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EXECUTIVE SUMMARY

A simulation of the Ginna Steam Generator Tube Rupture (SGTR) event of
January 25, 1982 was performed utilizing the latest fiRI-released version of
RETRAN, RETRANOZ/MODGI, Un conjunction with RETRAND2/MOD03IA 1input decks ob-
tained from the Institute of Nuclear Power Operatfons (INPO) and modificd by
ANL, The RETRANDZ/MODO3 resu.ts agree well with the INPO RETRANDZ/MODO3A
calculations, A reasonable matsh 1¢ therefore obtafned detween calculations
and the measured data from the actua) event, |where differences detween the
two calculaticns have occurred, they can de wxplained fn terms of code mode)
di#ferences between the MODO3A and the MODOY versions and in terms of sensi-
tivities in the INPO calfhration to data, In addition, three parametrics were
performed which includes variationg on operator actions and further equipment
fatlure, Results of these paraaetri: calculations demonstrated; that oppore-
tune timing in conforming to recent operator quidelines wou.! prevent filling
the disrupted stean generator $2114 and alleviate concerns about loading Ques-
tions; that additional failures occurring in the PORV line downstream of the
POAY wuuld not necessarily lead to significant core damage; and that suffi-
cfent thermal margin oxists agafnst pressurized thermal shock conditions even
if taere was a further continuation of sarety injection flow, Furthermore,
the garametrics have contributed t the understanding of the thermal hydrualic
phenumena that occurred during the actual cequence of events during the Ginca
SGTR incident,
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1.0 INTRODUCTICN

The Instisute of Nuclear Power Operations (INPD) recently performed 2
simylation [1) of the Ginna steam generatos tube rupture {SGYR) event of
January 28, 1982 [2] using an finterim verston of tne RETRANO2/MODOZ code
(3). In this report results are presented for a comparison of calculations
utilizing RETRANO2/MODO3, the mrst recent release of the code, and the
RETRANOZ/MODOIA 1nput deck furnished by INMO with the actua) event, In addi-
tion, parametric calculations were carried out varying the scenario of the
actual event in terms of operator actions and mechanical failures, These
served to increase the understanding of the thermal hydraulic phenomena which
grcurred during the incident, The three parametrics performed were':

a) A duplication of the event with a varfation {n the operator ace
tions. The latest Westinghouse operator guidelines for SGTR, E-~3
(July §, 1982) were followed to determine their efficacy in pre=
venting the ruptured generator from going sciid.

b)  The pressurizer PORY (pressure ope-ated relfef valve) is assumed o
stick open during the operator's efforts to depressurize the primary
side and the downstream block valve is presumed to concurrently fail
in the open position, This examines the ability of the $1 (safety
injection) to maintain the tystem in a stable condition,

¢l Finally, the cafety injection (51) system was presumed to be left on
peyond the point of terminmation in the actual sequence of events,
The quasi-steady cooldown rate {n the uowncomer obtained in this
parametric could be of significance to pressurized thermal shock
prob! sas,

This document details the parametric calculations and diftusses the
resylts obtained, as well as those calculations performed for comparison with
the INPU computations. Section 2.0 describes the INPO plant mode)l used, the
various fnput modifications which had to be made for successful execution and
the coding changes to the RETPANO2/MOD0] source program required to correct
for code defictencies, The result of the comparison against the INPC calcula-
tians and concurvently the Ginna data are described in Sectiun 3.0 while the
parametrics are presented fn Section 4.0. Conclusfons are drawn in Section
5.0,
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2.0 PLANT MODEL
- 0§ A— Sead -

tThe Ginna SGTR event startec with the plant at normal operating
cunditions with the primary side entirely in single phase, with the exception
of the two-region pressurizer which was fin thermodynamic equilibrium, and a
secondary side which was in two phase steaming off into the turbine, Upon
tube rupture, the primary side commenced depressurization with a loss of
fnventory through the rupture, Flosr through the rupture was choked. The
secondary side of the SGB began to respond in the manner of a two region
nonequilibrium pressurizer model (with a mixture level) as the steam generator
began té f111 up, Complications fn the thermal hydraylic response were
fntroduced because of system feedback effects with turbine load reduction,
reactor scram and safely injection inftiatifon, However, until the primary
system had depressurized such that the relatively stagnant upper head region
reached the saturation temperature the entire primary loop was governed by
single phase hydraulics. The outsurge from the two region pressurizer can be
treated by a nonesuilibrium pressurizer model., Bulk flashing such as that
which ultimately cccurred in the upper head fs also a phenomena simulated by
aonequilibrium pressurizer models, Natural convection occurred on the primary
side dyring the flashing period as the pumps coasted down and toe operators
inftiated manua)l depressurization, The pressurizer rapidly refilled during
the manual depressurization leading to possidle nonequilibrium conditions. On
the secondary side, the tubes did not uncover so dryout is not a concern and
the heat transfer is the noimal twy phase heat transfer, While pressure
measurements were available on the secondary side, data are lacking on the
flow through the various valves as the ruptured B steam generator filled
solid, (Jatz are limited in general as the Ginna plant is not instrumented as
an experimental facility), wWith the filling of $GB, single phase choked flow
through the safety relief valves from the basically fincompressible volume
occurred. The primary side also tended to single phase again during this
period of filling SGB as the head region steam budble began to (.llapse with
the continuation of SI flow, Heat losses and thermodynamic nonequilibrium had
to be considered during the bubble collapse, Finally, the termination of the
3! d4id not lead to the introduction of additional thermal hydraulic phenomena
not previously discussed,
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Plant models developed to simulate the Ginna SGTR event have to envelope
all these varied thermal hydraulic phenomena, The Institute of Nuclear Power
Operations developed such a plant model using engineering judgement where
necessary to compensate for the limitations of the data avaflability, dis-
cussed earlier, and has obtained reasonable agreement with the event after
calidbrations,

INPO provided RETRANO2/MODO3A decks (t=0 and t=42.% minute decks) and
restart information which used the volume/junction nodalization shown in Fig.
2«1, Figure 2-2 presents the heat slab nodalization used, The Fig. 2-1
nodaiization was used from time = 0 to 42,5 minutes at which point renodali-
zation was performed, The renodalization mainly took the form of moving the
nonequilibrium pressurizer mode! from the disrupted steam generator (SGB8) dome
to the corresponding steam line, This apparently was done, at least in part,
in order to avoid numerical problems with the nonequilibrium pressurizer model
when complete filling occurred, There was also a change in the volume split
between volumes 19 and ”0 when complete draining or filling took place, In
summary, at transient time equal to 42.5 minutes, the RETRAN model was revised
by INPD to enable treating the SUB (steam generator B) steam line as a non=
equilibrium pressurizer volume during the period that it filled with Tiquid,
This was considered the most realistic modeling available and permits
selection of a spray option (with condensation calculated) and varfation in
the inter-region heat transfer coefficient through appropriate {aput changes
made in restart decks, It was also necessary to change the geometric mode! of
the steam line to ensure that the liguid flowing from the steam generator,
fnto the line, always entered the ligquid region 1in order that excessive
condensation due to homogeneous mixing of liquid and steam did not occur when
the spray option was turned off, This required placement of the junction
connecting the steam generator and line at an artificially low elevation, but
the effect of this on the calculation is judged to be acceptadly small, The
impetus for incorporating the non-equilibrium model of the steam line was to
provide added means for controlling the calculated pressure levels to match
measurements., For further details regarding the nodalization refersnce shoula
be made to the INPO draft report [1],

P ——————
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b)

¢)

Fer the t=

d)

e)

f)

-—

the steam generator dome to bundle junction had te be forced Into a
gero slip calculation to aveid non-physical results, This was the
orfginal MODOJA option;

while 1t proved infeasible to compensate for the change in bubble
rise model 1t should be noted that MODO3 normalfzes the Wilson
bubble rize correlation to the rise velocity computed in the steady
state inftializer, This was not done in MODOJA,

42.5 minutes deck:

the Wilson bubble rise model yieldsd a bubble velocity of zero
except for the initial value;

job failures occurred when the calculation called for closure of a
previously opened SRY;

non-physical results were calculated at the time of SI termination
(two phase flow with slip fn a Jjunction connected to & non=
equilibrium volume),

Each of these problems were resolved after consultation with £l person~

nel.

Some were circumvented by changes to the {nput deck whereas others

fnvolved FORTRAN source changes. In addition to these problems, MODO3
stability required smaller integration time steps than those used in the INPO
calculations (MODO3A)., This increased the demand on ccmputer time and caused
a need for more restarts to complete these calculations,
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3,0 INPQ COMPARISON

1n order to simulate the measured system response during the Ginna SGTR
event, INPO [1] divided the transient fnto two parts: one from fnftfation of
tube rupture to commencement of manual depressurization (t=42.5 minutes); the
second from t=42.F minutes to shortly after S1 termination at which point the
INPO computation was terminated, Discussfon of the ANL comparison with INPO
{s therefore similarly divided f1nto two parts, Section 3,1 detafls the
conparison fiom t=0 to t=42.5 minutes and Section 3.2 concludes with the
latter part of the transient from t=42.5 minutes to 5 termination,

3.1 t=0 Deck

During the perfod from t=0. the pofnt at which tube rupture occurs,
to t*42.5 minutes when operator-inftiated depressurization using the pressur-
izer PORY commences, the reactor system goes through a turbire load reductfon
phase, reactor scram and a tripping in of the safety injection (SI)., Concur-
rently the condenser dump valves are cycled, the varfous feedwater pumps are
nanually controlled and the isolatfon procedures are followed by the operators
in grder to minimize dose rates and to reestablish control, Reference should
be made to the INPO draft report for i detailed chronicle of the actual Ginna
SGTR event,

The t=0 deck takes the event frcm the fnftiatfon of tube rupture to
the time when operator initiated cdepressurization through the pressurizer PORY
at t=42.5 minutes occurs, At this point the problem 1s renodalized and calcu-
Jation continued with the t=42.5 minutes deck, 1In addition to the splicing of
results made necessary by this rencdalization procedure at 42,5 minutes there
is an additional splice necessitated by INPO's further recalibratice during
the time period 112-180 seconds. With the differences in code models between
RETRANOZ2/MODO3A, the code version used by INPO, and RET~ N02/MODO3, the
version utilized by ANL to produce the results presented in this report, it
can he seen that there are possibilities for discontinuities at the times of
112 seconds, 180 seconds and 42.5 minutes., While some smoothing could be
rationalized and was indeed used a* these junctures, the result do show some
discontinuities at these points, These will be discussed in perspective, The
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perspective of this document 1s to concentrate on the differences between the
INPO calculations and the ANL computaticns and to understand them in terms of
modifications in code models between the two code versions and also of sensi-
tivities in the INPO calibration to the data from the orfginal event,

Figures 3=1 to 3=26* present the comparison between the INPO and ANL
results, This set of graphs represents the entire set presented in the main
text of the INPO draft report, The ANl curves have been traced onto the INPO
figures, Reasonable agreement has, in general, been a.hieved between the INPD
RETRANO2/MODO3A calculaticn and the ANL RETRANO2/MODO3 computation,  Where
differences have arisen they can be attributed to three or four modifications
as discussed 1n subsequent paragraphs,

In order to compute the narrow range pressurizer level adjusted for
instrument error at nonsaturation conditions the input deck had to be altered
to incorporate a stand alone control block modei. An error was discovered in
the transcription process which affected the adjusted level, As the control
block 18 a stand alone model wutilizing finput thermal/hydraulic (T/H)
conditions from the mafn RETRAN T/H calculation it is completely fignored by
the main computation. However, Fig, 3-2 for the pressurizer level shows that
the erFor leads to an underprediction of the instrument adjusted level,

In RETRANOZ/MODO3A the nonequilibrium pressurizer mode! had no heat
loss assocfated with the volume boundary. Two-sided heat slabs could Dde
attached to the nonegquilibrium volume by the user byt the volume does not
"see” the heat slabs. The heat slabs however 4o "see® the volume. This model
was altered in MODO3 with the slabs and volume interchanging heat in an energy
conservative manner. However, the use or an adiabatic boundary condition fis
now necessary on the non~pressurizer volume side of the heat slabs with Mod
03, These alterations imply that the heat transfer in the upper head region,
which 1s modelled by INPO wusing the non-equilibrium pressurizer model,
particularly that fincurred by the "fictiticus" conductor (slab 20) cannot be
dupficated by the ANL ™MODO3 calculation, Consequences of this model

*These Figures are grouped at the end of Chapter 3,
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modification can be seen in Figs, 3=! (RCS pressure), Fig, 3«5 (vesse) upper
head temperatures) and Fig, 3-14 (vessel upper head steam volume), There are
certainly effects on other parametars but those should be of lesser importance
particularly for the parameters on the secondary side, Heat losses from the
pressurizer per se are treated through the use of a control block and there
are no heat slabs assocfated with the steam generator domes, Thus even though
the non-equilibrium pressurizer model 1s used for the pressurizer and the
steam generator domes this model alteration should not Airectly affect those
volumes,

A modification was made to the bubble rise mode! between the MODO3A
and the MODO3 code versions, The MODO3 model now normalizes the bubble rise
velocity computed by the Wiison bubble rise correlation to the velocity com=
putad by the inftfalizer to obtain steady state, This may sound inconsequen=
tial as the Wilson correlation is only used in the nonequilibrium pressurizer
mode! and pressurizers are normally initfalized with no bubbles, However,
INPQ chose to use the non-equilidrium pressurizer mode! {n the steam generator
domes. Upon switching out of the automatic fnitializer and proceeding into
the transient MODO3A would use a different budble rise velocity from MODO3,
The implications of this difference is an alteration in steam generator level
behavior, Figures 3-11 (A 56 water level), Fig, 3~12 (B SG water level) &nd
the corresponding figure for the first 20 minutes of the transient, Fig. 3-23,
show the difference fn 1nitial swell which can be attriduted to this mode!
modification, The INPD calibration of steam flow, etc,, has to be recali-
brated %o data to account for the alteration in code model, This change
should also affect steam generator pressures

Finally, the effect of the splicing discussed earlier can be seen in
Figs, 3-14, and 3-24 to 3-26, To reiterate however, in general the ANL compu~
tations using RETRANOZ/MODO3 compare reasonably with the INPO calculation
using RETRANO2/MODO3A. Where differerces do occur attribution can be made to
model alterations and calibration sensitivities,

R R O R R R R R R R R R R R R R TR RO R R RN ===,



13

3,2 t=42 mins Deck

This portion of the calculation spans the transient time from 42.5
to 80.0 minutes after tube rupture, These results are also depicted 1n Figs,
21 through 3-20 with the inftial portion discussed earlfer, This latter
portion of the Ginna calculation begins with initfal opening of the pressur-
fzer PORY to accelerate RLS depressurization and concludes shortly after 5l
termination., Throughout this period, decay heat removal and RCS cooldown
occurred by continued injection of the relatively cold SI water and feed and
bleed operation of the intact steam generator (SGA) as modelled in the {nput
decks, Since there was no measure of the 56 steam and feedwater flows, they
were adjusted 1n the model to provide correspondence with measured pressure
and water Jlevel data,

As the aforementioned figures show, there 1s excellent agreement
between ANL's calculated results and those obtained by INPO, The plots for
primary side parameters overlay nearly exactly, except for some of the fine
structure 1n the oscillatory behavior of certain parameters, In additfon to
the agreement shown for R(C3 temperatures, pressures and flows, there s also
essential overlap in the curves of tube rupture flow and upper head staam
formatton for the two sets of calculations (Figs, 3-13 and 3-14),

The only differences of note, albeit small, are those in parameters
calculated for the faulted steam generator (SGB), INPO, in their calcu~
lations, used a complicated program for the area of the 35GB safety relief
valve (SRY) to control calculated pressure to match measured data., To do
this, several restarts were made wherein both open and close pressure
dependent trip setpoints and open and c¢lose valve area table entries were
changed, Effectively, this process varied the valve area w«ith time, opening
or closing it contingent on calculated pressure levels, The trip setpoints
were not the normal plant values, but were selected to be close to the running
pressure levels as indicated by data, Thus, small differences in calculated
pressure levels caused the valve behavior to be dffferent {n the ANL calcu-
lations.,

B —— e —— e e e e e e e B e

T
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The first departure from INPO's results 1s evident in Fig, 32 which
shows three openings and closings of the SGB SRY 1n the time period of ~ 51 to
66 minutes whereas only a single cycle was calculated by INPO, This 1s also
manifested in the sawtooth nature of the ANL curve of SGB pressure (Fig, 3-10)
during this time perfod. These additional openings of the relfef valve
released more 1iguid from the system to the atmosphere causing a slight delay
(=~ 1,4 minutes) fn the calculated time to completely fill the 8 steam 1ine
with Yiquid as shown in Fig, 3-19,

After the secon‘ary side became solid, the calculated SGB pressure
levels became very sensitive to the flow resistance out of the system at the
SRY., In the INPO calculations, the valve area, and hence 1ts resistance, was
varied often using pressure trips and area tables in the manner describted
above, attempting to match pressyre data. Using INPO's trip setpoints and
valve area tables fn the ANL calculations proved unworkable because the timing
for switching between valve opening and closing modes 1s critical to ottaining
the proper areas versus time, This timing of actuating the open/close trips
{s not deducible from the reported results and even small calculated pressure
differences socn resulted fn erroneous trip times and attendant valve area
vc'lueg. and subsequent large deviatfons in pressure levels, It was necessary,
therefore, to change the method of programming the valve area with time in the
ANL calculations, The INPO curve of valve area shown in Fig, 3-20 was used
derive numerical values which were ent:red in an appropriate RETRAN table and
the trips were changed such that afier t = 55,42 minutes all areas were
obtained from that table. Also, the time at which the sudden large area
increase occurs was delayed to be cofncident with the later time to fi11 the
steam line with liquid as calculated by ANL. This approach, while not
precise, ylelds levels of agreement with INPO's results considered adequate as
exanoli1fied by the comparisons of SGB pressure levels and SRY fiow rates shown
fn Figs. 3=10 and 3-20 respectively,

In summary, the results obtained by ANL for this phase of the Ginna
event using RETRANOZ Mod 03 algo show excellent agreement with and confirm
INPO's earlier calculations. Although some d4ffferences were encountered, they
are not sufficient to negate this conclusion, Also, the available measured
fata 1s represented quite well by the calculated system responses lending
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credence to INPO's overall conclusions regarding the transient plant status
following the actual steam generator tube rupture event,
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LOQCP "A" COLD LEG TEMPERATURE, *F
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"B" STEAM LINE PRESSURE, PSIG
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4.0 PARAMETRICS

Three pa ametric analyses were conducted fn order to further clarify the
understanding f the thermal hydraulic phenomens which occurred during the
actua) sequence of events, As discussed earlier these are: simylation of the
most recent Westinghouse operator guidelines; further mechanical fallure as
embodied 1n the cssumption of a non-responding block valve; and & vartation in
pperator action with continuation of the 51 flow, It should be understood
that for the most part the tables/contro) blocks, made necessary by the INPO
calibration to the data obtained from the actual event, were not altered for
these parametrics, Saction 4,1 details the operator guidelines computation
while Sections 4.2 and 4,) describe the stuck open PORV and S1 continuation
parametrics, respectively,

4,1 Mestinghouse Operator Guidelines

Upon comparison of the actual event sequence of the Ginna 5GTR
incident to the latest Westinghouse Operator Guidelines for SGTR (E-3, July §,
1982) 1t 1s to be concluded that the operator actions conformed with the -]
guidelines, However, ir lementation of certain procedures were delayed enough
to n:guo actions taken to prevent the ruptured steam generator from going
solid. For this parametric the event was reanalyred using the INPD ts0 deck
with aperator inftiated PORY depressurizetion moved up, by approximately 20
minutes, to 25 minutes after initiation of the transient, Judging from the
chronicle of the Ginna eveut, this scenario snould provide sufficient time for
operator action and, in addition, al) Westinghouse guideline conditions for
depressurization had been met at this time, Mod!fications were made to the
deck % follow the latest Westinghouse operator guideline from the point of
pressurizer PORY depressurization and continuing on until the calculation was
terminated at the time when the operator could energize the pressuriler
neaters and reestablish prefsure control, No alterations ware made to most of
the numercus tables/control Blocks made necestary by [NP0's calibration to the
actual Ginna event, Chief among these assumptions during the relevant phase
of the incident fs the use of upper head "valve" area tables to simulate time
dependent form factors., As these areas are held constant during the periond of
fnterest to the parametric considered here, the utilization of the tables

e e e e e R R A R R R R R R R IR TR RN RN RN P =R ===,
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could be Justiffed on the grounds of simpliffcation of a multidimensional
geometrical problem, In addition, no modifications were made to the
tables/contral blocks for the behavicr of the A steam generator (intact
generator) which fmplies that the procedure for utlizing the fintact generator
4% & heat sink follows that of the Ginna event exactly, Modifications,
however, had tu be made to the pressurizer heater control blocks,

Figures 4,11 to 4,17 {)lustrate the system response, While the
transfent s plotted for the perfod from 1000 seconds after tube rupture on,
attention should be focused upon the PORY depressurization and post-PORY
depressurization perfod, namely from 1500 seconds to 2400 seconds, The event
sequence of the perfod prior to 1410 seconds c¢orresponds exactly to that of
the actual Ginna fincident, Tadle 4.1-1 shows the timing of the various
operator actions required by the guldelines,
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Table 4,1+«1, Operator Actions

Event Time (secs)
Charging on 1410
Open pressurize PORY 1500
Cycle PORY Same sequence as fn actual Ginna

incident., Just moved initiation wp
to 1500 seconds,

$1 flow termination 1720+1765 (45 second ramp)
Letdown established 1850

The reactor coolant system (RCS) pressure trace, Fig. 4,1-1, shows
the four operator finitiated pressurizer PORY openings, the PORY block valve
closing and the termination of the safety injection, Figure 4,1-2 depicts the
collapse of the upper head bubble with the closure of the PORY block valve,
Volume 20, the volume directly below volume 19 and physfcally a part of the
reactor vesse) upper head regfon, also undergoes flashing and further complete
steam bubbles collapse during this period, This volume was modeled as a homo-
geneous volume by INPNO, As volume 19 does not completely empty, this 1s a
physically consistent picture, The narrow range pressurizer level ingtrumen=-
tation (uncorrected for non-saturation conditions), Fig, 4,1-3, shows a re-
f1119ng to ~ 653 where a leveling of f takes place, At thiz point the operator
could re-enerqize the heaters and reestablish pressure control, From Figs,
4.1-1 and 4.1-4 1t can be seen that a Juasi-steady state has been reached with
the tube leakage flow now of a negligible proportion and the difference in
primary to secondary pressure attributable mainly to the hydrostatic head of &
ruptured steam generator filled with substantially more 1iquid than at nermal
operating conditions, However, Fig, 4.1-5 which fs the narrow range 8 gener«
ator level, shows that there {s considerable margin to filling up .ne ruptured
generator, In the context of filling the steam dome, a narrow-range measure=
ment of ~ 2108 is to be considered as full, The core exit temperature of Fig.
4,16 shows that the decree of subcooling has decreased to 10°F, but that is
due to the use of the actua) onerator actions for steam generator A (fintact
generstor) during the actual event, Figure 4.1-7 depicts the A generator
pressure which is an indicator of the generator behavior and can be compared
with Fig, 3-9,
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4.2 §%yck Open PORY

For this parametric 1t 1s postulated that when the pressurizer PORY
fatled to close as 1t did during the actual event, the downstream block valve
fatled In the fully open posftion, Thus unlfke the actua) series of events,
and additional smal) break LOCA compounds the orfginal SGTR. At this point
the Westinghe SGTR operator guidelines call for the LOCA guidelines, In
this parametric the SGTR gufdelines are followed to this time and the the
caleuation 1s continued without any operator intervention unti] primary side
recovery commences, The computition indicates that this occurs within a few
ninutes at which point the analysis s terminated with the level fn the vesse)
slowly rising, Figures 4,2-1 to 4,211 show the response of the system, The
caleulation 1s performed with the te42.5 minutes INPO deck so the time orfgin
g ted2.8 minutes of the actua) Ginna event when the operator initiated system
depressurization actions {n order to reduce the orimary/secondary pressure
differential, The only change made to the deck were alterations to the PORY
area cards, None of the numerous time tables were modified which imples, for
example, that the intact generator (SGA) s operated exactly the way that it
was during the Ginna event, The ACS pressure trace (volume 61), Fig. 4.2-1,
graphs ~the four pressurfzer PORY openings and then at ~ 150 seconds 2 pla-
ceauing which can be attributed to flashing in the tubes (volumes 43 and )
of the disrupted steam generatcor (SGB), Figures 4,2-2 and 4,2-3 for the steam
generator tube quality corfirms this, With isolation the disrupted generator
becomes & region of low flow and stagnation. Reverse heat transfer across the
disrapted generator tubes tends to hold the pressure up, Figures 4,24 to
4.2-6 show that the head (volume 19) had completely voided at ~ 160 seconds
and that flashing 1n the guide tubes (volumes 14 and 16) had already com=
menced, The flashing in the steam generator tubes and the vessel head region
causes the pressurizer to fi11 as depicted in Fig, 4.2-7 at ~ 185 seconds,
With the filling the PORY (junctfon 122) begins to discharge single=phase
liquid, There 1s an fnitia) surge out of the generator into the vessel with
the flashing, as can be seen in Fig, 4,2-8, but more stable conditions occur
within minutes with the S1/charging flow dominating over the PORY flow from a
now solid pressurizer, Figures 4,2+9 and 4,2-10 stow these floxs, Reverse
leakage occurs in the disrupted generator and the level in the vessel head is
slowly rising, As can be seen in Figs, 4,2-6 to 4,26 the guide tubes had
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refilled at ~ 160 seconds when the 56 tubes had commenced flashing, From
Figs, 4,2¢3 and 4,2-5 1t can be concluded that no significant core uncovery
sccurred during this period and the calculation was terminated at this point,
The minimum downcomer temperature in Fig, 4,2«11 appears to have decreased by
approximately L0°F durina this perfod as compared to the actual Ginna event,
Further simulation may require renodalization *o compute bubble collapse in
the disrupted steam generator tubes and modifications regarding the tables and
contro) blocks for the Intact steam generator behavior,

4.3 Fallure to Terminate WPl

For this case, ANl reanalyzed the Ginna event, as 1t occurred, hut
in this analysis 1t was assumed that the operator did not terminate operation
of the high pressure fnjection system (WP1), The objective of this analysis
wads to determine the consequences fn the primary and secondary systems when
fatling to terminate WP[,

In the actual Ginna event, the operator secured the WPl pumps At one
hour and twelve minutes after tube rupture. This was considerably later than
permitted by procedures with the delay largely attributed to operator's
concc;n for potentia) core uncovering due to upper head void formation, lore-
over, {f RCS depressurization had begun when the governing criteria were met
ft 15 1ikely that filling the “8" steam generator and line would have been
aveided (see Section 4,1), A1) of this 1s to say that there actually was a
significant time delay In WPl termination during the Ginna tube rupture event
which was accommodated without serious consequences to the plant, Securing
the HP1 pumps recduced the ongoing cooldown of the RCS and the discharge of
radicactive water to the environment; some ry¢lease continued because the
charging pumps remained on and their flow exceeded the letdown rate, INPO
estimated that the "B" generator SRV did not completely close unti] three
hours and two minutes after tube rupture; at the time their analysis was
gconcluded at one hour and twenty minutes, the estimated mass of water released
through this SRY was 64,000 Ybm,
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For the purposes of this analysis, INPO's modeling of operator
contro) of the intact steam generator (feed anc Lleed) was unaltered; the only
changes made n the model were to inhibit tripping the WPI and to maintain a
constant flow area for 5GB SRY equal to that assumed when WPI was terminated
fn the actual event, The calculation was continued for efght inutes beyond
actual MP! terminatlfon to show the response trends in the primary and seconde
ary systems, The salfent results of this calculation are shown in Figs, 4,3-1
through 4,3«6, These graphs bejgin at the time the INkD Jeck was re-nodalized;
al! results up o the time actual MP1 termination occurred &re ldentical %o
the orfginal calculation,

As shown by comparing Fias, 4.3«] and &,3-2, primary system (RCS)
pressure remafng bove that of SGB by approximately 300 psi, This pressure
differential mintaing flow through the ruptured tu.e Into SGR and attendant
release through fts SRY, These flow rates are nearly steady at approcimately
600 gpm, essentially the sum of WP! and charging flow rates, Flgures 4,3-3
and 4,3-4 depict these continued flows,

“he suttained injection of relatively cold WPI water = the RCS
causes Li: moderate rate of cooldown to continue, For example, #..mination
of the calculated fMufd tempersture In the reactor vesse! Jdowhicomer, as shown
fn Fig. 4,3+6, gives an astimated rate of approximately =70°F/heur during
the and period of the calculation; the results also iIndicate a slow reduction
in cooldown rate as anticipated, Based upon a Yimiting acceptadbls rate of
=106 F/hour, these cesults show that a certain thermal margin stii. exists
even for continued operation of the HPI system, [t 1s also notad "hzt the
continued fInjection of cold water causes eventual elimination of tw upper
head vafd at the time the calculation is ended as shown Yn Fig, &, 3+¢,
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§.0 SUMMARY AND CONCLUSION

A simulation of the Gfnma SGTR event of January 2§, 1962 was performed
utilizing the latest EPRI release version of RETRAN (3], RETRANOZ/MODO3 fn
conjunction with REVRAND2/MODO3A {nput decks obtained from INPO and mod! fled
by ANL, The RETRANOZ2/MODO3 results agree well with tie INPO RETRANO2/MODOZA
calculations ({1). A reasonable match {s therefore cbtained Dbetwoen
calculations ame measured data from the actual event [2], wWhere differances
have occurred, they can be explained in terms of code model differences
he tweon the MODO'A and the #0D03 versicns and in terms of sensitivities in the
INPO calibration to data, In order to match the limitel thermal hydraulic
data available, INPO had to resort to a number of calibration adjustments,
based on engineering Jjudgement, fn its application of tie thermal hydraulic
models availatie 1n the RETRANOZ c¢nde, To further the understanding of the
trerma) hydraulic phenomena which occurred during the actual event, three
additiona) parametric calculations were performed which included variations on
operator actions and further equigment ‘faflyre, The three parametrics
performed demonstrated; that opportune timing 1n conforming to recent operator
quidelines would prevent the filling the disrupted iteanm generator solid and
aileviate concerns about loading questions; that failures {n the PORV 1ioe
downstPeam of the PORV would not necessarily lesd to significant core damage
and; that sufficient thermal mergin exists for pressarized tharmal shock
situations even if there was a further continuation of safety injection
flow, While there {s a significunt out-of-containment loss of ECCS {aventory
in the third parametric where 51 flow was not terminated, timely conformance
to the operator guidelimes, aes evidenced Bty the first parame?ris, would
prevent suck 2 tondition from occurring., The parametrics have contributed to
the understanding of th¢ therms) hydrualic phenimena that occurred du;ing the
acteal sequence of events Aduring the Ginna SGTR inciden®,
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