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ABSTRACT

Mus paper summanzes the techmucal bases 1or using a

assive autocatalyuc recombuner (PAR) system as a
avorable allernauve (0 an IgNILer sysiem as an adiunct
pre-inerung for combusuble gas controi in General
clectne s Simpified Boiling Water Reactor (SBWR)
luring both design basis and severe accidents. PAR
levices use catalyuc coaungs 1w tum moiecular hydrogen
and oxygen into water vapor, They are seif-starung and
seif-feeding, even under coid and wet conditions.
Buoyancy of the hot gases they expel at the top of verucal
{low channeis in the PAR sets up natural convecuve flow
currents that promote muxing of combusuble gases in a
contunment. Oxygen in the inened SBWR comatnment
agmosphere beging w be recombined as soon as hydrogen
and oxygen {rom radialysis or hydrogen from metal-water
reascuon is introduced. After discussing design and
qualificavion features of two siczilar PAR designs, the
paper focuses on their application for the SBWR contam-
ment. Simplified analysis based on measured depleuon
capaciues for full-size and scale models of the two PAR
lesigns have shown that the combination of pre-inerung,
{ree-volume diution of oxygen in the SBWR containment
nd several strategically located PAR devices can keep
the concentraton of combusuble gases below
flammability limits with a large margin. Resuits of a cost
study show that the life-cycle cost of the PAR approach is
roughly a third of that using igniters as an adjunct Lo
pre-inerung.

[ INTRODUCTION

Passive ALWRSs are under deveiopment by General
Electric, Westunghouse, U.S. and internanonal utilities,
the Electric Power Research Insutute (EPRI), and the
Deparument of Energy.’ Basic design pninciples include
satety, design sumplicity, mamtainability, and preference
for passive componenis that do not rely on acuve power
sources or support sysiems. These principles have led (o
adoption by U.S, uulities, internauonal ALWR
parucipants, and General Electric (GE) of the passive
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auocatal yue n:combmer as the preferred approach for the
SBWR conwnment *

An early design decision tor the SBWR was © use
pre-inerung (as o day's BWR Mark [s and [1s) instead
of igniters (as i Mark I1Is) 10 conuol hydrogen from
metal-water reacuon in a degraded core accident. With
pre-merung, it 18 oxygen from post-LOCA radiolysis that
needs to be controtled. Utility requirements for ALWRs
disallow the use of containment purge and re-inerting
systems. Therefore, igniters were selected originally to
control radiolytic oxygen in SBWR accident scenarios.

The conmunment oxygen concentration history

at ineried pre-DBA values (typically 4 voi%) and glowly
increases over ume. Igniters—whether of the glow-plug
or spark type-—produce controlled low-energy buras as
the combusuble gases rise o flammability limits, The
containment is designed to accommodate thess small
controlled bums, which by their recombination sction
preciude bums of higher concentrations that couid
challenge contamnment integnity. But with the advent of
PARs, even these designed-for, controlied burns are
climinated as recombinauon can and will take place at
concentrauons well below flammability limits,

PARs perform thewr funcuon passively, drawing in
amosphenc gases containing hydrogen and oxygen of the
bouom inlet of a sheet metal housing and blowing ow
waler vapor from recombinauon at the wp. [nside the
device, recom bination occurs at a catalyst surface. PARs
are self-starung and self-feeding, even under cold snd wet
conditions. Buoyancy of the hot gases they cresto sets up
swrong convective flow currents that promote mixing snd
homogenization of oxygen and hydrogen in the
contmnment. These gases begin 10 be recombined & soon
as hydrogen 1s introduced into contanments as & result of
a design basis or degraded core accident. As discussed in
this paper, the recombinauon rate of a2 number of PARs
distnbuted throughout the SBWR contunment volume
keeps the average concentration of oxygen well below the
flammabuity limit. Since PARS have no moving pans and
require no external energization, they require no




perauonal procegures and are eastly mamtuned. 7T HiS 15
projecied 3 icad o greater hife cveie cost-eifectveness.
~hich 1s also a goai of passive ALWRs.

Because the results of the teasibility siudy<- were
utficientdy posiuve, the ALWR program has requested
NRC review and approval of the PAR concept. This
paper gives a bnef description of the design and
jualificanon of PARs and how they would be
implemented as an adjunct Lo pre-inerung to conuol
combusuble gases reieased dunng both design basis
accadents and scvere accidents 1 passive inerted
ALWRSs, namely, GE SBWRs. Wolff and Sliter”
descrnibed how PARs would be impiemented in passive
non-tnerted ALWRs, namely, the AP600D, under
development by the Wesunghouse Corporaucn.

The PAR approach is aiso appiicable for severe
accidents in non-passive ("evolutionary ) ALWRS, but
utaliues stwopped short of requuring 1S use 1n these designs
/st the change have a negauve unpact on their design and
ceruficauon schedules. If the PAR approach 10
combusuble gas control s accepred by the regulator and 15
projected 1o be sufficiendy cost-eifecuve, 1t could be
considered as well for evolunonary ALWRS.

. DESIGN AND QUALIFICATION OF PARs

There are two PAR designs believed to have the
requisite performance charactensucs and degree of test
qualificavon needed 10 be candidates for applicauon in
SBWRs. Both the NIS and Siemens designs are described
below. Although the ALWR feasibility study? was
performed for the NIS design, any catalytic recombiner
design that can be qualified to funcuon as required could
he selected by GE for implementation in the SBWR.

A, NIS Design

One candidate design for the PAR syswem discussed
i this paper 1s the pelletzed catalyst design developed
and qualified in Germany by the NIS Company in
cooperauon with Degussa (catalyst supplier), the Batielle
Insutute (test laboratory), and the Techmical University,
Munich (analysis). s development has been sponsored
by the German utlity RWE Energie, which 15 a

parucipant in the ALWR Propun.5

The NIS PAR device shown in Figure | is a
"molecular diffusion filter” (not the more conventional
{ixed-bed parucie catalyst filler, in which gases are forced
through the inersuual spaces between catalyst parucles).
The device consists of 88 flat, rectangular canndges
contaning a wtal of about 30 kg of hydrophobic sphencal
catalyst peliets, with 1-cm-wide open flow channels
between the cartndges. The total weight of a full-size
PAR 15 about 170 kg. The immense surface area of the

palladium-coated ouler laver of the porous ceramic peliets
acts upon aiffused gas molecuies, while heavier parucies
Or aerosois in the aumospnere flow through the open
channels with litte plugging of the peilet surfaces. The
gas tlow 1s drawn in at the bottom of the device,
recombined while passing through the flow channels. and
funneied into a chimney blowing the heated gas through a
quare hole at the p.

Figure 1. Drawing of the Prototype NIS PAR Device

Structurai supports for a PAR device can be
customized to suit a size and installation location. The
size of the devices can be vaned as indicated in Figare 2.
For devices in an open space, a convenient moment-free
support technigue would be 10 hang them from their four
comers on rods from above, as indicated in Figure 1. If
the potenual exists for the freely hung device 10 impact
nearby components during earthquakes, some form of
lateral bracing would be provided. The device can also be
supported from beneath or auached to a wall (see, for
example, the quarter-capacity unit on the nght side of
Figure 2).

Performance/qualification testing. Design
optimizauon, exiensive determination of performance
charactensucs, and qualificauon of the NIS PAR device
has been realized through a three-phase test program
performed by NIS and Bauelle® that included screening
tests of vanous cataiysts, model tests w chamcierize
performance (including under adverse conditions), and
full-size prototype tests in a multicompartment model
contanment.

The performance of PARs was determined
primanily by means of 41 tests on PAR models with full-
height catalyst cartndges and an 11 x 11 cm cross-
secuonal flow area. An additional 8 tests in & large
mulucomparument concrete contamment model confirmed
the performnance of a full-size PAR prototype and demon-
strated the ability of the PAR o withstand burns of up w0
10 vol% hvdrogen without structural damage.
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Figure 2. Sketch of Half-Capacuy. Quarer-Capacity, and
Wali-Mounted Quarter-Capacity NIS PARs

All but one of the model expennments were
performed under conditions typical of severe degraded-
core accidents in PWRs: pressures up to 2 bars,
temperstures up w0 125°C, and sieam concentrations up to
50 voi%. Hydrogen concentrauon was about 3 vol% in
maost tests, up o 11 voi% in some. [n addivion w the tests
with PWR-iike conditions, one test was performed with
20 voi% hydrogen, 70 vol% sieam, and 10 voi% ar w
amulate more the inened SBWR condition. The
aunospheric conditions for the model and prototype
performance tests of the NIS design are displayed in the
emary diagram in Figure 3.

In each expeniment, the following measurements
were made: lemperature rise in the caalyst matenal,
convection flow velocaty, and hydrogen concentration and
gas temperature at entrance and exit. In addition, the
history of hydrogen concentration, pressure, and relative
humidity in the test chamber was measured. From these
data the depletion rate and startup behavior of the models
were determined.

A best fit w the model and full-size test daia
gave the empinical curves of NIS PAR depileton rawe as a
funcuon of hydrogen concentration of the gas entenng the
device in Figure 4. Note that the depleton rate increases
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Figure 4. Expenimentally Determined PAR Depieton
Rates (1 bar = no steam, 2 bar = 50 vol% swam)

with increasing concentration and with increasing
pressure,

The depietion rates in Figure 4 are prunanty for
tests in oxygen-nch gas muxtures. [n the test with 20
voi% hydrogen. 70 voi% steam. and 10 voi% air (2 voi%
oxygen) at 2 bars, function of the catalyst was confirmed
for an oxygen-starved aumosphere. The messared
hydrogen depietion rate was 2 kg/b, corresponding 10 an
oxygen depleton rate of 16 kg/b. This compares
favorably with the hydrogen depletion rate of 2.3 kg/h for
2 vol% hydrogen (or oxygen) at 2 bars irom the oxygen-
rich data in Figure 4. Therefore, the sumplified analysis
below uses the depleuon rates {or oxygen-nch mixeres in
Figure 4 for both oxygen- and bydrogen-rich mixwures.



Note that on the basis of resuits irom several
nodel wsts designed 1o examine the etfect of inlibitors
such as sprayed water) and poisons (such as wodine,
~arbon monoxide. and soot from cable and o fires) on
Je pertormance of the PAR catalyst system, it 1s jusufied
0 conclude that they do not sigmficanuy reguce the
iepieuon rates of PARs determined from the 12sts without
wdverse condiuons.,

in summary, test data for the NIS PAR support
he tollowing features of the PAR approacn (as indicated
n the tollowing subsecuons these features are shareg (o a
lurge exicnt by the Siemens design):

+ PARs are ruggedly constructed and can be
installed 0 meet seismic qualificauon requurements.

* Smail-sized versions of PARS can be inswalled
n cramped areas.

+ PARs begin the controlled cawalvuc recom-
smnauoen of hydrogen and oxygen upon exposure (o these
Jases even al room temperaturz. They funcuon los
concentranons below 1he flammability hmit or in
nydrogen-nch and steam-inerted mixuures.

« PARSs generate substanual convecuon currents
by distributed forced venulation (e.g., each full-size NIS
device creates a gas flow of about 335 m3/h for an oxygen
or hydrogen concentrauon of 1 vol%). This promotes gas
mixing, homogemzing the atmosphere and eliminating
stratificanon.

* Performance of the catalyst is virtually
unaffected by all of the known poisons that were selected
for expenimental investiganion.

« Catalyst material 18 not measurably degraded
it consumed as i funcuons and is not subject W long-erm
aging degradauon (except perhaps [or some contaminant
busidup that could be cleaned by maintenance). Never-
theless, a surveillance program is proposed.

B. Siemens Design

Another candidate design of a PAR that could used
for combusuble gas control in the SBWR is the one
developed and qualified by Siemens in Germany.®

A drawing of the device is shown in Figure 5. The
operatung conceps of this device 1s similar w that of the
NIS design. The recombiner consists of a metal housing
designed o promoie flow, with gas inlet on the botom
and gas outlet at the wop. Numerous parallel thin-walled
staniess-sieel plates with a hydrophobic catalyuc acuve
coaung are ammanged verucally in the lower pant of the
housing. The basic design 1s configured for mounung on
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Figure 5. Drawing of the Siemens PAR Device
(Available sizes -- Length(mm)/Depthimm):  150/150;
4007150 1000/150; 1500/300)

Development tests were conducted (0 optimize the
configurauon 50 that 8 maamum rate of recombination is
achieved with a housing of minimum size. To allow
flexibility in the arrangement of devices in the vanous
compariment areas of a containment, the recombiner is
avauable in sizes from 30-120 kg in weight (see caption
of Figure 5).

Performance/ qualification testing. [n addition
1o development tests on model and full-size Siemens
devices, an exwensive test qualificauon program was
conducted to measure their depletion rate under a range of
hydrogen concentratons, sieam/ pressure conditions, and
vanous potential adverse conditions (see Figure 3). Some
tests were conducted in the same Battelle
multicompartment facility used for tesung the NIS
prototype. Qualification tests of the Siemens design to
German requirements were conducted under an
independent tesung organization, TUV. Measured
depletion rates of the Siemens device are shown in
Figure 4. Note that, even though the acuve cross-
sectional area of the full-size Siemens design is about half
that of the NIS design, the measured depleton rates are
roughly the same, except for the case of high hydrogen
concentrauons with steam.
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It was alsu successtully demonstrated that the
iepieuon raie of the Siemens device 18 not igrnaticanuy
aifected by iumpunues expected o be present dunng plant
OpEranon or In the contamnment atmosphere tollowing an
weident.  The tollowing powental catalyst inhibiors or
posons were ncluded in the wsung: fumes from weidmg
and solvents, waier, steam. clementary iodine. carbon
nonoxide, bonc acid, methyl 1odine, and ol or cable fire.

. Aging Under Operational Conditions

Catalyuc recombiners are construcied of metals and
ither matenals whose physical properues do not change
agnificantly under fong lerm exposure W operaung
(emperature and radiation environments in contanment.
For the Siemens design this fact was confirmed by
accelerated aging tests. Because PARs have no
agmficant aging mechanisms that cannot be tracked by
in-service inspecuon, they are expected (0 have a
qualified service life equal o the Life of the plant—
‘%) yvears for the SBWR.,

Preventive maintenance. The oniy potenually
signuficant aging degradation mechamsm {or catalyuc
recombiners 15 one that can be tracked by in-service
inspecuon—ihat 1s, fouling of the catalyst canndges due
0 seuling or plateout of contaminants that might be
present in the aunosphere of the contamnment during
operation. Although such fouling 15 almost certain not 1o
occur because of the normal precautions taken 10 keep the
containment environment reasonably clean, a preventive
mainienance program will be implemented w0 ensure that
PAR devices are able o perform their safety funcuon for
thewr entire service life. This program will consist of
penodic visual inspection of the catalyst surfaces in all of
the recombiners in the syswem, supported by sampling
surveirtiance performance tests.

Penodic visual inspections of the cawalyst
surtaces will be made dunng cach refueling outage, If
dust 1s observed, the catalyst cartndges or plawes can be
cleaned off with a vacuum or air hose.

In addition, penodic surveillance wests of catalyst
performance will be conducted. A representative catalyst
cartndge or plate will be removed from some PARs and
laken out of the containment during refueling outage.
(These will be replaced by new or renewed elements.)
The removed specimens will be placed in a standard
laboratory performance =5i apparatus al each station. A
conuolled flow of air contamning 8 known quantity of
hydrogen would pass through the specimen container.
The measured temperature increase of the exiting gas after
a specified ume from stan of gas flow would indicate
whether any degradation of catalytic reaction (in
comparison with baseline tests of new specimens) has
laken place.

I, APPLICATION OF PARS IN SBWR
CONTAINMENT

The turst siep in the design of any combusuble gas
conurol sysiem is the determinauon of combusuble gas
seneraton. The Code of Federal Regulauons’® gives
guidance concerning generated/released quanuties of
hydrogen and oxygen 1o be considered. In accordance
~vith 10CFRS0.344f), advanced reactors must address
combusuble gas etfects for a severe accident that releases
an equivalent amount of hydrogen as would be generated
from a 100% fuel clad metal-water reaction and the post-
accident aumosphere must not support detonatioss. For
design basis accidents. the average concentration of
combusuble gases must not reach the flammability Limit.
To meet regulauons for design basis accidents, PARs
need to be classified and qualified as safety-relaied.

For the pre-inerted containment of the SBWR, the
nume dependence of hydrogen reiease during severe
accidents as welil as the total quanuty released are not of
interest tor the design of combusuble gas conmrol syssems.
The containment aumosphere at the stan of an accident
wouid have the maximum allowable pre-inered oxygen
concentrauon of 4 vol%. Any massive hydrugen release
will only further reduce the relalive oxygen concentration
well below flammability limits. The only task for PAR
devices 1s to consume the slowly generaied radiolytic
oxygen to assure that flammability conditions will never
be reached. Therefore, loads from burning of combustible
gas need not be considered in the design of the SBWR
containment,

A simplified conservauve analysis has been used o
determune the required number of PARs distributed in the
drywell and wetwell of the SBWR.* The analysis shows
that only two PARs are needed to control oxygen for a
design basis or severe accident. Therefore, before
discussing the analysis, we give the rauonale for the
number of PAR devices tentatuvely selected for the
SBWR. Note that, since the recombination rase for a full-
size Siemens PAR is roughly the same as for an NIS PAR
(see Figure 4), the determinauon of the number of PARs
needed and the safety margin discussed below applies w
both designs.

*This analysis 15 essenually the same as that reported in
Ref. 2 and leads (o the same number of PARs in the
combusuble gas control system, but some of the
parameters (e.g., the radiolysis gas release raris in
accidents) have been updated with the latest inforraation
from GE for the analysis reported here.




v, Numoper ana Location of PARS

wogineering judement has been used 10 select ne
number ana locauon of PARs in the SBWR. 70 give a
sasonably uniform asmbuuen Of rCCOMDINEr Capacity
hroughout ihe contmnment. two tull-size PARs tor e
~vetwell ana 8 quaner-size PARs (2 full-size equivaients)
i the dryweil are 1ocated as indicated 1n Fieure o
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Figure 6. Prelimmnary Locauons of PAR Devices
2 Full-Size and 8 Quaner-Size) in the Drywell and
Wetwell of the SBWR (5 Quarter-Size PARS Distnbuted
Around Drywell),

B. Simplified Conservative Analysis

The analysis assumes a uniform gas distnbution
averaged throughout the conwnment volume. For the
SBWR, thus assumpuon i3 valid because of the reiatively
low oxygen release rates and long umes dunng which
mixing can take place by diffusion and by natural
convecnon; with PARs this mixing is enhanced by the
forced convecuon produced once the recombination
process within the PARS is established. Note also that the
overall depleuon rate of PARs distnbuted throughout the
contanment free volume has little dependence on actual
hydrogen distribution. because regions of lower
concentrauons with slower depleton are balanced by

egions o1 higher concentrauion wilh taster depleuon (see
Figure 4. This provides aaditionai contidence that the
smpiified analysis with the umform distribution
assumpuon s adcauate 1or esumaung the requured
numbper of PARS,

The analysis also conservauvely considers non-
-ondensapie gases only ii1.e., no steam). With this
assumpuon, sieam condensauon could not lead o any
siuaton that is not covered by the design and needs no
further considerauon.

The conuunment aunosphere at the swart of an
accident 1s assumed to be at the maximum allowable pre-
imerted oxygen concentrauon of 4 vol%. Any release of
hydrogen into the contamnment from metal-water reaction
dunng a DBA or & severe accident will reduce the relative
oxygen concentrauon. The only task for the PAR sysiem
15 1o consume the additonal oxygen siowly generaied by
radiolysis tn the core (or in any etfluent that has been
released o the contamment) al a rawe suificient 10 ensure
that the mual oxygen CONCentrauon does not IHCrease.
This will ensure with margin that flammability conditions
will never be reached.

Dunng a severe accident assumed (0 have a
completely degraded core, a preliminary esumate of the
72-hour average generation rate of radiolytic oxygen for
the SBWR is 7.5 kg/h. This average continues 10 decrease
as ume proceeds, but the 72-hour average is used
conservauvely o determine the PAR capacity needed 10
prevent an wncrease in the initial 0xygen CONCEnIRIOn.
Recombinaton of oxygen at this raie is equivaient 10
recombinauon of hydrogen at 7.5/8 = 0.94 kgh. From
Figure 4, the depieuon rate of hydrogen for one PAR at
| bar (with the conservauve assamption of no stesm) and
1.8 vol%" hydrogen is about 0.7 kg/h. Since the capacity
of 4 equivalent PARs is then 2.8 kg/h, we see that they
have about three umes the capacity needed 10 keep
oxygen from increasing above its initial concentration.
The excess capacity of the 4 PARS is even greater for
controlling oxygen n a DBA, for which the radiolysis rate
is smaller and the PAR depletion rate may be greater
(because the imiual oxygen concentration is higher with
less reiease of hydrogen from metal-watexr reaction).

bA complete metal/water reaction of 100% of the clad
would prodoce 2 hvdrogen relesse of aboot 1000 kg.
This amount of hydrogen assomed (0 be relessed
imenediately 2o & ol free volume of the drywell sod
the wetwell of about 9300 m3 decreases the initial 4 voi%
of oxygen w 1 8 voi%. We enter the measured depletion
curves in Figure 4 with an equal value of hydrogen
concentration (1.8 voi%) because recombination within
the PAR is governed by diffusion just as for the
combustion limits of about 5 voi% for borh hydrogen and
oxygen indicated in the terary diagram in Figure 3.




In summary, we can conclude from the simopufied
analysis (w.th Whe gready conservauve assumpuon of no
steam) that four tull-size equivalent PAR devices
{istributed throughout the SBWR containment would
cnsure oxygen ievels dunng either a DBA or severe
accrdent are mamntamed well beiow the flammatbity umit

After an accident. PARs wiil eventually reduce the
mixture of combusuble gases (o one where the
concentranon of the limiung (less prevalent) reacuve gas
in the containment 1s essenually zero. PARs can also be
employed to remove residual postaccident hydrogen by
the controlled gradual injection of air inio the
contaunment.

iV. PAR COST STUDY

A cost study was performed to examine the hife-cvele
economic feasibility of the PAR concept. This cost study
gencrated esumates of costs for PARs versus the
onginally envisioned igniter-based combusuble gas
control system for the SBWR. (Although the study was
made only for the NIS PAR design, a sumiar conciusion
would likely be reached for the Siemens design.) Costs
were categorized as capiual costs (in today's dollars) and
O&M cosis (in men-hours per refueling cycle). NIS
provided the esumaies of capital cost for PARs. GE and
equipment suppliers provided the estunates of capial
cou:ofmengmubueddmm. Quality assurance costs
were not included in the study (they would be about the
same for different combusuble gas control sysiems).

The table below summanizes the results of the swdy.

Capitai O&M
System ($1000) (Man-H/Cycle)
Original Igniter 482 64
System (42 igniters)
PAR Sysiem 165 24
{4 equv, PAR
units)

The following paragraphs give informaton on how
the costs were estimaied.

A. Cost of PAR System

1. Capital Costs. Capial and engineenng costs
are esumaied to be:

Capial Cost for a full-size PAR Unit = $20,000

Enginecning Cost = $75.000

Although most or the engineering cost can
probably be shared by ail of the plants i an SBWR
famuy, we conservauvely will retain it as a per-piant cost

The estumaied 5100.000 cost for genenc seismic
and environmental qualificauon of PARs 10 U.S.
standards can be expended once for all PARs in a famuly.
Theretore it 1s not inciuded in the per piant capital costs.

The total esumated instalied cost of the
4 "equivalent” PARs, engineening costs, and the $10,000
cost of surveillance test equipment 15 $165,000. This does
not include potenual savings in batery size reduction.

2. O&M Costs. Because very liwle specific
data was found to be avaulable 10 use as a baseline for
O&M costs, O&M ume esumates are based on judgments
and operauonal insights from uulity personnel as 0 what
would be considered reasonable in terms of man-hours o
pertorm the required inspectons and tests,

The O&M costs for PARs are based on the
inspecuon and plant laboratory performance surveitlance
tesung described earbier. Due 1o the 60-year design life of
PARs, no replacement costs are anucipated. The total
esumated man-hours per cycle for inspection/iesting of
the PAR system 15 24. This assumes thal the inspection is
done by 2 techrucians of 10 (2-full-size, 8-quaner-size)
PARs that are reasonably accessible and includes the
changing of 5 catalyst canridges (16 man-hours) and that
the tesung 1s done by 1 technician on 5 catalyst caruriges
and includes setup and knockdown time (8 man-howrs).

B. Cost of igniter System

1. Capital Costs. The onginal SBWR design
for combusuble gas control was an inered containment
combined with 2 divisions of 21 safety-related igniters
each. The igniters were glow plug or spark type wired to
remote batienies backed by AC power. The total esti-
mated installed cost of the 42 igniters, including
engineering, 1s $482,000. The cost of the additional
battery power needed is not included. As for the PAR
system, the cost of qualification is not included.

2. O&M Costs. The surveillance/preventive
maintenance program for the onginal SBWR combustible
gas conwrol sysiem consisted of & visual inspection of each
igniter, a system functional test for each division of
igniters, and an infrared lempe: ture measurement and
resistance 10 ground test of each igniter at each refoeling
cycle.

The 1otal esumaied man-hours per cycle for
mspecuon/ tesung of the ignuer system is 64. This
assumes that the inspecton is done of 42 igniters that are
reasonably accessible by 2 technicians (32 man-hours),
the funcuonai test 1s done by 1 operator and 2 technicians




Liking 4 hours per wgnier division (24 man-hours ). and the
resistance check 15 done by 2 technicians with circuils
centrally located taking 2 hours per division
(8 man-hours),

{n summary, the above esumates indicate that
imitial and operaung costs of PARs are roughly a wird oi
the costs of the onginally-envisioned igniter-based
adjunct o pre-inerung,

V. SUMMARY AND CONCLUSIONS

PARs are consistent with the ALWR design
philosophy, being sumple and passive 1n nature (no need
for electrical or other support systems, therefore,
invuinerable w loss of off-site power). Extensive perfor-
mance estng of two designs has demonstrated a long st
of desirable aunbutes, including funcuoning in a steam-
inerted aumosphers and resistance 1o potental adverse
conditions and catalyst poisons,

A simplified conservauve analysis has shown that a
PAR sysiem assures the ineried conditions that exust at the
onset of an accident 1n an SBWR will never be lost and
there will be no deflagrauon during design basis or severe
accidents. Four full-size-equvalent PAR unuts control the
oxygen 10 well below 4 vol% for both design basis and
severe accidents. A cost study indicates capital and O&M
costs roughly a third of those for an igniter-based system.

Thus the PAR approach meets regulatory require-
meats for combustible gas control while being sunpier,
cagier 10 maintain, and more cost-effecuve than
conventional systems. Upon acceptance of the PAR
approach by the NRC and impiementation by the designer
using & more detailed and in-depth design and analysis
process than discussed in this paper, the issue of hydrogen
control 1n SBWRs wall have a cost-effective resoluton.
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