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SUMMARY

Argonne National Laboratory (ANL), under contract to the
Nuclear Regulatory Commission, performed audtt calculations of the
limiting Feedwater Line Break (FLB) [1] and Steam Line Break (SLB)
[2] transients presented in the CESSAR FSAR. The results of the
FLB and SLB calculations are discussed in the following sections.

FEEDWATER LINE BREAK (FLB) TRANSIENT

Feedwater line break calculations were performed to investi-
gate the sensitivity of peak primary reactor system pressure to
break area and time of reactor trip for the limiting FLB transient
presented in the CESSAR FSAR. The latter calculations were per-
formed to quantify the effect of a reactor trip on low steam
generator downcomer water level, in comparison to the limiting
FSAR transient assumption which tripped on high pressurizer pres-
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sure. The break spectrum calculations were performed to verify
the conclusions of the break spectrum results presented in the
CESSAR FSAR. The calculations were performed with RELAP5/MOD1
(cycle 18) [3] using input developed from CESSAR plant data pro-
vided by Combustion Engineering (C-E) [4]. The nodalization
diagram used in the calculations is presented in Figure 1.

Limiting Feedwater Line Break Transient

Initial conditions for the audit calculations were consistent
with the values assumed in the CESSAR FSAR. The assumptions for
the limiting FLB transient are summarized in Table 1.

The CESSAR analysis conservatively assumed that the emergency
feedwater to the ruptured steam generator was actuated at the time
the steam generator (experiencing the break) was depleted of
liquid%inventory rather than on a low downcomer water level sig-
nal, as designed. The RELAP5 calculation assumed dry-out condi-
tions when the void fraction exceeded 0.9 in the lowest steam
generator volume.

To obtain RELAP5 steady state conditions which are consistent
with the design values in Reference 2, adjustments were made to
the steam generator inventory and heat removal rate, the heat
transfer area, and the flow friction loss coefficients. The heat
transfer area was increased by 40% to match the plant heat removal
rate. The friction loss coefficients in the primary system were
adjusted to provide the proper flow and pressure profiles around
the loop. The junction flow loss coefficients on the shell side
of the steam generator were adjusted to obtain a reasonable qual-
ity profile, while constraining to design values; downcomer water
level, recirculation flowrate and steam generator total mass
inventory.

The transient was initiated by modeling an instantaneous
break in the feedwater piping. The break area was increased from
0.2 to 0.355 ft2 to match the initial break flowrate with that
calculated in CESSAR. A comparison of the event sequences for the
C-E and ANL calculations is provided in Table 2. The feedwater
flow to both steam generators was terminated at time of break
initiation. The calculated break flowrate and enthalpy are shown
in Figs. 2 and 3, respectively. RELAP5 computed the break flow-
rate and enthalpy as a function of the local fluid conditions at
the break. C-E assumed liquid discharge until all the liquid
inventory was depleted. Consequently, differences in the
transient break flowrate occurred, which led to differences in the
steam generator pressures as shown in Fig. 4.



The steam generator in CESEC-II is modeled as a single volume
with ideal separation of liquid and steam, both in thermal equili-
brium. As the average temperature on the secondary increased, due
to termination of feedwater flow, the pressure increased and the
break flowrate increased. RELAP5 mechanistically models the steam
generator with multivolumes and computes the fluid thermodynamic
and flow conditions using a complete set of momentum equations per
node. This resulted in RELAP5 predicting an earlier initiation of
two-phase break flow. CESEC-II assumes ideal separation of steam
and liquid, thereby forcing zero quality break flow from an equi-
librium node. Consequently, RELAP5 calculated a lower break flow-
rate during the initial 35 s of the transient. At 35 s, CESEC-II
calculated the ruptured steam generator to empty. RELAP5 calcu-
lated the steam generator to empty 2.7 s later.

Since the initial energy exiting the break was too low to
depressurize the steam generator, the .system initially responded
as though it was experiencing a loss of feedwater flow tran-
sient. The secondary pressure began to increase when the sub-
cooled feedwater was terminated (see Fig. 4). As the steam gener-
ator pressure (and temperature) increased, the primary-to-
secondary heat transfer decreased and resulted in an increase in
primary system cold leg temperature (see Fig. 5). This reduction
in primary-to-secondary energy removal expanded the primary cool-
ant into the pressurizer and compressed the steam region in the
pr&ssurizer causing the primary system pressure to increase.

The CESSAR calculation assumed a constant heat transfer
coefficient (UA) from the initial full power value until the
liquid inventory in the broken steam generator was completely
iepleted. At that instant, the UA in the ruptured steam generator
was assumed to instantaneously decrease to zero. This maximized
the energy imbalance in the system, followed by a rapid increase
J. a the primary system average temperature and a rapid insurge of
coolant into the pressurizer. The increase in pressurizer pres-
sure activated a reactor trip (setpoint value of 2475 psia). The
pressure continued to increase, opening the pressurizer safaty
valves. The pressure transient was terminated following control
rod insertion. The pressurizer safety valves did not limit the
peak system pressure. The peak system pressure resulted from the
high frictional losses in the pressurizer surge line and led to a
primary system pressure significantly greater than the pressurizer
pressure. For both the CESEC-II and RELAP5 calculations the peak
primary system pressure occurred at the discharge of the primary
reactor coolant pumps.

As previously discussed, RELAP5 calculated the primary-to-
secondary heat transfer as a function of the local fluid condi-
tions. This differed from the C-E methodology. RELAP5 predicted
a drastic reduction in primary-to-secondary heat transfer at



approximately 38 s. A reduction in heat transfer of 25 to 50%
occurred over the preceding 10 s. Approximately 40,000 lbm of
water remained in the ruptured steam generator at the time the
energy removal through the ruptured steam generator was termin-
ated. However, for both calculations, the time that energy re-
moval was lost in the ruptured steam generator was very similar.
Consequently, a reactor trip occurred at similar times (39.8 s in
the RELAP5 case versus 34.4 s in the C-E calculation).

The peak reactor coolant system pressure predicted by the two
codes was in close agreement, as shown in Fig. 6 (2801 psia for
RELAP5 versus 2843 psia for CESEC-II). Once energy removal by the
ruptured steam generator was terminated, both computer codes pre-
dicted a similar primary system heatup, pressurization and pres-
surizer insurge flowrate (see Fig. 7).

A series of RELAP5 calculations were performed to assess the
effect of the safety valves on the peak calculated RCS pressure.
The peak safety valve flowrate was increased from -»600 lb/s to
-1500 lb/s. The calculations showed a very weak dependence of the
peak reactor coolant system pressure on the primary safety valve
relief capacity. The peak RCS pressure decreased only -10 psi for
the higher valve flowrate while the peak pressurizer pressure was
reduced by -65 psi for the higher safety valve flowrate case. The
insensitivity of the safety valve flowrate on the RCS pressure
results from the high frictional losses in the pressurizer surge
line. A comparison of the pressurizer safety valve flowrates as
predicted by RELAP5 and CESEC-II is provided in Fig. 8.

The pre-trip portions of the transient calculated by the two
codes were in very close agreement. However, differences were
calculated after reactor trip. These differences are attributed
to differences in the primary-to-secondary heat transfer behavior
in the intact stsam generator, primary coolant system flowrates
following pump trip and time of emergency feedwater flow initia-
tion. The effect of these differences is most evident in the
reactor coolant temperature transients (Fig. 5) and in the primary
system pressure plots (Fig. 6).

Following reactor trip, the steam generator safety valves
lifted. In addition, energy was removed by the intact steam
generator as steam flowed through the steam lines to the ruptured
steam generator and out the break. Flow out the intact steam
generator to the ruptured steam generator was terminated at 220 s,
when the main steam isolation valves (MSIVs) closed (see Fig.
9). Emergency feedwater in the C-E calculations was initiated to
the ruptured and intact steam generators at 79.4 and 89.6 s,
respectively. These delivery times include a 45 s ialay from an
assumed loss of off-site electrical power following turbine
trip. The initiation of emergency feedwater in the RELAP5 calcu-



lation occurred later, at ^134 and ~144 s in the ruptured and
intact steam generators respectively. RELAP5 calculated an EFAS
signal when the void fraction in the lowest steam generator volume
exceeded 90 percent. This was done in an attempt to duplicate the
C-E assumption of delaying the EFAS in the ruptured steam gener-
ator until the liquid inventory was depleted. Emergency feedwater
to the ruptured steam generator was terminated in both cases due
to control logic which permits feedwater only to the intact steam
generator. In the RELAP5 case, flow to the ruptured steam gener-
ator was terminated at -145 s (so feedwater was only on for a
brief period of time). The C-E calculation terminated the flow at
173.6 s. This difference in termination time is due to the dif-
ference in the rate of steam generator pressure decrease, which
was calculated differently by the two codes. The RELAP5 calcu-
lation predicted higher steam flowrates, resulting in a more rapid
secondary side pressure decay.

An interesting difference is noted in the core outlet temper-
ature response between 60 to 250 s. The core outlet temperature
increased in the C-E calculation even though the core inlet temp-
erature continued to decrease. This indicates a power to flow
mismatch in the core. This phenomenon was not calculated in
RELAP5. As seen on Fig. 10, RELAP5 predicted a slower decrease in
the primary coolant flow than calculated by CESEC-II. CESEC-II
computed the RCS flowrate from an input table of flowrate versus
time whereas EELAP5 computed the dynamic flow response based on
the pump characteristics.

A comparison of the total steam generator mass inventories is
provided in Fig. 11. Reasonable agreement was obtained between
the two calculations considering differences in the transient
break flowrate responses, MSIV isolation times and emergency
feedwater initiation times. Also, the RELAP5 results are for the
total steam generator mass inventory whereas the C-E results are
for the liquid mass inventory only. This partially accounts for
the offset in results.

In summary, RELAP5 calculated close agreement to the primary
system pressure and temperature transients, as calculated by C-E
for the limiting FLB event up to the time of reactor trip. The
post-trip differences are attributed to differences in code model-
ing assumptions. C-E applied a conservative break discharge
model, conservatively degraded the ruptured steam generator heat
transfer, and conservatively delayed initiation of the EFAS in the
ruptured steam generator until all liquid inventory was deplet-
ed . The simplified model applied by C-E has been demonstrated to
provide close agreement with advanced computer codes when applying
similar assumptions for a FLB event.



Parametric Sensitivity Studies

A series of parametrics were performed with FELAP5 to inves-
tigate the sensitivity of the peak reactor coolant system pressure
to a break spectrum and time for reactor trip.

Normalizing the break area of the RELAP5 calculation to
provide the same initial break flowrate as CESEC-II, calculations
were performed to assess the peak primary system pressure versus
break area. These cases focused only on the peak primary system
pressure. The results of these calculations are summarized in
Fig. 12 and confirm the trend predicted by C-E, indicating that
C-E has analyzed the limiting FLB transient in Appendix 15B of the
CESSAR FSAR.

The second set of calculations investigated the effect of
earlier reactor trip on the peak primary system pressure. The C-E
calculation in Appendix 15B did not credit a reactor trip on low
steam generator downcomer water level, but conservatively delayed
reactor trip until the high pressurizer pressure trip setpoint was
reached. A series of RELAP5 calculations was performed in which
the reactor trip signal was generated at various arbitrary values
of steam generator mass inventory. The peak reactor coolant pres-
sure as a function of the steam generator mass inventory at the
time of reactor trip is plotted in Fig. 13. Crediting a reactor
trip on a low downcomer water level signal prior to dryout of the
ruptured steam generator significantly reduced the peak reactor
coolant system pressure in comparison to the limiting case pre-
sented in Appendix 15B of the CESSAR FSAR.

STEAM LINE BREAK (SLB) TRANSIENT

This section presents a comparison of the RELAP5 audit calcu-
lation of the limiting steam line break with the results presented
in CESSAR FSAR [5,6]. The event analyzed was a large steam line
break during full power operation with loss of offsite power
concurrent with break initiation. The RELAP5/MOD1.5 cycle 26 [7]
computer code was used. The objective of this comparison was to
confirm the acceptability of the C-E methodology for evaluating
steam line break events.

A comparison of the initial conditions used in CESSAR and the
audit calculation is shown in Table 3. To ensure that a RELAP5
steady state zero reactivity feedback condition had been obtained,
a 60 sec steady state run was made prior to transient initia-
tion. The time scale on Figures 17 through 29 include this 60
second steady state run.



Several assumptions or modeling methods differed between the
two analyses. One of these assumptions was assuming frill main
feed flow in the RELAP5 calculation until a main steam isolation
signal was received. C-E ramped the main feed flow from 100% to
0% during the initial 13.3 seconds of the event when the main feed
isolation valves closed. The C-E assumption is more realistic
considering the loss of offsite power. Additionally, C-E modelled
heat slabs for the hot and cold leg piping and steam generator
tube sheet. This was not modelled in the RELAP5 analysis. Final-
ly, the RELAP5 analysis was initiated with the upper head tempera-
ture slightly less (10°F) than the hot leg temperatures. This is
non-conservative for a steam line break analysis but may be more
realistic in that it accounts for cold leg bypass flow into the
upper head region. Of the three assumptions or modeling methods,
the initial upper head fluid temperature has the greatest impact
on the timing of the Safety Injection Actuation Signal (SIAS).

Time dependent junction components were implemented [8] in
the RELAP5 analysis to calculate the asymmetric coolant mixing
which occurs at both the inlet and outlet of the core. This was
done in a manner identical to C-E's method and applied the same
proprietary mixing factors used by C-E. However, since CESEC-III
has no node-to-noca momentum equation, even hardwiring the mixing
portion of the crossflows does not identically reproduce the C-E
results. This is partially due to an additional crossflow term
which is computed in CESEC-III by density differences and in
RELAP5 by the complete momentum equation. To model the reactivity
feedback, a cold edge temperature control system was developed [8]
in RELAP5 to calculate changes in the moderator reactivity as
calculated by C-E.

Throughout the transient, the affected and intact steam
generators were only permitted to blowdown saturated steam (qual-
ity of 1.0). In both analyses the pressurizer was located on the
hot leg connected to the affected steam generator. For consis-
tency %ith the C-E analysis, the reactor was tripped in the RELAP5
analysis at the time the C-E analysis calculated a low DNBR trip
as actuated by the core protection calculators. Scram rod inser-
tion time, fractional rod worth vs. time, and total rod worth were
obtained from Reference 4. Modeling the Safety Injection System
was limited to mass, flow, and temperature considerations. The
addition of negative reactivity from the Safety Injection System
was not modelled.

Figure 14 shows the reactor vessel model with which the
analysis was initiated. The balance of plant modeling was similar
to that utilized in the FLB analysis. During the initial check
out runs, several model changes were required. The lower plenum
volumes 323 and 723 were observed to be stagnant and did not mix
with the fluid in the volumes directly above them (Volumes 322 and



722, respectively). This was unrealistic, since the temperatures
in these nodes approached the core outlet temperature during the
latter part of the transient. Consequently, volumes 322 and 323,
and volumes 722 and 732 were combined.

It was also observed that the bypass flow from the upper
downcomer (components 310 and 710), resulted in unrealistic "cir-
cular" flow patterns involving components 345, 355, 755, and
745. This enhanced the condensation/mixing in the steam region of
the upper head and resulted in a predicted reactor coolant system
pressure versus time that was much lower than the C-E results.
Lower pressures are non-conservative for steam line break events
in that this allows earlier initiation of a Safety Injection
Actuation Signal (SIAS), and hence an earlier injection of nega-
tive reactivity via boron addition to the reactor core (which
prevents or limits a return to power). The upper head region was
subsequently re-nodalized. This re-nodalization is comparable to
the C-E model which does not account for circulation and bypass
flow condensation effects in the upper head region during the
steam line break event. The pressurizer pressure history was
found to be very sensitive to upper head nodalization, the assumed
initial upper head temperature, and the asymmetric fluid condi-
tions.

Initially, when the steam line is broken the total blowdown
area is 2.56 ft2. Prior to closure of the MSIVs, the intact steam
generator vents through the broken steam line. After closure of
the MSIVs, the blowdown area is reduced to the flow restrictor
area in the broken steam line, 1.28 ft2. (The steam generator
with the broken steam line will be referred to as the affected
steam generator.) The initial pressure in both steam generators
decreases due to the increased steam flow out the break. A Main
Steam Isolation Signal (MSIS) was calculated by RELAP5 to occur at
approximately 17 seconds, followed by a 5 second closure time.
This compares to the CESSAR MSIS of 8 seconds, followed by a 5
second closure time. This 9 second difference in receipt of an
MSIS is due to the difference in feed flow isolation assumptions,
previously discussed. The CESSAR analysis predicts that the water
mass decrease is approximately the same for both steam generators
prior to closure of the MSIVs. The RELAP5 analysis shows a simi-
lar trend of the affected steam generator with the CESSAR results
(Figure 15). However, due to flow area competition affects and
steam line resistances, the initial behavior of the intact steam
generator is slightly different, with the CESSAR steam generator
mass decreasing faster than the steam genarator mass in the RELAP5
analysis (Figure 16). The RELAP5 analysis is slightly non-
conservative on a long term cooldown basis, but does not signifi-
cantly affect the overall results. The water masses are offset by
essentially a constant amount due to the different blowdown rates
predicted for the intact steam generator prior to MSIV closure.



During this period the excess heat removal from the reactor cool-
ant by the steam generators results in rapidly decreasing reactor
coolant temperatures (Figures 17, 18, 19, 20). The decreasing
temperatures result in coolant shrinkage thus rapidly decreasing
the pressurizer pressure (Fig. 21).

Following closure of the MSIVs, the affected steam generator
continues to blowdown saturated steam through a break area of 1.28
ft2 (Figure 22) while the intact steam generator is essentially
isolated following closure of the MSIVs. This effectively termi-
nates the pressure decrease in the intact steam generator (Figure
23). As in the case of the ruptured steam generator, good agree-
ment was obtained between RELAP5 and CESEC-III.

Figure 24 compares the integrated flow out the break for the
two analyses. The agreement is almost exact during the majority
of the transient. More importantly, a combination comparison of
the integrated break flow mass and affected steam generator pres-
sure versus time indicates that the total heat removal and time
dependent heat removal rate from the affected steam generator were
approximately equal for both analyses (RELAP5 and CESEC-III).
Following isolation of the intact steam generator, the steam
generator pressure increases, however, this increase is terminated
by the continued addition of auxiliary feedwater to the intact
steam generator (the auxiliary feedwater addition was 242 lb/sec
at 40°F). Isolation of the intact steam generator initially re-
duces the heat removal from the reactor coolant and there is a
slight increase in the intact cold leg temperature (Figure 17),
whereas continued blowdown of the affected steam generator re-
sulted in a continuously decreasing temperature in the affected
cold leg (Figure 19). The effect of the mixing models is shown in
the temperature response of the coolant in the hot legs. That is,
the increase in the intact cold leg temperature does not result in
an increase in the intact hot leg temperature. This is due to
mixing of the colder coolant from the affected cold leg with the
coolant from the intact loop. This mixing stabilizes the intact
hot leg coolant temperature and the rate of temperature decrease
in the affected hot leg.

The mixing that occurs, as previously mentioned, was "hard-
wired" in the RELAP5 analysis to match experimentally derived
(proprietary) data. The temperature response of the cold legs
differ for the two calcultions. That is, the affected cold leg
temperature is higher than that predicted by CESEC-I1I and the
intact cold leg temperature is lower than that predicted by CESEC-
III. The primary difference for these temperature variations is
due to flow paths 5 and 6 (see Figure 25) which are density driven
in the CESSAR analysis but are calculated by RELAP5 based on the
complete momentum equation. As a result these crossflows are
larger in the RELAP5 analysis than that predicted by CESEC-III.
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This leads to more mixing in the lower plenum in the audit analy-
sis than in the CESSAR analysis. This asymmetry and increased
mixing (momentum driven versus density driven) tends to force the
RELAP5 cold edge coolant temperature (used for moderator feedback)
to be higher than calculated by CESEC-III. If the RELAP5 flows in
paths 5 and 6 had been identical to the CESEC-III flows, the
moderator temperature reactivity feedback would be in almost exact
agreement with CESEC-III.

A comparison of the scram and Doppler reactivities is shown
in Figures 26 and 27. These two reactivity components agree very
well between the two analyses. The reactivity component of most
importance in a steam line break analysis is the moderator reac-
tivity. In both analyses the moderator component is a temperature
dependent coefficient that includes density and end of life boron
concentration effects. A comparison of the moderator feedback is
shown in Figure 28.

Finally, the total reactivity versus time is compared in
Figure 29. In the CESSAR analysis, the time of safety injection
occurred after the time of peak positive reactivity (^.09%Ap).
The moderator feedback was terminated in the CESSAR analysis by
the abrupt loss of heat transfer accompanying the emptying of the
affected steam generator thus ending the uncontrolled cooldown.
Both analyses calculated the affected steam generator to empty at
approximately the same time; however, RELAP5 does not exhibit the
abrupt heat transfer loss modeled in CESEC-III. The net result is
that the total reactivity feedback calculated by RELAP5 reaches a
maximum which is slightly lower than calculated by CESEC-III
(0.077% Ap RELAP5 versus 0.09% Ap CESEC-III).

The reactor coolant pressure determines the time at which a
Safety Injection Actuation Signal (SIAS) is generated. This leads
to injection of fluid containing a high concentration of boron and
ensures adequate negative reactivity in the reactor core to pre-
vent a return to criticality. Therefore, a pressure calculation
will be conservative if its rate of decrease is limited, thus
delaying boron injection — all other parameters being essentially
constant. In the CESEC-III analysis, the insertion of boron
reactivity ensures that a return to power would not occur by
further decrease of the moderator temperature. The initial RELAP5
model predicted a much lower pressure than CESEC-III. This was
due to RELAP5 predicted core bypass flow and recirculation flow in
the vessel upper head. As cool core bypass fluid interacts with
the hotter fluid in the nearly stagnant upper head region, it
reduces the average temperature of that volume and the associated
saturation pressure. As the primary systam depressurizes it
eventually reaches a pressure corresponding to the saturation
pressure at the hottest fluid volume, often in the upper head.
Thereafter, primary pressure is regulated by the saturation pres-
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sure of that hottest volume. Thus the core bypass flowrate into
the reactor vessel upper head and the fluid mixing between the
affected and intact sides (by way of the respective cross flows)
are the governing parameters for the primary loop pressure.

The C-E nodalization models the upper head as a single volume
without core bypass flow and without cross flows between the
intact and the affected loop. This maximized the temperature of
the upper head fluid and thereby maximizes the RCS pressure
throughout the event. This created the maximum possible delay for
boron injection. Renodalization of the RELAP5 model, and selec-
tion of flow resistances to prohibit liquid flow into the regions
where steam had formed in the upper head produced a pressure trace
which agreed well with the CESSAR analysis (Figure 21). This
verified that the higher pressure computed by CESEC-III was indeed
a result of their modeling of the upper head region. The St.
Lucie natural circulation cooldown event demonstrated that the
upper head behaved as a stagnant region during natural circulation
conditions. The analysis which modeled good circulation resulted
in a primary system pressure which was 300-400 psia lower at the
end of the transient than for the case where condensation effects
were reduced by renodalization. Also, a comparison of pressure
predicted by CESEC-II (no conservative upper head modelling) and
CESEC-III (conservative upper head modelling) indicated that the
CESEC-II results [9] were also approximately 300-400 psia lower
than the CESEC-III predictions. The 100 psia difference in the
two predictions (CESSC-III and RELAP5), especially following the
initial rapid decrease in pressure, is a result of the initial
temperature difference in the upper head region (620°F RELAP5
versus 630°F CESEC-III). A 10°F temperature difference is equal
to approximately 100 psia difference in saturation pressure.

The arrival of safety injection boron in the reactor core is
important for ensuring that the total reactivity remains negative
until a controlled shutdown can be initiated. The reactivity due
to this boron was not calculated by F^LAP5, but it is important to
note that the predicted arrival time > approximately the same for
both analyses, when applying similar assumptions. That is, the
CESEC-III predicted SIAS occurred at 178 seconds into the tran-
sient followed by a 30 second delay until the operable High Pres-
sure Safety Injection (HPSI) pump is loaded on the emergency
diesel generator, reaches full speed, and the HPSI valves are
fully open. Following this sequence, a delay to sweep out the
injection lines and transport the SI boron to the reactor core is
also modeled (*70 seconds as predicted by CESEC-III). This re-
sults in the CESEC-III prediction of safety injection boron reach-
ing the core midplane by 280 seconds.

If the initial upper head temperature in the RELAP5 analysis
had been 630°F instead of 620°F, an SIAS would have occurred at
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~165 seconds into the transient. Delay times similar to CESEC-III
would then have resulted in a prediction of boron reaching the
core midplane at approximately 265 seconds into the transient.
This is just prior to or approximately at the time EELAP5 predict-
ed the maximum reactivity.

CONCLUSIONS

Feedwater Line Break

The audit calculations with RELAP5/MOD1 of the limiting FLB
transient indicate that the C-E results obtained with the CESEC-II
computer code are conservative. The major conservative assump-
tions used include: delay of heat transfer degradation until
depletion of the ruptured steam generator liquid inventory; not
taking credit for a low steam generator downcomer water level
reactor trip; and delaying the EFAS until the liquid mass inven-
tory in the ruptured steam generator is depleted. In addition,
RELAP5 parametric calculations verified the general trend of the
C-E break spectrum study and indicated that C-E did analyze the
limiting break area. Finally, a second series of calculations
with RELAP5 indicated a large benefit of crediting a reactor trip
on steam generator downcomer water level prior to reaching the
high pressurizer pressure trip setpoint.

Steamline Break

Comparison of the C-E and audit analyses for the steam line
break event showed two significant modeling requirements. The two
signficant modeling requirements were:

1) Core bypass flows to the reactor vessel upper head
should not be modeled unless data is provided to justify
the amount of condensation expected.

2) Asymmetric thermal-hydraulics plays an important role in
determining the reactivity feedback.

In the area of modelling sensitivity effects the following
was noted:

1) No significant effect was observed due to the assumed
pressurizer location (hot leg of broken loop or hot leg
of intact loop). This was observed for the cases where
significant condensation/mixing was allowed to occur in
the upper head region.

2) Prior to MSIV closure the blowdown of the steam gener-
ators, as calculated by RELAP5, was not symmetric as



calculated by C-E. This is expected since the C-E model
does not account for the piping between the break and
the two steam generators. For the event analyzed, this
did not play a significant role in the results.

TABLE 1

COMPARISON OF THE C-E AND ANL ASSUMPTIONS FOR THE LIMITING CASE

LOSS OF FEEDWATER INVENTORY EVENT
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Parameter

Initial Core Power, MWt

Initial Core Inlet Temperature, F

Initial Reactor Vessel Flow, GPM

Initial Pressurizer Pressure, psia

Doppler Coefficient Multiplier

Initial Pressurizer Liquid Volume,
feet3

Nominal
Value

3800

565

446000

2250

1.0

930

C-E
Assumed
Value

3876

560

446000

1920

1.0

1120

ANL
Audit
Value

3876

560

462000

1920

1.0

1490

I n i t i a l Steam Generator Inventory, 173000 173000
lbm

I n i t i a l Feedwater Enthalpy, BTU/lbm 430

Steam Bypass Control System Automatic

Normal On-Site or Off-Site Available
Electr ical Power After Turbine Trip

Feedwater Pipe Break Area, feet2 - - 0.2

173000

376 376

Manual Manual

Unavailable Unavailable

(1)

(1) Area adjusted to y ie ld same i n i t i a l break flowrate as the CESSAR transient.
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TtbU 2 . Sequence of Events for the H a i t i ! *
fceduter Line Break Event.

Tablt 2 . Sequence of Events for the Ha l t ing
Feedwter line Break Event. (Cont'd)

C-E AM.
TIM (J«) T i t (sec) Event

C-E
Sttpoint
or Value

Ml.
Sttpoint
or Valtw

C-E
Tlae (tec)

AW.
TIM (sec) Event

C-E Mil
Sttpoint Setpoint
or Value or Value

0.0

0.0

0.0

33.i

34.4

34.4

M.4

».t

3$.»

M.I

35.8

35.1

3t.«

0.0

0.0

o.o

-37.5

--

98.S

39.»

-42.0

40.4

40.7

41.2

41.1

H.Z

« . *

-42.0

- H . 0

•reak 1n the Hain Feediuter line

Instant leous Loss of All Feed-
Mter FIOH to Both Steaa Generators

Instantaneous Development or Cri-
t ical Flow from the Ruptured Steaa
Generator to the Break

Instantaneous loss of All Heat Trans-
to the Ruptured Steaa Generator

Ion Water level Trip Signal froa the
Ruptured Steaa Generator

Eaergency Feedwater Actuation Signal
froa the Ruptured Steaa Generator

High Pressurtzer Pressure Trip Signal

Prcssurizer Safety Valves Open

Trip Breakers Open

CEAs legin to Drop

Instantaneous Closure of the Turbine
Stop Valves

loss of Noraal On-sit* and Off-site
Electrical Power

Ion Water Level Trip Slanal froa
the Intact Steaa Generator

KiKiaua Reactor Coolant Pressure

Maiiaua Pressurtur Pressure

Kaxlaua Prcssurtnr S«rg* K M Flow

(lain Steaa Safety "a lwi Open

Eapty

Eapty

Eapty

(1)

(2)

2475 psla Saw

2525 psU Saae

351 of vide
range Instru-

aent span

2843 psla 2801 psla

2587 psU 2S«> PSIa

2»S lb/t 210* IV*

12S2 psla Sea*

44.* 98.S EMrgency Feedmter Actuation Sig-
nal froa Iht Intact Steaa Generator

Haxiaua Steia Generator Pressure

Pressurizer Safety Valves Close

Hlninuei Pressuriter Steaa Voluae

'Main Steaa Safety Valves (lose

Eaergency FeedMter Flow Initiated
to the Ruptured Steaa Gs nerator

Eaergency Feedaater Flow Initiated
to the Intact Steaa Generator

low Pressure Trip Signal froa the
Ruptured SteaaS: lerator

Hain Steaa Isolation Signal

. Nlnlaua Intact Steaa .Generator
Liquid Hass

173.« 145.0 Eaergency Feedxater Flow Torainated
to the Ruptured Steaa Generator

314.2 — Main Steaa Safety Valves Open

1(00.0 — Operator Opens the Ataospheric
Ouap Valves to Segln Plant Cool-
dmn to Shutdown Cooling

44.1

45.4

4S.8

73,9

79.4

«9.«

165.C

165.6

170.*

-51 .0

f 46

«

-54.U

133.5

143.5

110.4

110.4

143.0

lit11 In AM. calculation acgradation of heat transfer began.
I ) VoU In lowest stem generator voluae eiceeds 90!,.

101 of wide
range Instru-

aent span

1318 psla

2529 psla

138 f t>

1218 psla

875 gpa

(2)

1290 psla

Saae

- .

S*aa

SaM

875 gpa

810 psla

SaM

SaM

810 psla SaM

8100 Ik 14*00 Ik

170 psla 170 psla

1281 pi la

cn



Table 3.
ASSUMPTIONS W O INITIAL CONDITIONS FOR A LARGE STEAM LINE 8REAK OURIKG

FULL POWER OPERATION WITH CONCURRENT LOSS OF OF'SITE POWER

16

Parameter

In i t ia l Core POKr Level, HVt

In i t ia l Core Inlet Coolant Temperature, F

In i t ia l Core Mass Flow Rate, 10' lbm/hr

In i t ia l Pressurizer Pressure, psia

Ini t ia l Pressurizer Water Volume, f t 3

floppier Coefficient Multiplier

Moderator Coefficient Multiplier .

Axial Shape Index

CEA Worth for Trip, 10"2 a»

Steam Generator Water + steam
Inventory, lbn affected

Intact

One High Pressure Safety Injection Hump

Core Burnup

Slowdown Fluid

Blowdown Area for Each steam Line, ft2

Combustion Engineering
Assumed Value

3876

570

148.8

2400

1100

1.15

1.10

».3

-8.8

182000
148000

Inoperative

end of Cycle

Saturated Steaa

1.283

mum
Assumed Value

3876

568

152.2

2419

1076

1.15

1.10

• .3

-a .a

182554
149824

Inoperative

End of Cycle

Saturated Steam

1.28

Table 4.
SEQUENCE OF EVENTS FOR A LARGE STEAM LINE BREAK DURING FULL POWER

OPERATION WITH CONCURRENT LOSS OF OffSITE POWER

Event

0.7S

1.09

8.0
8.3
13.3

13.3

13.3

120
178
208
237
259
277
280

<50.0

17.7

22.7

22.7

71.-1

440-150

79.2

(2451

<150

Steam Line Break and Lots of Offsitl
Power Occur
Lou DNBR Trip Condition Occurt, Projected
ONBR

Trip Breakers Open

CEJks Begin to Drop
Voids Begin to Fora In RV Upper H«id
Main steam Isolation Signal, ptia
HFIVi Close Completely
HSIVs Close Completely
EFU Initiated to Intact Steam Generator
Pressurlzer Empties
Safety Injection Actuation Signal, ptia
Safety Injection Flow Begins
Affected S U M Generator Empties

Maximum Transient Reactivity. 10'* i»

Minimum Post-Trip ONBR
Safety Injection Boron Begins to Reach
Reactor Core

Operator Initiates Coolitown

Ccnbu5t1on
Engineering

Sttpolnt or Value

810

.600

•0.09
2.7

AM7ITI
Setpolnt
or Value

Trip tiM
assumed to
be same as
CE predicted

Scram rod In-
sertion time
and fractional
rod worth were
obtained from
Reference 2.

(«>.O77>
Hot calculated

The above times are transient times.



Fig. 1 . RELAP5 Input Model for CESSAR FLB Audit Calculation.
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Fig. 14. Split Vessel RELAP5/M0D1.5 Noding Diagram.
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