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LOFT Input Dataset Reference Document for RELAPS Validation Studies

3.C.Birchley

Summary

Analyses of LOFT experiment data are being carried out in order 10 validaic the RELAPS computer
code for future application 1o PWR plant analysis. The dataset used in the analyses is based on the la-
test available information on the LOFT facility issued by the ldaho National Engineening Lahoratory
(INEL), operators of the LOFT experimental facility. The dataset was developed onginally by INEL,
for use with RELAPS/MODI, to suppornt planning and analysis of LOFT experimenis. The MODI da-
taset was also used by CEGB Bamwood who subsequently convented the datasel 1o run with MOD2 ,
The modifications included changes to the nodalisation to take advantage of the crossflow junction op-
tion al appropriate locations, Additional pipework representation was introduced for breaks in the in:
tact (or active) loop, Further changes have been made by Winfnth following discussion of calculauons
: performed by the CEGB and Winfnth. These concem the degree of noding in the sieam generator, the
fluid volume of the steam generator downcomer, and the location of the reactor vessel downcomer

bypass paih.

This document describes the dataset contents relating to the volume, junction, and heat slab daia for the

| niact loop, reactor pressure vessel, broken loop, pressuriser, steam generator secondary, and ECC sys-
temi.  Also described are the control system for steady state initialisanon, standard tnip sewings, and
boundary couditions.
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LOFT Input Dataset Reference Document
for RELAPS Validation Studies

1. Introduction

The RELAPS computer code (Ref 1) has been chosen for indopendent assessment of small break
LOCA and intact primary circuit faults for the Sizewell "B’ PWR. To provide confidence in RELAPS
as a suitable ool for this assessment, a series of validanon studics i1s being camied out, via analyses of
experimental data from nigs, from plant commissioning tests, and from unplanned plant transients that
have occurred in the past. The cases being analysed have been chosen on the basis of the provision of
data which address the important macroscopic phenomena that are likely 1o occur in those transients
within the Sizewell "B’ design basis envelope. and are identified in Reference 2. The main sources of
such data are the LOFT and LOBI integral test facilities.

This report describes the LOrT input dataset, based on the lalest available nformation on the LOFT
facility (Ref 3), The dataset used in the UK. calculauons is based on the input deck developed by
INEL, and described in Reference 4. Section 2 of this repon provides a bnef description of the LOFT
facility. Section 3 provides a detailed description of the dataset.

The LOFT experments that have been/are being/will be analysed arc:

¢ L9-1 Loss-ol-feedwater with recovery via: (i) primary PORV, (i) steam generator hoat sink
L9-3 Loss-of-feedwater anicipaied transient without tip (ATWT).
L9-4 Loss of on and offsite power ATWT,

LP-FW-1 Loss of main and auxiliary feedwater with recovery via primary feed and bleed

L3-5 Small (4 inch equivalent) cold leg break - pumps off

L36 Small (4 inch equivalent) cold leg break - pumps on

1 5-1 Intermediaie (10 inch equivalent) cold leg break - pumps on

LP-SB-1 Small (3 inch equivalent) hot leg break - pumps off
LP-SB-2 Small (3 inch equivalent) hot leg break - pumps on
o LP-SB-3 Small (2 inch equivalent) ceid leg break - w/o HHSI, delayed pump tnip

2. LOFT Facility Description

The LOFT facility was designed 10 model the neclear and thermal-hydraulic phenomena which would
take place in a loss-of-coolant accident (LOCA). The scaling philosophy adopted was to reduce the
coolant volumes and flow areas for the components by the ratio of the LOFT core power (50 MW th))
10 that of & typical four-loop commercial PWR (3400 MWithy), This was not compietely achieved
however, with the result that some of the components were oversized. In addition, the vertcal scaling
was not preserved with several components considerably shorter than their commercial PWR counter-
parts. Despite these shortcomings, the components in LOFT were functionally similar o those of a
commercial PWR, and the transient simulations carried out in LOFT (Ref 3, for example). exhibited
most of the phenomena that may be expected in a PWR LOCA or an intact pamary circutl fault tran-
sient. In particular LOFT was at least an order of magnitude larger than most other integral facilities,
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and was unique among them in contaming a nuclear core
The main features of LOFT are summansed as follows:

}. A reacior vessel with an annular downcomer, a lower plenum, an upper plenumn, and @ nuclear
core with lower and upper suppon structure

. An imact (active) loop with an active sieam generator, pressuriser, and two primary coolant
pumps connected in parallel.

L A broken (test) loop containing pipework with sesistance and elevation changes designed o
simulate the steam generator and pump resistance, and two quick acting blowdown valve assem-
blies. (The steam gencrator ar! pump simulators were disconnected i several of the intact pn-
miary circuil fau't ireosient expeniments )

Despite the temminoiv 'y “intacybroken loop”, the majonity of the small break LOCA sxpeniinents
in LOFT were conducied with the break in the active loop.

iv. A blowdown suppression system consisting of a header, suppression tank and a spray sysiem, 10
simulate the containment response 0 a LOCA.

v. An emergency core coolant (ECC) imection system consisting of 1wo low head safety injection
(LHSI) pumps, two high hiead safety mjection (HHSEH pumps, and two accumulaiors, and the as-
sociated pipework.

The LOFT facility s depicted in Figures 1 through 7, Figures 1 and 2 show the primary coolant sys-
tem (PCS); figures 3 through 5 show cutaways of (1 eactor vessel, the pressuriscr. and the steam
generator; figure 6 shows the secondary svstem. and fiy. @ 7 the ECC system

2.1. RELAPS Input Dataset Description

The input dataset described in the presert document is based on the mode! developed by INEL for ana-
lyses of LOFT intact circuit fault and LOCA experiments using RELAPS/MOD! (Ref 4). The MODI
dataset was used by CEGB Bamwood for analysis of LOFT small break expenmem LP-SB-3 (Ref §),
and was subscquently modified for further analyses of LOFT ¢xpenments LP-SB-3 (Ref 6), LP-SB-1
{Ref 7). LP-SB-2 (Ref &), LP-FW-1 (Ref 9}, and L9-4 (Ref 10), using MOD2. The version used for
analysis ol experiment LP-SB-2 constitutes the major pant of the present model.

Maodifications made by Bamwood are described in the above references but have not beer formally do-
cumenied. The input datasers are, however. archived. The modihications from the original dataset are
essentially of four types:

1. Renoding of the reactor vessel in order 1o make use of the cross-flow junction option m MOD2.
This enabled simplification of the nodmg for the connections between the loops and the reactor
vessel, In panicular, the imact and broken loap cold legs are connected to only a single fuid
cell.

. Adjusunents 10 provide closer representation of the hardware. This concemed, in particularly,
the reactor vessel downcomer bypass flow paths (following discussion of sensitivity studies per-
formed by Bamwood) and steam generator downcomer flow arca. There is also supporting in-
formauon information from INEL for these changes (referenced helow).

i Subdivision of the lowest nade n the sieam generator boiler and twbes 1o provide beter resoly-
tion of the fluid disinbution during boildown of the steam generator in loss-of-feed transients
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iv. Inclusion of the intact loop hot leg and cold leg break geometry, ECCS, and broken loop SG and
pump simulators (10 be commented out when nol applicable).

The RELAPS input dataset for the LOFT facility consisis of seven pans:
i. Intact loop components (100-199, 900-999)
i, Reactor vessel components (200-299)
i, Broken loop components (300-399)
iv.  Pressuriser components (400-499)
v. Secondary coolant system companents (S00-599),
vi. ECC system components (600-699).
vii. Containment volume components (800-899)

Also represented are the internal heat structures in the reactor vessel and vessel wall, the pipework of
the primary coolan! system and the pressuriser, the conductors between the pnimary and secondary
sides, and the secondary side shell.

During the coursc of the USNRC and OECD LOFT experiment programmes, the facility was
configured in several different ways, 10 represent breaks of different size or location, eic. Cernain sec-
tions of pipework were added or valved in or out accordingly. In any pamcular expeniment only part
of the whole configuration was used. In the interesi of compactness, all of the configuration relevant
to the validation of RELAPS is represented in a single reference dataset.  For calculation of any partic-
ular experiment, the representation for LOFT hardware that was not used s commented out.

Because the model is used Jor a range of transients compromises are made beiween cconomy of calcu-
lation and detail of representation. The degree of dewal allows realistic simulanon of small breaks (in
which il is necessary 10 be able 1o track the level in the primary system and the reactor vessel), and
transients such as loss of feedwater (where it is necessany L track the Jevel in the steam generator)
When the model was developed it was expected that similar noting would be used for all the tran-
sients, rather than seck run time economies by using different noding for different classes of transient
In making subsequent modifications involving the addition of further detal, the new model hecame,
essentially. a new base deck. For example, the noding in the intact loop hot leg and cold leg was
modified to include small BRANCH components at the Jocations of the connection to the break lines.
The use of a small fluid volume at the break connection is recommended by INEL, although Bamwood
had reported thet the results were not significantly affected by the noding change The new noding is
retained for simpiicity and to recuce the amount of nput mode! maintenance, documentation, etc. In
general, however, the size of the hydrodynamic volumes are specified such that all volumes have com-
parable flow length, within the constraints implied by the likely level of detail required. One of the
values of length, flow area. and volume is always set o zero, so that this value is calculated by the
code. I the hydraulic diameter is input as 00, then it also s caleulaied by the code, from L flow
area.

The from/to volume number has the format - XXXNNMM - where XXX is the component number,
NN is the volume number within the component, and MM = 00 for inlet, 01 for outler. I the arca for
a junction is set 1o zero in the input deck, the smaller flow area of the adjacent volumes is esed.

Figure & shows the nodalisation schemc used in the input dataset
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2.2. Intact Loop and pump injection systems

The connections of the intact loop {0 the reactor vessel and 10 the pressunser surge line are included
here. Also included in the description of the intact loop pipswork are the primary coolant pump injec-
tion, and the break pipework from the intact loop.

2.2.1. Volume related data

The intact loop components, including the two primary coolant pumps and the primary side of the
Sieam gencraior are identified in figure 10ab.c, and th. volume outlet elevations, in figure 10d. Table
la describes the roding and details of the components. The pump inlet and outlet regions, the ECC
connection, and the connection hetween the lot leg and pressuriser surge line are simulated as tees. A
PIPE component comprising 10 fluid velumes is used 10 reprosent the steam generator tubes, with the
lowermost secton noded more finely than the remainder Components 100, 105, 110, and 112
represent the hot leg, 114 and 116 the steam generator inlet and outlet plena, respectively, and 118 the
crossover leg. A BRANCH component 120 simulates the tee at which the pipework divides to form
the two parallel paths for the pumps. Pump number one is represented by components 125 and 130
fot the pump suction and entry, 135 for the pump. and 140 and 145 for the outler and discharge.
Pump number two is represented in similar manner by components 155 and 160 (suction and entry ),
the PUMP componen: 165, and 170. A second BRANCH simulates the confluence of the pump
discharges. Components 175, 180, 184 and IKS represent the cold leg.

222 Junction related data

Table 10b details the junction data for the imtact loop. The twe junctions at the pump suction tee which
connect component 20 with 125 and 155 have half the flow area of component 170, Connection io
the pressuriser spray line is represented by a junction from BRANCH component 150 The ECC con-
nects o BRANCH component 185, Juncuons 11401 and 11602 have smalier flow areas than the
minimum ..ow area of the flow areas of the adjacent volumes, and are specified with the abrupt area
change option, thus simulating the orifices installed in the steam generator inlet and outiel plena.  The

loss coefficients are adjusted 10 produce the correct pressure drop as specified i the LOFT System and
Test Descniption (Ref. 3).

The LOFT configuration contains & number of pathways by which fluid can pass between the inlet and
outlet nozzles without passing through the main flow paths within the ractor vessel.  Seme of these
paths are lumped together in the RELAPS input datasct m the form of a single pathway from the
vessel miet (0 the cutlet, (sometimes referred 10 as the downcomer bypass),

Analyses isave shown that the transient conditions, particularly following a small break LOCA, are sen-
sitive not only to the size of the downcomer bypass but also 1o the elevation. In earlier versions of the
input model, the downcomer bypass was represented as a path within *he vesscl itself, between the top
of the inlet annulus and the top of the upper plenum, SNGLIUN component 208, Vessel byvpass data
given in Reference |1 indicale that the bulk of the downcomer bypass is at the elevation of the miet
and outlet nozzles, and that the pathway represented by junction 208 admits only a smail fraction of
the downcomer bypass flow. This is wipported by sensitivity studies carned out in the analysis of ex-
periment LP-SB-1 (Reference 11). The input lines for junction 208 are retained. for reference, as com-
Memts in the present input deck.
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The downcomer bypass is represented by a junction from volume 185 o 100, with the flow area set 1o
the cold leg arca.  The bypass fiow rate is kept st 2.4 percent of the total loop flow. The form loss
coefficient, determined from pressure dmp considerations, is set to 7200,

The tee junctions for the pump inler and outlet regions are specified as normal (i.e. not cross-flow)
junctions. The ECC connection tee is simulated as a nommal junction. The connections between the
reactor vessel upper plenum and intact loop hot leg, and between the inlet antulus and cold leg are
modelled using cross-flow junctions, with the vessel fluid volumes (and not the pipe volumes) specihed
as cross-flow. The cold leg also connect to the reacior vessel filler gap via a normal junction. The
connection between the intact loop hot leg and pressunser surge Line is specified as a cross-flow junc-
ton, with the hoi leg volume as cross-flow, and the modified entrainment model invoked

The pnmary coolant pump injection is via TMDPJUN components 900 and 901, the coolant condibons
defined by TMDPVOL. components TMDPVOLs 910 and 911

223 Hear slabs

Heat slabs are included for the sieam generator tube walls and al! the intact loop pipework, except the
ECC line and the pump housing. The heat slab data are given in wable 1c.

2.2 4. Break Configuration for Experiments [P SB-1 and LP-SB-2

For hot leg break experiments LP-SB-1, SB-2 the noding for the intact loop hot leg 18 modified A
section of the hot leg, SNGLVOL component 104, is introduced in between 100 and 105, A crosstlow
SNGLIJUN then connects component 104 10 the SNGLVOL component 102 that represents the break
line, The piping for the break line from the intact loop hot leg is represented by SNGLVOL com-
ponert 102. The break itself is represented by the Y ALVE component 103, The lines of input
corresponding 1o the hot leg break geometry are appended 1© the intagt loop representation, and are
commented out for experiments other than LP-SB-1 and SB-2. Multipliers of 093 and 081 awe used
for single and two phase break flows. respectivelv. However, multiphiers of up to 1.2 had been used in
some sensitivity studies camed out by Barnwood.

2235, Break Configuration for Experiment LP-S8-3

For cold leg break experiment LP-SB-3 the a section of pipework is added 1o represent the break line
and orifice. The break piping is represented by BRANCH components 181 and 182, the break orifice
represenited by VALVE component 183, Component 181 is connected to cold leg volume 184 by
means of a cross flow junction. The lines of input corresponding o the cold leg break geometry are
appended to the intact loop representation, and are commented out for experiments other than LP-SB-3.
Mulupliers of 093 and 0 81 are used for singie and two phase break flows, respectively.

2.3, Reactor Vessel
The reactor vessed npu data are based on Reference 1. Because of the complicated geometry of the

reactor vessel, particy'arly in and around the core, simplifications have been made to represent the
vessel with a degree of detail consistent with the remainder of the sysiem
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2.3.1. Volume related data

The components representing the reactor vesse! are identified in figure 11ab.cd, and the elevations of
the volumes indicated in figure 11e. The volume data for the reactor vessel are descnbed in table 2a

Components 200, 202, and 208 simulate the inlet annulus  The downcomer and vessel nller gap are
represented by ANNULUS components 210 and 223, respectively. Components 215 and 220 simulate
the lower plenum and lower head. The volume contaiming the lower core suppon struciure and flow
diffuser plate is represented by component 225 Components 230 and 235 simulate the core and core
bypass, respectively. Finer noding is used for the core than for most of the vessel, in order 10 provide
sufficient resolution of the core fluid distnbution during small break LOCAs in which core uncovery
occurred. Component 240 represents the region containing the upper end boxes and the lower part of
the upper core support structure. Component 248 represents the cross-flow region up 10 the level of
the control rod guide structure. Components 250 and 251 simulate the upper flow skift region and the
dead end region of the fuel modules up 10 the level of the control rod drive housing, respectively,
Components 252, 255, and 260 simulate, respectively, the upper plenum &t the connection with the in-
tact and broken loop hot legs, the lower pant of the upper plenum above the level of the hot leg con-
nections, and the dead end region at the top of the upper plenum. All the volumes are vertically
onented.

2.32. Junction relared data

The geometric data for the junction related components in the reactor vessel are shown in (able 2b
All the junctions within the vessel model are onented vert:cally, and all BRANCHes in the vessel are
one-dimensional. The connecuons between the inlet annulus and the intact and broken loop cold legs,
and the upper plenum 1o the intact and broken loop hot legs are simulated ysing hortzontal juncuons,
wilh the respective vessel components defined as cross-flow volumes for those junctions

As stated in Section 2.1, the downcomer bypass 1s represented by a connection from the vessel infel
nozzle to outlet nozzle. However, the onginal pati.. junclion 208, is retained for reference but 1s com-
mented out in the present input deck. The junction areas in the core bypass volume, between the
lower core support volume and upper end box/suppont volume, are specified 10 give approximalely five
percent flow. Details of the bypass path flow are given in Reference 11

The pressure drop distribution in the vessel is not known in detail with accuracy. The additional loss
coefficients in the reactor vessel are chosen to provide the correct total pres  drop across the vessel

233. Hea labs
The heat slab components in the vessel are shown in figure 11z The following heat structures are
used, as shown in figure 114d:

1. Vessel wall

ii. Vessel bottom

i Vesse! filler blocks

iv. Core support barrel

v. Core lower suppon structure

AEEW-R 2454 "
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vi. Flow skin - core filler assembly

vii. Aclive core

viit. Upper core suppon structure
ix. Intemals in upper plenum
x. Top plate

Two-sided heat structures are used 10 represent the vessel walls, bottom, op plaie, and the upper sec-
tions of the fuel modules. The fuel rods, filler assemblies, support structures, flow skin, and v nais
are modelled using one-sided heat structures. A detailed description of the geometric data for the heat
structures is given in tabie 2¢c.

2.4. Broken loop

Figure 12ab,c displays the broken loop geometric data, and figure 124 shows the volume outlet eleva-
tions. The broken loop. loop pipework is represented up to the isolation vaives. with the steam gen-
erator and pump simulators not included since these sections were nol gsed in the experiments
analysed here The Reflood Assist Bypass System (RABS) consisted of an assembly comprising {wo
paraliel lines, each one valved (normaily closed but admitting some flow through leakage). The lines
connected at each end, via a tee, 10 a section of pipe. The pipe sections connected to the broken loop,
one 10 the hot leg and one 1o the cold leg. To allow room for the RABS asse’ - ly, the pipe from the
cold leg was elevated above the loop elevation, and connecied vertically 10 the 1) of the cold leg pipe
and honzomtally 1o the hot leg.

24.1. Yolume related data

PIPE component 350 represents the line to the cold leg break plane. PIPE component 315 represents
the line 10 the hot leg break plane, and which compnses the steam gencralor and pump simulators
The datasel contans two sets of input lines, one set to be _ommented out depending on whether the
simulators were used or not. For experiments in which the simulators were nol used, fluid ceils 315-3
through 315-12 are, in effect, commented out and the length of cell 3152 increased o accommodate
the additional length of straight pipe.

Tha RABS is simulated by two PIPE components (370 and 380'). These are connected to BRANCH
components 310 and 345 representing the broken loop hot leg and cold leg reducer sections. The line
from the cold leg is at an elevation of 0.64 m.

The geometric data for the volumes are detailed in wble 3a

242 Junction re'ated data

Table 3b describes the input data for the junctions ir the broken loop. The loss coefficy” - are
specified to give the correct pressure drop distribution. The junctions in the broken loop &« ndl,
onc-dimensional, and oriented horizomtally with the exception of the RABS connections. The connec-
tion 1o the broken loop cold leg is onented vertically and normal (i.¢. not crossflow ), while the hot leg
connection is horizontal and crossflow. The PIPE sections of the RABS in the broken loop are con-
nected 1o each other via a SNGLJUN (375) whose loss coefficients are specified so as 1o yield a flow
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2.52. Junction related data

Table 4b shows the junction related input data for the pressuriser. Component 410 15 @ SNGLIUN
simulating the entry *0 the pressuriser. Component 420 is 8 BRANCH used 10 conniect 1o three
VALVE components which represent the Pilot Operated Relief Valve (PORV) {455, the Safety Relief
Valve (SRV) (450), and a dummy valve used 1o control the pressure for the sicady state. The areas of
the PORV and SRV are specified 1o provide the correct relief flows. The spray line flow msistance is
sel 10 give the specified spray flow rate. The PORV, SRV and spray valves are represented by trip
valves in the mpul model,

2.5 2 Hear slabs

The walls of the pressuniser are represented by heat siroctures, but the surge line does not have any
heat structure representation. The pressuriser heaters were not used in those experiments being
analysed and are not simulated in the input data. The heat slab data are given in tahle 4c.

2.6. Steam generator secondary

Data for the configuration of the sieam generator secondary are not availabl. in same degroe of desas
for for the rest of the system. Limited data are provided in reference 1, and some additional daia .
given in referenc. 11

Unfontanately, there is no value given for the diameter of the boiler shroud. The onginal datasei as-
sumes a value 1.289 m for the intemal radius, which is used 1o calculate the boiler and downcomer
flow arcas and volumes. This value implies a distance of 0.035 m between the outermost tubes and the
shroud, which is comparativel . large compared with the tube pitch (00191 m). The dimensions used
in the RELAPS datasel have consistently resulted in an undercstimate of the initial inventory by ahoul
100 kg. A revised caleulation of experimen: LY-3 used a larger downcomer arca corresponding 10 the
intemal diameter of the shraud set 10 1.219 m, the diameter of the twbe bundle. This gave betier
agreement for the estinuzted initial inventory but distorted the physical picture because the shroud
would not, of course, have been in contact with the tubes,

In order 10 overcome the discrepancy in mass inventory, the following modification is made to the in-
put dataset. A reduction in the shroud diameter to 1.2572 m is assumed which corresponds 1o a dis-
tance of D.0191 m between the outermost iubes and the shroud inner wall, e the same as the tube
pitch. This valse results in an increase in the downcomer area to 0.297 m2, and a reduction in the
boiler flow area 1© 0258 m2. The net effect is that the total volume in steam geneialor is not
significantly changed, but during power operation (when the fluid in the boiler is two-phase), the hqud
inventory, 45 calculated by RELAPS/MOD2, is increased by about 60 kg, This results i an nventory
close 10 the quoted value at full power. It should be noted however, that the inventory caiculated by
RELAPS/MOL2 depends also on the code models for interphase drag and subcocled void, and the
fow resistance in the input dataset.

Toe data in reference 10, and the assumed and derived values for dimensions are $»mmansed below.
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Characteristic | Nalue  Units 1
Tube bundle diameter 1.21¢ m
Outside diameter of whes 29127 m
Number of tubes 1848
Tube pitch (from above) 0019 m
Assumed shroud inner diameter (based on tube pitch) 12872 m
Thickness of boiler shroud (from onginal datasel) 0.0127 m
Shroud exiemal diameter = downcomer inner diameter 1.2826 m
Exiernal diameter of secondary shell 1528 m
Thickness of sccondary shel! (from original dataset) 00828 m
Outer diameter of downcomer annulus (from above) 14224 m
Flow area of dovncomer (from above) 0.2970 m?
Assumed shiroud inner diameter (based on tube pitch: 12872 m
Area inside shroud (from above) 12414 m2
Outside diameter of tubes 00127 m
Number of tubes 1845
Arca occupied by tubes (from above) 04674 m2
Flow area of bundle in horizomal plane ((rom above) 0.7740 m2
Flow area in dataset (1aking into account flow direction) 0.2580 2
Mass inventory at full power SN 2041 kg |

The steam generator secondary sysiem, including the feedwate: sysiem and the components down-
stream of the MSCV are simulated by means of 21 fluid volumes, 21 Juncuons, and 15 heat slabs

2.6.1. Volume related data

Figure 14a,b.¢ identifies the companents in the steam generator secondary, and figure 144 indicates the
volume outlet elevations. The steam generator secondary The volume data for the secondary coolant
system are detailed in table Sa.

The boiler is represented by the PIPE component 515, The length of the flow path from volume §15-
01 1o 515-05 is greater than the elevation change because the fluid has to flow around the baffles in-
-3ned in the boiler. Smaller nodes are employed in the lower part of the boiler and downcomer (510),
10 make it possible 1o track the leve!l in those volumes as the Steam generator boils down foliowing a
10ss of feedwater. The downcomer is simulated using the asnulus component (S10).

The separator is represented using the SEPARATR component S00. The guantity VOVER, e hguid
fraction above which liquid carryover occurs, has the value 0.2 Carryur der occurs at a liquid fracton
less than VUNDER, which has the value 0.0002. A small value was used for VUNDER in order ©
suppress the instability when sieam is transported into the downcomer while there is still significant
liguid present.

Liquid is retumed from the separator 1o the region simulated by the SNGLVOL 505, and hence to the
upper downcomer, represented by BRANCH compongnt SO8, where it mixes with the suinooled feed
water. The separator bypass is simulated by @ SNGLVOL 502, which connects 10 the separator liquid
reum and 1o the lower pan of the steam dome (5205 The lower. and upper (525) parts of the steam

AEEW-R 2454 -10-
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dome are simulated using SNGLVOL components,

The stcam main system is represenied by a SNGLVOL components S30 and 541 for the secuons of
pips before and after the steam control valve. The condenser and and volume connecied 10 the sicam
bypass are simulated using the TMDPVOL components 542 and 546 steam dome are simulated using
SNGLVOL components.

26.2. Junction relared data

The junction mrlated input data are shown in table 5h. The minal circulation rate and How resistance in
the steara generator are not known accurately. The loss coefficients have a bearing on the ciroulabon
ratio which, in tum, affects the inventory during steady state operation. Prior 10 increasing the down-
comer area, sensitivity swudies were performed in which the flow resistances were reduced in attempt
raise the circulation atio and inventory. However, the inventory could not be & creased satisfactonly
via any plausible reductions, and the loss coefficients were reset (o their onginal values.

The foedwater valve is simulated using the TMDPIUN 566, The steam flow conirol valve and steam
bypass valve are simulated using VALVE components 540 and 545, respectively. The steam flow con-
trol valve, when closed, admits a smali but noticeable leakage which is shghtly different each time the
valve closes. The leakage flow is generally in the range 0.05 10 0.1 kgk

2.6.3. Heat slabs

The heat slab input data for the sieam gencralor are given in table S¢ The heat slabs represent the
steam generator shell, and the shroud separating the downcomer and boiler regions. The sicam genera-
tor tube walls are included in the descniption of the steam generator primary side

2.7. ECC System

A SNGLVOL (605) is used 10 represent the ECC header, to which are connected the accuraulator hine.
component 615, and the borated water storage tank (BWST). TMDPVOL components 625 and 620
represent the BWST and accumulator, respectively. The connection between the ECCS header and the
intact joop cold leg (185) is via VALVE component 600. A second VALVE (610) connects the
header with the accumulator pipe. The low and high head ECC pumps are represented by TMD2IUN
components 630 and 640, respectively. The configuration is shown in figure 10, the volume and unc-
tion Jata are given in table 6a,b. The HHSI and LHSI flow rates are specified separately for each cx-
periment. No heat structures are used in the input for the ECCS.

2.8. Containment system

The containment (or, strictly, the blowdown suppression tank) is represemied by tme dependent
volumes 805, 810, 815, 820, and 825 which define the conditions downstream of the pressunser
PCRV, SRV, intact loop hot leg break, intact Joop cold leg break, and broken loop cold leg break,
respecuvely. Only those companents relevant o each experiment are used, the remainder are com-
mented out.

AEEW-R 2454 ¥
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3. Initial and Boundary Conditions

Some of guantities which define 'he initial and boundary conditons (c.g. the steam bypass valve set.
points) can be considered as having standard values. In general, however the initial and boundary con-
ditions vary from test 1 test.

The initial and boundary conditions are specified via the tip and control systems, and table data. For
the initial conditions of a particular run, the pnmary sysiem pressure, the pnmary loop mass flow rate,
the core power, the secondary side downcomer level are set in the input deck 1o their required values
The initial state is achieved by means of a pseudo-sicady state caloulation in which those quantities
{e.g. loop flow rate) which cannot be specified explicitly are achieved via the control system's action

\
On some other quantity, in this case the pump speed. The boundary conditions for the transient calcu- ;
lation are specified directly |

3.1. Initial conditions 1

The mnitial primary system pressure is specified by means of a time dependent volume antached to the

pressuriser. This valume controls the system pressure directly and is removed in transien! calculation, |
In reality pressuriser sprays and heaters are deploved in the LOFT pressuriser. but these are no! i |
voked in sieady state calculabons.

The initial core power is set 10 the measured or specified value, in the relesamt heat structure card

The mass flow rale is controlied via the pump speed, which is continually adjusted using a
proporuonal-integral controller on the difference between the current flow rate and the required flow
rate. This readily drives the flow rate 10 the required value, thus.

D = Wi = 020 = Mgy )~ 01 [ (M = Mgy 11,
where the mass flow is evaluated at junction 18001 in the intact loop cold leg
The sieam gencrator pressure 1s controlled via the main steam control valve whose positon, X. s ad-
justed using a proportional-integral contratier on the steam line pressure, p, thus:
X =W (pepug)+ 510 [(p = Prega Vel
X =09+ [xa

The steam generator downcomer level is controlled via the feedwater flow which iy tisetl controlied on
the Jevel and the steam flow, thus:

Plipd = Mupum — 20.0( ievel ~level, 0y )

Although the steam generator inventory is actually momitored via the level in the downgomer, there is
Some uncertainty over the relavon between level and inveniory. In particular, RELAPS/MOD? tends
W underpregict the inventory as a function of the Tevel in Steady state conditions.  An overestimate of
the level might be used in order 1o specify the initial inventory more accurately,
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3.2. Boundary Conditions

| The controllers for the initial conditions are disabled at the stan of a transient calculation. and the ip r
| and control logical, and the table data for the transient then become effective. .

3.2.1. Trip settings

The trip logic used in LOFT experiments vanes considerably from test 1o test, and a standard set of :
trips does not exist. However, cenain of the tnps are characteristic of the LOFT facility and are essen-
tially test independent and may be considered as standard. However, although their operation is gen-
erally tect independent, the setpoint values vary from test o test. The trip conditions in the reference
datasel are.

i. Pumped ECC and accumulator -
(hot leg pressure)
HHSI on: 807 MPa
LHSIon.  1.03 MPa
Accum on: 4.14 MPa

ii. Pressuriser spray (except loss of offsite por
(hot 1eg pressure)
On. 15.32 MPa

Off. 15.16 MPa :

The spray valve is modelied as a trip valve é

iil. Pressuriser PORV opening and closing (e~ ~~nt loss of olfsite power) -
(hot leg pressure) |
Dpen: 16.20 Mi '
Close: 16,00 MPa ‘
The PORV is modelled as a inp valve

iv. Pressuriser SRV openang and closing

thot leg pressure)
Open: 17.24 MPa :
Close: 16.46 MPa :

The SRV is modelled as a tnp valve.

v. Main steam control valve (when enabied)
(sieam line pressure)

Open: 7.12 MPa
Stop opening: 698 MP»
Close: 6.50 MPa

Stop closing: 6.57 MPa
The control velve rate of opening/closing is 0.06/5.

|
|
|
)
|
:
E
[
|
|
i
|
|
,’ vi. Sicam bypass opening and closing (when MSCV disabled)
) {stcam line pressure)
Open. 6.50 MPa
Close: 6.35 MPa
The bypass valve rate of opening/closing 1s 0. 143/

vii.  Auxfeed on and off (following SI signal)
(8G level)
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On: 21844 m
Off: 29464 m

viil. Scram, termination of main feed, and MSCV closure on S signal
(hot leg pressure)
Acuve: 14 28 MPa

The remaining trip logic and settings are expenment specific, indeed define the expeniment.  Such trips
include break opening, scram, termination of main feed other than on Si signal. pump trip

322. Heat sources and sinks

The heat input from the nuclear fuel is specified, during sicady state, as a constant power. For tran-
sients involving scram, a decay heat table is generally specified based on tabulaied data provided by
INEL. For transients not involving scram, the power is calculated either by input of a supplied table
for power against time, or by means of the paint kinetics model in RELAPS/MOD?2. Reactivity
parameters, derived by INEL from physics calculavons performed as part of the planning and safety
analysis for LOFT ATWT sequences, are included in the input deck. The treatment of power genera-
tion using the kinetics model is described in Reference 13, The input lines for the reactivity model are
commented out if the kinetics model is not used. Th= dimensions and ennchment of the LOFT core
are different from that of a commercial PWR, with the result that the reactivity feedback roughly simu-
lates a PWR core at the end of life (although the power shape and degree of irradiauon are typical of
beginning of life). The nominal full power of the LOFT cor: is 50 MW,

Heat losses 1o the environment are modelled by means of a constant ambient temperature and a set of
fixed heat transfer coefficients from the outside walls of the primary system mpework, vessel, and
pressunser, and the steam generator. The hic's and the losses at normal operating temperature are as
follows:

Ambient temperaur: = 311 K

Vessel and pipework hic = 10.74 Wim**2K loss = 174 kW
Pressunser wall hic = 3619 Wim**2K  loss= 6 kW
Steam gencrator wall htc = 3385 Wm**2K loss = 20 kW

The toial heat loss of 200 kW is significant compared with decay heat ievels for long transienis.

3.2.3. Mass sources and sinks

Mass sources modelled in the input deck include the pumped ECC injection, the primary coolant pump
injection, the feedwater and auxiliary feedwater systems. Each of these sources are modetied by time
dependent volumes and junctions in conjunction with the trip and control systems, as described else-
where in the present document. The charging system, although used prior 1o the start of each transient,
is disabled during transients and is not modelled in the deck. There is no control, therefore, of the pni-
mary coolant mass inventory during steady state operation, and so the initial nventory has 1o be
speciied separately at the stant of a steady state run.

Mass sinks are identified with the modelled break(s) dunng LOCA transients, with relief valve flows,

and with the main steam and main steam bypass flow. The flow rate is determined from the upstream
conditions, the valve or break area, the multiplier, using the RELAPS/MOD?2 break flow model. (the
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downstream conditions being such that the flows are choked).

4. Conclusions

The LOFT input dataset described in this document for RELAPS/MOD?2 represents the latest informa-
tion available for the LOFT system, taking into account also results from analyses performed in the
UK. Modifications have been made, therefore, in accordance with analysis results.

The dataset includes representation of hardware and tip systems f. 10ss-0f-coolant expenments and
intact pimary circuit transients, thereby keeping atl the data in a single dataset.
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Table 13 Intact loop volume data (contneed)

Comyp Vol Length Arrz Volme Hyd Flev Flev Comp Descripnion
Num Nom Dram Change Outlet Type
(m} (m2) {m3) (m) (m) (m)
125 01 100 0061124 00613 06.2790* 0521 0776 BRANCH Half of pump suction, sihow
130 01 0457 0047136* 00189 02205+ 0.457 0319 SNGILVOL Half of reducer, PCP 1 inlet
135 01 2.7049% 00366 0099 - 0119 00 PUMF PCP 1
140 01 em 00366 001837 0.2159* 06 00 SNGLVOL | PCP | outlet pipe, elbow
145 o1 T OTOR4 004155 00613 0.2392¢ 00 00 BRANCH Pipe, reducer, PCP outlet
150 o1 o 4066 00614 003148° 02841 00 00 BRANCH Half of pump outlet
155 1 1.003 Go611E* 00611 0.279%0+ 0521 0776 BRANCH Half of pump section, elbow
160 o1 N 457 004136°  0DIRY 0.2205* 0457 ERIL) SNGLVOL Half of reducer. PCP 2 inler
165 0! 27949+ ¢ 0166 0.00¢ - 019 00 PUMP PCP2
i70 01 04514 0.0%66 GO01881* 0.2159* no an BRANCH elbow, ket of PCP outler
LS 01 0.559 00634 003544 02841* 00 00 PIPE 90 degree clbow
02 061 10634 0 .01R%6* 02841° 0o 0o Pipe sectica, elbow
IR0 01 1.01 f.06343e 0 06406 (. 2R42* LR L 0o BRANCH Pipe 10 ECC hine
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Table 1h Intact loop junction data (contmuved )

Comp Jun Volume number Area Juncton Loss coeflicient Descr=ron
Pium Num Frowr, To Flag Forw and Reverse
(m2) evcahs
%1 m 1R40100 1310000 CONOREIR 001N 126 126
L ¥ 61 1810100 1R20006 Q0006818 001000 126 126
1R 01 1820100 EXS50000 00000608 001200 093 ORt
RS o1 IRSO100 2020000 00634 00000t 28 2%
o1 00 100000 1400000 0.0015* - 10 o0
| 902 o0 11007 1700000 0.0035* - 09 00

00*  inhicates mput as 0.0 and value calcolated by code
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Table lc Imact loop heat slab data

Structure Type Boundary Boe~dary Factor Number Boondary Bowmdary
Number olume Volume (m2/mmih (m} (m:
60-001 CYL 11501 51501 56235 = Inconel 00051054 000614898

H02 11502 sS1502 56236
003 11502 s1s03 112471
004 11504 S1504 112471
005 11505 51505 R49 061
006 11506 S150% R4U 061
007 11507 51504 11247
008 11508 51507 152471
00 11509 s1502 562,36
410 11510 51501 562 %6
1001001 CYL 10001 0 1 4458 «$ S Steel 042 Q1%
02 10401 0 0 2R66
001 10501 0 1 0506
004 11001 0 106124 i
005 120 0 1 18891
0% 11802 o 0 6R900
07 11RO ¢ 0 55900
008 12001 0 0 76000 |
000 15001 0 6 49660 l
010 17501 0 05590 |
012 17502 0 061300
o2 18001 0 1 01000
03 18501 0 115200 :
014 | LPSB3 18401 0 0284 :
|
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Tabie 2a Reactor vessel volume data (contmued )

Comp Vol Leagth Arca Vohame Hyd Elev Eiev Comp Descriipton
Num Dham Change Ontlet Type
(m) (m2} fm3) tm) (m) im)

230 o1 02795 0.1705 0.04765* 00i2 0.2795 -1.4565 PIPE Active core

0 02798 81705 004765 o012 02795 3477

03 0.2795 0.1705 004765 0012 02795 -2 8975

04 02795 01705 03765 0.012 0.2795 -261%

0s 0.2795 0.1705 004765 oo 02798 -2.3385

06 03775 21708 006437 0012 0377s -1.961
238 o1 0559 oms 0 00859 0.002 0559 347 PIPE Core bypass

02 0.559 0.015 000839 6.00% 0559 2618

0 0657 oms 0 009R0* 0003 0657 1961
240 o1 0559 029 016602 0.145 0559 -Lam BRANCH Upper end box cemter/suppon
245 01 0559 0.297 016602 0145 0.559 -0 843 BRANCH Upper suppont X-flow
250 0 07004 o114 0.079RS* 01 0 7004 01428 BRANCH Upper flow skt vol
251 o1 0.700 0183 01281 0214 0700 01426 SNGLVOL Dead ~~d foel modules
252 o1 02852 0201 0.05732¢ 0 5050 0.2852 1426 BRANCH Unper plenum lower
255 ot 07114 0.28% 020488 0 6655* 07114 0854 BRANCH Upper plenam bottom
260 01 0712 0244 0.1737* 05574* 8712 1.566 SNGLVOL Upper plenum top

* Indicates mput as 00 - value calculated by code
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Table 7¢  Reactor vessel heat siab dota (contmued)

Heat Geometry Left Righe Area/l ength Intervai Materai Left Righet
Structure Type Boundzry Boundary [Factor Number Rovndary Rourdary
Number Volume Volume {m2/m/m() (mj (m)
2250-001 CYL 22501 0 05200 1-5 S-Seeel 0300 038
-002 23001 0 02795
- 23002 0 02795
004 23003 0 02795
-00¢ 23004 0 02795
008 23005 0 02795
-7 23066 0 03775
SO0R 24001 0 85590
005 245m 0 05590
-010 25001 0 0 8430
2251-001 CYL 22501 0 0520 1-5 S-Steel 0282 0.300
2300-001 CYL L 23001 36335 1-6 vo2 60 0 004647
? Gap 0 004647 0 004742
8- 10 Zircaloy 004742 0 005359
-om 0 23002 36335 1-6 2 oo 0004647
7 Gap 0004647 0004742
8-10 Zarcaloy 0004742 0005359
001 0 23003 W15 1-6 vo2 20 0004647
7 Gap 0 004647 0004742
8-10 Ziwe. oy 0004742 0005159
004 0 23004 36335 1-6 LR 00 0004647
7 Gap 0 004647 004742
g-10 Zarcaloy 0 o0a742 0005359
005 0 23005 6335 1-6 vo2 a0 0 004647
7 Gap 0 004647 0004742
.10 Zircakcy 0004742 0005359
006 0 23006 36335 1-6 vo? 00 0008647
7 Gap 0 004647 0004742
8-10 Zarcaloy 0004742 0005359
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Table 12 Broken loop volume data

PSYT W-MIATAVY

| Comp Vol Length Arra Volame Hyd Eiev Elev Comp Description
Num Num Driam Change Onstiet Type
{m) {m2) {m1) (m) (m) {m)
300 o1 0R76 00634 005554 02841° 00 0o BRANCH Vessel nozzle B! HL
05 0i 0698 0.0634 004475 0.2R41* 00 00 BRANCH BLHL 10 RABS wr
30 [\ 1500 0 0as2* 006785 02 00 00 BRANCH BLHL comiraction
31 01 0 4RR 001100+ 000541 G 118%* 00 00 PIPE Pipe to solation valve
02 1 &0%5 00431 07 0.248* 00 00
135 o 0.7495 00614 004752* 02841° 0o 00 BRANCH Vessel por-%e BLCL
‘L 340 o 0 #9% D064 0 04425% 0.2841* 00 00 BRANCH BLCL o RABS tre
fe—
; 345 0i 0974 0.0634 006175 02841 0o 00 BRANCH BLCL. contracthion
350 m 0 D488 0.01100 000541 D3758* a0 o0 PIPE Pipe 10 wolation valve
‘ 02 1 6088 00483 00777 1 2480* 0o 00
370 1 0.7190* 00388 0079 0. 2223* L] 064 PIPE RARS - BLCL sude
02 1 8041* 0.038% ¢ o700 onne 0o N6l
o3 1.5013* 00776 21165 03143 0o N64
} 180 01 Li791* 00776 00915 0114 00 D64 PIPE RABS - BLHL mde
n 1.2371* 00388 0 0480 02223 64 00
"M 1.2603% 0 0388 0 0489 02223 00 00

b 3

* indicates mpe? 2s 00 - valwe caloutated by code
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Table 3 Broken joop wmction data

Comp Jun Volune mnnber Area Jurcaon Loss coefficient Descnption
Numn Num From To Flag Forward Reverse
im2) evcahs
00 L] 2520100 000000 | 00634 000002 eo 00 Rioken loop hot leg nozzie
” 1000100 050000 | 00634° 000000 01 01 BLHL nozzle commection to prpe
0% o 050100 100000 | 004523% 000000 01 01 BLHL connection to RARS tee
310 ] IRO0I0C  0N000 | 00IRR 000001 084 084 RABL tee 10 RABL pipe - Hi side
n 00100 150000 | GOORIS 000100 00 0o RABL we to SLHL comraction
ns 01 3150100 SO200 | COINM 000100 00 0o BLHL contraction junction - HL. |
ns L] 2020100 1350000 00634 LLLLLEN 1o io Broken loep cold leg nozzie
m 1350100 400000 | 00614 00000 o1 0 BLUL nozzie connection 0 pipe
40 m 1400100 3450060 | 00634° 00000 01 01 BLCL conmection to RABL we
145 o1 1450000 1700000 | 0088 010000 084 04 RABL tee 10 RABIL pipe - CL sade
150 o 3506100 1500200 | 001109 00017% 60 00 BILCL contraction junction - CL
' 370 ol 1700100 3700200 | 0038% 00000 028 @28 | RABL pipe jnction - CL side
| n 3700200 3700300 | 00788 000000 R4 034 !
l : J
| 375 o1 1700100 WOO000 | 00776* 009000 14006 0 140000 | RABL vaive i
! |
| 380 o1 IR0 100 IRON200 | 008K 00000 084 084 . RABS pipe mnction - CL sade !
{ ” IRO0200  3K00300 | H03R% 000000 028 028 { |

Indicates mput as 0.0 and value calculated by code.



Table % Broken loop beat shab data

PSPT H-MEITAV

Heat Geometry Lett Right Area/iength Interval Matenasi
Strecture Type Roundary Rowndary fFactor Number
Nagnher Volsme Volume {m2/mim0)
3009 601 CYL 30001 L oR% 1-5 S-Sieel
00 30501 0 0 69%
003 31001 0 1424
3151001 CYL 31501 e 0 488 1-5 S-Steel
152001 CYL 31se e 1 608S 1-5 S-Seoel
1156001 CYL 33501 3 0749 -5 S-Serel
-om 13sm 0 0 soR0 1-5 S Stewd
om 1503 0 09740 1-5 S-Steel
1501001 Isom 0 0 ass 1-8 S-Seeel
1502-001 CYL Isom 0 1 6ORS 1-5 S-Steel
3700-001 17001 0 o2 1-8 S-Steet
-om 37002 0 1 8200
002 17063 0 29055
004 IRO01 0 2289
008 38002 0 1.23%
Y0, IR003 0 1 1063




PSPZ d-maay

i
i
£

I

Table 34 Broken loop volume data (for wsts uung SG and pump ssmulators)

Comp Vol Length Arca Volame Hyd Elev Elev Comp Descrpnon
Num Num Dram Change Othet Type
A fm) (m2) fml) tm) tm) (m)

o 0367768  00083%* 000WT67T 01032 0127 0127 PIVE Line 10 5G simulator
o 0552201  000K47*  QOD4ETE2 0 1038*  DSS01 067920 Line 10 SG smulator
03 0991178  QOR663*  OOREDSSE  03I21* 0WIR 673179 S cumulator upade
o4 0991378  008663* 00860554 0124 0903978 2667157 SG amulator prade
0s 0849744  C10563°  OQORITSS2  03667* 045202 1124359 SO cammiator ton ;
o 0349744  0.10563° OORS7SS2 03667*  04ST0? 2667157 SG smutator top '
07 09933178  0OR66I*  OORGOSSA 0124 099978 1673179 SG sumulater downsde
0% 0993378 008667  0OKASS4 03I21*  09MEIR 9679201 SG simuiator downmde |
" 137138 001329°  DOIR2303  DIII* 1IN 0692149 Pump mcnon dowmsade ¢
i0 1365029  OMM00S* 00546687 02258 0520701 121285 Pamp ssction hottom
1 1674812 001090°  0O0IR24%9 0 1178° 1212850 0w Pump soction upeade
12 0545209  MOS195° 00283241 02572* 00 00 Pump amuiator |

¢ Indicates mput as @ 0 - vale calculated by code
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Table l¢ Broken loop pnction data (for test asing SG and pump ssmulrors)

Comp Jun Volume swmber Area Juncton Loss coefficient

Num Num From Te Flag Forward Reverse
b im2) evcahs

s m 3150100 3150200 © 0DR16S 000000 02 02

02 3150200 3150300 0 008165 060100 0o ae
Lk 1150300 1150400 0012607 00000 919 9ae
04 3150400 3150500 202603 000000 919 N9
0 3150500 3150600 D 105626 LU 04 04
06 1150600 3150790 v 032603 D0 o9 ”ue
07 1150700 3150800 0032603 0000 LA RAR
R 31150800 3150900 0008365 LLLEELE 0o 60
m 3150000 3151000 0 00R365 (UL L 02 2
10 3151000 351100 0. 00R36S (LLELLY 41 41
il 1151100 3151200 0 (04640 000100 94 na

indicates input as 00 and valoe calculated by code.
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Table 3i Broken loop heat slab gata (for wests using SG and pump smeiaton. )

Structare Type Boundary Roundary Facwor MNumher Roundary B wndary
Number Volume Voleme (m2jm/m) im) -
3151001 CcYL sm [ 07% =5 S-Steel 6058 01
o s e oss2
o 1i5;m 0 0 %040
004 11564 0 0 9040
008 11505 0 0849
006 31506 0 0 R4w7 :
007 31507 0 0 908 |
008 11508 0 0 9940 ;
008 21500 o 13714
010 nse 0 1350
on s1s11 ] 1 4748
012 s 0 05452 |
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Strecture Type Rowdary Boundary Factor Number Boandary Boundary
Number Vedume Volwme tm2/m/mi)) (m} (m)
4152001 CYL 41501 v ¢1%15 1-5 C Steed 042291 049911
02 41502 0 01524
003 41503 0 03967
004 41504 0 QS8R9
-005 41505 0 03967
-D06 41506 0 01943
4153.001 CYL 41507 0 01029 i-5 C-Steel 02032 0 3683
00 2001 0 0102%
4201 001 RECT 42001 0 01w 1-5 C-Steel 00 018415
_—

PR ——
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Table S5a Sweam penerstor secomdary volume data

Coenp Vol Length Ares Volume Hyd Flev v Comp Descripnion
v Nm Drame Change Ohatles Type
(m) (m2) {m3) i) tm) {m)
S00 an 04445 03063 0.1362* ¢ 6248~ N 444 5. 1460 SEPARATR | Prmary separator
sz o 0.4445 2212 0.9812° 1.6782¢ 0 444 51469 SNGLVYOL Separater bvpass
505 o 12131 1.2241* 1.435¢ 1.9n48 -12131 3 4898 BRANCH Separator hgmd cuthet volame
sos 01 06096 0.3626% 0.221¢7 0.16397 -0 600 2 8%O2 BRANCH Feed imiet. upper downcomer
sie o1 0 6006 2297 o.1811* 017! -0 6096 22706 ANNULLUS Steam penerator downcomey
« 0609 2970 0.IR11* 010793 0 6096 1 6610
L) 0.60096 02970 QIR 0.10793 -0 6006 10514
51§ o1 09144 02580 0.2359* G0 0 2048 13562 PIPE Steam penerator bosler
" 09144 0.25%0 0.2359 00234 03048 1.6610
LE 182588 02580 04718 Q0234 0.60% 22706
L 18282 0.25%0 04718 00234 0 605 2 RR02
05 18288 02580 04718+ 0024 G 6096 1 4R0%
06 12131 0306294 03716 0.5962 12 47029
520 L 0710 c278N 02001+ 10827 071 5 R649 BRANCH Lower pan of stcam dome
528 o1 0.7620 15886 1.2105* 06417 0762 65269 BRANCH Upper pan of stram dome
530 o1 25074 0.04635 L1622¢ 0.2429* 00 65269 SNGLVOL Steam lne to MSCV
541 01 S8 44 0.05557 3.5696* 02880+ oe 55260 BRANCH Sweam line downstream of MSCY
542 o1 17.67 021677 3833 om 00 65260 TMDPVOL Air cooled condenser
546 o1 1767 021677 318307 oo oo 65269 TMDPVOL Stram bypass e
565 o1 1048 29810 90 609 & 1508° 00 3 4898 TMDPVOL Feedwater tank
563 01 3.04% 29810 90 8600 6 6108° 00 34308 TMDPVOL Amxihary fredwatrr tank
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Table Sb Sicam generastor secondary jenction data

Coenp Jom Volume number Area Fancton Loss coeficient Descrption
Neare s From To Plag Forward Reverse
(m2) ercabs
500 o1 5000100 5200000 03061 001000 037 037 Separstor swam offtak -
L1 74 SO000N0 SOS0000 0.14024 06 1000 00 o0 Separator bomd dran
03 5150100 SO00000 02918/ 001000 4 404 4304 Separator entry from neey
S05 L] sos0100 SOROO00 0.3626° 000100 00 oo Lagonsd draiw *o downomer
173 SO50000 S20000 1.2241* 000100 00 00 Connection 0 sey rator bypass
508 01 5080100 5100000 297 000100 00 09 Foury to downcomer
S10 o1 S100100 S102200 o2y DOO0O0 oe ¢0 Deowncomes pepe manciion
174 S100200 S1M0300 0297 000000 00 00
s13 00 5100100 S$150000 0258 00100 175 17 Deencomer to nser
518 o1 S150100 s1smoe 0258 0100 20 20 Swcam generator nser jEnchoe
o $150200 5150300 c2ss 000100 20 20
02 5150390 5150400 0258 000100 405 405
04 5150400 S150500 0258 000160 405 405
os 5150500 5150600 0258 0600100 405 405
520 0 S200100 5250000 0.2787* 000100 o0 6o Stesm dome jower 10 apper
0 SM0100 S200000 02787 000100 00 00 Separstor bypass 10 sicam dome
528 o1 $250100 S3I00000 0 Dand* 060100 o o Sieam exit o steam boe
540 o0 5300100 5410000 0003170 00 20 v o0 Mam steam control valve
541 o1 s410i00 5420000 0 D557 000100 00 oe Seeam hine owtiet o condesser
545 0o S300100 4660 000012 oooLie ap 00 Sicarn bypass vaive
566 00 SES0000 SOROOON 095 40 eo Feedwater miet flow
69 oo S6E000 SORNOND o0s 00 00 Agxiliary feedwaw s miet fow _J
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Table 63 BECC Systems volume data
Comp Vol Lengdh Area Vohsme Hyd Eles Elev Comp Description
Num Nam Tham Change Outler Type
{m) (=a2) (m3) fm} (m {m)
605 01 50148 0.00599 003003 00873 m 00 SNGLVOL BOCS be der
615 01 259972 0.01567° 04075 01413 00 -3307 SNGLVOL Acom. _sator pipe
620 o1 3.0393 1.2485* 3 7%46 12608 310393 1803 ACCUM Accumulator tank
33225 001864 006193 0.281* 0448 -2859 Accummiator standpipe and line
625 o1 50 20 44 102.2% S.1015* 50 -3307 TMDPVOL Borated water storage tank LP1

Indicates wput as 0.0 and value calcuiated by code.




™
% Table 6b BOC Systems mnction data
3 Comy Jun Volume number Area Junction Less coefficent Description
> Num Num From Te Flag Forward Reverse
- {m2) eveahs
600 o0 6050100 IRSDO00 0 00599+ 001110 0935 0935 ECCS nomtrol valve
610 00 6150100 HS0000 0 00599+ 001060 6278 6278 Accumulator valve
630 o0 6250000 HOSONOT 000509+ ALELLLY 00 00 LPIS pnction from BWST
640 00 6250000 H0SO000 0.00599* OO0 00 00 HPIS mnction from BWST

00*  Indicates wmput as 0.0 and vaive calculated by code
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generator
(see figure 4)

Intet
- secondary

coolant system (figure 6)
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! “,m " \ECC cold leg
i ‘ injection
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= Reactor | |
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| (see figure 3)
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Figure 1. LOFT System--intact loop.
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intact loop
hot leg
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r
A [ DN intact loop
¥\ | 7 ‘\\é cold leg
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e Y y
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ﬂ ’ TR Cald
. ! x\\ ieg
i ) Inlet annulus
‘ E_“ Upper
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N NNy Pl
N it
N ::E:’::::-. QF‘\ Downcomer
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N N
\
—~ Lower plenum
SECTION AA

! Broken loop
Soid leg
|
180"
Broken loop
270° hot leg

INEL-A 15 15631

Figure 3. LOFT System--reactor vessel.
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LOFT System--pressurizer.
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Figure 5. LOFT System--steam generator,
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XXX D Fluid volume - XXX
YYY
Junction - YYY
ZZ2
it s Heat structure - 727

A Ee Crossflow junction
Volume A is crossflow

Figure 9 - Key to noding symbols
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Figure 10 a Intact loop - description of components
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Figure 10 b Intact !oop - noding of components









e Upp@r plenum top
Inlet annulus
upper - - Upper plenum middie
A T T L F
B Ea) L [ >t
middle Upper plenum bottom
Cc TR
™ >¢4— G
P - = Dead end tuel modules
TN Flow skirt
] Upper support X-flow
Downcomer —
""" L Upper end box /
support
......... L
o1, s ke i i
o ST fersccnnns . hsesnans 4 dresnsnccnrnanne -
Fm.f g.p g e o | SN O | Sl DR S | T S #
| SRESIES | S SR | S Active core
...... b 33 11
'_‘ﬂ/ Lower core support
Lower plenumr
e UDDOT
Lcwer plenum
! | | e lower

Figure 11a Reactor Vesse! - description of components

AEEW-R 2454 ~58-



260
200 255
A +5¢
1 AV N
B jlx | | 7\% F
2o:ﬂ 252
c Ll
0% >4—6
205 || 251 250
245
223 || -1 -
------- s s se s nwan 240’
.Qﬁ
........ -
2 3 Al P 5
....................................... - .4
-4 5 B | Tt
................. 1 -3
.............. < .2
5 4 I -
235 230
- 225
215
., 520

Figure 11 b Reactor vesse!l - noding of components

AEEW-R 2454

-50 -



Top plate
Filler blocks ---————1 \
1
Upper plenum
intemals
A { A¥ ¥4
e -+ 1 F
c ISR |
ik G
- Fuel modules
(top)
...... L b rosnesnn
TERES R - SERE  (h (N S | R 1 Flow skirt/
Vesse! wall - H core fiiler
..................... ST Fusi fode
....... S o S |
[ yi Lower core
support
Core support
barrel
i '
Filler blocks

Figure 11c Reactor vessel - description of heat slabs

ACEW~-R 2454

-60~



2601 2602
i 2651.3
2552
200i-% =
2000-— et
A !
B —— Y [ T
2001-2
c 2000-2 ....” ” -ﬂ 25511
| L— i
2001-3 / M4— G
3080 % | e 2510 2250-10
2231-1 ;
2100-1 g | . 2250-9
2001-4-
v i e SEIREI © YRS, | SRS | SR 1
20015 Pl - 2250-8
2231-2)
2232-1) S
2100‘3 - | J -7
20018 0 | O R | O s
2100_4 .‘..:. qa‘—’ Ll ccacenesbld  Perwsessn 0 RMhsscascanscaces '5
2001-7 A B SRR (R | ECUSEE
CL o i, ¢ (RS | KR | PR | SN GRS S | SRS 1.4
2100-5 - ton Trdasie -3
2011-& ............... t -2
2100-6 PN | B 2250
2001-8—ad e
/| 2251 2250-1
2232-3
2100-7 =, |

2300

Figure 11 d Reactor vessel - numbering of heat slabs

AEEW-R 2454

=61~



IT - 1.56¢
0.330 TR o
A
8 1 %)( N ,,;(+_F
1)( 1
0.143 | - 0.143
C
o s >4 G
: - T 0143
0424 — ]
: ] -0.843
............. - -1.402
........ - ‘1.951
e (T - +2.238
R | SR | SR | RN P | Mot | SR | g *2,618
............. T‘-— .2897
135 Wt AR S T e I L ——— .3.177
l ............... > e ,3456
=TT 3738
4256 e
" 4416
"_]: -4 08¢

Figure 11 e Feactor vessel - volume outlet elzvation,

AEEW-R 2454

o e



~
T~




PSPT d-m3gv

300 305 319 315-1 3152

3 ?

-y 2
380 -
R 0

-bg-

335 340 345 350-1  350-2

Figure 12 b Broken loop (without simulators) roding of components






SUOGEASIS JBIN0 BWNOA - (siolejnuus noypm) dooj uaxoig P2 einbig

00 00 00 00 00

=3
U

00 00 00

-66 -

AEEW-R 2454



PShZ ¥-MAIY

-Lg-

RV nozzle BLHL 1o RAB tea/
BLHL RABL tee BLHL contraction

gy L_{RABLho!bgside
RABL valve ; S
S vy

-

RABL cold leg side
G
RV nozzle BLCL to RABL tee/ Pipe to isloation
BLCL RABL tee BLCL contraction valve

Figure 12 e Broken loop (with simulators) - description of components




g 5 :
= { ‘
[} e === dhins
o -4
& £
-3
-2
300 305 310
- 315-1
1
F : L/
as0
—d.1 -2 -3
o 375
]
-3 -2 -1
370
8 i
335 340 345 3a50-1  350-2

Figure 121 Broken loop (with simulators) noding of components













450 455
[ a30 | 810
431 420
[ D
“s
.
5
e
4
3
. .
T a1s
2
1 | 405
440 N
D E

Figure 13 b Pressuriser system - noding of components

AEEW-R 2454 72



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

D E

Figure 13 ¢ Pressuriser system - noding of heat slabs

AEEW-R 2454 73



A A
[\
[ &

\ |
|
A7\
{1
)
|
|
)

(2]

(&)

~







-
+ ¥
)
4 %3
Y.
A
[

I+

"




-

-

0




4
<
o
13
B -
'
-
- -
~

J
¢ v
'}

Y -
3 &
’ 2
3 a
3

5.
- = v
v 3
4
v : O 4

yolume ;;,I»;ﬁ;'»" 1oy 3V0NS




: WINFRITH TECHNOLOGY CENTRE ODORCHESTER, DORSET, DT2 8DH
Mr A ] Briggs f
¥ Dr AT D Butla 43/8
i1 H
™ ] } ’
Y L% | ] '

) Wi
D | 1

‘.' #

% 3

.. " N

"+ § " A '

) 2wl

’ !
' 7 \
-
NUCLEAR ELECTRIM RARNETT W YV O RARNWOOD, GLO } I'FR. G1L4 TR
) !
|
4 )
! ’

NUCLEAR ELECTRI RERKFLEY NUCLEAR LABORATORIES RFRKELEY, GLOUCH

' NUCLEAR POWER TECHNOLOGY AND ENVIRONMENT CENTRE, KELVIN AVE
LEATHERHEAD, SURREY
Mr M W
¥ |
NUCLEAR ELECTRIC, MARCHWOOD ENI INEFERING LABORATORIES, SOUTHAMI
TON i 42}
Mr k
.
\i

4




INFORMATION TECHNCLOGY DIRECTORATE, 85 PARK STREET, LONDON. 8}

NUCLEAR FLEFOTRI PWER PROTI} ! ‘RO ROWIYTH H

IKNUTSFORD, CHESHIRE, WAlLs RO Z

. UKAEA, SAFETY AND RERLIABILITY DIRECTORATE, W HAW LANE. C1LCHI
WARRINGTON, CHESHIR}E ‘




NUCLEAR INSTALLATIONS INSPECTORATE, HEALTH AND SAFETY EXECH FN'yYE, §i

- :

Pl

IFES BOUSE, STANLEY PRECINCT, BALLIOL ROAD BOOTLE, L20 3




- - - e -

R ————————— A

o

I ——————— NS WIISI————







NUREG/IA-BYT2

%

LOFT INPUT DATASET REFERENCE DOCUMENT FOR RELAPS VALIDATION

g !
STt

DIES

APRI

1992



