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ABSTRACT

The RELAPS 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 RELAPS code is being assessed at SNLA
against test data from various integral and separate effects test
facilities. As part of this assessment matrix, a large break
transient performed at the LOFT facility has been analyzed.

The results show that RELAP5/MOD1 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 indepenaent 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
detailed thermal/hydraulic response of LWRs during accident and
off-normal conditions. The RELAPS code (1) is based on a
nonhomogeneous and nonequilibrium one-dimensional model for
two-phase systems, and has been under development at the “daho
National Engineering Laboratory (INEL) for an extended period,
with the first version released in May 1979. The version first
usad for this assessment project was RELAP5/MOD1/CYCLEl4, the
latest publicly released version available at the time the
project started. In June 1982, we received the formally released
updates creating cycle 18 together with some unreleased, but
recommended, updates then being used at INEL. (2] These changes
have been used to create and run a MOD1l version at Sandia we call
cycle 18+, which was used as the assessment code for these L2-5
analyses.

The RELAPS code is being assessed at SNLA against test data
from various integral and separate effects test facilities. The
assessment test matrix includes several transients performed at
the Loss-of-Fluid Test (LOFT) tacility (3) at INEL. One of these
assigned transiconts 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/MOD2 assessment matrix; since our
version of MOD1.S was not yet ready for production runs, we began
preliminary L2-5 calculations with MODl. The analysis was then
completed with MOD1 when the NRC delayed the MOD1.5/MOD2
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
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
reference.
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2.0 NODALIZATION

The Loss-of-Fluid Test (LOFT) facility (shown in Figure 2.1)
is located at the ldaho National Engineering Laboratory and
supported by the NRC., The facility [3) is a 50 MWt pressurized
water reactor (PWR) with instrumentation to measure and provid:
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 I1I. The RELAPS nodalization developed for LOFT
experiment L6-7/L9-2 [7] was used as the starting point for this
.2-5 nodalization; changes include removing the detailed
secondary feedwater train, redefining tcransient 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
glabs in this nodalization., 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, 1 which
represents the spray cooling line and 1 time-dependent volume
which provides the steady state boundary condition. The broken
loop contains 46 volumes, 2 of which arte time-dependent volumes
providing break downstream boundary conditions. The vessel itself
is modelled with 45 volumes 9 in the main annular downcomer, 3
in the lower plenum, 4 in the core, 4 in the upper plenum, and 25
representing various secondaty 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.




The v'ssel nodalization is shown in more detail in Figure
2.3. The relative elevations of the cel)l boundaries are given, as
are either cell flow arcas or volumes. Most of the vessel flow
areas were taken from a careful study of the flow area data given
in Table A-5 of reterence |3). We attempted to model most area
changes explicitly (e.qg., small tlow arca changes in the
downcomer). However, we modelled a rapid scries 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 identifiers used in the description given in
Appendix 1); based on guidelines developed duriny this ascessment
project (7], these bypass paths were modelled with user-input
loss coeftficients at default tlow arceas. Besides the fuel rods
themselves, heat slabs have beer included for the outer vessel,
the tiller blocks, the core barrel, the upper and lower core
support structures, and the upper ~losure plate. These heat slabs
account for ~89,000 kg ot vessel structural mass (as compared
to ~93,000 kg ot vessel structural mass shown in Table Al.8).

(As part of the L2-%5 analyses, calculations were also done
using a modified vessel nodalization with a split downcomer, in
an eftort 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 crosstlow was permitted by the
two crosstlow junctions (573 and 574) defined. Sensitivity
studics were done in which the user- input loss coefficient at
these Lwo junctions was varied from a geomet:rically based low
crosstflow resistance of K ~ 1.5 to an artificially increased
high crossflow resistance of K ~ 100.)

The steam generator nodalization is shown in Figure 2.5, with
the relative elevations of the cell boundaries. All the U. tubes
are lumped into a single tlow path. Besides the U-tubes
themselves, heat slabs representing the tube sheet, the shroud
and tlLe external wall are included in the model. Because of the
limited amount of information on the steam generator secondaty
side in the facility description [3), we had to estimate the
secondary volume distribution, given the global secondary volumes
and dimensions in Tables Al.4 and Al.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. These logs coefficients can be either
user- input, as for elbow losses, or code-calculated using abrupt
area change models., The user- input numbers are given first; two
values are given for the forward and reverse loss coefficients
respectively, if they are different. The code calculated numbers,



which are shown in parentheses, are single phase values (in the
direction of normal gsteady state tlow) which may change in

two- phase flow. The resulting pressure drops acre iu good
agreemen! with the differcntial pressure measurcements for
steady state conditions.

The pump homologous curves first used were those handed out
at the LOFPT/Semiscale modelling workshop |8). (As discussed below
in Section 3.2, we latoer modificd some of the pump curve input.)
Also 'aken from the data made available at that workshop were the
nominal values of the various bypass tlows and the estimated
environmental heat loss maygnitude and distcibution. In our
nodalization, we used average heat cransfer coelticients for
natural couvection for the appropriate component sizes and
temperatures [(9), and assumed contaiument temperature to be 300
K. Heat transter coefficients were approximated by linear
functions of surface toemperature. Three functions were used
one for all of the piping, another tor the vessel cylinder and a
thicd, artificially lowered, tunction for the preusucrizer and
steam generator walls (to match the given ambient heat loss
disteibution (8)). These yiold a steady state heat loss ot ~200
kW 30 kW trom the steam gencrator secondary, 103 kW from the
vessel, 29 kW and 27 kW trom the intact and broken loop piping
respectively, and 11 kW trom the prossurizer.
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3.0 ANALYSKES

LOPT experiment 1,2 8§, successtully completed on June 16,
1982, consisted of a double ended 200% cold leq break. The
teactor scrammed on low pressure and the primary coolant pumps
were manually 'ripped and decoupled trom their ftlywheels within 1
gocond atter break initiation, in an attempt to avoid early fuel
rod rewet. This was gonorally achlieved except for a rowet of the
upper portion of the central fuel asgombly that began at ~12 s
and ended at ~23 §. Accumulator injection into the intact loop
cold leg bogan at ~17 s; HPIS and IPIS injection wore delayed
antil ~24 and ~37 s, respectively, to simulate the delay
expected for a PWR emergency diesel to begin delivering power in
tesponse to a loss of offuite. power aceident, The fuel rod peak
clad temporature of 1078 i 13 K occurred at 28.5 &. The clad was
quenched and the core tecoverod within 70 8 of break initiation.
The LPIS injection was stopped at ~107 &, aftoer the L2-§
expariment was considered complete, and another tost was begun.,
The blowdown suppression tank (RST) proeusure was automat lcally
controlled by the spray system throughout the tost to simulate
the contalnment backprossute expected during a PWR LOCA. [4.5,6)

3.1 Steady State Caleunlation

ldeally, one wanis to caleulate all the exporimontal initial
conditions tor the primary and secondary sides simaltaneously,
within the given exporimental uncettainties. We were readily able
to achieve such an initial condition for L2 % (shown in Table
3.1.1), starting tcom the L6 7/L9-2 steady nlate (7); the user
gxperience gained in that ealeulation and others 10,11]
simplified the L2 % initialization considerably.

A steam filled time dependent volume attached to the top ot
the pressurizer maintained the desired primary pressure without
difficulty, and, as in our previous assessmont calculations,
using an integral controller tn adjust the primacy pump speed
worked very well. Also as before, the steam (low valve was
controlled to match the steam dome pressure using an exponential
relaxation scheme. The desired nocondary pressure resulted in
primary side temperatures within the high side ol the
experimental uncertainties after defining the U tube secondary
side heated equivalent dlameter to be the U tube minimum
tube to tube spacing; this particular value had already been
determined -from provious asscusment calculat ‘ons (7,10,11), and
was not further adjusted during the 1L.2-5 initializetion.

A smal)l i1ncrease in a Courant limit condition allowed the
code selected time step to double during the latter part (> 50 8)
of the stoady state calculation, resulting in oswcillations in
poth the secondary side liquid level (shown in Figure 3.1.1) and

13



vecondary pressure (shown In Figure 3.1.2); these osclllations
wite then transmittoed to the primaty side, as «hown by the hot
leg provsure in Pigure 3. 1.3. The oscillations, howover, were a
relatively minor problom that conld be oliminated by a

user -forced reduction ot the time nlep, as demonstratod at 190 s
in the figure.

3.2 Proliminacy Transient Caleculations

The 1.2 5 transient was run neveral timosn. In the first
transient calculations, the brokoen 100p stcam gencrator simalator
nodalization was retined to model the multiple otifice plates
explicitly; we found that this allowed bolior prediction of the
very early time soquential tlashing throughout the broken loop
and the poak hot leg (pump side) subconled broak tlow, without
Any additional user input loss coefficients being required. The
primacy systom prossuce (shown in Figure 3.2.1), and the cold leg
(vessel nide) and hot log (pump side) broak tlows (shown in
Figures 1.2.2 and 3.2.3) during the fitst ~%0 seconds wore all
in reasonably good agrooment with oxperimental data for thege
garly ca'culations. The predicted clad temperatuces (shown for
our four core nodes in Figure 1.2.4) wore also well bohaved,
pacticularly during the blowdown time of ~10 &, The various
sludies roported in this soction had very little visible of fect
on these major systom variables,

Althouyh the primaty proossure and broak flows wetre
well behaved, Fiqure 3.2.5 shows Lhal the primary coolant pump
rosponce was not beiny correctly predicted atter ~8 seconds;
the pump data shows a plateau with the pump “free wheeling” until
established accumulator injection began totcing a slow speedup,
while the calculation continuos thoe initial rapld coastdown until
the start of full accumulator injection at ~20 seconds when the
pump speed cioes very rapidly to ~300 rad/s. This discraepant
pump responce did not apparently feed back significantly to the
overall calculated behavior.

The firut etforts to caleulate pump coastdown and subsequent
speedup in better agreement with the L2 & expoerimental data
involved replacing parts of the pump homologous cutves (the head
and torque two phase multiplier tablos and first quadrant
two phase difference curves) with new pump curves developed by
LOFT personnel. The now curtves were baned on the L3 6 (pumps off
small break test) exporimontal data (12). This modification
allowed the change in pump speed at ~8 seconds in 1.2 % to be
calculated correctly, but the revised calculation ran inte
trouble later when attempting to calculate the intact loop pump
seal clearing at ~20 30 s; the veal cloared late and
catastrophically. We have not yot found a way to calculate the
"eorrect” intact loop pump scal behavior, but by using the

14



one-velocity formalism in the loop neal junctions (i.e., setting
h+«2 in the cahs junction tlag) we can torce the desired behavior

since the liquid presont is theu conslrained to move with the
vapor *low. These two changes yleld better calculated varly time
pump bohavior, as shown in Figure 3.2.6, but the difterent pump
behavior has noe significant atfect on the overall systom
behavior.

Although the pump still speeds up too much whon the RCC
injection begins at ~15%-20 &, it then begins & series of small
oscillations trom 150 rad/s to 200 rad/s qualitatively similar to
those in the experimental data. The high pump speods persist
until about 70 s, and the timing provides a clue to a possible
goucce of this problem. The period batween ~20 70 & in the
calculation corrosponds to the time during which the accumulator
is injecting & large amount of subccoled KCC water into the
intact loop cold leg, just as the somewhat shorter period of
moasured pump speedup of ~20 60 & corresponds to the slightly
shotter time the sccumulator wao actually injecting in the
exporiment (discussed later in more detail in Section 3.3). The
most probable cause of the caleulated excessive pump spoedup is
over estimation of the condensation induced pressute drop at the
ECC injection point, which creates a suction effect pulling more
flow through the intact loop. Teo much tlow is being pulled
through the hot leg piping, steam genorator and pump as & rosult,

Flyures 3.2.7 and 1. 2.8 show the calculated and moanured
intact loop cold and hot ley mase tlow cates. (The
instrumentation tor the hot leg tlow doow not moasute direction,
but only magnitude, of flow.) While the cold leg 'low rate shows
telatively good agreement with data, the hot leg tlow is high
comparad to data when the excossive pump spoeds are being
calculated, Comparison of measured and calculated intact loop hot
leg densitios shown in Figure 1.2.9 shows that the high
calculated mase ftlow is not & renult of much more liquid, and
thus must be due te highor velocities. Irregardlions of whether
the higher mans flows are caused by too large an BCC condensstion
pressure drop (as suggested by the timing), or are simply due to
the code calculating too high & two phase natural cireulation
tlow rate (as indicated by othor assessment calculations
[(13,14)), the higher mass tlow calculated accounts for the
incorrect pump speedup.

Some sensitivity studies were also dono in these early
teansiont caleulations on the KCC injection modelling, with part
of the injection being forcod to flow upstruam toward the pump in
an effort to caleulate the slugs of water appoaring upstream of
the injection point in the data, shown in the intact loop density
data plot in 'tznro 1.2.10, Caleulations wore done with the ECC
injection junction pointing toward the vessel (the basocase, as
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shown in Figures 2.2 and ). 2.11a), pointing back toward the pump
(Figure 3.2.11b), and split into twe junctions, one pointing
upstream and the other downstream (Figure 1.2.11¢). The two
jurction contiguration required a cheek valve to prevent
unphysical recireulation tlows betore KCC injection began, and
then still calenlated some unphysical rocitculation tlow patterns
alter BCC injection initiation. Injecting all the ECC wate,
toward the pump eventually tilled up the upstream cold legqg, pump
and pump suction leg. Injecting the HCC towatd the vessel (in the
notmal manner) gave the best calculated results, although the
#luge of water appearing in the data upstream ot the injection
poilnt were seldom or never caleculated.

Another problem encountered in these preliminacry caleulations
was the unavoidable code fallute whon the accumulator empt iod and
was supposed to start injecting nitrogen, Discussions with the
code Aduvelopers rovealod that this 198 & known (but undocumented)
prtoblem in both MODL and MODL.S which has to be modelled around;
the accumulator must be valved shut when 1t runs out of water,
(Currontly the accumulator will correctly empty and inject
nitrogen only At all volumes in the model are dofined to be
(nonntandacd) equilibrium volumes. The difticulty arises from an
incomplete model in the wall heat transter package.)

Although apparently having no significant efltect on the
ovarall transient bohavioer being calculated, the early
caleulations alno showed probloms matching the obsetvod (sllight)
secondary side depressurization. As shown in Figuee 1.2.12, the
analyses predicted a much groater pressute drop than measured in
the latter portion of the tont, The lower secondary nide pressure
and ansoclated low saturation tumpotature attected the primary
sido stoam genetator outlet plenum temperature being calculated,
The source ol the greater calculated Aeprossurization was tound
to be manometer type oscillations in the (stagnant) secondary
side, shown in Figyute 1.2.13; every eyele, some stoam wan
condensed, with a consequent drop in prossute. This rosulted in a
steady oscelillation which would last throughout the L2 §
transtent. An attificlally large torm loss (XK . 200) was added in
the downcomer shroud junction to damp these oscilliations and help
maintain secondaty prossuto atter the atart of the transiont, as
shown In Figures 3. 2.14 and 1.2.15%.

3.0 Translont Caleculation Using Single Downvomer

Dospite the known probleme Alscussed in the previous section,
the L2 % trananiont was tun to completion, |.e., until the
olficial and of the expoeriment at ~100 s; Table 3.3.1 gives the
moasurod and caleunlated sequonce of events. (The caleulations
discussed in this and the next section used the rovised pump
curves, the one velecity totmaliam in the leooap seal junctions and
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# latge torm loss coelticient in the sovondacy side

dosncomer shroud junction to damp the secondary side
oscillations. The ECC injection was pointed toward the vessel as
was shown in Figure 2.2.)

The intact loop cold log pressure tor the tinal calculation
is shown in Figure 3.3, 1, Despite slightly uverpredicted
doptessutization around % 10 & and later time (~30 70 »)
prousure oscillations traceable to the otfects of ECC in)ection,
the overall agroement with the moasured data is very good. The
vossel side (cold leg) and pump side (hot leg) broak tlows are
shown in Pigures 2.1.2 and 3.1, ), Again, despite some
discrepancies due to oxconsive caleulated ECC bypass. the overall
agroement between analysis and data is very good, using subcoolod
and saturated discharge coetfticionts of 0.8%, The ettect ot the
accumulator injection beglinuning at ~1% & can clearly be scen in
the broken loop cold leq tlow; the analysis bypasses the injected
BCOC water to the broken loop and out the vessel alde break. The
excoss KCC bypass causes thoe break flow to remaln choked longer
in the calculation, haolding up the system pressure at later
Limes .

Figure 3. 1. 4 shows the calculated and measured brokeu loop
cold 'eg donsity, Wwith the analysls showing much more water
present in the broken loop cold leg throughout the peried of
accumulator injection (~1% 70 a) than was moasuted, pactiew
latly at late times (~80 70 #). The broken loop cold leg does
net vo'Y in olther the caleulation or the test until about 10
seconds after the accumulator empties; as shown in Table Y, 3.1,
the accumalator in the sxperiment tan out of water nomewhat
gooner (%0 8) than occurred In the analysis (68 »),
primarily because the calculated accumulator injection appeacs
about 10% low. (No experimental accumulator flow rate \s gliven,
80 the Llow must be outimatod trom the change in accumulator
Ligquid level.)

Thin oxecess BCC bhypass I8 boat seen by looking at the
integratod broak tlows, shown in Figure 1.3.%. The agreoment with
data s oxeellent until accumulator injection begine, but the
caloulated wase lost quickly diverqges (rom measuraement
thereatter. The higher caleulatod mans lost corresponds to
bypassing most of the ROC water thrcugh the downcomer and out the
broken loop cold leg (vessel side) break throughout the perioed of
accumslator injection. The actual behavior expected and obaerved
consiste of & relatively short period of ECC bypass followed by
substantlal delivery Aown the downcomer to the vessel lower
plenum a4t later times. The broken loop hot leqg (pump side) break
tlow te alse a bit high compated to data at late times, the
fosult of any BOC Ligquid resching the lower plenum beling
entrained and swept up the core and out that broeak (as will be
dlgeusned in more datall in the next section). Thus, a
occunulot:t water reaching the lower plonum I8 net retained in
the vesael,
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feont progressing thrtough the cote is not being calculated by
MODL, the lower half of the core in particular is calculated to
all be "quenched” (l.e.., at saturation) by the correct time.
However, due to the excess ECC bypass being calculated, the
analysis incorrectly shows the core beginning to heat up again
After the end of accumulator injection at ~70 »,.

The clad temperature agreoment is generally better in the
lower half of the core and calculated rod tempecatures fall
nrogressively below data higher in the core, and at late: times,
This is not throught to be due to an{ axial power shape
uncertainty since the same behavior is seen with oloctrlccll{
heated rods (LOBI) [17) as with nuclear fuel in LOFT. The main
LAASON APPeatrs to be that MODL cannot calculate a mixture of
superheated steam and entrained saturated droplets (with the heat
transfer from the tods to the steam), because it vaporizes all
liquid before superheating any steam. We expect such a mixture of
supectheated steam and entrained saturated droplets to be
genecated Iin the lower portions of the core as the ECC water
comes in, Among the supporting evidence is that hot leg ruperheat
resulting from supectheated steam leaving the core is seen
experimentally, but no hot leg superheat is calculated, as shown
in Flgure 3.3.12, (The data shows hot leg superheat from ~30 »,
the start of core reflood, until ~5%0 & when the accumulator
injection ends in the expecriment; the timing appacently verifies
the genecvtion of superheated steam from the ECC water in the
core.)

1.4 Translent Calculation Using Split Downcomer

The mal ot problems encountered in the L2-5 transient
caloulations were the error in caleulated pump coastdown, the
tallute of the loop seal to clear propecly and the excess ECC
bypass being calculated (with to-uttﬁnr eccors in both break flow
and late time vessel inventory). Tho discrepant eacly time loop
seal clearing and punz tespotise have been discussed in Sectlion
3.4, and ate no. conslidered major problems. The excess ECC Lypass
and entralnment being caleulated, on *he other hand, which keeps
the break flow choked and the system pressuce up later in the
teansient, and resulte in & late-time core heatup being
calevulated, L8 much more significant,

Pifticulties caleulating correct BCC bypass/penstration
behavior have been encountered in many other RELAPS analyses,
notably in our BCL assessment calculations (18], Thease
results, and the teported INEL L2 % analyses [19), led us to redo
the teansient ealeulation using & split downcomer nodalization,
described eacrliier in Section 2. (In the ctooottoto fven in this
pection, "eale 1" and "sde” tefer to the original single
downcomer analyses while "cale 2 and "dde" refer to the final
double downcomer caleulations.)
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The results of early double-downcomer analyses were still
similar to the original single-downcomer rasults, because the
geometrically-derived resistance in each crossflow jurction was
relatively low (K ~ 1.5). The crossflow resistance was then
artificially increased to more closely recemble the INEL [19]
value (K ~ 100), with considerably different results.
Accumulator ECC water is now delivered to the lower plenum but,
tather than remain and slowly refill the vessel, it is then
pulled through the core and upper plenum and out the pump-side
hot leg break; this was also what happened to the much smaller
amount of ECC water reaching the 1ower plenum in the original
single-downcomer calculation discussed atove in 5ection 3.1?.

Figure 3.4.1 shows the intearated break flows for both the
single-downcomer calculation discussed in Section 3.3 and the
high-crossflow-resistance split-downcemer calculation. Both lose
too much mass compared to data, wita the original nodalizatioa
losing somewhat more total mass (shown better by the primary mass
inventories in Figure 3.4.2). However, 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 locp hot and cold leg
densities in the two calculaticns, 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, sisnilar to that seen in the single-downcomer analysis,
because ot the wide variatinsn in the various thermocouple
readings (as shown for the same node plotted against experimental
data in Figures 3.3.8 and 3.4.8). The peak clad temperature in
the split-downcomer calculation is a few dagress lower than that
in the original single-downcomer analysis. The slightly larger
late-time system inventory (Figuvre 3.4.2) and the relatively
later voiding of the core (Figure 3.4.5) in the double-downcomer
analysis resnlts in lacter onset of the late-time core heatup
compared to that calculated using the original single-downcomer
model.

Despite the difterent FZC behavior being calculated in the
two calculations, the overall system response is not
significantly affected, as shown by the primary system pressure
in Figure 3.4.9, although the double-downcomer nodalization 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 calcilated behavior are hard to see amid the
experimental noise.

3.5 Computational Speed

The single-downcomer L2-5 calculation, run with
RELAPS5/MOD1/CYCLE18+, required 3.27 hours of CPU time on a
CRAY-1S 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.C2 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 c¢lls in the broken loop piping
to suddenly dry out and heat up Jufficiently (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.
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Table 3.1.1 L2-5 Initial Conditions

Parameter

Core Power (MW)
Pressure (MPa)

IL Hot Leg Temp (K)

IL Cold Leg Temp (K)
Core AT (K)

IL Mass Flow (kg/s)
Pump Speed (rad/s)
Pressurizer Temp (K)
Przr Steam Vol (m**3)
Przr Liquid Vol (m**3)
BL Hot Leg Temp (K)

BL Cold Leg Temp (K)

SG Sec Pressure (MPa)
SG Sec Temperature (K)
SG Sec Mass Flow (kg/s)
Accum Liquid Vol (m**3)
Accum Pressure (MPa)

Data

36.0 +1.2
14.9440.06
589.7 +1.6
556.6 +4.0
33.1 +4.3
192.4 +7.8
131
615.0 +0.3
0.32+0.02
0.6140.02
561.9 +4.3
554.3 +4.2
5.8540.06
547.1 +0.6
19.1 +0.4
2.9240.01
4.2940.06
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RELAPS

36.0
14.91
590.2
557.1
33.1
195.9
134
614.8
0.35
0.61
561.9
554.2
5.85
547.0
19.1
2.92
4.29



Table 3.3.1 LZ2-5 Chronology with Original Model

Event Time (s)

Data RELAPS
Experiment Initiated 0.0 0.0
Reactor Scrammed 0.244+0.01 0.24
Pumps Tripped 0.9440.01 0.94
Pressurizer Empty 15.4 +1.0 £1.7
Accumulator Begins 15.8 +0.1 15.1
HPIS Injection Begins 23.9 +0.02 23.9
LPIS Injection Begins 37.32+0.02 37.32
Accumulator Empty 43.6 +0.1 68.4
End of L2-5 107.1

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

Event Time (s8)

Data SDC* DDC#»*
Experiment Initiated 0.0 0.0 0.0
Reactor Scrammed 0.244+0.01 0.24 0.24
Pumps Tripped 0.9440.01 0.94 0.94
Pressurizer Empty 15.4 +1.0 1%.7 1.7
Accumulator Begins 16.8 +0.1 15.1 16.0
HPIS Injection Begins 23.9 +0.02 23.9 23.9
LPIS Injection Begins 37.32+40.02 37,32 37,33
Accumulator Empty 49.6 +0.1 68.4 66.5
End of L2-5 107:1

* S8DC = Single-Downcomer Calculation
** DDC = Double-Downcomer Calculation
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Level for LOFT L2-5 Steady State
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LOFT L2-5 RELAPS/MODI/CYCLELS
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Figure 3.2.6 Calculated and Measured Pump Speeds for
LOFT L2-5 (using One-Velocity Assumption
in Pump Seal Junctions)
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LOFT L2-5 ReLAPS/MODI/CYCLELS

300.0 L . 2 A4 T ag A4 T L4 L T T

275.0 ¢ R

250.0 f

225.0 F

200.0  LEN

175.0 ¢ '

(KG/S)

150.0 }

125.0 }

100.0 }

S - -
tTTTTRT"
PP S B B . e e o —

75.00 F

e -

. - .

50.00 F

B I I

25.00 F

-
- -~

0.000 f

LOOP COLD LEG MASS FLOW

INTACT

Figure 3.2.7 Calculated and Measured Intact Loop Cold
Leg Mass Flows for LOFT L2-5 (using One-
velocity Assumption in Pump Seal Ju.ictions)

33



e gp—

T
|

(S/79%) ADT4 SSvW 937 L1OW 400 LIVINI




LOFT L2-5 RELAPS/MODI/CYCLELS
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4.0 DISCUSSION AND CONCLUSIONS

Our LOFT L2-5 analyses show that RELAPS/MOD1 correctly
calculates many of the major system variables in a large break
LOCA, such as the primary system pressure aid break flows
particularly during blowdown. The major problem encountered was
the excess ECC bypass calculated throughout the later portions of
the test, which resulted in too-large late-time break flows and
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 pienum 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
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/MOD1 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 MODl1l 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 amcunt 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 MOD1l and
MOD1.5.
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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 S0 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 represcnt 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
Al.1. The LOFT configuration for test L2-5 is shown in Figure
3

The intact leop, shown in Figure 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
tlowmeter 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 leve! 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 tee, at which point the loop becomes 14-in.
Schedule 160 piping joining the reactor vessel inlet. A briet
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 decrcased by spray
flow of relatively cool primary coolant into the steam space. The
pressurizer is described in Figure Al.4, while the surge line
piping is summarized in Fiqure AI.S and Table AI.3.

The steam generator is a vertical shell and U-tube

recirculation- Ltype heat exchanger with primary coolant flow in
the tube side and secondary coolant in the shell 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. Oritices are
installed in the inlet and outlet plena to scale primary tlow
through the intact loop tor 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 Al.6 and some steam generator design
parameters are given in Tables AlI.4 and AI.S.

The broken loop., shown in Figure AlI.7, consists ot a hot leg
and a cold leg that are connected to the rcactor vessel and the
biowdown suppression tank (BST) header. Each leg consists of a
break plane orifice, a quick-opening blowdown valve, an isolation
valve, and connecting piping. Recirculation lines (not shown)
establish a small tlow 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 leq also contains a simulated
steam generator and a simulated pump; these simulators have
hydraulic orifice plate assemblies which have similar (passive)
resistances to tlow as an active steam generator and pump. A
briet summary of the broken loop piping is given in Fiqure AI.8
and Table Al.6.

The blowdown suppression system consists of the blowdown
suppression tank (BST) itselt, 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 remote-controlled pressure
regulator to establish and maiuntain 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 Bf7T pressure
simulated the containment backpressure expected during a LOCA.

The LOFT ECCS simulates the ECCS of a commercial PWR. 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 rates 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 HPIS injection
was delayed until 23.90 +« 0.02 8, and the LPIS injection was
delayed until 37.32 + 0.02 8. 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 AlI.7, and the metal mass present is summarized
in Table Al.8. The station numbers in Figure Al.10 are explained
in Table Al.9.

The reactor vegsel 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 is 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 suppourt 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).

73







the hot leg nozzle teqion. Path 2 allows coolant which has gone
through the lows: coce support structure to flow undecrneath the
core [11le Liocks and in thoe gap botweon the tiller blocks and
the tlow skic? or in the yaps Hetween the filler blocks. This
path L. 3 the opportunity to communicate with the core at station
173.236 The coolant snutering path 2 will either flow in the flow
ekirr filler bloeck qaps to the top of the upper tlow skirt or
commupic.te with ae core tlow at the lower to intermediate flow
skirt mating or the intermediat: to upper tlow skirt mating. Path
3 allows coolant to (low from tae downcomer directly into the
sote wipport barcol flow akirt anrulus. After the coolant enters
the core supyoect barcel flow cuirt annulus, it flows upward to
the top of the flow skict and inte the hot leg nozzle region,
tath 4 allows coclant to tlow from the cold leqg nozzle reglon
directly to the hot leg nos le teglon, The coolant tlows in the
gap Lotwesn the resctor versel t'l'er blocks and the reactor
vossel and ruen throueh the gap heiwean the core support barrel
hot leg notzly ind the reactor vessel into tha hot leg nozzle
area. Path % sliows c,0'ant to tlow from the cold leg nozzle
region into the uppat » enum. The controlling tlow ateas and
thelr equivalent diaw . wts, as wel! as the nominal tlow rates in
each bypass, are given in Table A, 10,

The 1.68 & (5.9-tt) core uscd in LOFT is designed to have the
sane phynical, chemical and metailurglical properties as those in
commercial PWRs. It 18 a4 s0 dosigned to provide thermal/hydraulle
telationships, wosha (val response, and fisslon product release
bohav'io: wuring the LOCEs and ECC rocavery which are
rercosentative of PWRe during A LOA . The core contains 1300
nuclear tuel tods arcanged 1o five squate (15 x 15) ansemblios
and tour triangaiar (corner) ossemblios, shown in Figure Al.12.
The centor assembly is highly ‘netrumented, and its fuel rods
wote propredsucicred (o 2.4 Mia the fuel rods in the poeriphecal
assomblies are unpressurized Two of the corner and one of the
square assomblies are not Jn2crumonted. The fuel rods have an
active longth of 1.67 4 and an outside diamater of 10.72 mm. The
fue! foneiats of V0.2 sintored pollets with an avoerage enrichment
of 4.0 wtN flasile uraniun (U 23%) and with & fensity that is 90
of theoretical denalrty "he fuel peiiet diametsar and length are
9.2 anu 1%.24 mm, roapectively. Roth ends of the pellets are
dished with the tota) dish volume osqual to 2% of the pellet
volume, The cladding macurial is Zircaloy-4. The cladding inside
and outside Alametary are 9.4% and 10.72 mm, respectively,
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THERMAL-HYDRAULIC DATA -~ PRESSURIZER

Parameter Value
Norwmal operating pressure 15.51 WPa (2250 psig)
Normal operating temperature 617 K (650°F)

Norwmal variation in pressure
Operating!?)
kcurocy“]
Pressurizer volume
Steam volume
Liquid volume
Volume/Wi(t)

Maximum heater input by heaters
Continuous spray flow
Spray rate (maximum)

Spray nozzle differential pressure at
saximum spray rate and 555 K (540°F)

(2] The error band of the pressure transducers s +0.310 WP (+
however, the transducers are repeatable within 0.103 MPa (415 psia).

Pressurizer Geometry

+0.10 WPa (+15 psia)
*+0.31 MPa (+45 psia)
0.9 o’ (34 1))
0.33 0% (115 1}
0.64 w° (22.5 1Y)

3
0.0175 m t)
fo.618 ﬂilw(ﬂ(l)]

48 kv

0.03 /s 10.5 gpm)
1.26 1/s (20 gpe)
0.13 WPa (20 psid)

(+45 psia),;
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© Guide tube

O Fuel rod

0O Neutron source

« Thermocouple (196)

« Thermocouple lower tie plate (17)

* Dummy thermocoupie

* Neutron flux detector, fixed (4)

* Neutron flux scan (4)

© Conductivity liquid level detector (3)
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Table AI.1l

LOFT VOLUME DISTRIBUTION [3]

Value

Parameter [ (fe°))
Reactor Vessel
Downcomer region
Vessel to filler gap 0.285 (10.03)
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
active core 0.020 (0.71)
Core 0.293 (10.36)
Core bypass 0.053 (1.89)
Upper plenum 0.89%6 (31.63)
Reactor vessel total 2.943 (103.94)
Intact loop
Hot leg from reactor vessel to
steam generator inlet 0.384 (13.56)
Steam generator plenums and tubes 1.452 (51.27)
Pump suction piping 0.337 (11.89)
Pumps 2.193 (7.00)
Cold leg from pumd 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)

88



Table AI.l1l (Continued)

Parameter

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

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

CSnan) : ar
1001 piece

isolation valve

olation valve

) cold leg
lower plenum
downcomer

Borated water storage tank

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

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

Includes pressurizer gas volume of 0.33 m3 £11.7 ft3).
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Table Al.2

Intact Loop Piping Geometry

Flow Length (m)

Elevation
(Station)

Diameter (m)

Retf P

Description Piece to Exit

la
b

Core bdarre! nozzle 0.35] 736

Yesse! no2zle 0.526
14-1n. Sch 160

14-in. Sch 160
457 LR elbow

14-in. Sch 160
Venturi
Throat

1&1in, Sch 160
90° SR elbow

14-in, Sch 160
16 x 14-in,

Sch 160 reducer
38° e 1bow

. Sch 160
inlet plenum
straight tube

G curved tude
str. ght “ube
outletl pienum

16-1n

Sch 160
52¥ elbow

16 « l4an
Sch 160 reducer

160

14-1n, Sch 160
§0Y SR elbow
14-1in,

Sch 160

14-in, Sch 160 tee
Main run (pump 1)

Branch run (pump 2)

l4-in. Sch 160
30° 5% e'bow

[rtr! Ex

it
.

Entry Exit

264,
264,

264,

292 292

.284 284




Table AI.2 (continued)
Elevation 2
Flow Length (m) (Station) UDiameter (m) Area (m )

Vo lume Ref.b Vo lume
. Description Piece to Exit fEntry Exit ntry  Exit ntr it ()
23 14 x 10-in,

Sch 160 reducer 0.230 16,498 226.98 239,98 0.284 0,216 0.0634 0.0366 0.0163
24 10-in. Sch 160 0.292 16.7% 239.98 251.48 0.216 0.216 0.0366 0.0366 0.0107
25 Pump 1 0.457 17.2@7 251.48 264.00 0.216 0.216 0.0366 0.0366 0.0991
26 10-in, Sch 160 0.203 17.450 264.00 264.00 0.216 0.216 0.0366 0.0366 0.0074
2? 10-in, Sch 180

45° (R elbow 0.299 17.750 264.00 264.00 0.216 0.216 0.0366 0.0366 0.0110
28 0-in, Sch 160 0.799 18.549 264.00 264.00 0.215 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
0 14-1in, Sch 160

900 SR elbow 0.559 0.997 212.98 226.98 0.284 0.284 0.0634 0,06 0.0354
3 14 x 10-in,

Sch 160 reducer 0.130 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 0.0107
KR} Pump 2 0.457 2.0m7 251.48 264,00 0.216 0.216 0.0366 0.0366 0.0991
34 10-in, Sch 160

90° SR elbow 0.399 2,476 264.00 264.00 0.216 0.216 0.0366 0.0366 0.0146
k1 14 x 10-in,

Sch 160 tee

Main run (pump 1) 0.559 19.438 264.00 264.00 0.284 0.284 0.0634 0.064 o

Branch run (pump 2) 0,424 2.9%00 264,00 264.00 0.2le¢ 0.284 0.0366 0.0634 :
36 14-ir, Sch 160 0.217 19.65% 264 00 2%4.00 0.284 0.284 0.0634 0.0634 0.0128
i} 14-1%, Sch 80

900 SR elhow 0.5%9 20,213 264,00 264,00 0.284 0.284 0.0634 0,063 0.0354
38 14-in, Sch 160 0.194 20 408 264,90 264.00 0.284 0.284¢ 0.0034 0.0634 0.0122
19 14-in, Scn 160

452 (R elbow 0,419 20,827  264.00 264.00 0.284 (.284 0.0634 0.0634 ©,0266
40 l4-in, Sch 160 1.412 22.29 264,00 264,00 0.284 0.284 0.0634 0.063¢ 0.0917
4] vessel nozzle 0.526 22.765 264.00 /64,00 0.284 0.284 0.0634 0.0634 0.033
42 vessel filler 0,228 22.988 264.00 264,00 0.286 0.286 0.0641 0.0641 0.0143

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

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

c. 56 - steam generator.
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Table AI.3 Pressurizer Surge Line Component Identification

Cross-
Section 10
Centerline  Metal Flow Flutd Surface  Equivalenm(®]

Length Weight rea ol rea Length

eatton® _ omcription  fatu]  Da ey (Lt ey PR ool _we

1 4-in_ pressurizer stub 0 58 0.83% 0.006 0.003 0.1%7 0.581 6.6
(1.9062) (1.84) (0.0167) (0.1176) (1.686) (1.906)

2 !’te] Sch 160 LR 0.120 1 361 0.001 0.0002 0.0'6 0.85%8 20.0
EL (0. 3932) (3 0) (0.0156) (0.0061) (0.174) (2.815)

3 2<in. Sch 160 pipe 048 4 627 0.001 0.00) 0.0%6 049 98
(1.3750) (10.2) (0.0156) (0.0214) (0.608) (1.375)

‘4 2-in. Sch 160 LR EL 0.120 1.36) 0.001 0.0002 0.016 0.85%8 200
(0.3932) (3.0) (0.0156) (0.0061) (0.174) (2.815)

S 2=in. Sch 160 pipe 0. 982 10 886 0.001 0.00! 0.132 0.982 229
(3.2214) (24.0) (0.0156) (0.0503) (1.425) (3.221)

[ 2-in. Sch 160 LR EL 0.120 1.36) 0.00! 0.0002 0.016 0.858 20.0
(0.3932) (3.0) (0.01%6) (0.0061) (0.174) (2.81%)

? 2-in. Sch 160 pipe 0.838 9.299 0.00) 0.001 013 0.838 195
(2.7500) (20.5) (0.0156) (0.0382) (1.215) (2.750)

L] 2=in. Sch 160 SR EL 0 080 0 %07 0 o ¢ 000! o.on 1.287 3.0
(N 2617) (2.0) (0.0156) (0 0041) (0.115) (4.221)

9 2=in. Sch 160 pipe 0 204 2 268 0 00! 0.0003 0 027 0205 4“8
(0.6706) (5.0) (0.0156) (0.010%) (0.296) (0.671)

0 2-in. Sch 160 SR EL 0 080 0 907 0. 001 0. 000" o.on 1,287 300
(0.2617) (2.0) (0.0156) (0.0041) (0.115) (4.221)

n 2-1n. Sch 160 pipe 1.3 14 506 0.00) 0.0002 0.178 1.32) 308
(4.333) (32.2) (0.0156) (0.0676) (1.915) (4 .333)

12 2-in. Sch 160 SR EL 0 080 0 507 0.%01 0.000" oon 1.287 30.0
(0.2617) (2.0) (0.0156) (0.0041) (0.115) (4.221)

13 2-in_ Sch 160 pipe 0. 203 2.268 0.00! 0.0003 0.027 0 203 47
(0.6667) (5.0) (0.0156) (0.0104) (0.29%) (¢ f87)

i 2-4n. Sch 160 SR EL 0 080 0.%07 0.00" 0.0001 o.on | 287 o
(0.26'7) (2.0) (0.0156) (0.0041) (0.1%) (4.221)

% 2=in. Sch 160 pipe 0 482 $.3%2 0.001 0.001 0. 065 0 483 "2
(1.5811) (11.8) (0.0156) (0.0247) (0.700) ()1.584)

13 2-in. Sck 160 LR EL 0020 1.36) 0.00" 0.0002 0.0'6 0 358 0
(0.3932) (3.0) (0.0156) (0 0061 (r 74 (2 81%)

"7 2-in Sch 160 pipe 0 762 84y 0.00! 0.00! 0.103 9. 762 178
(2 5000) (18.6) (0 0156) (0.039), (1.104) (2.500)

8 2=in Sch 160 LR EL 0120 1.36) 0.000 0.0002 0.016 0 858 200
(0.3932) (3.0) (0.015%6) (0.0061) (0.174) (2.815)

9 2=in. Sch 160 pipe 0.303 3.3%7 0 oo 0.0004 0.041 0.303 5
(0,.9935) (7 4) (0.0156) (0.015%) (0.4)9) (0 9%4)

20 Screen @000 ssees sssss  eeess cevece R oo .7

wasse semes - EEE B Bt

[a] Location numbers correspond to circled numbers on Figure Al .5,

[5) FEquivalent length {5 the length of pipe that will give the same pressure drop as the piping section described.
[e] EL - elboe
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Table AI.4 Steam Generator Lesign Parameters

Parameter Value
Twes
Minimum Tength including tube sheet 4.27 m (14,0 ft)
Maximum Tength Including tube sheet 6.19 m (20.3 ft)
Average length including tube sheet 5.17 m (16.95 ft)
External surface area of tubes less 335 of (3610 n’)
tube sheet
Surface area of tubes inside tube 43 o’ (463 ftz)
sheet
Internal cross-sectional area of tubes 82 m? (0.127 In.z)
OQutside diameter of tubes 12.7 mm (0.50 in.)
Average wall thickness 1.24 mm (0.049 in.)
Number of tubes 1845
Thickness of tube sheet 0.292 m (11.5 in.)
Tube arrangement Equileteral triangular
pitech on 19-am (0.75-in )
centers
Material Inconel-600
Maximum height from bottom of tube 2.73 m (107.5 in.)
sheet
Minimum height from bottoe of tube 2.5 m (845 in.)
sheet
Tube bundle diameter 122 m (48 in.)
Internal volume of tubes including 0.78] ™ (27.6 1)
tube sheet
internal volume of * bes fnside t oo 0.088 -3 (3.12 !t’)
sheet

Primary plenums

Inlet pienve volume 0.223 o (7.887 13)
Outlet plenum voiume 0.223 m (7.887 fd)
Secondary side
Secondary shell volume 6.654 m (235 1Y)
Secondary she!) material Carbon steel MIL-QQ-5691a,
Grade ¢
Normal operating pressure 15.51 MPa (2250 psig)
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Steam Generator Data

STEAM GENERATOR INFORMAT ION

NUMBER OF TUBES 1845 STEAM GENERATOR ELEVATIONS ABOVE TUBE SHEET
TUBE INSIDE DIAMETER

TUBE OUTSIDE DIAMETER ELEVAT ION®

INCHES
AVERAGE TUBE LENGTH .. .
INCLUDING TUBE SHEET TUBE BEND LINE 72.50

TUBE SHEET THICKNESS LOW TUBE SPILLOVER 73.00
DOWNCOMER OUTSIDE DIAMETER BOTTOM OF FRUSTRUM 88.125
DOWNCOMER INSIDE DIAMETER 75 IN, HIGH TUBE SPILLOVER 96.00

SHROUD INSIDE DIAMETER TOP OF FRUSTRUM 101.22
BAFFLES NORMAL WATER LEVEL 126.00 **

WUFBER . BOTTOM OF SEPARATOR 148,63
SPACING 17.375 In. 10P OF RISER 161.75
AREA OF 3 LOWER BAFFLES 4.867 sa Fv
AREA OF TOP BAFFLEY 4.314 sq FT

COOLANT MASS
S0 MM OPERATION 4130 LB
37 M OPERAT ION 4505 L

* TUBE SWEET TOP IS 41.39 INCHES ABOVE THE COLw LEG CEANTERLINE
** JPERATING LEVEL IS 116 + 1 INCH FOR EVERY 10X POWER




Table AI.6 Broken Loop Piping Geometry

Yo lume
.t Description
1 Vessel filler
2 Yesse! noxzle
g Xt
. 14 x 14 x 10-1n,
Sch 160 tee
10-1n, branch
5 14-1n. Sch 160
6 Flange
7 Orifice plate
8 Flange
9 S-in. Sch XX
90° LR elbow
10 6-1n. Sch 160
11 §-in. Sch Xx
90° LR elbow
12 Flange
13 Pump simylator
Orifice plate
Suopor. plate
“ i
1% 14 5 S-in,
Sch 160 reducer
1€ S-in. Sch 160
2 Flange
18 S6 simylator
Support plate
Orifice plate
19 18-1n. Sch 160
90° SR elbow
20 18-in. Sch 160
21 18-1n. Sch 160
90° SR elbow
2 SG simylator
Support plate
Orifice plate
23 Flange

Flow

Plece
0.22¢
0.526

0.419

0.559

0.695
0.450
0.076
0.1€8

0.299
0.832

0.299
0.168
0.473

0.5%9

2.330
0.927
0.206
2.051

0.718
0.263

0.718
2.051

th (»
Ref.b
to gl"

0.736

1.262

1.681

2.20

2.93
3.385
3.461
3.629

3.928
4.760

5.059
5.228
5.701

6.253

6.520
7.526
1.732
§.784

10.502
10.765

11.483
13.535

15.741

Elevation
(Station)

H
Digmeter (m) Area (m )

‘th {11!
264.00 264.00
264.00 264.00

264,00 264.00

264.00 264.00

264.00 264.00
264.00 264.00
264.00 264.00
264.00 264.00

256.50
223.75

264.00
256.50

223.7%
216.25

216.25
216.2%

216.25 216.25

216.25

23C.2%
247,35
280.12
288.24

387.00
387.00

369.00
387.00

387.00 365.00

369.00 288.24

288.24 280.12

95

Entry !:lt gntr! Exit
0.286 0.0641 0.084]
0.284 0.0634 0.0634

0.286
0.284

0.284 0.284 0.0634 0.0634

0.0634
0.0366
0.0634
0.0084
0.0084
0.0084

0.284 0.284 0.0634
- 0.216 -
0.284 0.284 0.0634
0.284 0.103 0.0634
0.103 0.103 0.0084
0.103 0.103 0.0084

0.0084
0.0136

0.103
0.132

0.0084
0.0136

0.103
0.132

0.0084
0.0084

0.103
0.103

0.0084
0.0084

0.103

0.103

0.103 0.287 0.0084 0.0645
- 0.008 — 0.0101
- 0.152 — -

0.284 . 284 0.0634 0.0634

C.28¢
0.110

0.110
0.110

0.0634
0.00%¢
0.12} 0.103 0.C084
0.103 0.371 0.0084
- 0.119 -
- 0.12¢4 -

0.00%4
0.0094
0.0084
0.1079
0.0112
0.0326

0.1056
0.1056

0.1056
0.105%6

0.367
0.367

0.367
0.367

0.367 0.367

0.3/1 0.103
0.119 -
- 0.123 -
0.103 0.103 0.0084

0.1056 0.10%6
0.1079 0.0084
0.0112 -

0.0326
0.0084

Yo lume
)
0.0143
0.0336

0.0266

0.0403
0.0449
0.0050
0.0006
0.0014

0.0025
0.0114

0.0025
0.0014

0.0102

0.035¢

0.2107
0.0088
0.0008
0.172%

0.0759
0.0278

0.0759
0.172%



Table AI.6 (continued)
Flow Length (m) E;::::;:I Diameter (m) Area (.2)
Vo lume Ref.?
no.* Description Plece to Exit Entry  Exit  Entry Exit  Entry _Exit
24 S-in. Sch xx 0.282 14,023 280.12 269.00 0.103 0.103 0.0084 0.0084
- ;;nh:;:'”“ 0.199 1s.223 269.00 264.00 0.103 0.103 0.0084¢ 0.0084
26 Flange 0.168 14,391 264.00 264.00 0.103 0.103 0.0084 0.0084
27 Orifice 0.076 14.467 264,00 264.00 0.077 0.114 0.0046 0.0108
28 Flange 0.284 14,712 264.00 264.00 0.257 0.257 0.0520 0.0520
29 Isolation valve 0.762 15.474 264.00 264.00 0.257 0.257 0.0519 0.0519
30 Qo8ve 1.651 17,128 264.00 264.00 0.257 0.273 0.0520 0.0520
i Expansicn joint 0.991 18.115 264.00 264.00 0.273 0.298 0.0586 0.0700
32 Core barrel nozzle 0,351 0.736 264.00 264.00 0.292 0.292 0.0670 0.0670
3 vessel nozzle 0.526 1.262 264.00 264.00 0.284 0.284 0.2€34 0.0634
34 14-in. Sch 160
459 (R elbow 0.419 1.681 264.00 264.00 0.284 0.284 0.0634 0.0634
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
Branch - - -- - - 0216 —  ©.0266
16 14-1n. Sch 180 0.695 2.935 264.00 264.00 0.284 0.284 0.0634 0.0634
7 Flange 0.450 3.385  264.00 264.00 0.284 0.110 0.0634 0.0309
38 Ori1fice plate 6.076 3.l 264.00 264.00 0.il4 0.077 0.0102 0.0046
<8 Flange 0.206 1.667 264.00 264.00 0.173 0.173 0.0238 0.023%
40 8-1a, Sch 160 0.494 4.151 264.00 264.00 0.173 0,173 0.0235 0.0235
41 Fiange 0.20¢ 4.368 264.00 264.90 0.1'3 0.173 0.0235 0.0235
4z Orifice plate 0.076 4.444 264.00 264.0C 0.173 0.173 0.0235 0.023%
43 Fiange 0.244 4,688 264.00 264.00 0.257 0.257 0.0520 0.0520
a4 Isolation valve 0.762 5.450 264.00 264.00 0.257 0.257 0.0519 0.0519
45 Qo8y 1.651  7.101  264.00 264.00 0.257 0.273 0.0520 0.0520
4 Expansion joint 0.991 8.092 264.00 264.00 0.273 0.298 0.0586 0.0700

a. The volume numbers correspond to the circled numbers in Figure AI.S8

b. Ref. - Reference it centerline of reactor vessel, see Figure AI.8
c. QOBY - gquick-opening blowdown valve.

Yo lume

o)
0.0024

0.00i7
0.0014
0.0005
0.0127
0.0838
0.1050
0.0972
0.0239
0.0336

0.0266

0.0403
0.0743
0.0054
0.000¢
2.0049
J.0116
0.0049
6.0018
0.0127
0.0838
0.1950
0.0972
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Table AI.7

LOFT REACTOR VESSEL VOLUME DISTRIBUTION 3

Parameter Value En3 (fta)]

Downcomer region

Vessel to filler gap 0.285 (10.05)
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
active core 0.020 (0.71)
Core 0.293 (12.36)
Core bypass 0.053 (1.89)
Upper plenum 0.896 (31.63)
Total 2.943 (103.94)

These volumes represent the best knowledge of the system at this
time (September 1980).
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Table AI.SB

REACTOR VESSEL MATERIAL

Component

Reactor vessel closure heads

Instrumentation head

Closure plate

Pressure vessel

Core support barrel

Upper core support plate

Upper reactor vessel filler

Lower reactnr vessel filler

Fiow skirt

Lower core support structure

Upper core support structure

Fuel assembly end boxes

Fuel pins (cladding only)

Fue)l pellets

Estimate
Weight

[kg (1b)]

11 000 SA 336, modified to
(24,000) Case 1332-1, clad
Type 308L SS

2300 SB 166 (Inconel-600)
(5000)

34 000 SA 336, modified to
(75,000) Case 1332-1, clad
Type 308L SS

10 000 pe 304L SS

(22,200

304 SS

(1200)

2100
(4706)

200
(430)

155
(340)

1470
(3240)




Table AI.9

DIMENSIONAL DATA--REACTOR VESSEL

Height Above
) Reactor Vessel Bottom
Elevation Points Station [m (in.)]
Bottom (inside) of reactor vessel 67.80 0.00 (0.0) ]
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 fue'! pins 186.62 3.018 (118.82)
Bottom of upper grid plate 187.62 3.723 (119.82)
Top of fuel module 191.87 1.150 (124.02)
Top of downcomer annulus 247.33 4.560 (179.53)
Vessel nozzle centerline 204,00 4.963 (196.20)
Top of distributor annulus 277.05 5.315 (209.25)
Internals support ledge in vessel  33.00' 5.898 (232.20)
Inside surface of vessel flange 207.0 6.076 (239.20)

[3) 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.

[b) Reference point.
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Table AI.10

CORE BYPASS CHANNELS

(a) Controlling quivalent
Core Bypass Flgw Are, 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)
B 308 (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

T LOOP FLOW

131 - L34
1.2 - 1.%
0.9 - 1.m
4,38 - 6,58
0.04
0,27 - 0.28
1,682 - 1.43

90.0 - 11.72
10,56 t 1,16

o
oW |3
-

é
<

® NUMBERS REFER TO DETAILS ON FIGURE AI.9
®¢ STEAM VENTING PATHS

100



APPENDIX II

INPUT LISTING

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

ADDITIONAL UPDATES USED FOR CYCLE 18+

In June 1982, updates to bring RELAPS5/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.

KERRO1S: 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
sq.are of the ratio of the junction area to the
volume flow area.

Also includec in INEL's recommended updates was a new inter-

phase drag model (identifier HXCRXXX). This update wa: not
implemented in our version of RELAPS/MOD1/CYCLE1S.
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