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SAFETY EVALUATION
CONTAINMENT SYSTEMS)
DAVIS-BESSE NUCLEAR POWER STATION, UNIT 1

DOCKET NO, 30=3<0

Containment Systems

Containment Functional Desizn

The containment system for the Davis-Besse Nuclear Power Stationm,
Unit 1 includes an ASME Code, Section III, Class B, free-standing
steel containment vessel surrounded by a reinforced concrete shield
building, containment heat removal systen, containment isolation
system, combustible gas control system, and shield byilding ventila-
tion system,

Tha stael containmant vessel hasz a nat free volume =€ 2,224,000
cubic feet. The containment vessel houses the nuclear steam supply
system, including the reactor, steam generators, reactor coolant
pumps and pressurizer, as well as certain components of the plant's
enzincered safety feature systems. The containment vessel is de~
signed for an internal pressure of 40 psig and a temperaturz of
264°F,

The applicant has described in the Safety Analysis Report the methods
used to analvze the containment pressure response to postulated
loss-of-coolant accidents and reported the results, Various break
locations and sizes were evaluated to determine that a 14.1 £:2 not
leg split results in the highest containment pressure. Minimum con-
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and one air cooler.
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The applicant has aﬁalyzed the containment pressure response to
postulated loss-of-coolant accidents in the following manner.

The Babcock and Wilcox CRAFT computer code was used to calculate
mass and energy releases to the containment during the blowdown,
core reflood, and poste-reflood phases of the accident, The mass
and energy addition rates calculated in this manner were then used
as input to the COPATTA computer code to calculate the contain-

ment pressure response.

As described above, tiie CRAFT code was used to calculate bluw&own
mass and energy ;eleases. The blowdown phase of the accident is the
phase during which most of the energy contained in the reactor
coolant system, iuciuding the stored eanergy in Lhe water, metal

and core. is released to the containment, To obtain a conserva-
tively high energy release rate, the applicant assumed nucleate
boiling in the core until the quality of the coclant was approxie

mately 1.0, and full ECCS operatici.

The CRAFT program was also used by the applicant to predict mass

and energy releases to the containment during the core reflood

~hase of the accident. The reflood phase is important when analyzing
postulated pipe ruptures in the reactor coclant system cold legs
since the steam and entrained liquid carried ocut of the core for
these break locations can pass through the steam generatcrs and be

superheated to the temnerature of the steam gzenerator sccondarv



fluid., During core reflood the carryout rate fraction, which
determines the amount of steam and entrained water leaving the
core and therefore the amount of energy that can be transferred
from the steam generators, is calculated based on a correlation
inherent in CRAFT. CRAFT calculates average carryout rate frace
tions in excess of 0.3, Results of the FLECHT experiments indi-
cate that the carryout fraction of fluid leaving the core during
reflood i{s abcut 30% of the incoming flow to the core, which con-
firms the CRAFT approach. The rate of energy release to the con=
tainment during this phase is proportional to the flow rate into

the core, and thus through the steam generators,

After the core is completely co'ered with water, decay heat
generation will produce boiling in the core and a 2-phase mixture
of steam and water will exist. This mixture can enter the steam
generators and superheated steam will be generated. The appli-
cant's analvtical model accounts for this additional energy.

Alout 300 seconds after a large break accident essentially all of
the available sensible heat is removed from the primary system and

the steam generators.

The CRAFT computer program has been accepted by the NRC for
calculating mass and energy releases to the conkainment during the
blowdown phase of the postulated accident., However, in applying
the CRAPT ~nde to the celioond atd pest-reflood nkasts of oo

L088=0Ll=coglant aeciuciliiy L.3., Jollowing blowdown, Lie appesceiic
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included the quen;hlng action of the ECCS fluid on the exiting
steam, We will require that this effect be neglected. The appli-
eant has committed to providing a reanalysis of the design basis
loss=of-coolant accident assuming no quenching. The results of
this analysis will be reported in a supplement to the Safety

Evaluation Report.

We have performed a confirmatory containment analysis for a
postulated cold leg (pump suction) break based on the mass and
energy release data for a similar plant which neglected the
quenching effect, Using the CONTEMPT computer code (References 1
and 2), we calculated a peak containment pressure of 35.8 psig.

Tne Lavis-Besse ! containment vesselL is designed for a maximum
pressure of 40 psig., Although we do not expect the peak calculated
pressure to change significantly using revised mass and energy re-
lease data, we will defer our conclusions on this plant based on the
applicant's containment analysis until addicticnal information i3

received.

The applicant has also analyzed the containment pressure respense
to a postulated main steam line failure., The applicant calculated
a peak containment vessel pressure of about 22 psiz for this

accident,

The avolicant has not comnlatsd tha nracenve wacnonze analveis »F

the cuntainnent vessel intericr compartments, zuca 315 the rwacisr
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vessel cavity, the steam generator compartments and the primary
shield pipe penetration annulus. The applicant has committed to
providing the results of the analysis and the applicable mass and
energy release data. We will report on this in a supplement to

the Safety Evaluation Report.

We have evaluated the containment system functional desizn in

L accordance with the General Design Criteria stated in 10 CFR
Part 50 of the Commission's Regulations and, in particular, Criter : ‘
16 and 50. However, before we can conclude that the containment
vessel and interior compartment design pressures are adequate, we

r will need revised mass and energy release data for the containment

| vessel anslysie which doce not include the quenching action of the

E ECCS water on the exiting steam following blowdown, revised mass

| and energy release data for the containment vessel intericr comparte

ment analysis that adequately describes the blowdown [or each postu-

lated pipe break over the time scale of interest, and the results of

o
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the containment vessel and interior compartment analyses based
revised mass and enerzy release data, We will report our conclusicn:
on the acceptability of analvses and adequacy of desizn pressures in

a supplement to the Safety Evaluation Report.

6.2:2 Containment Heat Removal Svstems

The containment spray system and the containment air cooling sys-

tem are provided to reduce the containment vessel pressure followe-

fne sostuiansd YWieh enerss | ) 5§ -~ B - § _

e L e e e L e -



-6-

air cooling system is also used during normal plant operation,
whereas the containment spray system has no normal operating

function,

The containment spray system consists of two separate spray trains
of equal capacity., All active components of the system are located
outside the containment vessel to facilitate maintenance operations,
Missile protection is provided by direct shielding or physical
separation of equipment, The system is seismic Category I. The
containment spray pump recirculation intakes from the containment

emergency sump are enclosed by a scrcen assembly to prevent the

entry of debris which could clog the spray nozzles.

A high containment pressure signal from the safety features
actuation system will automatically actuate the containment spray
system. The system pumps and valves can also be manually cperated
from the control room. The spray pumps initially take suction from
the borated water storage tank., When the water in the tank reaches

a low lavel, a switchover from injection to recirculation is manually

initiated.

The applicant has provided an analysis which demcnstrates that
sufficient net positive suction head will be agailable to the spray
pumps for both the injecticn and recirculation modes ol operation.
The analysis perforned is consistent with the zuidelines of
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The containment air cooling system consists of three equal capacity
air cooler units. The system components and equipment requiced to
remain operable following an accident are located outside the
secondary concrete shield for missile protection at an elevation
that precludes flooding, are designed to withstand the differential
prevsures resulting from a loss-of-coolant accident, and are seismic

Category I.

A high containment pressure signal or a low reactor coolant
system pressure signal from the safety features actuation system
will automatically actuate the containment air cooling systcm,

The system can alsc be manually operated from the con%-ol room.

Based on our review of the containment heat removal systems, we
conclude that the svstem designs are consistent with the requires
ments of General Design Criteria 38, 39, and 40, and are therefure

acceptakle,

Secondarv Containment Functional Desizn

The secondary containment (shield building) is a reinforced concrete
structure surrounding the steel containment vessel. Potential
leakage from the containment vessel to the shield building and
adjoining penetration rooms is collected and processed by the
emergency ventilaticn system, which is a seismic Category I system.

The emergency ventilation system consists of redundant trains, each
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eme ’gency ventilation system will maintain the areas it serves at
a negative pressure to assure the collection of leakage from the

containment vessel.

The applicant has attempted to identify potential leak paths from
the containment vessel which bypass the volumes treated by the
emergency ventilation system. The bypass leak paths identified

by the applicant and the total allowable leakage from these bypass
leak paths have been included in the plant technical specifications.
However, all potential bypass lecak paths have not been idenéifipd.
The applicant ﬁas committed to provide additional information re-
garding this matter, We will conclude on the acceptability of
identifieu potentia: bypass leak pachs in a supplement to the Satety

Evaluation Report.

The applicant has analyzed the pressucre response of the shield
building following a postulated ivss-of-coolant accident, Baged

on our review, we conclude that the applicant has undercstimacted
the time required to depressurize the shield bullding and reach a
negative pressure of 0.25 in. w.g. The applicant calculates that
about 20 seconds is required tc establish a negative pressure after
the emergency ventilation system becomes operational which is atcuz
45 seconds after the accident; our calculations ir *icate that this
will not occur until about 30 seconds aiter the emergency ventila-
tion svetem hecomes nneratisnal, assumine an'v ane Erain fe Anarahls
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and test programs the applicant will confirm the operability of the
system components and equipment, and the functionmal capability of
the system to maintain a negative pressure within prescribed
limits., We will also require the applicant to verify the time
required to depressurize the shield building and establish a

negative pressure.

Containment Isolation System

L——-—— I p— I

The containment isolation system is designed to automatically
{solate piping systems that penetrate the containment to prevent
outleakage of the containment atmosphere following postulated
accidents, Double barrier protection, in the form of closed
systems and isolation valves, are provided to assure rh~t pc zincle
active failure will result in the loss of containment integrity,
The containment isolation provisions, including the isolation

valving and penetration piping, are seismic Category I.

Containment isolation will automatically occur upon receipt of
containment high pressure signals or reactor coolant system low
pressure signals from the safe.y features actuation system, Hizh
radiation signals are also used to isclate the containment vessel

purge system lines.

Based on our review, we conclude that the containment isolation
system design conforms to General Design Criteria 54, 55, 56 and
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Combustible Gas Control Svstem

Following a loss-of-coolant accident, hydrogen may accumulate inside
the containment as a result of (1) a chemical reaction between the
fuel rod cladding and the steam resulting from vaporization of
emerzency core cooling water, (2) corrosion of construction
materials by the spray solution, and (3) radioclytic decomposition

of the cooling water in the reactor core and the containment sump.

The combustible gas control system is designed tc control the
concentration of hydrogen within the containment vessel foll:ﬁ;ng

a loss-of-coolani accident., The system consists of the contain-
ment hydrogen dilution system, hydrogen purge system, recirculation
system, ™94 gos egnalyecr system.

The containment hydrogen dilution system contriis the hvdrogen
concentration within the containmenti vessel by the addition of air,
The system is seismic Category I ard consists of redundant trains,
The system blowers have a 100 SCFM capacity. The maximum pressurs

that the system blowers are capable of repressurizing the contain-

ment vessel to is 18 psig. X

The hydrogen purge system serves as a backup to the hyvdrogen
dilution system, and consists of a sin t-aim, It releases
the containment vessel atmosphere = - H#PFA and charcoal filters

to the station vent, The syster .: secisrlc Category I.
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The cor-zainment r;circulation system is designed to draw air

from the containment vessel dome and discharée it toward the con-
tainment air coolers, to provide a more uniform dispersionm of
hydrogen. The system is seismic Category I and consists of
redundant trains., The gas analyzer system is designed to moni tor
the hydrogen concentration within the containment vessel following

a loss-ci-coolant accident, The system is seismic Category 1 and
consists of redundant trains. Samples can be drawn from four points

in the containment vessel.

The applicant has performed .a analysis of the post-loss=of=coolant
accident hydrogen generation in the containment vessel follaowing a
loss=of=cooiant accident that is consistenc with the guldeliaes ol
Regulatory Guide 1.7. The applicant calculated that the hydrozen

concentration in the contaiament will not veach the lower flammability
limit of four volume percent until about 44 days after the accident,
and that the control limit of tli.se volume percent will accur alour

er the accident. The hydrogen concentration inm the cone

rr

24 days af
tainment will be maintained below tliree volume percent by actuati
one of the trains of the hydrogen dilution ‘stem when the coatrol

-
limit is reached. We have performed similar calculaticns for the

hydrogen generation in the containment following a logs=of-ccolant
accident and our results have confirmed thosé of the applicant.

Rased on our review of the svstems nrovided for combustihle zas
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conclude that the systems conform to the guidelines of Regulatory
Guide 1.7 and the requirements of General Design Criteria 41, 42 and

43, and are therefore acceptable,

Containnent Leakage Testing Prozram

The containment design includes provisions and features which
satisfy the testing requirements of Appendix J to 10 CFR Part 30.
The design of the containment penetrations and isolation valves

will permit periodic leakage rate testing at the pressure specified

in Appendix J. Included will be those penetrations that have

resilient seals and expansion bellows, such as personnel airlocks,

equipment hatch, refueling tube blind flange, hot process line

penetrations and eleecrvi-a? peuelrations,

The proposed reactor containment leakage testing program complies

with the regquirements of Appendix J to 10 CFR Part 50. Such

compliance provides adequate assurance that containment integrity

can be verified throughout the service lifctine of the olant and

that the leakaze rates will be periodically checked on a Limely
-

basis to assure that they are within specified Mmics, Maintaining

containment leakage rates within such limits provides reasonable

assurance that, in the eveat of any radioactivity releases within

the containment vessel, the loss-of-containment atmosphere through

potential leak paths will not be in excess of acceptable limits

specified far the site.
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We have concluded that the containment leakage testing program
complies with the requirements of Appendix J to 10 CFR Part 50,
and that such compliance constitutes an acceptable basis for

tisfying the requirements of General Design Criteria 52, 33, and

2%,
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