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INTRODUCTION

Under current licensing groundruies, a very conservative treatment is

employed in calculating the peak design pressure of a PWR containment.

Conservatisms are applied to initial conditions, hydraulic and thermal

modeling, and the operation of safety related systems. In addition, a mar-

gin of safety is applied to the design of the containment itself. Since

many of these conservatisms are arbitrarily applied it is impossible to

determine accurately the total margin of safety.

This paper presents the results of two analyses: first, a best judgment

analysis was performed to determine the total margin of safety, then a

statistical analysis was performed to determine the probability of exceeding

this margin.

The best judgment anal.v" s performed for the worst case design basis

accident for containn fjeak pressure (loss of coolant accident). Real-

istic consideration was given to operating parameters, geometry, physical

phenomena, treatment of hydraulics and heat transfer, and typical operation

of systems. Figure 1 presents the containment pressure response for this

analysis, and a typical containment design analysis as presented in a plant

Safety Analysis Report (SAR). The margin that can be seen between the peak

values is the portion of the margin of safety inherent in the containment

design analysis. In addition to this margin, ten percent margin is required

by the NRC between the peak pressure value in the design analysis and the



containment design pressure, during the construction permit stage of licens-

ing. Also, a margin of one hundred percent is normally applied to the con-

tainment design pressure to develop the projected ultimate strength limit of

the containment. For the purposes of this paper only the margin between the

best judgement peak pressure and the containment design pressure will be

considered. This margin as seen in Figure 1 is about 19 psi. After deter-

mining this margin, the statistical analysis was performed.

Studies were carried out to determine the sensitivity of containment peak

pressure to various input parameters and modeling techniques which were felt

to have the greatest impact on the containment peak pressure. These para-

meters, presented in Table 1, were assigned probability density functions

via available design bases or engineering judgment. Originally, moment

matching was to be used to perform the statistical analysis, but due to

problems with non-linear results this method of analysis was abandoned.

Employing a Monte-Carlo scheme and second order response surface techniques,

the probability of exceeding the containment design pressure has been calcu-

lated to much less than 10" assuming that a LOCA (loss of coolant acci-

dent) has occurred. When the probability of a LOCA occurring is taken into

account (10 accidents per reactor year), the probability of exceeding
o

the containment design pressure is much less than 10" per reactor year.

It should be noted that, although this study addressed parametric uncer-

tainties and probability of certain levels of hardware operability, it does

not address total failure of either the ECCS system or the containment

safeguards system as was done in WASH 1400. At these very low probability

levels the failure of complete systems may be limiting.
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BEST JUDGMENT CONTAINMENT ANALYSIS

As an introduction to this analysis, the design type transient will be

described. Then comparisons between the design transient and the best judg-

ment transient will be made along with comparisons of design and best judg-

ment inputs, models and assumptions.

DESIGN TRANSIENT DESCRIPTION

The transient begins as the break occurs. Water in the vicinity of the

break exits the break and flashes to steam. For the design basis break, the

double ended pump suction guillotine, the flow in the cold leg reverses and

passes through the pump and to the break. In the broken loop hot leg the

flow rate increases and additional heat is transferred to the secondary side

of the steam generator. As the transient continues the core flow reverses,

the system depressurizes and steam is generated throughout the system. When

the system has depressurized to the pressure of the cold leg accumulators,

they begin to inject and cool the steam and water mixture in the cold legs.

At about this time the heat transfer in the steam generators reverses and

the secondary becomes a heat source to the primary fluid. The system con-

tinues to depressurize until the containment and the primary system are in

equilibrium about twenty-five seconds after the break occurred. This ends

the blowdown phase of the accident, during which most of the primary system

contents are expelled into the containment. During this time, the only

source of heat removal in the containment is heat transfer by condensation

and convection to structures within the containment (i.e., walls, floors,

decking etc.).
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The second phase of the transient is refill. Refill accounts for the time

required to fill the lower plenum with water from the cold legs, accumula-

tors, and safety injection pumps. For the containment design analysis this

phase is neglected, and the lower plenum is assumed to be full at the end of

the blowdown phase.

The third phase of the transient is the Reflood phase. As the accumulator

and safety injection flow continues to fill the downcomer, water from the

lower plenum is forced into the core. When a water level of about one and

one-half feet is attained in the core, steam is produced at such a rate that

liquid droplets begin to be entrained and carried out of the core. The

steam and water mixture passes through the hot legs and enters the steam

generators where the fluid is assumed to vaporize and the steam is raised to

the temperature of the secondary fluid. The steam in the broken loop then

exits through the break. In the intact loop, the steam continues around the

loo" and into the cold leg where it mixes with the injection water. Any

steam which is not condensed by this mixing passes around the downcomer and

mixes with the injection water in the broken loop. The resulting mixture

then flows through the locked broken loop pump and to the break. These

releases continue until a level two feet below the top of the core is

reached. At that point the core is considered to be quenched.

The fourth and final stage of the design transient is the post-reflood or

froth stage. The downcomer at this time is full of subcooled water. The

core, however, contains a two phase mixture which is less dense than the

fluid in the downcomer. The resulting hydrostatic driving head causes the
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two phase mixture in the core to enter the upper plenum and forces this

mixture into the hot legs and steam generators. The water in the mixture is

vaporized and the steam is superheated to the temperature of the secondary

fluid. This type of release continues until the steam generator secondary

temperature reaches equilibrium with the primary system saturation tempera-

ture.

In the containment, shortly after the end of the blowdown transient, the

sprays and fan coolers begin to remove heat. Usually they are able to

remove heat at a rate slightly less than the heat addition rate during

reflood and the early portion of the froth transient. In addition, the heat

sinks are removing a considerable amount of heat, early in the reflood

transient. Thus, the containment pressure will begin to decrease from the

b'lowdown peak. As the heat sink temperatures approach the containment tem-

perature, their heat removal ability diminishes and the containment pressure

begins to rise. The pressure continues rising until the heat addition rate

decreases to a value less than the heat removal rate of the sprays and fan

coolers. The containment pressure then drops as the decay heat rate in the

core decreases.

Best Judgment Input and Model Assumptions

During the blowdown transient, changes in initial conditions and hydraulic

and thermal modeling have a considerable effect on the pressure transient.

1) Use of the best estimate RCS volume reduces the total stored energy by

1.4 percent. 2) Use of the best estimate RCS average temperature reduces

the average system fluid temperature by more than six degrees Farenheit.



3) A reduction of thirteen percent in core stored energy is attained by use

of best estimate core thermal properties. 4) Use of the nominal core power

level reduces the amount of energy produced during the transient, in addi-

tion to reducing the initial stored energy. 5) The decay heat information

used was derived from ANS Standard (ANS 5.1, September 1978 Revision). No

margins were applied to the decay heat generation rates and a best estimate

of the core history was used. These assumptions result in a considerable

reduction in decay heat generation rates, and reduce overall energy release

to the containment. 6) A best estimate Moody discharge coefficient was used

at the break, which reduced the release rates. 7) Loss of offsite power was

not assumed. The loss of offsite power in the design analysis causes the

reactor coolant pumps to trip. Since there is no loss of offsite power the

reactor coolant pumps continue to run. However, due to the reverse flow

situation that exists for the broken loop pump, it is assumec to stop near

the end of the blowdown transient. 8) Realistic signal and dalay times for

the steam and feed stop valves are modelled, which acts to reduce the avail-

able energy in the secondary system. 9) In the containment, c best judgment

value for the heat transfer coefficient between the containment atmosphere

and the structural heat sinks causes a reduction in the peak pressure. 10)

Assuming that the fan coolers are running when the accident occurs also

serves to reduce the peak pressure. 11) Best estimate values for the heat

transfer areas, and initial temperature of the heat sinks causes the heat

transfer to increase. 12) In addition, the use of best estimate initial

containment temperature and pressure causes a reduction in peak pressure.

The refill transient was ignored for the best estimate analysis, since the

lower plenum was nearly full at the end of blowdown.
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During reflood many of the differences in the transient are caused by the

changes made in the blowdown transient. One very important change is in the

steam generator secondary. During blowdown when the secondary stop valves

are open, steam exits the top of the steam generators and is replaced by

cold feedwater. This effect lasts for about seven seconds and causes a

large reduction in the available energy in the secondary side which produces

steam during the reflood and froth transient.

Other inputs and models are also changes in order to produce a best judgment

analysis. 1) Accumulator enthalpy and the accumulator line resistance are

chosen as best estimate values. 2) Safety injection enthalpy and flow rates

are chosen to be realistic. 3) The steam exiting the steam generator tubes

is assumed to be at saturation rather than superheated. 4) The core carry-

over fraction was modified to account for fallback and the initial condi-

tions in the core. 5) The core is assumed to quench at a level four feet

below the top of the core. 6) In the containment the spray temperature and

flow rate are accurately modeled. 7) In addition the fan coolers are

assumed to operate with best estimate efficiency. Due to the reduction in

mass and energy releases and the increased heat removal capabilities of the

containment systems, the pressure during the reflood transient continues to

drop as it had near the end of the blowdown transient.

During the post-reflood phase of the transient many of the conditions which

caused reductions in the containment pressure during reflood continue to

cause reductions. A more accurate modeling of the two phase phenomena dur-

ing the froth transient also causes reductions in releases.



COMPARISON OF BEST JUDGMENT AND DESIGN CONTAINMENT PRESSURE TRANSIENTS

Figure 1 presents the containment pressure transients for the design

analysis and the best judgment analysis, due to the large difference in the

reflood and post-reflood phases of the accident between the design and best

judgment cases the peak pressure for the best estimate analysis occurs dur-

ing blowdown. This is in no way similar to the design analysis where the

peak pressure occurs between two hundred and one thousand seconds. Also it

should be noted that a hot leg break results in the maximum blowdown peak

pressure. The peak for a double ended hot leg guillotine was about one psi

greater than the peak for the double ended pump suction guillotine, when

both analyses were performed under best judgment considerations.

THE STATISTICAL ANALYSIS

A set of containment sensitivity analyses were performed varying each para-

meter of Table 1 one-at-a-time t-o high and low values about the best esti-

mate. These results were then used to fit a second order containment pres-

sure response surface function to deviations in the parameters. Separate

functions were generated for the end of blowdown, reflood, and froth phases

of the containment pressure transient. Using the probability density func-

tions for each parameter a Monte Carlo scheme was then employed on the three

response surfaces to develop their peak containment pressure probability

distributions. Using these distributions the probability of exceeding the

containment design pressure was estimated to be much less than 10" as

presented in Figure 2. From Figure 2 it can also be seen that the probabil-

ity of the blowdown peak being greater than forty psig is also less than

-4
10 and that there is about twenty-eight percent margin between forty
psig and the required design pressure.



An additional piece of information can be obtained from this analysis in

reference to the containment transient currently calculated for the ECCS

analysis performed to comply with the Final Acceptance Criteria. For this

analysis the containment backpressure is minimized to yield conservative

results. The result of the best estimate analysis is about ten psi greater

than the peak calculated for the peak clad temperature analysis. The prob-

ability of the containment pressure being as low as that calculated for the

peak clad temperature analysis is also much less than 10" .

CONCLUSION

The combined results of this paper show that the probability of exceeding

the containment design pressure is much less than 10 . In addition the

containment design pressure could be reduced by about 15 psi without
4

increasing the probability above 10 . A current estimate of the contain-

ment cost saving of this conservatism is between seven and fifteen million

dollars.
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TABLE 1

••AMMETER

ttS VOLUME
iCS TEMPERATURE
;ORE STORED ENERGY
;ONTAINMENT PRESSURE
:ONTAINMENT TEMPERATURE
.OSS OF OFFSITE POWER
;ORE HEAT TRANSFER
DECAY HEAT
SECONDARY STOPVALVE
DISCHARGE COEFFICIENT
TAGAHI MULTIPLIER
:AN COOLER OPERATION
:EAT SINK AREA
ACCUMULATOR ENTHALPY
ACCUMULATOR FL/D
SI ASSUMPTION
SI TEMPERATURE
:ARRYOVER FRACTION
:ORE RECOVERY HEIGHT
SPRAY TEMPERATURE
SPRAY ASSUMPTION

v'OID FRACTION (FROTH)
5.G. SECONDARY MASS

BEST
JUDGEMENT
VALUE

BE
BE
BE
14.7 psia
105°F
NO
BE
ANS STD
BE
.6
2.
BE
BE
48 BTU/LBM
BE
MAX
60°F
CALC X .6
10 FT
60°F
MAX

BE
BE

?3ff

BE X .986
BE - 6°F
BE x .85
14.4 PSIA
95°F
NO
BE X .7
-3-
**
.4
4.
***
BE X 1.1
28 BTU/LBM
BE X 1.2
MAX
408F

. CALC X .4
8 FT
40°F
MAX

****
BE X .85

+3cr

BE X 1.014
BE + 6°F
BE X 1.15
15. PSIA
115°F
YES (.001)
BE X 1.3
+3-
**
.8
1.
***
BE X .9
68 BTU/LBM
BE X .8
MIN (.06)
800F
CALC X .8
12nFT
80°F
MIN (.06)
ALL (.0009)
****
BE X 1.15

DISTRIBUTION

NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
ON/OFF*
NORMAL
NORMAL
NORMAL u
NORMAL f

LOG NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
ON/OFF*
NORMAL
NORMAL
NORMAL
NORMAL
ON/OFF* ;

NORMAL
NORMAL

1 In each case where OK/OFF is specified the value in parenthesis is the probability of this
situation occurring. •

k For + 3a the delay times and stop valve closure times are chosen to minimize heat release
to the secondary system. For -3a they are chosen to maximize heat release.

* For the fan coolers three inputs are varied. Their efficiency, the number of fan coolers
running initially and the number that are running once the signal is received are taken
into account.

* Some parameters were modified to give a + and - 3<j range.


