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MEMORANDUM FOR: Thomas M. Novak, Assistant Director for Licensing, DL

FROM: R. Wayne Houston, Ascistant Director for Reactor Safety, DSI

SUBJECT: SSER INPUT RE: HYDROGEN CONTROL MEASURES FOR CATAWBA
NUCLEAR STATION, UNITS 1 AND 2 ,

Plant Name: Catawba Nuclear Stat1or;, Unfts 1 and 2

Docket Nos.: 50-413/314

Licensing Stage: Post-SER, OL
Architect Engineer: Duke

NSSS Supplier: wWestinghouse
Containment Type: Ice Condenser
RESPENsible Brangh: LB#4

Project Manager: K. Jabbour

As part of the Containment Systems Branch (CSE) review of hydrogen contro)
for degraded core afcidents, we are furnishing as Enclosure 1 our input
for the next supplement to the safety eveluztion report. In this report,
we note that hydrogen control measures have been implemented at the Catawba
Nuclear Station which are virtually identicel to those approved for McGuire
Units 1 and 2. These measures are adequate to permit full power licensing
o{ Catawga. subject to the proposed Ticense conditions we identify in En-
= .- closure 2. '

We are continuing to fnvestigate 2 number of items related to hydrogen
control at Catawba. The resolution of these {ssues is a prerequisite for

sta€f approval of the present system as the permanent means of hydrogen
control at Catawba. ~

On March 19, 1884, we forwarded to DL proposed license conditions for
Catawba that would require resolution of a number of these issues prior
to full power licensing. At about that time, we received 2 preliminary
copy of a TVA submittal regarding operability of Tayco foniters in a
spray environment. Our subseguent review of this TVA submitta)l indicates
a possible need for suppiementary spray shields for glow plug igniters.
As a result, we now propose that an additionz) license condition to ad-
dress this matter be added to the license conditions we previously pro-
posec as cited above. The revised 1ist of 1icense conditions is provdded
in Enclosure 2.

CONTACT: R, Palla, CSE
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Thomas M. Novak v | 1984

We have reconsidered the completion dates for the previously proposed
license conditions and for the additiona) license condition we 2re now
proposingc. We believe that 2 more rezlistic target date for resolution
of 211 the outstanding issues relative to hydrogen control for Catawba
is December 1, 1984, Accordingly, the completion date for the revised
1ist of proposed license conditions is December 1, 1984, rather than
the dats for full power licensing of Catawbz, Unit 1, as we previously
proposed.

L brief SALP input is provided as Enclosure 3.

Qriginal Signed By
E. Wayne Hovston
.
R. Wayne Houston, Assistant Director
for Reactor Safety
Division of Systems Integration
Enclosures: B
As stated
¢c:  R. Mattson
C. Tinkler
& H. Garg
. C. Parcezski
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6.2.

ENCLOSURE 1

INPUT FOR CATAWBA SSER

CONTAINMENT SYSTEMS ERANCH

Combustible Ges Control

The steff indiceted in the SER thet meesures to control
the hydrogen produced from 2 pegraded core 2ccident in=
volving 75% of the sctive fuel claccing should be imple-
mented 2t the Catewbz Stetion before initiel fuel loading.
To satisfy this reguirement, the licensee hes installed
and implemented & distributec hydrogen ignition system

in Catawba Units 1 and 2 which is virtuelly icdentical to

" that whith wes installed in McGuire Units 1 end 2. Our

review of this system was besed on our previous review
of the McGuire hydrogen contrel systems, which we found
acceptable.. A cetailed cdiscussion of thet review is
providec in Supplement 7 to the McGuire SER (NUREG-0422)
and & comparison between the two is Ciscussed below.

The hydrogen mitigation system (HMS) dinstezllecd &t Cetezwbe
je identical to thaet installec 2t McGuire, except for
minor differences in terminzl box designation and ig=
niter location. 1In Supplement 7 to the McGuire SER,

ve found the McGuire HMS to be an ecceptable permanent
means of cegracded ccre hycrcgen contrel subject te im=

clementation of twe system cesign enhancements. The



system enhancements invelvef instellétion of twe 20cie

tioneél lower compértment icriters &anc four edditionmel
upper compartment igniters to improve the spatial
coverage of the igniter system, enc relocetion of the

jgniter system switches to permit manual actuation of

the HMS from the main contrcl room. These cdesign changes

have been incorporegtec intc the HMS at Catawba.

The HMS will be menually ectueated upon receipt of a
sefety imjection signal, Prccedures for securing the
gsystem 2re identical tc those in place &t McCGuire. To
ensure thet the HMS will function &s intendec, Duke
hes proposet & surveillence testing progream identical

to that &8t McGuire.

Although the cdesign of the Cat?ébe HMS and contazinment
building is virtually identicel to thet of McGuire,
the lLicensee performed &2 contéinment response enalysis
for Catewbe. The Catawbe arelysis wés based on the
latest version of the CLASIX code. This enealysis was
essentially &8 reenelysis cf the McGuire base ceser
with minor cifferences in the gllocetion of conteain=
rent velume arerg the vericus cempartments, anc the
heat structure cdetails. ALl other CLASIX input pere=

meters were the same s these usecd in the McGuire
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enalysis. This latest versiorn of CLASIX dncorporates
corrections in heat transfer mocdels for radigtion and
convection, and in flow path logic for propegeting

flames. Deficiencies in these 2rees were identified

during the McGuire HMS review; however, reeznzlysis of

McBuire using @ revised cocde wes net performed since
the deficiencies were judgced to provide conservative

results.

The CLASIX &anezlysis shows the hydrocen combustion be-
havior and conteginment pressure response for Ca2tawbea

to be similer to thet precicted for McGuire. The maxi=
mum containment pressure for the bese case wes 27.8
psias compared to 27.6 psia for McGuire. This is below
the Caztawba containment design pressure cf 30.0 psie.

A total of 1022 Lbm of hydrcgen‘ﬁas consumed in &6 lower
compartment &nd 31 upper plenum burns. In contrasts
1032 Lbm of hydrogen wes consumed in € lower compart=
ment, and 23 upper plenur burns for McGuire. With ree-
gard to contéinment temperatures, however, the Catawbe
anzlysis predicts significently cifferent results. The
centeinment atmosgchere for Catawbe is precicted to be
scerevimately 180¢cF pricr te the first burr and apprexe

imately 2250F ‘ollowing the Llast burn. Feor McGuire,
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significently higher Xemperatures were precdicted; mcre//

. - e © [~
c.;.“" specificellysr 2150F prior to the first burn ané 3200cf 320 F

following the last burn. In addition, the ice remain=

ing is precicted to be 3.6 «x 105 tbm for Catéwba versus

é

9.7 » 107 Lbm for McGuire., These cifferences in results

ere 2ttrributec to the CLASIX coce modifications anc the

gifferences in heet sink input.

The steff hes reviewed the design &nd analysis of the
HVS 2t Ceteawbe. Basec or our eveluation of the HMS
cdesign, we conclucde thet the igniter coverzge, &ctuation
procecures, &nd surveillance testing procecdures are ac=
tepteble. Furtherﬁore, analysis of the contézinment
response indicetes theat hydrogen combustion 2ssociated
with the operation of the HMS will not pose 2 threat to‘

the integrity of the containment,

We are, however, continuing te investicete & number of
issues concerning degraded core hydrogen control and will
conclude on these matters prior to spprovel cf the HMS

8s 2 permanent neene of hycdreogen contrel 2t Catawbe.

The items we &re investigating incluce the concensation

heat transfer rocels used in tre latest versicn of CLASIX,



equipment survivability for 2 spectrum cof 2ccidents,
air return fan and icte condenser door respense tc upper
compartment burns and igniter spréy shield effective=
ness. We have requested acdditional informetion anc
gnalyses from the licensee regercing these i;ems, enc
will provide the results of our review in & future
supplement to the SER. Appropriate license conditions
have been preperec tc assure sztisfactory resolution

cf these issues.

Accordingly, subject to the a2ttached license conditionsy
we find the measures provicded for hydrogen contreol durw
ing péstulared degreded core accidents to constitute

acceptable measures for full power licensing of Catawba,

Units 1 and 2.



ENCLOSURE 2

LICENSE CONDITIONS FOR CATAWBA, UNIT 1

DOCKET NO. S0-4132

Hycrogen {ontrol Measures (I1,E.7)

1.

Before initial criticelity, the cistributed ignition system
for hycrogen control shall be ingtzllec and opereble, &nd

shell be 2ctivated upon & sefety injection sicnel.
¢

Upgredecd anelyses end tests shall be completed by December 1.,
1984, to resolve the following issues:
g) thermal response of the contezinment atrosphere and
essentiel-equipment for & spectrum cf eccident se=
qguences using revisecd hegt trensfer mocels;
b) effects of upper compartment burns on the operation
end survivel cf 2ir return feans and ice condenser
doeors; and
¢) operability of the glow plug igniter in & sprey en=
vironment typicel of that expec%éd in the upper com=-

partment of the contzinment.
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Duke PoweRr GOMPANY f»! Freceved 7,
P.O0. BOX 33189 / ) ’
GHARLOTTE, N.C. 28242 Ll s nsd Lmw or
HAL B. TUCKER Wi
mwu reooUCTION (704) 3739501
2

May 22, 1984 I 1 0o

“Tedio-

Mr. Harold R. Denton, Director
Office of Nuclear Reactor Regulation
. S. Nuclear Regulatory Comwnission
Washington, D. C. 20555

Atiention: Ms. E. G. Adensam, Chief
Licensing Branch No. 4

Re: Catawba Nuclear Station
Docket Nos. 50-413 and 50-414

Dear Mr. Denton:

Attached herewith are twenty (20) copies of Revision 11 to Duke Power Company's
report, "An Analysis of Hydrogen Control Measures at McGuire Nuclear Station."

As noted in Revision 9, this report is applicable to Catawba Nuclear Station.

This revision provides responses to the questions submitted to Duke Power

Company by letter dated May 8, 1984 (E. G. Adensam, NRC/NRR, to H. B. Tucker,

Duke Power Company). This information should be inserted in Section 7.0 of Volume 3.

Please advise if there are any questions regarding this matter.

Very truly yours,

ot B Tuckss _

Hal B. Tucker
ROS/php
Attachments

cc: Mr. James P. 0'Reilly, Regional Administrator
U. S. Nuclear Regulatory Commission
Region II
101 Marietta Street, NW, Suite 2900
Atlanta, Georgia 30303

NRC Resident Inspector
Catawba Nuclear Station

Mr. Robert Guild, Esq.
Attorney-at-Law

P. 0. Box 12097

Charleston, South Carolina 29412

Palmetto Alliance
21354 Devine Street

| Co!umbia. South Carolina 29205 ' Wé



Mr. Harold R. Denton, Director
May 22, 1984
Page 2

cc: Mr. Jesse L. Riley
Carolina Environmental Study Group
854 Henley Place
Charlotte, North Carolina 23207



3.

Response to questions submitted by letter from NRC (Elinor G. Adensam) to Duke
(H. B. Tucker) dated May &, 1984.

With regard to the CLASIX code, the staff has previously requested
clarification of the structural heat sink heat transfer models. The
following pertinent points have been derived from the responses:

i) Heat transfer is based on a temperatuce difference determined by
(Tbulk ; Twa]l)'

ii) Heat transfer coefficients for degraded core accident analysis are
determined from a natural convection (stagnant) correlation appli-
cable to condensation heat transfer.

iii) CLASIX does not explicitly model mass removal due to condensation
heat transfer.

Based on the description of the CLASIX structura) heat sink model, it
appears that the CLASIX model differs dramatically from generally ac-
cepted approaches and is not, as is claimed, consistent with standard
methods such as those used in CONTEMPT. The differences are related to
the treatment of the three items cited above. By comparison, previously
accepted approaches are characterized by the following:

i) Heat transfer is based on (T

_ §§t - wa7l)’ when the surface temper-
ature of the hea’ sink is 1e3% "than sat’ 1-€» Twa]] < Tsat‘

i1) Heat transfer coefficients are based on condensation only when
Twall » Tsat‘

111) Condansed mass removal is based on condensation heat transfer with
provisions for revaporizing a small fraction of the condensate.

A more detailed description of accepted practice is contained in NUREG-
0588 and NUREG/CR-0255.

Thé effect of the CLASIX models would appear to be ihe de-superheating of
the atmosphere too rapidly thus reducing gas teaperatures and possibly
altering the combustion characteristircs.

Considering the above discussion, yrov'de the results of analyses, with
acceptable models to determine the e“fectiveness of deliberate ignition
for the Catawba plant. The analyses should address the effects of hy-
drogen combustion on containment int=grity and equipment survivability.
Furthermore, the analyses should be p2rfecymed to address a spectrum of
appropriate degraded core accidents. Spe.ific items that should be
addressed include:

a. Model input and analytical assumptions;

b. Calculated compartment atmosphere pressure, temperature, and gas
concentration transients;

£ Equipment temperature response profiles;



d. Differential pressure transients between compartments which will
allow for an evaluation of AP effects on interior structures and
mechanical components (e.g., doors, fans); and

e. Considering the capability of the containment shell, crane wall,
and the operating deck, perform an analysis to determine the maxi-
mum concentration of hydrogen which could be accommodated in & de-
flagration. Your estimate should consider realistic initial
conditions and approximate combustion parameters.

Response:

A justification for the use of the heat sink models in CLASIX was pre-
sented to NRC when this question was first posecd to Duke in Eliner G.
Adensam's letter of August 18, 1383. That response appears on pages
7.0-129 - 7.0-133. We have reviewed that response and continue to
support the case that it makes for the adequacy of the original analysis.
Our conclusion is that no additional CLASIX analysis is required to
justify the results of our original work.

We note, however, that the additional CLASIX analysis requested by the
staff was performed by AEP using heat transfer models which were in
accordance with the staff's request that the models conform to those of
NUREG 0588 and NUREG/CR-0255. The results of this analysis were reported
to NRC by M. P. Alexich's letter dated march 30, 1984. These results are
very interesting in view of the theoretical arguments presented previously
by Duke Power Company in support of the original CLASIX heat transfer
models. In their work, AEP compared directly the original heat transfer
models with those requested by the staff using identical geometries,
initia) conditions, and release ratr:. The AEP results indicate:

3. Pressure and temperature profiles are generally similar for the two
sets of heat transfer correlations. :

2. The original CLASIX analysis tends to underpredict the temperature
in containment at the peaks associated with the hydrogen burning by
about 100°F.

3. The original CLASIX analysis tends to overpredict the baseline
containment temperatures (the temperature of the containment between
hydrogen burning). This indicates that the original CLASIX heat
sink models remove less energy from the containment atmosphere in
the period immediately following a hydrogen burn and therefore
provide a conservative baseline containment temperature profile.

4. Further evidence of the conservatism of the original CLASIX heat
sink models can be found from examining the containment pressure
response. In every case, pressures during the hydrogen burn period
were higher for the original CLASIX analysis than for the analysis
using the "corrected" heat sink models. This indicates again that
the original CLASIX heat sink models remove less energy from the
containment atmosphere per unit time than the heat sink models based
on NUREG-0588 and those used in CONTEMPT.

7.0-130 Rev. 11



In summary, analysis performed by AEP wherein a head-to-head comparison

of heat sink models was made supports the position taken by Duke Power in
its previous submittal concerning the question of CLASIX heat sink models
(Revision 10). These models have been shown to be conservative from both
a theoretical and an analytical standpoint. The higher peak temperatures
during hydrogen burning predicted by the "corrected" heat sink models are
of no consequence to the analysis of equipment survivability as our surviv-
ability analysis used the adiabatic flame temperature (1400°F) rather than
a lower temperature predicted from CLASIX results.

The ability of the hydrogen ignition system has been shown to be effective
in controlling the concentration of hydrogen to levels less than 8.5% by
volume in CLASIX analyses, smal) scale testing, and more recently, in the
large scale Nevada tests. Our structural analysis has consistently shown
considerable margin in the containment design in its ability to withstand
the pressures and differentia) pressures associated with hydrogen burning
at this concentration. To seek some maximum theoretical higher concent-
ration which could be tolerated represents an unrealistic extension of

our previous work and, at best, can be considered of academic interest

only, and of no consequence ir proving the adequacy of the concept of
deliberate ignition.

Further support for the adequacy of the CLASIX code is presented in
reference (a), wherein CLASIX is compared with HECTR. For identical
input conditions, and in spite of considerably increased technical comp-
lexity in many of the HECTR models, results from the two codes are nearly
identical. We conclude that the models contained in CLASIX are suitable
for use in analysis of beyond design basis conditions, and that further
discussion of CLASIX is unlikely to affect our confidence in it as an
analytical tool for the study of deliberate ignition in ice condenser
containments.

Provide a complete evaluation of fan (both air return and hydrogen
skimmer as applicable) operability and survivability for degraded core
accidents. In this regard discuss the following items:

a. The identification of conditions which will cause fan overspeed, in
terms of differential pressure and duration, and hydrogen combustion
events.

b. The consequences of fan operation at overspeed conditions. The
response should include a discussion of thermal and overcurrent
breakers in the power supply to the fans, the setpoints and physical
locations of these devices, and the fan loading conditions required
to trip the breakers.

8- Indication to the operator of fan inoperability, corrective actions
which may be possible, and the times required for operators to
complete these actions.

d. The capability of fan system components to withstand differential

pressure transients (e.g., ducts, blades, thrust bearings, housing),
in terms of limiting conditions and components.

7.0-131 Rev. 11



Response:

This identical question was submitted by letter from NRC (Elinor Adensam)
to Duke (H. B. Tucker) dated August 18, 1983. It was answered in
Revisions & and 10.

3. Provide an analysis of the pressure differential loading on the ice
condenser doors created by hydrogen combustion in the upper plenum
and upper compartment. Describe and justify the assumed or calcu-
lated duor positions. Provide an evaluation of the uitimate cap-
ability of the ice condenser doors to withstand reverse differential
pressures. Discuss the probable failure modes and the consequences
of such failures; including the impact on a) adjacent equipment and
structures, b) ice bed integrity, and ¢) flow maldistribution.

Response:

Referring to previous CLASIX results for measures of the intercompart-
mental differential pressures results in unrealistically conservative
answers. This result is caused by the manner in which CLASIX models the
Tower inlet and intermediate deck doors. The dynamics of door closing
contains no inertial term; therefore the doors close instantaneously
whenever the net force in the closing direction is greater than zero.
For example, as soon as an upper plenum burn is initiated and upper
plenum pressure increases, the intermediate deck doors closed instant-
aneously. The pressure rise in the upper plenum will therefore be
conservatively high as venting into the ice bed will be precluded. This
effect was noted in the comparison of CLASIX analycis with similar
analyses using HECTR and COMPARE reported in reference (a). In addition,
reference (a) states:

"During burns, CLASIX predicts fairly large pressure differentials
between the compartments, which we would not expect to occur,
given the large flow areas connecting the compartments. HECTR
predicts rapid pressure equilibration, and only small pressure
differences between compartments. As shown later, COMPARE also
predicts rapid pressure equilibration".

Based on the discussion above, differential pressures obtained from
CLASIX might be considered a gross upper bound for the differential
pressures which would be developed in an actual hydrogen burn situation.
A review of previous CLASIX analysis reveals the following results. For
an upper plenum hydrogen burn initiated at 8.5% by volume, and a flame
speed of 6 feet/second, the maximum indicated differential pressure
across the intermediate deck doors is 1.2 psid.

As reported in an answer to a previous question, the reverse differential
pressure capability of the intermediate deck door is 6 psid. There is
therefore substantial margin in the intermediate deck to withstand the
reverse differential pressure associated with an upper plenum burn, even
under the bounding conditions of an analysis using CLASIX.

7.0-132 Rev. 11



For an upper compartment burn, which is shown to be precluded except
under the most extreme assumptions, the pressure rise time is relatively
slow due to the length of time it takes for the flame to propagate
throughout this large compartment. Results of the EPR] Nevada large
scale tests show that hydrogen is reliably ignited by top ignition at 6%
by volume in the presence of sprays or fans, and that the corresponding
flame speed is less than 10 ft/sec. Pressure rise times are less than
one psi/second generally for the cases where typical plant conditions
have been modeled. We conclude that upper compartment burns cannot exert
large differential pressures across the top deck doors, even if the doors
are assumed to be fully closed. In an actual hydrogen burn, the differ-
ential pressure would be minimized by the increase in flow area caused by
dislocation of the top deck blankets during the early portion of the
accident.

Identify the essential equipment needed to function during and after a de-
graded core accident. Provide the location inside containment for this
equipment.

Response:

This information has been furnished previously to the staff on at least
two occasions. Refer to reference (b), Section 6.2, and tc Section 5.2
of this volume.

In view of the recent TVA test results with Tayco igniters which indicate
desirability of additional spray shielding, please discuss whether
supplementary spray shields may be appropriate for the glow plug
igniters.

Response:

None of the glow plug igniters found by Duke Power to be required for
adequate coverage of the containment is exposed to a spray environment.
The four additional igniters added to the upper compartment at the
request of the staff are in the environment created by the containment
sprays; however, we note the following:

1. During the small scale testing reported in Chapter 2, there was
no evidence that a spray environment had &n adverse effect on
the performance of the glow nlug igniter.

2. The tests performed in the large scale test vessel in Nevada,
in which ignition was started by glow plug igniters located at
the center and bottom elevations (and thus in the spray) show
no evidence that containment spray inhibits the ignition of
hydrogen by glow plug igniters.

We conclude that no further testing or modification of the glow plug
igniters is required for McGuire or Catawba.




References:

(a) Camp, Allen L., Vance L. Behr, and F. Eric Haskin, MARCH-HECTR Analysis
of Selected Acc1dents in an Ice Condenser Conta1nment Sandia National
Laboratories.

(b) An Anal¥s1s of Hydrogen Control Measures at McGuire Nuclear Station,
Volume dated January 5, 1981 (this has been referred to as the "Grey
Book").
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DuKE PowEeRr CoMpPany

P.O. BOX 3Di88
ORARLOTTE, NG, BBR4R

HAL U. TUCEER TELEPROMR
VICR W e T T (YO4) 0734801
UnLEs FeELUTIUR August 31, 1984

Mr, Harold R. Denton, Directer
Office of Nuclear Reactor Regulation
U. 8. Nuclear Regulatory Comzission
Washbington, D. C., 20555

Attention: Ms. E. G. Adensam, Chief
Licenaing Branch No. 4

Re: Catawba Nuclear Stationm
Docket Noe. 50-413 and 50-414

Dear Mr, Denton:

Proposed License Condition 1), Hydrogen Control Measures, II.B.7, which
was attacbed to Facility Operating Licease NPF-24 for Catawds Unit i,
addressed & number of requirementa for initial criticality and 52 power,

Itex 11(a) proposed that the distributed ignition syster be installed and
operable and demonstrated to be activated upon & safety injection signal,
This is to advise that the Unit 1 Emergency Bydrogen Mitigation (EMM) Syster
has been installed and will be operab.e prior to entry intc Mode 2 as
required by Technical Specification 3.6.4.3., Also the appropriate emergency
procedure, EP/1/A/5000/1C, High Bmergy Line Break Inside Containment directs
the operator to energize the EWM System following verification of a valid
safety injection actuation signal,

Item 11(b) requests that upgraded anslyses be submitted for Staff review
and approval, Respounses to all outstaoding Staff questions on hydrogen
control measures were submitted on May 22, 1984,

Very truly yours,

ke & ok

Eal B, Tucker
ROS:sld

cer Mr. James F. O'Reilly, Regional Administrator
U. 8. Nuclear Regulatory Commission
Region II
101 Marietta Straet, NW, Suite 2900
Atlanta, Georgia 30323

Gadaterdee ip



