core 0.020 (0.71)

| Core 0.293 (10.36)

Core bypass 0.053 (1.89)

Upper plenum 0.896 (31.63)

Total 2.943 (103.94)
!

i

i [a] These volumes represent the best knowledge of the system at this
time (September 1980) .

,

1

,
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Table AI.8

REACTOR VESSEL MATERIAL

Estimate
Weight

Component [kg (1b)] Material

Reactor vessel closure heads

Instrumentation head 11 000 ASME SA 336, modified to
(24,000) Code Case 1332-1, clad

with Type 308L SS

Closure plate 2300 ASME SB 166 (Inconel-600)
(5000)

Pressure vessel 34 000 ASME SA 336, modified to
(75,000) Code Case 1332-1, clad

with Type 308L 55

Core support barrel 10 000 Type 304L SS
(22,200)

Upper core support plate 800 Type 304 SS
(1800)

Upper reactor vessel filler 6600 Type 304L SS
(14,600)

Lower reactnr vessel filler 25 000 Type 304L SS
(55,200)

Flow skirt 640 Type 304L SS
(1400)

Lower core support structure 550 Type 304L SS
(1200)

Upper core support structure 2100 Type 304L SS
(4706)

Fuel assembly end boxes 200 Type 304L SS
(430)

Fuel pins (cladding only) 155 Zr-4
(340)

Fuel pellets. 1470 00
2

(3240)
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| Table AI.9

DIMENSIONAL DATA--REACTOR VESSEL

i

Height Above
Reactor Vessel Bottom

i Elevation Points Station [a] [m (in.)]

Sottom (inside) of reactor vessel 67.80 0.00 (0.0)ED3
Bottom of downcomer annulus 96.44 0.727 (28.64),

Top of lower core support structure 113.25 1.154 (45.45)

Top of lower grid plate 116.24 1.230 (48.44)

Bottom of uninstrumented fuel 116.93 1.248 (49.13)
Bottom of instrumented fuel pins 117.24 1.256 (49.44)

Bottom of spacer grid 1 117.74 1.268 (49.94)~

Bottom of instrumented fuel 117.93 1.273 (50.13)
Bottom of spacer grid 2 134.34- 1.690 (66.54)
Bottom of spacer grid 3 150.94 2.112 (83.14)
Bottom of spacer grid 4 167.44 2.531 (99.64)
Top of uninstrumented fuel 182.93 2.924 (115.13)
Top of instrumented fuel 183.93 2.950 (116.13)

[ Bottom of spacer grid 5 184.04 2.953 (116.24)

| Top of uninstrumented fuel pins 186.62 3.018 (118.82)
Bottom of upper grid plate 187.62 3.043 (119.82)
Top of fuel module 191.82 1.150 (124.02)l

Top of downcomer annulus 247.33 4.560 (179.53)
Vessel nozzle centerline 264.00 4.983 (196,20)

| Top of distributor annulus 277.05 5.315 (209.25)
M 5.898 (232.20)Internals support ledge in vessel 3Z.00

! Inside surf ace of vessel f1ange 307.0 6.076:(239.20)-

[a] The station numbers shown in this table are elevations in inches,
with reference station 300.0 at the internals support ledge of the

|
pressure vessel.

|

|
[td Reference point.

,
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Table AI.10
|

CORE BYPASS CHANNELS

g Controlling Equivalent
Core Bypass ,)

F19w(Areg)] Diameter
Path [mm in. [mm (in.)]

1 874 (1.356) 3.13 (0.123)

2 3703 (5.740) 3.48 (0.137).

3 65 (0.100) 0.64 (0.025)
;

4 309 (0.479) 0.30 (0.012)

5 286 (0.443) 2.76 (0.109)

6 4162 (6.452) 3.91 (0.154)

; [a] Numbers correspond to " Detail" numbers on Figure AI.9.

!

CORE BYPASS

.

PATH * % LOOP FLOW
i

1 1.31 - 1.34
'

2 1.02 - 1.04
3 0.% - 1.01

** 4 4.38 - 6.58
** 5 0.04

6 0.27 - 0.28
**RABV 1,42 - 1.43

9.40 - 11.72

10.56 * 1.16

* NUMBERS REFER TO DETAILS ON FIGURE AI.9

** STEAM VENTING PATHS
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4

APPENDIX II

INPUT LISTING
I

;

An input listing for the L6-7/L9-2 transient calcula-
tion run is given on attached microfiche.

4

i

1

i

d

h

!

4

l
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APPENDIX III

1

ADDITIONAL UPDATES USED FOR CYCLE 18+

In June 1982, updates to bring RELAPS/ MOD 1 to the cycle 18
level were received from INEL. Also added to our version of
cycle 18 were some other recommended updates from INEL. The
recommended updates which were added are listed below by their
identifier names for reference.
KERRO15: This update adds a subroutine to check elevation

changes around piping loops. The check is done
during input processing.

DEBUGJ: Adds diagnostic printout during computation of
junction properties.

DMKTIM: Adds mass error debug printout during
computation of equation of state variables.

BRFIX: Attempts to fix a branching problem by multiply-
ing viscous terms in momentum equation by the
square of the ratio of the junction area to the
volume flow area.

;

t
! hiso included in INEL's recommended updates was a new inter- )phase drag model (identifier HXCRXXX). This update wa9 not '

implemented in our version of RELAP5/ MOO 1/ CYCLE 18.
|

'

!

|
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DISTRIBUTION: RELAPS Assessment: LOFT Large Break L2-5 |
|

U. S. NRC Distribution Contractor (CDSI) (300)
7300 Pearl Street
Bethesda, MD 20014 ,

300 copies for R4 )

U. S. Nuclear Regulatory Commiss{on (4)
Analytical Models Branch .-
Division of Accident. Evaluation
Office of Nuclear Regulatory Research
7915 Eastern Avenue
Silver Spring, MD 20910
Attn: Louic M. Shotkin

Fuat Odar
R. Landry
H. S. Tovmassian

,

EG&G Idaho (6)
Idaho National Engineering Laboratory
P. O. Box 1625

| Idaho Falls,.1D 83415
Attn: T. R. Charlton4

G. W. Johnsen
Edna Johnson
J. C. Lin

i V. M. Ransom
R. J. Wagner ,

Thad D. Knight -

Dennic R. Liles
2

; Los Alamos National Laboratory -(2)
' K553 Q-9

Los Alamos, NM 87545

i '

P. Saha, 130
Department of Nuclear Energy
Brookhaven National Laboratory

'

Associated Universities. Inc.
Upton, New York 11975

N. H.uShah,

Babcock &'Wilcox Co. (NPOD)
P. O. Box 1260 -

Lynchburg, VA,_24505 -
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Jesse Fell (5)
Deputy Director
Water Reactor Programs
Atomic Energy Establishment
Winfrith
Dorchester. Dorset

i DT28DH
'

ENGLAND

6400 A. W. Snyder
6410 J. W. Hickman
6417 D. D. Carlson

I 6420 J. V. Walker
6421 T. R. Schmidt
6422 D. A. Powers
6423 P. S. Pickard
6425 W. J. . Camp

,

J 6427 M. Berman
6427 C. C.~Wong
6440 D. A. Dahlgren
6442 W. A. von Riesemann
6444 S. L. Thompson (16),

6444 L. D. Buxton'

6444 R. K. Byers
6444 R. K. Cole, Jr.
6444 P. N. Demmie

; 6444 D. Dobranich
; 6444 M. G. Elrick
} 6444 L. N. Knetyk
| 6444 R. Knight

6444 J. M. McGlaun
6444 J. Orman
6444 A. C. Peterson

) 6444 W. R. Schmidt
i 6444 R. M. Fummers

6444 G. G. Weigand'

! 6449 K. D. Bergeron
0424 h. A. Pound
3141 C. M. Ostrander (5)
3151 W. L. Garner

|

'
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