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1. INTRODUCTION

The thermal-hydravlic computer code RELAPS 15 (0 be used for te independent assessment of the Sizewell ‘B
PWR with regpect (o design basis intsct primary cirouit fwilts and sreall break loss-of-coolant accients Lo order
to valida. the RELAPS code, & senies of siayses of integra experir+nts is being performed using
RELAPSMOLZ. Tns paper preseci; s aoalysis o' LOFT Exporment 193, winch was & simulated Joss-of-
feedwar apticipated trengem withudt np performed under the auspices of the USNRC. o thus transient all
leedwaier was 107 w0 the stewin generator bul the comtrol rods fail 10 dmp imo the reactor core. The transient
exhibited a nuraber of featwes an' phenomens that may ocwr following cenain design basis accidents in
Sizewell 'B’, and which the code rust be capable of representing. The phenomens of concern (Ref 1) are:

« Decrease i SG beat wsosfer as secondary side hoils down
+ SO bent transfer dun g single phase forced circulation

+ Pressure esponse during pressuriser insurge
« Mass and energy flows through selief valves

¢ Pressure respouse duriag operation of pressuniser spray

This report describes the RELAPSMOD2 analysis of L9 and cxamines the code's ability 10 represent the
phenomena listed above The LOPT facility and 1is scaling relative 10 & commercial PWR are described in Sec-
tion 2, and the conduct and course of Expennment LO-3 ure described w Section 3. Sections 4 and & present the
descnption of the RELAPS/MOD2 input model for the experiment and the calculavons performed.  The
phenomena of wterest are discassed 1 Se = - 6

2. THE LOSS-OF-FLUID TEST (LOFT) FACILITY

Twe LOFT facihity waz & S0 MW (thermul) PWR (Fig. |) designed to simulate the system response of a com.
mercial FWR dunng loss-of-coolant accidents and intact primary circuni transients. The LOFT facility incor
porated the major functional componenis of the primary and secondary systems of 8 commersial PWR, ad in-
strumentation to measure the thermal-hydraulic and peclear conditions in deiail. The LOFT facility s described
i dewil i Relerence 2.

2.1. Facility Description

The main features of LOFT wre summansed as follows;

L A reactor vessel with an annular dowocomer, » lowe: pleoum, an upper plenuin, and @ nuclear core with
lower and upper suppon structure.

. An intact loop with an active steam generaior, pressuriser, and rwo primary coolant pumps conoected in
paraliel

ui. A broken (passive) loop contaitung pipework with resistance and elevation changes designed to simulate
the steam gewerator an’ pump, and two quick- opening blowdown valve assemblies (the steam geperato*
and pump simulators were disconuected for expenment L9-3)

iv. A blowdown suppression system consisting of a heauer suppresmon tank and a spray system. All fluid
discharge from the primary coolwnt system was directed (0 the blowdown suppression tank. The blow.
down suppression systom was designed 1o simulate e pressure response of the contunment duing a loss
of-coolant accident and did not significantly affect experiment 191

v. An emergency core coolant (ECC) imjection system comsisting of two low head injection . -m (LHIS)
pups, two high bead injection system (HKIS) pumps, and two acow~ tlators, aud the assocated pipe-
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work The FOC gystem was not used in Experiment (9.3

vi. A pressure relief line from the lop of the pressunser to the blowdown suppression tank, containiog a relief
valve with two open positions designed 1o represent the scaled discharge capacity of a power operated re.
Wef valve (PORY) in the firmt position, and the combined capacity of 8 PORY and & safety reliel vidve
(SRV) in the second position, for » commercial PWR

2.2, Scaling aad Related Considerations

The LOFT facility was scaled 1o 8 commane al 4-loop PWR on the basis of power, volume, and flow. Not all of
the components in LUFT were swaled by the same amount. however, and he elevation changes i LOFT were
significantly less than the corresponding ones i @ commercial PWR. For & transient such . 1.9:-3, the features
of the configuration for which scaling is most tportat are listed below, with the corresp ». ung ratios:

Por «r ratio 681
Primary coolamt system volume mtio 44 )
Pressunser volume ratio 54 |
Prrssunset PORY and SRV relief capacity approg as:l

The LOFT factlity 18 slightly oversized in companson st the power scaling but not enough 10 alter the essen-
tal rature of the rasgient response  Otber facility characteastics important for (s ransient are:

o Core reactivity
« Recirculation ratio in stexn generatos
« Steam generstor elevation

The LOFT core is (natureir, ) smaller than a commercial PWR core, and as a consequence was subject 1o greater
Jeakage of newtrons and larger radial peaking factors. A higher ennchment (4%) of U.235 was accordingly used
in the LOFT fuel rods. The LOF1 core was Jso uradiated for sufficient time oaly to establish required decay
heat levels for each experiment, with e rsult that the burnup was roughly equivalent 10 an eatly stage of irra-
diation tor & PWR. The combination of tugher earichment and low sccumulated (rradiation meant (hat the
moderator voi § coeffient was representative of a commercial PWR core near the end of a cycle. In those ar-

cumstances the core is also in 1S least reactive ‘operating) stute and the ATWT is less severe than it otherwise
would be.

The steamn generator characteristics of potentinly most importance duning a loss-of-feedwater transient are the
recirculation ratio and beight, since they have the biggest infuence on the changes in secondary side beat
transfer conditons. The riser section is approxsmately one-thud the height of a commercial PWR steam geners-
tor nser but the recirculstion mtio 1s similar in magnitude 1o that i a commervial PWR. The transient thermal-
hydraulic response (timing and rate of heat transfer degradavion) will probably be somewhat different for LOFT
and for 2 commercial PWR, but the governing processes are likelv to be same.

The LOFT facility was subject to a number of scaling and other configuraiona! distortions in the primary
coolant sysiem - e.g. elevadon of the ioop and core, presence of “dead” volumes in the broken 10op. These are
signif cant in small break LOCA transients and have & major influence on the phenomena occurnng.  They are
much less impotant @ an inta~t circuit fault transies* such as L9-7, where issues such a: liquid/vepour distribu-
tion, transition 10 natural circulation and counter-current flow did not arnise.

A major difference between LOFT and a commercial plant is in the height of the pressuniser. The LOFT pres-
sunser was approximately one-seventh the beight of a commercial PWR prer wiser, so that the iterface
between the liquid and vapour regions (and hence any thermal-hydraslic couplic - setween them), and also the

L
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potential for liguid insurging into \ie pressuriser W mix, are more important in 1.9.3

From the above considerations, it is concluded that the L9-3 data are sumtable for code vahidation in respect of
the phenomena identitied in section | with the provisos thad the pressuniesr dynamics need to be carefully eram.
ined and that L9} & relevant only o symmetnc loss-of- foedwater transcis

3. DESCRIPTION OF EXPERIMENT L9-3

Experiment LY.}, which was performed on 7 April 1982, simulated  loss-of- feedwaler accident without reactor
tip and was the first of two ATWT experiments performed i« LOFT. The test is described in detad in refer
ences 3 and 4. A hnel description is given below

11. Objectives of Experiment 1.9-3

The programmatic obj ctives of Experiment L9-3 wem 1o

i. Provide experimental data for benchmarking PWR vendor's ATWT computer codes as required by the
NRC proposed ATWT rule (USNRC.SECY -R0D-409)

{i.  Evaluate altemative methods of achieving long-erm shutdown (without the insetion of control rods) dur-
g an ATWT event, to address concems defined in the proposed staff rule (Fedztal Register Vol. 46, No.
226),

3.2. Conduct of Experiment 1.9-3

The experiment was performed in two phases. For the first 600 secs of the transient only automatic plant pro-
tection systems were sbouigied.  This phase corresponds (. the penod of 10 minutes dunng whick time the au-
tomatic systems are required, in US practice, 1o maintain \he plant n a safe condition, witu no credit taken for
operator uervention.  This first phase provided the data relevant 1o code validation (comesponding 10 the first
programmatic objective), sty s the portion of the experiment analysed in thy present study.

The initial conditions for Expeniment 1L9-3 ure listed in Table |, and were representative of nominal PWR
opersting conditions. The experiment wos initiated by terminating all feedwater delivery to the steam generafor,
The following conditions applied during the transient:
+ All reactor trip setpoints (low steam generator hiquid level, high pressure or lemperature n the hot leg of the
primary coolant system, etc.) were (nactivated, an. the transient was allowed to proceed for 10 minutes with
0O Operzior intervention.

+ The preasuriser spray, PORV and SRV were operated according to primary coolant system pressure setpoints.

+ The main steam control valve was closed when the steam generator had botled partially dry (as indicaied by
a tagh primary pressure reading)

o The main stears bypass valve was cycled on high steam generator pressure to simulate the action of the
steam geoerator safety relief valves,

+ The primary coolant pumps continued 10 be operated.

Al the end of this period, the reactor operators initiated a controlled recovery which consisted of pnmary system
feed (with highly borated liqui) and bleed, and secondary system cooldown (via cycling of the feedwater sup-
ply). The ~ontrol rods remained n the normal full power position duning the ATWT and recovery phases of the
transient.

»
L
.
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3.3, Summary of Transient

The sequence of events is described briefly as follows:

After turming off the main feedvater pump. the feed flow stanted to decrease from its initial value. This was
desigoated as the reference time zero. The pnmary to secondary heat trunsfer degraded shightly almost unmedi-
aely due to the loss of subcooling of the secondary coolant. induced by the Joss of feedwater. This caused the
primary coolant (cmperaures and the secondary side pressure 10 increase slowly dunog the first 50 seconas of
the transient.

The rise in pimary coolant temperature caused the fluid (o expand and there was 3 slow insurge into the pres.
suriser, with & consequent rise 1o prumary system pressure. This caused the pressuriser spray to begin cycling st
30 s

The secondary side coolant continmed 10 botl off with the result that the tubes stared 10 uncover at abouat 30 s,
The primary to secotr'ary heat transfer then began (o degrade more rapidly, such that the pnmary coolant tem-
perature increase, and the insurge 10 the prossuriser, resulted 0 a presoure rise that exceeded the capacity of the
precsuriser spray 1o control, At 74 s the pressuniser PORY openea.

As the steam generator Botled dry, the wnitial increase in secondary side pressue was reversed, as insufficient
steam was now being generated (0 maintain pressure.  The main steam control valve was closed at 67.3 & with
the steam generator liguid level shightly above the bottom of the indicating range and the tubes substantially uo-
covered. Following closure of the cowsrol valve, the secondary pressure increased again 1o (he steam bypass
valve setpoint. The small amount of continuing stewn generation was then balanced by the bypass flow dunng
two cycles of valve opening and by “he leakage of steam through the main team control valve.

The pressuriser liquid level meanwhie continued to rse and reached the top of the indicatiog range ot 90 s
The subsequent increase in discharge fuid density resulted in @ PORV volumetnic flow that was less than the
primary coolant rate of expansion. This mismatch caused the pnmary system pressuse (o increase again, reach
ing the SRV setpoint at 107 5, after which the combined SRV and PORYV capacities were sufficient to maintain
the pressure al or below the SRV setpoint,

The increase in primary coolant emperature also reduced the reactor power via the feedback on the moderator
temperature and density  As a result, the primary coolant heat source/heat sink imbulance reduced to the extent
that afier the SRY had cycled once, the PORV alone was sufficient 1o to control the system pressure, The tran-
sient coitinged with the PORY cycling and reactor power decreasing until an approximate balance was achieved
between the primary heat source and siik ot about 200 s, after which cycling of the FORV ceased. Dunng the

following 400 s, the primary pressure and temperature remained approximately constant. at 157 MPa and 594
K, repectively.

At 600 3, the reactor operators initiated s controlied recovery by (a) starting injection of 7000 ppm borated water
into the pnmary coolant system from the high head injection system. (b) stanting injection of feedwater to the
steam generator, and (¢) latching open the PORV. This operation successfully recovered the plant and returmed
the intact Joop hot leg \emperature to S83 « at 1080 5. This recovery phase of the experimnent 15 not analysed in
the present study  The significant events monitored during the transient are detailed in Table 2.

4. RELAP5/MOD2 MODEL OF THE LOFT FACILITY

The code version used for the analysis of Experiment L9-3 was RELAPS/MOD? Cycle 36.05 UK Version EO3.
The code is described in references 5 and 6; UK modifications incorporated into Version EO} are summansed in
the output from running the code version

Th input model (Ref 7) was based on that previously used by CEGB GDCD for analysis of LOFT loss-of-feed
Experiment LP-FW-1 (Ref 8) and loss of on- and off-site power ATWT Experiment L9-4 (Ref 9). The noding
diagram for the calculations is shown in figure 2. The following experiment features were included in the input
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Vi,
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5.

The pumps were kept munning throughout the transsent
The pressurniser spray was operated,

The expernimentsl pressuniser reliefl valve assembly was designed 1o operate in two posiions, 1o represent
the reliel capacity of a single PORY and of a POKY and SRY combined  This was cepresented 0 e in-
put model by a SRY and PORY which were modelled as trip valves that would be entber fully open or ful-
ly closed in relation to the setpoints.  The flow areas of the PORY amd SRY were specified to provide
steam flows of 0.66 kg/s at a pressure of 16.2 MPa with the experimental rclief valve in the first  PORV)
poswion, and a flow of |52 kg/s at & pressure of 172 MFs w the second position.

The aunibaty feedwater was disabled

The steam generator and pump sundators were replaced by a blind flange i Experiment L% 3. The nodes
representing the simulators and the pipework downstream theren! were deleted in the input model used for
the analysis.

As stated W section 2.2 the LOFT core moderator feedback characieristics were typical of a commercial
PWR w end.of-life condivons. The modeior void and temperaiure reactivity data provided w the RE-
LAPS deck for LOFT had been specified on the basis of core physics caleulations perfurmed at INEL 10
support safety analysis of LOFT experiments and had been used in their own post-test analysis of 1L.9-3.
In order 10 confirm that the data given are in fact representative of end-of-life conditions, they were com-
pared with the predicted reactivity obtained by core physics caiculations for Sizewell 'B' (Ref. 6). From
Figure 3, n can be seen that the LOFT nodel data are of least comparable with the Sizewell prediction st
zero loading of boron. The reactivity data were used in conjunction with the RELAPS/MOD2 point kinet
ey model instead of specifying the power as a function of ume. This provides representation of the power
reduction as driven by the moderator feedback, and ensures that the power transient is consistent with the
thermal-hydraulic transient.

Decay heat was calculated by by the code's default decay heat model, which employs the ANS 1973 de.
cay beat data, together with & user specified multiplier (in this case, unity) reflecting best estimate or con-
sevative decay hept levels. luspection of the calculated decay hoat levels shows fair agreement with those
quoted in the L9-3 data report, beaning i mind that the quoted levels are based on an assumption of
scram ocecurting at 400 g

RELAPS/MOD2 CALCULATIONS OF LOFT EXPERIMNT
L9-3

This section describes two caloulations for L9-3. Toe firer calculation employed the same input deck a« was
used i the analysis of L9-4, with the changes described above. The second calculavon was performed using an
input deck with & number of further changes designed to sunulate the experiment more closely.

5.1, Initial Conditions

Prior 10 performing the transient calculation, @ steady stale calculation was performed in which the RELAPS
control logic was used 1o adjust the pump speed, feedwater flow, secondary pressure, steamn generator level, and
primary syster* pressure. A shorl null transient calculation was *hen carmied owt to confirm that the steady state
was fully converged. The in'tial conditions obtained at the «nd of the oull vansient wre compared with the ex-
periment initial conditions in Table |. Agreement is seen to be satisfactory beariag i mind that there is some
uncertainty in the data for the biguid and vapour volumes in the pressuriser. The calculation sought to match the
latest information frum INEL for the pressuniser dimensions
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£.2. Transient Calculations

521 Preliminary Calculation

The first caloulanon was performed with the RELAPS input model unchanged from the form used for the
aralysis of LOFT Usperaent L34 performed by CEGB Baror od The only changes made 10 the wput were
those corresponding to the wutal and boundary conditions for Experimeat L9-3 The objectives in performing
an initial ealeulation with an unchanged model were:

o 10 assess the degree 10 which the inpul model used previously 1o uniformly applicable over a range of condi-
tons.

+ 10 provide a baselin: calculation from which improvements or sensitivity caleulations can be made.

It wae decided to run the initial caloulabion, at lesst W fust, for just the early pan of the transient in order to
make a preliminary asssessment of the model  Figures 4, § ad 6 compare the expervnental and caloulated pri-
mary system pressure, the cold leg and hot ieg temperatures, and the pressuriser ligud level. The effect of the
loss-of (redwater 15 fire uwdicated <n the primary system after about Ss. ws the loop temperaturs and pressure
begin 1o nse. The calewlation ollows the expeniment dota quite well duning the early stages, to abowt 40 s,
although the intial increase o temperature i slighty more marked 10 the caleulauon. The calculated pressure
transient st deviv g from the data at 24 s, when the pressuriser spray flow was untiated prematurely in the
calculation, as we spray set point was specified according (o the experiment specification, whereas the spray did
oot begin until the pressure had cisen by a further 0.1 MPa In the expenment the poessure then fell rapidh
such that the spray tripped off a few seconds later, 10 be followed by two funther cycles of spray initation  The
calculation exhibited only a gradusl reduction in pressure. with the result that the spray flow contiaued for the
remainder of the trangient. This contrast between calculation and usta has been reported in meny RELAPS ana.
lyses of LOFT wansienis, for example reference ¥

The discrepancy between calculation and data for the pnimary system pressure following spray initation tends (o
mask the companson generally.  4s can be seen from figure 5, the coolant temperasures continge to remain in
good agreement until the bolldown of the steam generator leads (¢« general dewradation in primary to secondary
heat transfer.  Since the pumps were runming throughout the tansient, the heat trunsfer is essentially controlied
hy the secondary side conditions, rather than the primary and secondary sides as it was in L94. A second rise
in coolant temperatures began at abour S0 &, vith & seady increase m the rise rate as the steam generator tubes
became progressively uncovered. The onset of the degradation was slightly delaved in the caleulation, but once
initisted the primary coolant temperatures increased more rapidly than o the experiment. The hot ieg \emper-
ture increase wae leas drmmatic than in the cold leg, since the power reduction induced Ly the moderator feed-
back led 10 a smalles nse in ter perature across the core. The pressuriser level provides an indication of the
average coolant temperature in the primary system. As can be seen from figure 6, the level increases more shar-
ply in the caloulation than in the experiment, butl at the time the (measured) level was at the top of the indicat-
ing range, the they were almost comncident.  This appears 10 be st vanance with both the coolant te.nperatures in
the loops aou w! system pressure. There may be processes occurmng in the pressunser that are no adequately
mudelled (such as the effect of spray flow)

The calculated and measured powers are compared in figure 7. The calculated power fell slightly more just
afier the start of the transient, reflecting the slightly more pronounced early tempemture increase.  The nature of
the laier power transients aiso reflects the respect.ve coolant temperature histones It is worth noting that the to-
tal heat generation in the core denng the finst 100 § ws less in the calculation thun i the experiment, but the
caloulated coolant temperatures rose by a greater amount. Therefore the 1otal heat wransferred o the secondusy
side was less i the calculation than in the experiment. The reason(s) 2 1 5 may be either 100 little initial in-
ventory in the steam generator or a degradation in hem trunsier at + Jh o remagang inveotory. This will be
examined in the analysis of the secondary side conditions, to follow
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In order to check the modelling of recetivity the reactor power (s plotted in figure 8 against coolant temperature
14 the cold jeg, for both the calculation and dsta  Because of the difference i wmpersture lusiones. exact
agreement could et ocour, even if the neutronics were repesented exacty. The closeness of the curves, howev-
er indicates that the reactivity was modelied adequately for the purpose of this study, ai least, :

Attention 15 tumed now (0 the conditions in the steam generator, o order 1o anderstand the factors that caused
the ohserved primary coolant system transieit, and 10 explain some of the differences between the calculation
andd data.  The secondary pressure history is shown in figure 9 Following the loss-of-feedwater, the pressure in-
creased gradually (atier a shont delay conesponding 1o the time over which the feed flow terminated and the
transit time between the imection poirdt and the botler ) The pressure increased s subcooling was lost from the
| liguid entering the bottam of the bodder  As a resul, rather more steam was generated for the same quantity of '
| heal bansferred across the tubes. The secondary pressure (hen began 1o restabilise at a slightly higler value, and
% with a steam geoeration rate and flow also slightly higher The imtal increase in pressure was slightly more |‘
| marked i the caleulation. and this led o the corresporhingly more marked initial increase in primary coolaot i
temperatures.  There was no apparent degradation in beat tansfer until about S0 5, st which time the pressure |
began 1o fall as the rate of steam generation dropped

At 67 3 s the main steam control valve began to close.  Further steam generation then caused the pressure o nise
once sgain unti) the steamt bypass valve was manually operated 1o lunit the pressure. The calouisted tall in
pressure oconrrad & few seconds later than shown by the “ata, buy was much more dramatic. as if steam geners-
ton suddenly ceased. In the calculation the pressure fell to 2.5 MPa compued with 4.5 MPa in the expenment,

Figure 10 shows the steam generator downcomer collapscd level, for which there was excellent agreement
between calculaton and data for the fust 30 5. From then until the MSCY was closed the caloulated level de-
creased more rapidly than the measure! level, suggesting there may have been tco small a flow area within ei-
ther the downcomer o boiler, and hence too small an imnal inventory in the calculation. 1o the experiment the
lovel was just above the bottom of the indicating range at £7 3 5, whereas the steam generator was almost empty
10 the calculation. From this we may deduce that either of both the following states applied:

i the calculated irutial inventory was too small, ;

i good hea transfer was mamtained in the culculaton at inventonies below that at which degradation oc- :
curred i the experiment. ‘
i

These deducrions are confirmed by figures 11 and 12, which compare the calculated and expenmental steam
flow, and primary to secondary hea' transfer, respecysely.  As can be seen, the integrated steam flow 1s less in
the calculation, despite the fact that there was less liquid remaining in the steamn generator when the MSCV was
closed. The plot of heat tran:fer as a fuuction of steam generator level, figure 17, shows even more clearly that
the calculated hem transfuer remained almost unchanged daning the boildown until the steam generator was al-

g MOSL empiy

| 522 Revised Calculation

In order to try to resolve the discrepancies between calewlation and data, and determine whether they weie due
to weaknesses in the code of 1 the nput model, a sumber of changes wer: made to the input model as foliows: |

i.  The bottom nade in the boiler and downcomer of the sicam generator were subkivided into two, to seck a
more gradual degradation in heat transfer.

i The fAow area an the ower part of the steam geperator downcomer was increased in line with engineering
data on the LOFT facility (Ref 10y,
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sient, and the timings for PORV and SRV opening and closing 1o pardcular the calculated sream generator heat
mnsfer was oaly Jbout ten percent of the decay heat level. The actual beat transier is difficult 1o quantify fiom
the data, but there is indication (¢ g figere ) that it was being underpredicted in the calculation

The moderator driven power reduction eventually resiored the primary system Leai balance The balance was
reached somewhat later in the calculator than in the experiment. but both exhibited a period i which the pres-
sure was coitrolled by cycling of the PCRV. Subsequer tly losses to the environment and metalwork, and cteam
flow through the (leaking) MSCV were sufficient (o remove the decay heat with the PORY closed  Dunng this
period slow changes . primary pressure occurred as the relative magnitudes of these Lactors vaned, The calou-
lation did nct match the data exactly duting this last stage of the transient, bul the differences are probably ex-
plainable in terms of Locenainty in stean leakupe and in the amount of liqud remaming i the secondary side
afier cycling of the bypass valve.

A consequence of the differences between calculation and data is that the tinungs of key events, and their order
are different. This is more apparent in Experiment 1L9-3 than it was in L94 because of the greater number of
events happening within 4 shont space of time.  The timing of the events influenced the boundary conditions
(e.g. spray fiow), so that comparisan of the code via comparison of the preasure trace s complicated.

6.2, Primary to secondary heat transfer

The most % ‘cant discrepancy between calculation zad data was the rate &t which the prunary to secondary
heat transfe. wegraded as the sieam gevermtor boiled dry. The calculation exhibited an undiminished beat
trunsfer until the boildown was almost complete, whereupon the. 2 was a sudden drop in heat ransfer, and & con-
sequent increase in primary system pressure. The hea® transfer history is affected by two facton: (1) the relation
between heat transfer and remaining wventory, (i) the wutal inventory

Comparison between the fint calculation and the data shows the primary to secondary heat transfer to fall
prematurely as well as too sharply. Inspection of the steam flow confirms that the nitial \nventory must have
been too small by at least 100 kg (about five percent) and very probably more. The main factors that affect the
initial inventory are (i) the configuration of the steam genermtor, (4) the recurcwiztion ratio, (1il) the interphase
drag, and (iv) the subcooled void The effect of changes made to the input model 10 increase the inventory e
shown in figure 20, which shows the *otal steam flow up 10 the time of MSCV closure to be close to experument.
The initial inventory was probably .all toc small since companison of the level indicate un nnderestimate of
liquid remaining at the time of MSCV closure Since the changes made were as large as was thought 1o be sen-
sible, there remains the likelihood that shortcomings o the interphase drag and subcooled void moadeis resulied
in too high a void fraction imtially in the oser

‘IThe sudden nature of the drop in steam generator heat transfer was thougnt to be due to use of too coarse a no-
dalisation. The smerdng of the liguid over each fluid cell means that too large an area of the tubes remains
wetted until the fluid conditions change 10 these corresponding to dryout. Subdividing the nodes at the bottom
of the steam generator was expected to reduce thus effect.  However the behaviour proves « be essentially as
before. Figures 22 and 23 show the calculated liquid fracuon and heat transfer in each node 1n the riser. Prior
to closure of the MSCV, the liguid fractions decreased more or less tc ether. so that instea. [ showing a
seguential emptying, the liguid was still smeared 10 a larze extent. As a result the heat transfer remaned high
in all the hodes until they were all nearly empty, whereupou the heat transfer fell sharply w all of them. This
appears 1o be atributable to un overestumate of uterphase drag, so that liquid is curied up (nto the higher nodes.

The heat transfer Auctuated considerably during the later stages of the boillown This was due, in part, to the
redistribution of a quantity of liquid in the downcoiner at the time of MSCV closure, temporarily increasing the
amount of ligquid in the riser, and in part to the tendency of the code 1o predict large changes in local heat
transfer as a fluid cell empties.
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6.3, Pressuriser reponse

An addidonal discrepancy I8 the rate o which the primary pressore increased w the pressunser filled  For a
given level incresse, RELAPS/MOD? calculated @ pressure thet was greater than shown bty the experiment data,
A contributing factor is the underprediction of the heat removed from the vapour by the spray. o order to as-
sess the poriible magnitude =f tais affect, o further sentivity calculation nt 1o be regarded as a best estmate,
wiw performed in which the pressunser wis assumed (0 b equilibrium from the tme at which the spray flow
was nitiated.  This assumption mazimises the heat transferred from the vapour (o the liguid. and should centain-
r Iy overstate it in fact. The resulting pressuriser leve. ard pressure transients are shown i figures .+ 25 and 26

Prior to spra, flow the nse in pressure with level s sccurately caleviatea, Following spray sctuaiion, there is a
drop io pressure not effectively sunulated, followed by a rise with level with a lesser gradient than before. In-
voking equilibrium in the pressuniser a the wntiation of spray flow gave improverent in the relationstup
between wvel and pressure, and a closer agreement i gradient  However, the witidd decrease in pressure was
still too small, and there is the possibility that the liguid mn the spray line was much cooler than the cold leg
temperature assumed i the caleulations. The eifect of wutal spray line temperature would lust for only a few
seconds of spray flow, however

6.4. Mass and cnergy flows through relief valves

Assessment of the representation of mass and energy flows through the POKV and SRV is complicated because
the fluid conditions i the relief line differed between experiment and calculation. The relief line flow and pres.
sure are gshown in fgures 27 and 2K (A further sensitivity case in which the subcooled discharge coefficient for
the PORY was increased from 1.0 to | ¥ (ypecifically 1 seek agieement with data) is displayed ) Prior to filling
of the pressuriser the caloulated flow rate thrcugh the PORY akl SRV agreed with the specified flow for steam
and with the data for the PORV flow  In the calcuiation the SRV opened once beiore the pressunser filled, and
again afterwurds, whereas the SRV opened only after the pressunser fillad i the experiment

The underestimate of the PORY flow when liquid was being cischarged affected the remuinder of the pressure
transient, as was reflected i toe extra time “efore the pressure was brouglt down to the PORV closing setpoint.
The calculation with the suvcoaled discharge coefficient for the PORY increased 1o | 8 gave (as expected) good
agreement for the flow and the ensuing pressure transiert  Ip particular. the period during which the SRV
remained open, and the me of inttiation of PORV cycling was closely matched. This calculation, like the pre.
vious one with equili’ i assumed in the pressunser is intended mainly a5 a sensitivity, rather than a true best
estimat~. However, the dischurge charactenstics may, in fact, be known with more ¢ nunty for plamt swdies
than (o1 LOFT.

6.5. Shortage of experiment data

A shortcoming of the LOFT facility 15 the pauaity of instrumentation in the steam generator. Data are not avail-
able for voud distnibution, mixture level, or tube temperatures in the aser, and the inital inventory and recircula-
tion ratio is not known exactly. This makes assessment of the two fuid modelling in RELAPS/MOD? less clear.

6.6. Code problems

The following problems wili the ~ode are noted.

i. The onset of carryunder results in a surge of two-phase fluid from the downcomer to the steam dome, =nd
an increase n vapowr generation. In all the calculations here, attempt was made to suppress this by reduc-

- 10 .
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Table 2 | quence of Events for Experiment 193

T}MB (seconds)
| ACTUAL PRELIM | REVISED

Main ferdwater pump tnpped off \; 0.0 0.9 00
Pressuriser spray valve cycling initii ted | 295 | 3.0 { 4L3
Steam geoerator MSCV closed 673 - 673a | 676D
Experiment primary PORV opened | 718 , 602¢ | 6104
Pressuniser liquid level reached top of 900 | e L 9s
indicating range (1. 83 m above bottom ) | I
Steam geverator liquid level reached botiom | 945 | 606 | 6K
of indicating range (025 m above bottom) '
Experiment primary SRY opened 068 sasc | 1504
Experiment >rimary SRV closed i %4c | 828 d
Experiment prisaary PORVY closed | 123 s | 15924
Expeniment primary PORV _ycling initated 1254 | = | 16314
Experiment PORV cvehing 1arminated 208 | | e
End of AT"VS phase / stan of recovery 601.1 | |
End of calculation _— | e L6000

8 setpoint defined by time

b setpaint defined by SO pressure

¢ setpoint defined by nominal pressure

4 setpount defined by actual pressure

e was still cycling at 600 ¢

- 14 .
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