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NOTICE

This report is based on work performed aunder the sponsorship of the
United Kingdom Atomic Energy Authority. The information in this
report has been provided to the USNRC under the terms c¢f the
International Code Assessment and Application Program (ICAP)
between the United States and the United Kingdom (Administrative
Agreement - WH 36047 betwecen the United States Nuclear Regulatory
‘ommission and the United Kingdom Atomic Energy Authority Relating
to Collaboration in the Field of Modelling of Loss of Coolant
Accidents, February 1985). The United Kingdom has consented to (ue
publication of this report as a USNRC document in order to allow
the widest possible circulation among the reactor safety community.
Neither the United States Government aor the United Kingdom or any
agency therz2of, or any of their erployees, makes any warranty,
expressed or implied, or assum~s any legal liability of
responsibility for any third party's use, or the results of such
use, or any information, apparatus, produnt or process disclosed
in this report, or r.presents that its use by such third party
would not {afrinye privately owned rights.
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Summary Sheet

Titie
Pre. and Pasttes| Analysis of LOBI MOD2 Test ST-02 (BT-00) with RELAPS MCD1 and
MOD2 (Loss of Feed Water )

Author A H Scriven

Lab Memao Number TPRD/L/ES 0754/ M 87
Job/Target Number VQO4S

Boat Number [IAD1

The experiment ST-02 (later renamed BT-00) is ore of a series of Special Transie:! tests being
periomed on the electrically heated LOBI facility at Ispra in Italy This test was designed to
simulate a i0ss of nain feedwater transient leading via a steam generator dryout to a long
term cooldow:t using bleed and feed

The test was prepared by the United Kingdum members of the LOBI Special Transients Task
Force who have the responsi~ity for fir.al test analysis and reporting This analysis will be
performed with the RETPAN piant transient code.

The RELAPS MOD2 code has been chosen by the Board for assessment work on the Sizewell
Pre-Operation Safety Report it was originally designed for Loss of Coolant Accidents, but is
now finding widei applications At the request of the code assessment group at GDCD. an
analysis of 8T-02 using the RELAPS computer code was undertaken. RELAPS MOD1 was used .
for a pre-test calculation. and RELAPS MOD2 for the detailed post-test analysis. This was to
allow cross-code comparisons. assess the possibility of using RELAPS lor pressurized
fransients and because the final phase of bieed and feed which occurs in test ST02 is more
represeniative of Small Break transients than Pressurized Faults

This report documents the results of this calculation and comparisons with the test data but
does not bring tacether the RETRAN calculations or attemp! to draw any comparisons
between the codes This latter will be performed as part of an o.erall code assessment
exercise

After accounting for test conditions and avents outside the original specification the RELAPS
MOD2 code was found ‘o perform rather wei!
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1.0 Introduction.

Experiment ST-02 (BT-00) Is one of = series of Special Transient tests being performed on the
electrically heated LOBI facility at ispra in Italy The rig has been very fully documented for the
internationa! Slandard Problem 18 (ISP18) and is reporied in references 1 through 4

This test was oesigned to simclate a loss of main feedwater transien® aading via a steam
generator dryiut 10 o long term coaldown using bleed and feed. This divides the test into
three phases

1. Loss of main leedwater and boildown of steam generator secondary s/ de 1o 1m above the
tube plate

2 Dryout of the steam generalor secondary side with interrupted auxitiary feedwater flow
until primary circuit Muid temperature reaches 325 C

3. Long term cooldown via primary system bleed and feed

The test was proposed by the United Kingdam members of the Special Trausients Task Force
wno intend to use the RETRAN computer code 1o analyse the experiment Their RETRAN
Jnalysis report should constitute the final post-test analysis report which is required to
discharge the responsibilities of the tes! originator (Chappell and Hirat 87)

The RELAPS MOD?2 code has heen chosen by the Board for assessment wark on the Sizewsl!
Pre-Operation Safeiy Report It was originally designed for Loss of Coolant Accidents. bat is
now finding much wider applications. At the reguest of the code asses . ment group at GOCC.
an analysis of 8T-02 using the RELAPS comnuter code was undertaken. This was to allow
cross-code comparisons, assess the possibility of using RELAPS for pressurized transients
and because the final phase of bleed and feed is more representitive of Small Break
transients than Pressurized Faults.

The work reporteo here is therefore in addition 1o the RETRAN final analysis report, ano does
not attempt to cover the test in great detail Exact specificrations for the test can be found in
the Experimental Data Report issued by the LOBI team {Sanders and Ohimer 1388), which also
reports the test resuits in every detait

The test was performed al the end of 1985

Introduction, 1
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2.0 Calculations performed.

21 Pre-test RELAPS MOD1 calculations
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Figure 1. Pre test calculation: Primary pressure response

As this calculation was seen only as an aid to performing the later MOD2 calzulation no
further details are given here

2.2 Post-test RELAP5 MOD?2 calculations.

2.21 Conversion from MOD1 to MOD2.

The input deck was then converted to be compatible with RELAPS MOD2. and a route was set
up to silow runs to be performed on the Harwell Cray system. The MOD1 to MOD?2 conversion
was perfemed simply to allow the code to run at this stage not to incorporate the extra
fe~tures available in the MOD2 code The code version used was cycle 38.04 with some minor
CRAY errors corrected

immed.ately the CRAY system was used the rate of progress dropped off rapidly due to the
rather tenuous links to Harwell the job turnaround times, the slow transfer of data from
Harwell back to CERL and the time taken to overcome various problems concerned with
remote execution. These were not of course RELAPS specific problems, but they significantly
affected working practice.

During input checking three errors were found in the CRAY version of MOD2 which initialiy
had to be bypassed by changing the input data Corrections for these were implemented |ater
by W Bryce and the iatest EG & G version also now incorporates thess updates The
conver'~d deck then ran quite well and gave very similar results to the MOD1 calculation

Some time was then spent in altering the input deck to make use of the extra features in MQD?2
such as cross flow junclions, in an attempt to overcome some of the known limitations in
wvious LOBI calculations. Special efforts were made to incorporate some means of
odelling the complex 3D effects seen in the top of the downcomer where bypassed steam

Calculations performed. 3
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Description of Event e )
escr n vents e - : -
Specification Experiment e RELAPS
ST — W oo sl
y 0 ) ]
Loss of Feedw “ler ¥ 1 & by, A 50 L mirs
Secondary Pressure Control Valve Opens 3 3 ey
Primary Pressure Control Vaive Opens [ - Uaknown 35
Pressurizer Safety Valve Op _ned 18 |1
: o S — _____._..__-_.{
Pressunzer Safety Valve Closad - 19 14
Pressurnizer Saiety Valve wpened 26 16
- e G R S
| Prassurizer Salely Valve Closed (IR T fi F_ela_ “ b
Pressurizer Safety Valve Opened 1 - 21
Pressurizer Safety Valve Closed J . 2
—— . —— — L—-—-—«—»—--——-—Q—- et
Pressurizer Safely Vaive Openead - 28
Pressurizer Safety Valve Closed 29
Primary Pressure Control Valve Closes Unknown 36
Operalor Opened Secondary Safety Valve 42 input
Operator Closed Secondary Salely Valve 49 input
Operator Opened Secondary Safely Valve 58 input
Cperalor Closed Secondary Safety Valve 63 Input
Power Trip 70 70 _ 70
Start of Auxiliary Feedwaler 130 130 130
Secondary Pressure control Vaive closes 124 138
Secondary Pressure control Valve opens ne am
Finish of Auxiliary Feedwaler in Broken Switched on 248 nput
toop water lavel of
: tm i
Finish of Auxiiiary ~eedwater in intact loop Switched on 1805 Input
water level of
m
Primary Pressure starts 10 rise 2300 1020
Pressurizer healers switchec on + 4538 3200
Pressurizer PORV opens - 5900 3800
Start of Bieed and Feed phase - 5962 387
Primary and Secondary Pr~isures cross 11000
S
End of test - 15000 -

Tabie 1. Timings of Major Events in the Transient: Comparison belween test specification

axecution and RELAP calculation

A great deal of time was spent in attempting 16 unravel the course of the transient. and the

actions that had been taken by the LOB! team

in order to aid comprehcnsion and clarity, the

details of these divergences will be left Lill later, and what follows is an overview of the main
phenomena seen Iin the experiment as it wae performed

Once the flavour of the transient has been undersiood the details of the code predictions can

pe mare easily followed

Caloulations performad.
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22131 Initial conditions.

i is normal 1o have to adjust the inifial conditions in a calculation 1o malch the actual
boundary condibions of the experiment Based on the values found on the datatape this was
done for the prassures lemperatures and flows Furthermore it appeared that the mamn steam
valve had baen closed at time zero. rather than the spercified 1 5 seconds. and this was sitered
oo

Maore problematic was the state of the secondary side Of the broken IBop sida, an instrument
failure had resulted in the liquid level not being measured correctly This caused the contraller
to malfunction, and the broken foop steam generator hegan the test with a level far 100 low
The exact value is not knswn dise 1o the instrument failure Using the differential pressuras
providéd on the dalatape which were valid (e ligud levels in the sleam generators were
piotted over fime in | :gure & below

ST02 LOB! dato. Derived levels in the Steam Ceneraiors.
wee= (nfocl foep | =~ Browen toop (Feully)

ujy-rvrri D e 0 (e ) e Bt i i b e B

=20 0 20 40 §0 80 190

‘48
B\

Figure 8§  Calculated liquid levels: Secondary sides

Thess level ara valid after they settle out at around 100 seconds By comparnng the ratio of
the ntact 1o hroken loop at this time, and assuming this same ratio existed prior to the
initiation a workable value for the initial leve! in the broken laop steam generator was
derived. Mowever, this value Is quite ctitical ir determining the time taken to boil down the
steam-generators and controis the hea! transfer (o some extent. so by applying this approach
an unavoidat'e uncertainty has been introduced into the calculation

Because some events had been defined on steam generator levels this instrument failure alse
causes dramatic changes i the timing of certain events, as will be seen later

To assess the accuracy of this initial value guess the RELAP calculated and the LOBI derived
levels were plotted together

Calculations pertnrmend. 8
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Figure 8. Pressure /esponses. Primary side

The major factors were the rates at which the valves were opened and closed, not the final full
apeh valve areas Correspondence with LOBI following the test revealed that

& All the valves have mechanical limils on their open/ciose time. and these range from 1
o 50 seconds

e Each valve 18 proportionaliy actuated by an electronic controller which has individually
seltable characteristics

¢ The exact setting of these controilers was not recorded for this test

¢ As a result of the slow opening of the control valves, overpressure occurred on both the
primary and secondary sides, resuiting in unspe.ified opening of backup valves, the exacl
timings and actions again being ili-defined

For the primary side. seen above. the contral valve opened far too slowly followng the initial
pressure increase Far from limiting at 162 bar as specified, the pressure rose rapidly to aver
165 bar and caused the quick opening relief valve (o open auiomatically The very large flow
through the equivalent area of 3 UK PORVS resulted in a sharp fall. whereupon the valve
closed and the cycle repeated. giving the two pressure spikes seen around 20 seconds

The valve opening times can be deduced from the pressure responses, bul the masses
discharged are uncertain as the measured fluid velocily appears significantly affacted by the
response of the turbine flow meter to the short bursts of flow

Calculations performed. 11






233 Modelling the early transient.

Tha above behaviour s very hard (0 model Had the valves been operated correctiy. then
sufficient mass wouid have been discharged to produce the desired pressure curve. Under
thiuse conditions the valve flow characteristics do not matter. and this was the philosophy
beé hind the pre-tes! modeiling

—_—

Because the valves ppen 100 slowly, the critical Nfow throtgh them al the various openings
8318 the pressure response via the rate of steam blow-off it is then necessary 1o know the
exact flow through the wvalves as a functior of of valve opening, and the opening
f characteristics themselves

5 To better made! the discharge of the valves a small RELAPS input deck was set up and

" calculations made o predict both unchoked and choked flow through the valves al various
openings. Comparing these resulls with the manufacturers rated flows, it was found to be
impossible to match both the choked and unchokad data with a single valve aren

accurate, and tha valve areas which gave the best RELAPE calculated Nlow for these conditions
were used This generally made a difference of about 15% greater area used in RELAPS for

i'
b
[” it was therefore assumed that the manufacturers data for unchoked canditions was most
[ the valve area than was suggested by the manufacturer

- Since the LOB! electronic controtlers cperate on the valve stem position. a funclion relating
| stem posithion fo valve area s needed The manufacturers data for this is \lustrated halow

—
<
=

Normaglized Valve Areg

0.00-
.00 10 % .30 40 .50 N1 .18 80 .50 1.00
Normalized Stem Lift

Figure 10, Valve area versus stem lift:  Manufacturers data,

Unfortunately this is a nominal response. The actual values for an individual valve can be very
s different. up to 10 percent are2 difference at each point. Also. critically for this test the point
. at which the valve begins to open. nominally at 005 stem position, is uncertain. Slight
changes in the early part of the opening make large changes in the integrated behaviour, as
the initial pressure rise is much reviced and the integrated error signal is then guite differant

Calculations parformed. 13

B e ol el e L L gy e | e B = B e R B e R e L B R Sy . — R ] N I RN IT NN R oo | E—



R o
. .\..vx
- 1“\!
tFw -
A’.
N
. s
SF
-
< 1,
I g
1
n




r— STD2 RELAPS colculation. Feb 16.
ST02 short term LOBI doto.
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Figure 12. Short term secondary pressure.: Comparison with data

2234 Discussion of events,

22341 Discrepancies between calculation ai.. experiment. On the primary side the two
maost obvious differences between the calculation and experiment are the four openings of the
relief valve on the wider plateau between 10 and 40 seconds. and the greater magnitude of the
second pressu.e spike in the RELAP calculation at 70 seconds. Physically. whut is happening
is as follows

At time zero the main feed is lost, and the main steam valve is closed. Continued heat input
from the primary raises the secondary temperature and hence pressure The primary
temperature, being controlled by the secondary heat sink. rises also. Thermal expansion of
the fluid in the system forces flow along the surge line into the pressurizer, compressing the
vapour and raising the pressure On the primary side this rise 1 modified by the action first
of the control valve on the pressurizer. then by the relief valve, both of which act 1o flatten
the top of the pressure peak

With the steam generator relief valve open and the secondary fluid boiling off the
temperatures fall, thermal contraction causes an outfiow from the pressurizar and subseguent
pressure reduction. Plotting both primary and secondary pressures together for the RELAP
calculation iltustrates these points quite well (see Figure 13 on page 16)

Calculations performed. 15
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The whole transient was ‘hen calculated with no further tuning N will be discussed in
seclions. using the identitying letters fram Figure 3 on page 8

2241 The cooldown, period ‘b’

When this tes! was specified, the hesl losses from the pressurizer were believed 1o be around
110 2 kW Parformance of the lest led 10 the slow tooldown seen in period b which was
faster than expected, and consequently changed the course of the transent

Following this test the LOBI team perle. med their ovn postiest analysis and based on this
slated (hat & figure of 9 kW may be more reatistic This figure was used in the present
calculation

During this petiod, the system préssure is defined by the pressurizer pressure. which in turn
depends an the pressurizer lioud temperature With nn interchange of fluid between tha
erassurizer and the main loop, the pressurizer cools slowly due 1o heat losses The rate of
cooling depends on these losses, the liquid inventory in the pressurizer at the start of the
cooldown (the thermal inertia) and the dependence of the losses on liguid height | any

In the global cotaparison ploi. Figure 5 on page B, it 15 clear that RELAP is depressurizing very
slightly 1oo fasi. This points 1o a heat loss figure of nearer § kW In fact later data from LORI
have supporied this figure. but the calculation was complete by then and this was considered
only a4 small detail

On the secondary side the pressure is controlied at the set point during this time  Due 10 the
way the control system was modelled the RELAP calculation has some minor oscillations
superimposed on this sel pressure. These in furn give rise to a rather wavy secondary side
temperature in the period from 200 1o 170 “econds which in leads to the primary side
tempaerature fluctuating This can be seen in Fiyure 19 on page 23

Maore impartant than these spurious waves is the difference in temperature across the steam
generator and the exit temperature from it

Calculations peformed. 22
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3.0 Conclusions
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