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MARK lil CONTAINMENT i

HYDROGEN CONTROL OWNERS GROUP ;.p tonsiev.p,oject mono ,er
c/o Gulf Stores Utilities e North Access Rood of Highway 61 = e St. Froncisville, LA 70775 504 635 6094

. Ext. 2632 -

October 12.11990
HGN- 122-NP '

Office of Nuclear Reactor Regulation
U.S. Nuclear Regulatory Commission .
Washington, D.C. 20555

Attention: Document Control Desk

References: 1) Letter from J.R. Langley to R. Bernero, " Revision 2 to the
Hydrogen Control Owners Group Combustible Gas Control Emergency
Procedure Guideline and Supporting Appendices", HGN-110, dated.

,

December 1,1986 '

2) Letter from J.R. Langley to. NRC Document Control Desk,
" Revision 3 to Mark III Combustible Gas Control- Emergency ;
Procedure Guideline", HON-122, dated July 8,1988

Subject: -Revision 3 to Mark HI; Combustible Gas Control' Emereenev
Procedure Guideline

The Hydrogen Control Owners Group (HCOG) has revised th'e Mark III Combustible
Gas Control Emergency Procedure Guideline (CGC EPG) which was submitted to the

NRC in Reference 1. HCOG's revision of the Mark Ill CGC EPG resulted from
continuing HCOG reviews of this guideline, as well as discussions with the NRC
staff. Attachment I contains HCOG's resolution of NRC comments on the Mark III =
CGC EPG. Revision 3 to the Mark III CGC EPG is provided in Attachment.2.D The
enclosed revision to the guideline and'its appendices supercedes, in' total, the
information submitted in Reference 1. As noted in the enclosed revision of the
EPG, the format has also been modified to promote integration with Revision 4
of the BWR Owners Group EPGs.

Due to the revisions in the Mark III CGC' EPG, Appendix'B has correspondingly
been revised. Attachment 3 to this letter consists of a revised Appendix B.

Attachment 4 to this letter consists of Appendix C to the Mark Ill CGC EPG.
Appendix C identifies the methodology used in calculating the ~ hydrogen
deflagration overpressure limit (HDOL) curve. Example calculations and the
resulting HDOL curve have also been provided in Attachment 5.

In response to NRC questions in the October 22,1986 HCOG/NRC meeting, the HCOG
has developed vent path selection guidelines for use in the Mark III CGC EPG.
These guidelines are contained in Appendix D to the Mark III CGC EPG and are
provided as Attachment 6.
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The attached' document is the non-proprietary version of Reference 2 and is,
submitted in ~accordance with 10 CFR 2.790. .The proprietary-information
contained in Reference 2 has been omitted from this document.': 0

;
'

This submittal was compiled by HCOG from the best information available for
submittal to the Nuclear Regulatory Commission. The submittal is believed to
be complete and accurate, but it is not - submitted on- any specific' plant
docket. The information contained in this letter and its attachments should ^
not be used for evaluation of any specific plant unless the information has
been endorsed by the appropriate member utility,; IICOG members may individually , "

r crence this letter in whole or in part as being applicable to their specific-
.

Ver truly yours,
"

.

/

J.3dangley "f .%~h
Project Manager q

.

JRL/jlw
,

Attachment

|- cc: Mr. Lawrence C. Shao
Director, Division of EngineeringI-

and System Technology
U.S. Nuclear Regulatory Commission -!
Office of Nuclear Reactor Regulation
Washington, D.C. 20555

Mr. Ashok Thadani {
Assistant Director for Systems
U.S. Nuclear Regulatory Commission j

.'jOffice of Nuclear Reactor Regulation 1
Washington, D.C. 20555

sMr. J. Kudrick >

Plant Systems Branch 1,

'

Division of BWR Licensing
e

Office of Nuclear Reactor Regulation ,i
Washington, D.C. 20555 1

Mr. Lester L. Kintner
Hydrogen Control Project Manager !

U.S. Nuclear Regulatory Commission
,

Office of Nuclear Reactor Regulation '

Washington, D.C, 20555
,
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Attachments to
HGN-122-NP

;

!

,

Attachment 1_ Resolution of : NRC Open Items ard; Summary of Revisions [
to Mark III Ombustible Gas Control Eiisaw.y Prmachire -

Guideline (CGC EB3).

'

Attachment 2 Revision 3 to Mark III Combustible' Gas Centrol-
Emergency Procedure Guideline-

Attachment 3 Appendix B to Mark III' Cabustible Gas' Control
Emergency Procedure Guideline - Technical Justificaticx1

' For Steps in 'Ihe 03C EPGi

1

!

Attachment 4 Appendix C to Mark III Cebustib'.e ' Gas Otx1 trol
b

Emergency Procedure Giirialine - Calculational Prmarhwu

for Hyiupui Deflagration Overpressure. limit (HDOL) !

.
Attachment 5 Exanple Calculation of HDOL |

t >

|
|

l Attachment 6 Appeniix D to Mark .III Cambustible . Gas = Control. ;

Emergency Procedure ' Giirialine '~ - Vent Path Selection-
osicialines

i
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I. NIC OPEN I'IBS

'Ibe NRC has identified several cpen itens amamiated with the HOOG Mark
III Ctzebustible Gas Control Emergency Prmarke Guideline (OGC EIG) durirq |
meetings between the HOOG and the NRC. . H00G's responses to the cannants
are provided in' this section. A synopsis of. each otamnant alcrq with the :
HCDG resolution is provided below.

1. Eg: i

h HCDG needs to determine if the igniters should runain energized-
regardless of hSuf.i u .wniLeation in containnent if it can be

"confirmed that the igniters have been continuously operating. 'Ihe
NRC has suggested that the HOOG consider this change..

HOOG RESOUTfICH:;

| .
..

h proposed change to the Mark III ' CGC EEG would; make :.the- !

requirement for securing ^ operation 'of . the E igniters . haaari on-
containment hy&vfui - u .==iuation consistent with existing guidance
on securing igniters' hagari on dryWell hydLupM} dM MMIaution. I

^

,

! Current guidance indicates that the drywell igniters s!xmld not' be-
I deenergized if the igniters have been continuously operating since

the drywell hydrogen s. a:=iLeation avnaariari .the deflagration r

oven.r .esure limit.' 'Ihe basis for this guidance _isithat during: '

drywell break events, all oxygen'in the drywell will be purged due to
,the blowdown of steam fran .the reactor coolant pressure boundary -

break. 'Ihus, even if hyivf=> is relaaaari into the drywell' due to :
core damage, the at-W ue will be inert due to both the absence of

-

oxygen and the high v ==iLcations of. steam.- In this situation,La
high hiivf= > u a == >Lation is .not indicative 'of conditions which.

-

could lead to ocntainment or drywell structural failure. . Since the. r

containment and drywell igniters are powered frun the same circuit,
the Mark III CGC EEG reommnends.that all igniters remain energized.
rather than aarwing all igniters based on high drywell'hyi vfai
m c Lration. 'Ihe EEG reconnendations- are. waaari on thes
cxmparatively low risk fran leaving the drywellLigniters energized in D

an inert envirw -mit and the .high risk associated with securirq
igniters in the containnent.

| i
'h HCD3 has concluded that if the containment 1 ---m" steam inerted

during an event in which the containnent igniters are energized, Jand .
'

hydrogen production causes the containment hy&vfai v.n.=uitration to . .|eynaari the deflagration overpressure limit, it would be prudent ~for '

the operator to leave the igniters energized. 'Ihis conclusion,was
based in part upon acklitional' dieaaions with HCOG's i yi vfai ?h
nr=h ation experts (Dr. Bernard Imwis and Mr. Bela Karlovitz) whot

Iirrlicated that as the containnent is de-inerted, nr=hration would.
occur locally. if the igniter system remains energized, as' _n-- ei to
occurrence of a large global deflagration. N local canbustion of
hydrogen would not be expected to present a significant pressure l,
challenge to the containment structural integrity. 'Iherefore, since '

-1- :
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keeping the' igniters energized- -is ~Wai to reduce.the-threat of
hy&upn ocabustion contairnant . failure, . theJ. third operator::

,
,

contingency Action on page 1 of the' guideline has been nodified to t
'- reflect this zwvision.
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2. EM:

Step IC/H-2 - ~ in the Mark III CGC ER3 involves venting the contaiment
to remove anall _ amounts of hWuf= if the resulting radioactive'

| release would not exceed : releases ' permitted - by plant Technical; i

Specifications. The NRC has questioned if the operator may initiate ;

containment venting at inappropriate points..in accidents whid '

involve core da 7 ..

| H00G RE90 W PIG 4:~ :
1 3
1'

This step was most recently di - maad with the NRC in a June 23,~1988' ;

HOOG-NRC meeting. .. In! this meeting, the HOOG Jreaffirmed their < -

position that venting the contairunent. is an acceptable 'and prudent
operator action under cx:nditions: of both low radiation (i.e.,. lass.
than tadnical specification allowable limits) and- a~ hydrogen.
w-hation - above the minhman detectable limit (i.e., typically 0.5 '

>

.

percent). Appendix B to this. guideline daarribes the basis for this
(' step as follows:-

~

',

"This step pInvides for normal venting arx1 purging operationsIif '

small amounts of h % ufui -are detected 'in the drywell ;or_ '!
containment. This statement requires that vent and' purge
operations only be initiatarl if the radioactivity release rate due
to these operations is expected to remain below the site release
rate 100 presented -in the plant te&nical specifications. This
prevents any unr===ary radioactivity release ~in excess of-

technical specification limits.. '

Since the ER3s are hamad on a synytcznatic' approach,' Step PC/H-2 -
would allow normal venting and purging" as clong ;as the plant-

| release rate is maintained within technical specification' limits.
'

It is expected that an- accident severe enough to result in
significant hydrogen generation would- result in venting.~ release
rates in excess of technical specification limits."'

L Step PC/H-2 also includos a caution statement which directs the i

| cperator not to override high containment ' radiation . isolation
interlocks to initiate venting. 1he inclusion of- this caution
statement provides adequate direction to the operator to resolve the-

.

NRC's concern that the operator could initiate containment venting 1
with higher radiation levels pws==it in the containment. '

. . 1In diammaing this step with the HCDG, the,NRC irxticated that similar
,

I di an == ions have recently been held with the. BWROG's Egm p cy' j
'

Procedures Cm mittee on RevisionL~4 of the generic ER3s. While a- 1

final resolution of the 0.5 percent vent step has not been reached,,

i
| the NRC is rea.! valuating their basis for requesting that this step be

deleted. In light of this, and the fact that the HCOG-considers the 4

i subject step to be appropriate, the HCOG agreed to the following: 1)-
'

L retain PC/H-2 in the Mark III Mark III CGC EEG in its Revision 3; and
i 2) modify the generic Mark III Mark III CDC ER3 at a later date, if .
j. rw - ary, to be consistent with the IMHOG's approved generic Mark
; III CGC EIG. 1

d
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-I3. Il3f:-

Step .PC/H-4.2- in the Mark III' CDC -- EEG - requires the operator to .
utilize the backup containnent hy&w:rgi purge . if the hyiv:p=i
reocnbiners are ineffective :in u.u kulling hyi @ i concentrations.| t

The operator. -is! directed not to couplete this stap if the resulting
release rate - would exceed the offsite release rate whidt requires an ,

'
alert. .The' NRC questions if there is a potential that the operator-

may initiate-venting at an-inappropriate point in an accident,
o
I

HCOG REBOWITQi: :

HCDG's positioni has'been that this stap was an inportant part of' thel
cperator's options to 1 + .1 to the event. If the-reocabiners were '.

not controlling hi&mi wibuticm ard there was a relatively low |

level of radiation present, it was' considered prudent to direct the! - *

icperator to-initiate-the backup hy&v:pui purge in order to reduce the
potential for. the hydrogen curn.=ukution to reach the HDOL. .

,

However, the HOOG acknowledges' that the backup hyiv:pini purge system j
is a low flow systen (typically 50 scfm) whicts can provide only.a . 1
marginal contribution -in reducing the -hyi u:n i volume within the i
containnent. . This marginal benefit is offset by the risks posed by a
vent path that czuld' fail . open during the postulated accident.

.

t

scenarios. Therefore, the HCDG has ' deleted Steps PC/H-4.2"(initiate'- #
'

backup purge system): ard PC/H-4.4: (='we backup purge system) . frtan
the Mark III (rc EFG. - y

N,

:
- f.>

:r
i -It
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l' 'Ihe NRC has sa:gested that the drywell mixers should be activated if - i

L contalment HDOL is being appron&ed. '!his would help to dilute the:
containment hyivfui canoentration through mixirs the drywell~airmass
with the contalment air. Energizing the mixing ocapressors would ;
help to delay - the need for venting the contalment iu+-tive of ,

offsite release rate when the contalment deflagratico overpressure .

limit is reached. !

,

HCIX; REBOII/I'IGi:
,

Background:

'Ihis issue was addressed at largth during:the June 23f 1988 HOOG-NRC
meeting.. In discussing 'the appropriateness of using_ the drywell
mixing systm to provide a1 mechanism for dilution Lof a high
containment hyiufii um amiLration, the original design intent of the;
mixirg system was considered.. InJ reviewing this issue, the H00G

.

ocmuitted to sumarize,- in this submittal, the design philosophy Of
the Mark III drywell mixing system.

In r=aamhing . the design intent of the drywell mixirq systems, .
system daamiption rh,== wits ancyor Final- Safety Analysis Report ;

daam iptions were reviewed for each of the four Mark III facilities. 1

In all four facilities, the accident sequence for which the drywell
mixing system was designed, was ther same. Ihe subject accident'

,

sequence was- a loss of coolant wida'1t (IDCA) in which' the vessel '

water irrventory and any hy&vfui gas pr~w as.a result of the IDCA ;
are ~1ntr M a d into the drywell. ('Ihe hyivf. gas is postulated to'
result frun metal-water reaction, radiolysis, and alumimm and/or '

zinc corrosion.) In- order to reduce the~ drywell. hy& v:n o
concentration,. a system .was installed to remove hyivp.i .fra the i

smaller drywell volume and dilute it with the larger contairment
volume'. 'Ihis acocuplishes the' following objectives: 1) reduction 'of ;
drywell hy&upui - concentration;. 2)- introduction of hy&v:p: i-into a
large abv=== where the concentration would increase more slowly; arri
3) introduction of hylufa to the volume with reocabiners where it
can be-consumed.

While the specific design configurations'of .the >drywell mixirg system
at each of the four HCDG plants varies, -the design philosophy was the -
same. 'Ihis is further supported by the design flow rates of.the- i

'

various systems whid vary from less than- 500 cfm to a[ proximately.
1,000 cfm. 'Ibese flow rates can provide a rapid : turnover of'the
drywell air volume, but provide a very' slow mechanism for turning
over the containment air volume.

;

t

-5-
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Detailed Rascansa:

The HCOG maintains that a prmarhwe step for startirg the hAufui-
mixing system in mean where the contairment hy&ufsi cow etion . I

^

is aa w sching the HDOL is not warranted.- - The tactinical basis for
this position includes several considerations: -1)..the effect of
pressurizing (or repressurizing) the drywell- during event recovery;;
2) the contaiment ahmaphere dilution rate associated with mixing

.

'

system operation;. 3) the git .Lial for' hy& u p. ignition due to {operation of the hy&ugai ~ mixirg system; and,14): the difficulty .i
inherent in prwiding neaningful direction to the operator. - Eacts of- '

these considerations is die--M below. :

Pressurin=*-irm of Drywell: ,

. As die--M in the June 23, 1988 HOOG-NRC meeting, operation of'
the drywell mixing system in two of the four HOOG plants can. j.
lead to drywell pressurization. This pressurization 1would. !
result' in a "high drywell pressure" isolation. signal which would- !
significantly em=har the recovery actions that must be taken
by the operator. In these plants, only'a limited number of
scenarios could be postulated wherein operation of the drywell' '

mixing system could even be considered as a' potential dilution.
mecinanism. Prior to addressing these sequences, other sequences
will- be identified and briefly addressed to indicate why mixing
system operation could not'. be considered : as . an' option in
delaying venting.

.t
In order to reduce containment hy&upii.wice.ulcation.via mixing M
system operation, the hyl upui w n.==iLation.'in- the drywell' i

would have to be significantly lower than-in the containment. - 1

However, significant differences between drywell and containment 1hydrogen w e h ations may be precluded by volume interchange j
through the drywell vacuum breakers;if the two volumes were not 1
at similar pz-es. For scenarios where contairnent pressure
and hy&ugu concentration are high,' vacuum breaker operation
would result in scne movement of hysupus out of the contalment !

and into the drywell. For these . maaa, interchange of the
4

atmospheres via the mixing system would provide, at best, only a
limited additional equalization: mechanism. Therefore, .the o
dominant condition in whicts mixirg system operation might be
considered as a potential benefit is one: in which both.the
drywell and containment pressures _are low,Lwith high hys upii
med cation in containment, and low concentration in the a
drywell. "

Such conditions (i.e., low drywell arrl contairnent pressures
with a high hy&up:ii wm Lcation in the containment and ailow

1concentration in the drywell) could. be postulated during !
recovery frca a hydrogen generatico event. ' For those mama
where a dogaded core has been recovered, and drywell and
ocntairment pressures are low, both the low reactor water level
and high drywell pressure IOCA signals should be clear.

-6-
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Initiation signals 'for operable emertynney core cooling syntan i
~

(E03) . would; therefore, not. exist. 'Ihus, recovery.would be;in
r % =ss, and: containment cooling and/or decay, heat renoval
nodes of ECCS .should.' bel. in. operation.1 'In' this case, |.

pressurization of the drywell by operation of the mixing systems !

would cause re-initiation f of . the ; IOCA (i.e.,;.high drywell ;

pressure) signal.. 'Ihere : are nultiple; detrimental affacts
a - 4ated with this situation. 'Ihese include load abmMing and L |

~

'resequencing of :any systems epusting on the energency diesel
generators,- a sealed-in ' signal which would bypass the Resirkm1

.'

Heat Removal heat. ex & anger ,for a ' period ofc10 minutes, and-
< isolation of valves and: systens being used for recovery whi&
would not otherwiseLbei' isolated. Examplesiof c significant
problems : caused by a- , INA signal during recovery fmn
accidents / transients include:

- (1)' During . recovery, operators will be tremovirq decay heat ~ from <
.

2the ' core using'the shutdown cooling modeLof the residual
-heat removal '(RHR) system. '1he t operators will also be
renoving decay... heat | fmn,the containment / suppression' pool
usirxj the suppressionL pool 7coolingL mode of1 RHR. Upon

| receipt of a ITA signal, the cooling.madas of RHR'will be :
| isolated- and: the RHR-l willlinitiate inLthe. injection mode
L (IPCI) autanatically. - iSince ;the IFCI mode takes priority,
I suppression pool ' watern will be p--I to,the RW, the RHR
l heat exchanger bypass will open,:and the' majority of the

core and containment heat: removal capability;will be lost.

supplyiS g power, the IOCA(2) If the diesel generators are J
signal will initiate;' load shaming and sequencing. Tnads j
will be stripped from = the t busi -(all L aqnipnent ' that.-
consitutes significant.4160V. load) and sequenced back on in'- :
the IOCA priority. . Ihis could include the C c ergization- '

'

p
- of instrument air. system 1with no short . term re-energization !

because the IOCA priorityjsignal-~gives, preference.to--
energency core cooling ~ systems ' (ECCS) .

,

In the June 23, 1988 meeting,L NRC personnel acknowledged that
,

the distadvantages of> requiring mixing, system operation as a
,

containnent dilution mechanism nay outweigh-the advantages under
I certain conditions. . .However, this - position er-r=W only

those sequences in- which an~ isolation signal ~does not exist'at.
the time of mixing system actuation. 'Ihe NRC did consider-
operation of the mixirq systen a prudent operator action if a.
drywell isolation signal was energized. at the time cf mixing
system actuation. - In raspcsse to this,-the HOOG indicated that:
a high hydrogen cmmutcution within:the containment would be-
indicative of ' core. reflood, ard- most probably, event i

| termination. In this case, -the operator would have already H
inplanented or would be postured to -inplement whatever actions -
would be r-caly to actuate the ~drywell; coolers with the

!

-7-
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intent of reducing drywell pressure and clearing the isolation.
signal (e.g., bypass interlocks). This action would be prudent.
since it would support anhaag=rit operator actions. destined to '

~

y

ensure long term core cooling and event recovery.;

The actuation 'of fthe drywell mixirq system would' be a.

-

coun % r u mative action since it would result-in a very. limited'
dilution contribution:(see following diars=mion), while delaying

.

the need to vent only marginally, Land locking in'the high -

c
l drywell pressure isolation signal. . For these reasons,1 and those

'di - aa4 below, . actuation of the'drywell mixing system.is:not-
,

considered a prtxlent . operator action- under the a== =ad

! coruiitions and has not been incorporated into the Mark III . Ark:
! III CEC EEG. I

Dilutica Rate:
1

The goal of adding a step to the guideline which would require
.the operator to initiate the drywell mixing system during the;

,

>

subject hydrogen generation event'is to reduce the containment j
hyda yuo m m idation and . defer the- need to initiate

-

4

| contairunent ventirg. This step would require the operator to
i. initiate the- mixing systen if containment conditions indicated'

that the~ igniters and .- r+ - Liners were not- adarp tely
controlling the hyiv;p.n wm Lration., The mixing system would--

then be initiated to. offset. the increasingL hy & uf=>
uu wa:Lration and delay the time at which HDOL would be readed-

ard contairnent . venting would be' initiated 5to" safeguard i
containnent integrity. !

While the HOOG agrees with the goal of this' step (ile;, . defer
the need to vent), it is apparent that .the' design of the mixing
systen does not support this objective.t :In Previewing the-

,

appropriateness of including this step into the Mark III'CGC |
EEG, the HCOG examined the rate at which the: containment

| w m Lration would decrease'due to the operation of. the mixirq - S
systen. As noted earlier, the designs'of the mixing systems in 1

the four U.S. Mark III plants vary significantly... In developing
.

-

a "best case" ~ estimate, the HCDG member plant with the highest 1

| ocmpressor- flow rate-(i.e., 1,000 cfm) was evaluated. This
'

'

plant has drywell and
conta p 5pectively,

volumes off approximately
3270,000 ft ard 1,400,000 ft , ra rat a flow of .

1,000 cfm, the entire drywell . volume could be turned over in !

about 4.5 hours. This would support the design intent of the
.

system which is to transfer a potentially. threatening gas volume f

out of the drywell and into the containment.

1
*

However, assumJng a hydrogen concentration of zero percent 1n
~

the drywell and 5 volume percent = in the containment at the time
that the purge ccmpressors are initiated, the hydrugen ;

w m akation would decrease to a minimum of only 4.6 volume
percent at the end of a two hour period.. This: assumes a i

.;
y -8-
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ocmpzwaanr- flow rate'of 1,000 cfm, and demonstrates the limited ,

'benefit realized by operating this systEn with the' intent ofL

.

reducing the h%ufsi concentration in the ocritairunent.
,

Therefore,, while this systan very . efficiently. performs 'its| j
design | function of : mening . hyivf-i; frtan the drywell to the- "j.

containment, it is . ==11y inefficient in reducing contairunent ;

hydufni. win.r-makatiG) SVen Whel given in GMoess[of:tWo hours..
| For,this reason, the HOOG does not consider inclusion'of the '(

-

; requested drywell mixing system actuation step to be warranted.-
l

- Implementation:
-

,

In addition to the three considerations d4=M above, a final" i"' This: involves the-consideration also deserves ' attention.
ability to realistically; implement the;subjectmixingsystem '

step 'in a manner that provides clear,idefinitive direction to
the operator. The . ccx1ditions under which the hy&u,.o mixirg '

i

system would be operated are: 1): existing high drywell' pressure
,

- isolation < signal; and - 2)! inability'of igniters and reocambiners
!- to control hyi vpii u..=ubution to levels less than HDOL. The
! first condition is-1 definitive' and easily' determined by an

operator,. though the desirability 1 of. creating conditions.thatL
would. result in a continuous isolation;-signal Jis- low asi
d i a==M previously.: :The. second condition would require the'- ,

HOOG 'to identify: a hysufui v makution at which to initiate.
the drywell: mixing system. The subject hy&uf-i concentration 2
would be.- defined as being below the HDOL, while being above the-
hy&ufui -u m-ikation at- .which- hydufui igniters and- :I

reocubiners provide an- effective mechanism for hyl ufui !

control.' This latter consideration of a hysupu concentration- i}
above a minitann value would allow for optinum' utilization of the

l[primary hy i vfai u.=>Lul tools, l' e. , . igniters and reccanbiners, '

.

prior to actuation of 'a-secondary hyivf= control system- (i.e., y.

'

'mixing systems). 'l

-i
- A definitive means of inplementing this guideline is not clear, . '

ard due to the potentially conflicting.and/or confusing :1;
direction to the operator that may result,L the' HOXi again feels;
inclusion of this step in the Mark III CGC EEG is unwarranted. :

| Ctnclusicn: j

1herefore, the HCDG has concluded that the disadvantages of operating 9
. the drywell mixing system significantly outweigh the advantages, and .
| the' HCOG has elected not to irs.viW rate this step into the Mark III '

Mark III 03C EEG. >

,|

!
7

'
).

t
i _
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1

The NRC has suggested that HOOG consider revising step PC/H-5. in .the' 'I

Mark III CDC EIG. The pc-- =4 modification would irwolve-initiating I

containnent . sprays before: the ignitars, zw=hiners and drywell
,

mixing ocapressors are secured. The NRC sucpjestad that operation of F

the containannt sprays may: reduce the: containment pressure
sufficiently so that. the .hy& y . canoentration is - below - the :
deflagration overpressure limit.. This mit;$ht eliminate the need to -
secure the ignitars, reocambiners and hy&me mixing system
- g essors.

HOOG RESOIITf1GI:
1

The HCDG could not identify 1any sequences when actuation of|
containment sprays , prior to de-energizing the ignitars, rectanbiners

.'

arx1 mixing ' ocupressors would have adverse consequences. The HOOG
concurred with : the NRC| that actuating containment fsprays .might-
decrease _.the containnent pressure sufficiently' to; drop .the:
containment conditions'~ below the deflagration ompr.=wkire limits' .
The HOOG, therefore, has inplemented this RWon.

J
;

.
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In the October 22, . 1986 meetirg, . - the . NRC requested the HCDG to
provide a general set of = guidelines .that could be used by the-
individual' utilities . in identifying and prioritizing vent paths' for y

'
iuse in contairunent venting operations.. -

$

e

H00G REB 0mFIGi: = .;

t

'the HOOG has developed the regnested vent path selection guMalines'
| and -has enclosed thest as Appundix D to the Mark III OGC EIG. . (See' . J-

4Attadusent 7 to this transmittal.) 'Ihese guidelines were developed r

to delineate all factors whidt must be considered when hy&w gas
'could be vented frun the ocmtairunent. 'Ihese ocmocIns are presented ,

in Appendix D with;no priority -or hierardly to~ ensure the^ ;-

_ '

consideration of oads of the concerns during vent path ' selection.- ,

4,
> .

'

-
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|
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II. OIHER PROCEDURE REVISIGE

| In addition to the p u lare revisions delineated in the responses to the
NRC's open items, several other revisions? have been irwir.,cated'into '

.
Revision 3 of ;the Nrk IIIh=tible Gas control Emergency Prrvwhwe .

| Guideline (Mark: III CGC . EFG) . 'Ibe more notable revisions and the basis -
for each are briefly summarized below. i

m
'

a. Purpose / Entry Conditions
-!

! In accordance With~ the: BWR' Owners Group EFGs, both a " Purpose" v

statement and " Entry Canditions" have been irmsprated in Revision 3 -'
,

| of the~ Mark III CGC EFG. Ibe entry conditions utilize. vessel water.'

level,- and containment and drywell hy&ugn unwhation :as!

parameters which govem entry into this EFG.- <

b. Step PC/H-2.2

i In' Revision 2 to the Mark III CI;C EFG, Step PC/H-2.2 was arrv==nied;
! by- a reference to Caution 22 of the IMROG ems. - Since this caution

statement has been deleted in Revision 4 of the generic.IMHOG EFGs, .
the caution has been incorporated into: Step PC/H-2.2.- 'Ihis format is .
consistent with that used in Revision 4:E ms. [A similar revision
was incorporated at Step PC/H-6.1.]

c. Step PC/H-4.1.1

In order to ensure the hyivpri re.u iiners ~do' not ' initiate a--

threatening deflagration when they'are erwrgized, Step PC/H-4.1.1 was ,

revised to include consideratics of the HDOL prior to reccubiner
operation. A similar addition was made in Steps PC/H-4.2 ard PC/H-10
which govern operation of the r+:4 ainers.

!
d. Step PC/H-5 '

'Ihis step has been r==r=_=nced to provide! spray actuation prior to 'j
,

both reaching HDOL and the de-energizing. of - igniters and mixing '

| systems. (See NRC Open Item 5 rHm== ion.) = . In addition, it has been
'

revised to irm ty, rate the operator caution previously provided by h-

reference to Caution 18. 'Ihe current format-is consistent with that
| used in the Revision 4 BWROG ems.

e. Contingency on PC/H-6 i

In order to minimize the period of the: containment venting operation,
a contingency has been added prior to Step PC/H-6 to secure vent and
purge activities once the hy i v en wiwiration maintained below the
HDOL. 'Ihis step is prudent since at. the time the hyivpn
wi m iration drops below the HDOL, the threat posed'by hydrogen
wr m h ation to the containment structural integrity has been ,

mitigated. :
i
i

-12-
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f. Step IC/H-6=

Consistant with theLrevisionzto<the third operator - Oontirgency i-

Action, this step has been modified.to clarify the oorviitions tax $er -

which the ignitars.are to;be secured.- (See the dM= ion associatei ),

with NRC Open Itan 1.)

g. Contirgency On PC/H-8 _t
t

Step PC/H-8 is intended to remove ' residual v =uirations of hy&upui:
.

d
|- ' frun' the contairunent durirq recovery operations. To ensure that the-

'
j-

relocaticn of hy&upi frun the drywell to the containment does not-
result in a hy&ug u wd. cation which approaches HDOL, . the sutrject '.-- '

contirgency was added. ;While,this scenario'is of low probability,.. ,.

this step reflects the proper operator action to be taken fran a: <-!
_ 'synytcznatic perspective.

!!| ,:
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I

RJRMSE ]3

The purpose of this guideline 'is to specify actions for .cx:ritrollirq ' ]3
hydrogen concentrations in' Mark III .contati- J.a .and drywells in' ']3

-

. order to maintain containment integrity and aqd==rit surviv- lity. 33 j

Dme CONDITIONS :]3' .

The entry otmditions for this guidaline are any of the following: )3:

o RW water level below (-164 in. (toplof' active fuel)) or cannot ))3) ;
be determined. '

)3;

o Primary contairunent or drywell. hys ufnil concentration reaches -)3
(0.5% (minima detectable hydrogen conoontration)). :)3.

OPERATOR ACTIONS
[

PC/H Monitor and. Control
c*

Hyi vfui Cor.x.utmtions. '

i

If while-executirq the following stepsr ,

o 'Ihe hyivfui monitorirg. system is or beccanes. unavailable,
sanple the drywell and primary containment for hydrogen
in armdance with (sanpling procedure). .]3' ?.

o Drywell hyi vfui concentration cannot be determined to be-
below the (Hyivgwei Deflagration Overpressure Limit) and- ~ t

.

it cannot be determined .that .the igniters have been
:-

continuously operating _since the drywell hy & u pii-
, concentration am the (lowest hydrogen A4mhution
I that can_ support a _ deflagration)', secure and prevent

operation of the igniters,

o Primary containment hy&Wwii . corciud cation cannot be
| determined to be below the (Hydrogen -Deflagration-.

,

4

Ove,.r.w iiure Limit), arxi it;cannot be detwrinined that ]3
the igniters have been continuously _ operatirq since the -]3
containment hy i vfui concentration eyr=adad the (lowest )3hyivpii concentration that can' support a deflagration), -]3 -ithen aar' n u and prevent operation of hy&ufui mixirg 4systems, rw = hiners, and igniters and, iuoiir :ctive of-r athe offsite radioactivity release rate,' vent and purge
the primary ccritainment in accordance with (steps ;
PC/H-5.1 and PC/H-5.2) . until the primary containmera . '

hydrogen concentration can be determined to be below the
(Hyivfus Wlamation Overpressure Limit) .

Revision 3 -1-
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1

PC/H-1 When RW water level is below (-164:in.-(top of active. 33
-fuel)) or cannot be determined, - but only if primary

,containment - hy&w i w .cmilcation tis below the - h(Hy & w w. Deflagration Overpressure Limit) and._the- LI
.drywell . hydrogen concentration--is below the (Hy& w -i

~ ,Deflagrations ovespressure Limit),. operate: hy& w - - *1

ignitars.

PC/H-2 When primary containment ora drywell;>hyi w -i
concentration- reaches (0.5%f (minima detectable
hy& w . w .0->Lration)]- but 'only ~ . if. ' the site
rwHWvity release rate is expected to remain below
the site' release rate IID,1 vent and purge the primary-

ocntalment. to . restore and maintain primary contalment
and . drywell hy&wwi concentration below'.[0.5%. (minimum

|. detectable hyiwas concentration)) as 'follows: ' .;

i

(
,

If while' executing the following step.the sita
| radioactivity release -rate ? reaches -the site
'

release rate ~ IID,- isolateL the primary
containment vent and purge.-

.i

~

,

PC/H-2.1 Refer to (sanplirx] precedure];
,

L Isolation interlocks related' 'to -_high-'

containment radiation should not be' overridden!

i. to allow containment venting.: '
1

;<

i

.

- .. -. Li
PC/H-2.2 Vent the primary containment in jaccordanz with the!,

r

,

(pv w-Mre for containment venting)' defeatin isolaticm ?]3 ' ,

!

interlocks, if rw - v ry. If the primary contalment :)3
cannot be vented, vent the drywell- to atnesphere in : ,

accordance with the (procedure ;for- containment i

ventirxJ) .- +

PC/H-2.3 If the primary containment or the drywell: can 1 be :
vented, initiate and maximize the containment. and'
drywell puzge.

Revision 3 -2-
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L

Descuta (steps N/H-3 and PC/H-4) concurrently; ,

!

|
i

PC/H-3. Mcrtitor and control hyi+. ' ocncentration' . in -- the :
-,

. drywell. |
1

PC/H-3.1 When drywell hyi + i concentration readies (o.5%|
(minima detectable hyami ocricentration)) if primarv._

! ocntainment hyi + i concentration 1 is :belw the 1
(Hy&c. Deflagration overpressure Limit), and drywell |hy & c .E . ocncentration: is ' below the . (Hy i m . |.' '
Deflagration Overpressure Limit), operata 'hyi m ._
igniters.- '

N/H-3e2 Before drywell ' hydrogen concentration' reaches (4%- !
i

'

(lowest hyi @ i concere. ration which can. support an,
upward flama propagation)]L but only if'[RPV pressure is -
below- the- Primary Containment Pressure Limit)' and:

i

'

primary ccritainment hydrogen c.v .ci=.Lution is below. the .
'

(Hyimi . Deflagration Overpressure Limit), cparate the ;
1 drywell hyami mixing systems.

.

. , -

1

1, .

;2

4

;
,

*

i
i

; 5 0+ . . . . . . . i,
.

..O eee.eee..e..

.i

Cantainment
!

Pressure 25+
(psig) Primary Containment |Pressure Limit '

'!

o lo 20 30 40- ,

j

Primary containment
Water Level (ft.)

Revision 3 -3-
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!

! PC/H-3.3 ccritinus in this procedure at (step PC/H-5). !,
'

t

PC/H-4 Monitor and control hydrogen concentration in the
i

.

! primary containment. v

i

PC/H-4.1 men primary ocritainment hyew, concentration reamos !
4

!
[1% (minima hyi m i concentration for reocabiner

!'

operation or mininan detec..able hyday. ooncentration,
|

t
Mti& svar is higher))!

,

1. If primary containment b y & ws.ii concentration is
!; balw [6% (=v4 = = hydrogen concentration for
i

. reocabinar operation or the lowest hyam.! ocnoontration Mtich can support a deflagration, .

whichsver is lower) and the (Hyim. Deflagration 13 ;
; overpressurn Limit)J, then place hyi m . )3 |roccabinars in service. >

i

i2. If primary containment hy&%i concentration is
;

balw the (Hydrogen Deflagration Ove p .sgare Limit) jand if the drywell hy&v,.ii concentration is belw
rthe (Hy& m i Deflagration- Overpressure Limit), '

operate hyi% i ignitars.
L

IC/H-4.2 men primary containment hy&mi concentration rendes -)3 '

(6% (=v4 = = hydrogen concentration for roccabinar '

operation or the lowest hyl u, . ooncentration M 1 2
can support a deflagration, whichever is lower) or the )3 ;

,

( H y & v ,.ii Deflagration overpressure Limit)), enoure J3 ihyiv,.ii Isoombiners, t
i

PC/H-5 When primary containment hydrogen concentration reaches )3
(Hydrogen Deflagration overpressure Limit) and (primary )3containment pressure is above 1.7_.psig (Mark III 33

,

'

Qantairnant Spray Initiation Pressure Limit)), initiate )3 Lcontairnant sprays (using only those 'RHR pungs not -)3
'

required to assure adequate oors cooling by continuous -

operation in the LPCI mode). '

!

J3 ;

)3 :
| If while executing the follwing step the 33 ['

primary containment hydrogen concentration can ]3
'

be restored to and maintained- bal w the ]3(Hyi v,imi Deflagration Overpressure Limit), J3 |secure containment vent and purge. 33
)3 I

)3

Revision 3 -4- i
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l

PC/H-6 14wn primary ocritaiment hydrogen concentraticm ren&es
the (Hyi vf.. Deflagration Overpressure Limit) and it )3 :cannot be determined that the ignitars have been ]3

'

continuously operating since the contalment hyim-- .13.
canoantration avrmariati (6% (the lowest ocmoentration )3 ;

whis can support a deflagration)), secure the ignitars 33
'

and drpell hy&w,-. mixing systans, than irrespective
of the offsite radioactivity relemme rata, vent and ,

*

, purge the primary containment to restors ard maintain
3the primary containment hyi + . concentration balow !the (Hy& w,-. Deflagration overpressure Limit)' as j

follows: '

PC/H-6.1 Vent the primary containment in accordance with )3.
,

.:proemdure for containment ventirxJ) defeating isolation .)3..ntarlocks, if twenam/. )3

PC/H-6. 2 If the primary containment can be vented, initiata and 13
,

maximize containment purge.

:

PC/H-7 If primary containment hydrogen canoantration cannot be )3restored and maintained below the (HDeflagration overpressure Limit) , then in+-y&w,-. 1

tive of
whether adequata core cooling is assured, if primary *

contalment pressure is above (1.7 psig (Mark III.
contairmant Spray Initiation Pressure Limit)), initiata 33containment sprays.

!)3

( J3
! )3If while executing the following step the 13

containment hydrogen concentration reaches (the )3 .(Hy&wp Deflagration Overpressure Limit)), -33secure the drywell hydrogen mixing system. ']3
j3 ,

J3

PC/H-8 When primary containment hyi v,en concentration can be-
restored arti maintained below the (Hyiv,=. '

Deflagration Overpressure Limit), and drywell hyiv,..
concentration is above (0.5% - (rdnimum detectable

,

hydra; pen concentration)) and (RW Pressure is below the
Primary containment Pressure Limit), operate the

,

4

drywell hydrogen mixing systens.

- vPC/H-9 man primary containment hyi v.fu concentration can be
restored and maintained below the (Hyivver '

Deflagration overpressure Limit), and drywall hy& wp i
concentration is - below the~ (Hydrogen Deflagration )3oveig m Limit), operate the hydrogen ignitare.

Revision 3 -5-
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PC/H-10 ihan primary containment hys,. conoontraticas can be j
restorni and maintained below (6% (Itavinn hy&,-. Iocncentration for %4iner operation or the lowest f

L hyim. concentration which can support a !
j deflagration, whichever is lower) and the (Hyim. .J3 |Deflagration 0,erpressurs . Limit)), and hyam. )3 {
'

canoontration is above [1% (minin a concentration for :roomnbinnr operation)), operate the hyee .- !

| reca tinars. j
|

,

L

i D

! !

! :
.

,

P

I
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|
1
\

IC/H Mcrtitor ard control hy&ws.n and oxygen canoentrations. )3

nwiserfrat (Figure B-7.8)

The hyam. control section of the Primary Contaiment Control !Gd d=Mne specifies actions for u.mLwlling hyav,-. concentraticris .|
in Mark III contairments and drywells.. This pv-- two aplies only ito those plants with Mark III containments. '

A variety of w,s -rd.s and systems, as described below, have been
installed in the Mark III containment to control hy&w,-i produced
fran a wide range of accidents. Dccessive accuntlations of hyaw,-. '

could result in deflagrations which would cause ovesw surizaticrt of I
contalment, structural d=== to containment, or failure of vital
equipment located in the containment wnich would be ruquired in a .

;
post-burn envircraent. The equipment (e.g., hy& u,- igniters and 33r==hiners) whie has been installed will prevent deflagrations 33which oculd threaten either containment integrity or equipnerst )3survivacility for the majority of the accident sequences. !

,

The methods and systems used to control hydrogen in Mark III
containment plants are varied. The preferred method of control for

ismall amounts of hyi v.fui utilizes normal venting and purging
operations, provided radiation release : rates are below technical
specification limits. Under post LOCA conditions which lead to (moderate hyivp.i production, this is not expected to be practical.
For this Inason, Mark III plants were designed with hyl u,..

i

,

roo:Inbiners to u d.wl hydrogen in the contalment, and drywell
hy& w, i mixing systems to force hydrogen fran the drywell into
containment.

v

As a redundant method to containment hy&w.pui u .Lwl by reconbiners, )3
Mark III plants are aqdmad with a backup containment hydrogen purge )3

i

systan. This systen is used to cvuLwl containment hyiv, i in the
event of reocabiner malfunction or inability to u iLwl hyiup.i '

am n=d ation. The Mark III containment plants also utilize a
hydrogen igniter system to control the amounts of hydrogen which
could be pW'ad by degraded core accidents.- The ignitars are used ,

to control hyl u,-i concentration in the. containment and drywell by
ignition of hy&wfai at low concentrations. This procedure actuates )3the igniter system as early as possible in conditions which could
lead to significant hyivp2i production during d.,taded core :accidents. This assures that em h etion of hydrogen'will occur atl '

the lowest possible hy&wfui concentration, whicts will accordingly
limit oveap.esure resultin:; fran possible emhi-tion.
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If the hyi m . ignitars, hydttgen rocambiners and the * A= '

containment hy& m . purge do not effectively ocritrol contaiment i
hy& +. , than this pretre subsequently directs the operator to 33' initiata ventirq of the containment. If deflagrations in contairannt )3 .

whicts could threaten # y--.c loss of contaiment integrity are ;
possible, than ocntairment venting is pursued regardless of resulting
offsita radioactive release rates.

'

r spec ed in Mark III ombustible 33} s presented in Figure ]3
B-7.8. 13

*

13
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l
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The entry canditions for this guideline are any of the followirg: ]3
o RPV water level below (-164 in. (top of active fuel)) or omrmt J3 !l be determined.

J3 I
;

o Primary omstainannt or drywd1 hyim concentration reedtes -)3
'

(0.5% (mininam detectable hydrogen ocncentration)).. ]3 ,

Dimmien: The entry conditions have been choesn'in order to give ]3the aparators sufficient time to . preclude hyi m , ocuoustion ]3 :contalment failure resulting from'a hyi + . generation event. It )3
'

has been calculated that there would be a mininum.of 10 mimtes. J3available between the time when the RPV water level reaches the top ']3of active fuel and the time when significant hyi m . prelan 33begins. This will provide the operators with sufficient time to
33mitigate the consequences of hyi m . generation. The entry )3

.

-

'

condition based cm primary contalment or drywell hyi m . 13concentration addresses the most directly monitored condition related
to hyim. control. )3

:
I

i

*

f

.

.
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PC/H Manitor ard Control Hydrogen CcEc btions '
| |

1

If while executing the following steps:
o 2a hy&c. acmitoring system is or. h unavm41mble, ensple

,

,

!
the. drywell ard prinar
with (sampling pu)y contairment for hy&c. in accordenas

-

>

.

)3''

o
Drywell hyi m . ocnoentration cannot be determined to be belowthe (Hyi m . Deflagraticn overpressure Limit) and it osmot bej W a mined that ithe ignitors .have been continuously operating

'

since the drywell hysmi concentration aw==riari the lowest
that can support a deflagratim),(securehyi m . ocaicantration

and prevent operation of the ignitars.
.

,

!
-

'

o
Primary contairment hyami concentration cannot be dembed i,

to be
below the (Hy&c. Deflagration overpressure Limit), and

-

it
cannot be detenined that the ignitars have been continuously

*

operating since the contairunent hy&,. ocnoontration amended )3
the [ lowest J3 ihydr y concentration that can s@ port a
elaM a-ation) , than seutu and prevent operation of hya . 33 -

mixing systaas, recxz2 ine a . ard ignitars and irrespective ofm. )3
the

offsite radioactivity release rata, vent and purge the ,

primary contairment in accordance with (steps PC/H-6.1 andi
.

PC/H-6.2) until the primary containment hy&c. concentration ,

can be datamined to be below the (Hyi m . Deflagration
!

,

overpressure Limit).,

;

.

tDi - -ion: Base contingent actions art applicable thraM 'the entirs hy&m. whul procedure and should be entered andannouted whenever #

conditions match. those described in thecontingent actions. If conditions are am ,iate, nore then
of the acrrtingent actions will be executed canourrently.c

one
i

In -general, these ocntingent actions are intanded to~ define- '

i ,

operator acticms when hy&mi concentrations are unknown, butare believed to be significant. In order for significant i

amounts of hy& m i to be generated, reactor pressure vessel
,

wetar level nust drop significantly below the top of activo foal :
(MF) level for some period of time. S e further the level'drops below the nF, and the longer it remains there, the

:greater the
potential that hydrogen production will occur. 2 eplant unique parameters that are used to define when hyimcanoentrations have reached threatening levels are the-

,

contairnent and drywell hydrogen deflagration overpressure ~ limit
(HCOL) . Appendix C of the hy&gi control' guideline gives the

i.
1

-4-
,

4 + = , - - . . , . .-. - - . , . - -,--m -.~,,-~m,-.- -..r --m.5,m..--..-,v., --~.,.>,v_.. m e-w ,-,.--w y -s-c.-4 .-*



. -- ---- .. -- _ - - - . - - - _ - _ -

|

|

$
tecimical descriptico of these limits and -the derivation of I
their calculational procedures. I

'Iha purpose of the HDOL curves is to assure that the postulated'
,

cerJMon of hyi + i and oxygen in contairment (or drywell)! )
will not result in .a sufficiently high overpressure that will )structurally fail the primary contaimant or adversely affect ;

the integrity of the drywell. 'Ibe contaiment curve is a plot ? lof hy& c . conoontration versus contairanent initial pressure. |Higher ocncentrations of hy&+i result in a larger pressure
increens during acatustion. As initial ocntainment pressure !
imemanes, the margin to the failure pressure decremens, and as
ocmoentration increases, there is more hy&c. in the volume to -
burn. Both factors result' in decreasing the allowable
ocmoentrations as the prs +2 L= tion contalment pressure ;
increases. 'Ihe drywell HDOL identifies the maximan allowable '

hy& m i pre--astion - contration for any initial pressure.
'Iha drywell HDOL is based on protecting drywe11' integrity as ]3
well as contalment structural integrity. ]3 ,

,

'Ihm first contingent action requires sanpling of the drywell and i
primary containment for hy& + i in accordance with plant i
s =-% if the hyi + i nonitoring . system h

t

unavailable. 'Iha usefulness of sampling . informatica is
dependent upon plant conditions and is subject to the operator's
diacrotion. For exanple, in situations where it is known that
adequata core cooling exists (i.e., due to core reacwory,.
significant amounts of hydrogen are no longer being generatad)
and conditions are stable, sanpling information can be used to'
determine hy & uf=i concentration and ' to assure that the HDOL
limit is not a h . If the ignitar system'is functioning as:-

designed, then the hydrogen cwcwmitration in the contalment, 1
for exanple, should be relatively constant regardless of.
hy&+i production rata since the ignitar- system maintains
hy&mi concentrations balcw 6% 91nha11y. _ conversely, if-
adequata core cooling does not exist, then tha~ hyi + i
concentration may be increasing. Since some ' lag time is' !inh >L in obtaining and analyzing sanples, sanple results
should be used judiciously. .Even though some time lag is, i

associated with this step, sanpling provides useful information.
on hy& + . accunulation trends in the unlikely event that the :
ignitare are not operating, if conditions allow several sanples '

to be taken. 'Iha operator will, therefore, ocabina the results
of mupling information with an maaaaamant of plant' conditions
when deciding what actions are appropriate.

'Iha seccnd arri third contingent actions are applicable if the ]3
operator cannot determine that the drywell and/or contalment ]3hy&mi concentration are below the drywell or ocntalment ]3 i
HDOL, as at:propriate. 'Ihe contirgent actions require that the ]3operator secure the igniters, provided he cannot de amine thatr

the ignitars have been in continuous operation frtun the time

-5-
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time that the hysveii w n d. ration a w m arim i the minima
ocmoentration which could support a . deflagration. The third
ocatingent acticn would also necessitate the c'.; -visaticm of J3the roccabiners and mixing systems' under the seen ]3
r 11tions. The intent . of . this . cmtingent acticn is to,

1 prevent a deflagration in the drywell and/or contairment whicts )3 .' would threaten either drywell or containment integrity. The use )3
of the minima canoentration that- can support a hy& ,. ]3
deflagratica as a ocntingency limit prwides a margin between ]3 :
this limit and the applicable HDOL.. This margin allows the 13cperator to have sufficient time to respcmd to an event where )3 :

the ignitar power supply and/or core reflood capability has been 13 |

| lost, with et y-it recovery- of both. Sequences can be )3 t
postulated in which recovery of a reflood source may aeussi 33 |
hy& ,i concentrations to gaickly rise above the minim m )3
deflagration limit before it can be determined if the ignitars- .)3 |
have been continuously operating. In this case it would be )3
prudent to secure the igniters prior to reaching the HDOL, and )3.
this can only be accanplished by establishing a contingency 13'limit that provides a margin to the HDOL. 33

If the ignitars have been 'in . continuous operation above the
minian hy& m i concentration which can support a deflagration
and hy & ,. is continuing to ar= = late, then the drywell :
arxl/or containment atmosphere is potentially steam inert or ]3cuygen starved. Recovery frtn these conditions would be 33
supported by spray operation (i.e., grwhm1 steam condensation) )3

'

and/or vent / purge operations (i.e. , introduction of. additional 33cuygen). ocntinued igniter operation under these ocnditions 13will not jeopardize either the drywell or containment since
either no deflagrations will occur or e=hmtion is occurrirx; !continually, usirg available oxygen to consume the hy& ww-.. In :

this case, continued operation of the ignitars prevents the
builchi of oxygen in sufficient quantity to allow embustion of '

the total amount of hyi w ei in the drywell an# or containment )3 - ;
,

I at onos and, therefore, prevents the resultant large pressure '

rise which could threaten drywell or containment structural
t

integrity,

similarly, for a steam inert ccndition, continued ignitar 13operation will not jeopardize the drywell or containment ja |

structural integrity since ce=hmtion would be prevented by the )3
high steam fraction. Continuous operation of the ignitors would )3

that ocabustion would occur locally, instead of globally, ]3ansure
as the steam fraction is gradually ruhv=4 by 9M=nt spray ]3 4operaticn. This mode of embustion (i.e., localized in lieu of )3global) prevents the large pressure rise that oculd result fztn 13

global deflagration that would threaten drywell or containment ]3a
,

structural integrity. )3 |

6. I
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If, however, continuous igniter operation cannot be verified ard
the operator cannot detamine that the drywell and/or ' )3 !
ocmtairanent hy& c . canoantration is below the applicable HDOL, - ]3 ithen the ignitars should be secured. )3 i

s

Hy&mi cumtrol pah Steps IC/H-6.1 and PC/H-6.2 are used
to control and et M aralize the venting and purging ;aparatiais. Appendix D of the conbustible gas control guideline ]3 i

lists general guidelines for hy& m i control vent path )3- |eclecticri. - ]3- i
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i

PC/H-1 man RW water level is talw (-164 in. (top of active 33.
fuel)) 'or cannot be determined, but only if primary ]3-
omstairment hy& m . concentration is bel w the (Hydrogen ,

Deflagration overpressure Limit) and the drywell hydrogen
'

~ ~ idem is belw the (Hy i m . wi ===*4 m' -

j overpressure Limit), operate hyi,- ignitars. l.

,

nim m uniert: operation of the hyim. ignitars is designed to i

prevent hy&c. ===mlation by igniticri of any hyim. at the .

1cuest ocncentrations. If conditions exist whicts oculd lead to >

significant hy&m. production, it is desirable to actuate the: ;

ignitar system as early as possible to control hyi ,.
4

aczmanulation. This step provides for operation of the ignitars
if RW water level cannot be determined to be above the top of '

active fuel (MF) . With RW 1evel at or above RF, significant
hym m . ganaration cannot occur. However, as RW 1evel
decreases to balw nF, conditions lacreasingly favorable for
the production of hy& m . will exist.

i

operation of the ignitars is conditional upon a contairuuant
hyi m . cmountration being belcw the contairtaant HIDL and a
drywell hy&w. concentration beim the drywell HDOL. |Operatiert of the ignitars with containment hyi m .
cxmountantions above the containment HDOL is prohibited sinom a
daflagraticri ard the resulting pressuru increase undar these ,

'

ccmditions could overpressurize contairnant. similarly, a
daflagration in the drywell with the drywell HDOL mvnmarlari could
damage drywell or containment integrity..

|

.
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,
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PC/H-2 14mn primary containment or drywell hyiw. ocmoentraticm
reaches (0.5% (minimIm detectable hyi + i concentration));
but only if the site radioactivity release rata is expected

.

to runnin below the sita release rata IID, vent and purge !
the primary ocntairnent to restore and maintain primary.
cxmtairment and drywell hydrogen concentraticm below (0.5%

,i(minizan detmetable hy&+i concentraticm)) as follows:
>.

.

Discussicm: his step provides for normal venting and purging !
aparaticos if small amounts of hydrogen are detected in the
drywall or containment. m is statement requires that vent and

,

purge operations only be initiated if the radioactivity release . .

rata due to these operations is expected to remain balcw the-
site release rate Iro presented in the plant technical:

.specificaticos, mis prevents any unnecessary radioactivity
release in aw=== of technical specification limits.

{ Since the DGs are based on a sygtematic approach, Step PC/H-2'

would allow normal venting and purging as long as the plant trelease rate is maintained within technical specification
limits. It is expected that an accident severe enough to result
in significant hyi i generation would
release rates in exce +ss of technical specifiction limits.. result in venting

I
If while executing the followirq step, the' site
radioactivity release rate reaches .the site
release rate IID, isolata the primary
containment vent and purge.

,

;
,

D h == ion: With only minimal amounts of hyi + i in the
contairnent and/or the drywell there is no threat to vital
equipnent or containment integrity; therefore, continuation of-
ventirg which would result in exceeding the site radioactivity

}release rate IID is urwarranted.
i

PC/H-2,1 Refer to (sanpling procedure) '

k

-9-
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*

Discussion: 'this step prrnides for the performanos of sanplirq ;

for airborne contaminants prior to venting operations to assure ,

release ratas can be expected to remain below the site
rwiWvity release rata Lco.

!

1

,

i

Isolation interlocks related> to high '

contairmant radiation should not be' overridden
to allow containment venting. ;

,

M/H-2.2 Vent the primary containment in accordance with the
(prrr= tire for containment venting) defeating isolation- ]3 -

interlocks, if renamaan. If the primary containnant cannot 33be verrtad, vent the drywell to act.;.piere in accordance with
the (g < twe for containment venting). >

;

i

Discussion: 'this step initiates the venting of containment in-
accordanon with normal plant ' venting prt:codures to reduos
ocmtairment and drywell hy& + i1 concentration. If the

.

'

containment cannot be vented, this step prwides for ;
establishing venting of the drivell to ate p.ere. Besides
reducing drywell hy& + . accumulation, venting.the drywell to ,

atmosphere will rarh primary containment hyi+i accunulation
i when ocabined with the establishment of a containment to drywell
I to a w -iM rs flow path.

,

In performirg this step, scue isolation interlocks may have to 33 ,

be defeated to accanplish the vent and purge operations.
However, the operator is cautioned not . to override .any ]3interlocks which pertain to high containment radiation in order|

j to minimize the offsite radiological release.
.

.

N/H-2.3 If the primary containment or the drywell can be vented,
initiate and mavimize the containment and drywell purge.

.

| Diam--ion: Maximization of the containment purge will maximize
,

the primary containment atmosphe.ru tumover, thereby mavimizirg -

contairment hydrogen removal. Similarly, mavimizirq drywelli

I

purge will mavimize rumal of hydrogen from tha drywell.
.

-10-
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If the contaiment cannot be vented, but dove 11 venting to
a % can be accm plished, nav4=4 zing ocntalment purge :

will increase ocntaiment pressure and cause the drywell vacuum
breakers to. open, thereby establishing a path into the drywell !

thtwgh which venting to atmosphere can be accuplished.
,
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Executa (Staps N/H-3 arri PC/H-4) concurrently
!

.

PC/H-3 Mcmitor and wiLwl hydrogen ci.ucisnication in the drywell. '

,

!

Dimoussion: Deacxition of Steps PC/H-3 and M/H-4 are performed;
;

| cxecurrently to aneurs both the containment and the drywell are
acnismed for hyi wi, . a m m iation. Step PC/H-3 prwides for'

the response to a drywell hydrogen accuntlation. ,

-

.

I

N/H-3.1 When drywell hydrogen concentration reaches (0.5% (minim a
i detmetable hydrogen concentration)) if primary containment

hyi + i concentration is below the (Hyi + . Deflagration
Omp - m Limit), and drywell hysu:,.ii concentration isi '

! below the (Hydrogen Deflagration Overpressure Limit),
!

'

operate hyi w, i igniters.i

Di m ion: This step provides for initiation of the'ignitars
acon as hyi+ is detected in the drywell, if they have notas

already been actuated as a result of Step PC/H-1 or PC/H-4.1.2.-
.Operation of the igniters should only be initiated, however, if :the containment hysurii concentration is below the HDOL and the l

drywall hydrogen concentration is below its HDOL..-As explained
in the bases for Step PC/H-1, operation of the ignitars when the ;3

,

HDOL is am could challenge primary containment or drywell pintegrity.

Since actuation of the igniter system results in the- [sin 11taneous actuation of igniters in both the drywell and the ~

primary containment, nonitoring of primary containment hyi+i
concentration is recpired to assure its HDOL is not er==4ad.

1N/H-3. 2 Before drywell hydrogen corcenication reacheo (4% (lowest .]3hydrogen concentration which can support an pward flame
propagation)) but only if (RPV pressure is below the ,

Primary Cbntainment Pressure Limit) and primary containment
hy&u:, ii v c=itration is below the (Hydrogen Deflagraticm
overpressure Limit), operate the drivell hydrogen mixing ,

systems.
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Dimmaim: 'D11s step prwides for operation of the drywell >

hyam. mixing systems prior to drywell hyim concentretiers
| reacitirq the range where defla.grations may occur. Initiation of
| the drywell mixing systems is called for to transfer hyam. |

frtan the drywell to the primary containment volume, and thereby
reduce the drywell hy&wi concentration below the level where

,

hyim. r=hmtion might . -

t

operaticx1 of the drywell hydrogen mixing systarns is conditional
upon hy&g. concentration in the primary containment. In the
plant specific case where the drywell hydrogen mixing syste s
permit direct cxamunication between the drywell and containment
without forcing non-condensibles through -the suppression pool,
use of the drywell mixing systems is conditional' upon RW
pressure. -

Since operation of the drywell mixing systems involve operation (of rotating v4P nt located in the containment, they may -

prwide an ignition source in the containment. For this reason,
initiation of the drywell mixing systems are conditional upon ,

primary ocuitainment hy& w w ce d. ration being below the
primary containment HDOL.

.

For those plants whose drywell mixing systems allow direct
cxamunication between containment and drywell ati@eres without rforcing rcr % 4ersibles through the suppression pool, an
additional cxxidition must be met prior to. initiation of the ,

'

drywell mixirg systems. 'Ihis condition requires that RW
pressure be below the Primary containment Pressure Limit. 'Ihis
restriction prevents direct blowdown of the reactor vessel to
ocritainment by bypassing the pressure suppression pool; an

-13- '
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occurrence which oculd threaten primary containment if the
postulated pipe break were large enough and reactor pressure were
hicph enough. In order to preclude this occurrence, RPV pressure
is recpired to be balcw the Primary Contairmant Pressurs Limit.
'Ihis assures that RPV pressure is low enough that any bicudown
whie mi g bypass the suppression pool will not threaten
containment integrity. ~

PC/H-3.3 contirma in this procedure at (step PC/H-5)

Diamamient onom operation of the drywell mixing systans has
been initiated, if conditions permitted initiation, the operator
is instructed to continue in the procedure at Step PC/H-5.. 'Iha
actions amanriated with these steps are conditional only upon
ocritainment hy&w. concentration. If drywell_ hy& ,.
amanlation were to continue until the drywell HDOL is rea&md,
than the contingent action described in the beginning of this
s. - bre rulating to the continuous operation of the hyi m .
ignitar system applies.

. )
,

1
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M/H-4 ltmitar and control hydrogen concentration in the primary
_contairment. '

r

Diwsmaion: Monitoring of containment hydrogen concentration is
provided for by this step. It is performed concurrently with ,

nonitoring of drywell hydrogen conoantration, as prwidad for in '

Step PC/H-3. *

|

| PC/H-4.1 lean primary containment hydrogen concentration reaches (1%
(minina byeuw.mi concentration for reocabiner operatice or
minim m detmetable hydrtgen concentration, whichever is *

higher)):
.,

1. If primary containment hydrogen concentration is belw
(6% (==vi = = hydrogen concentration for reocabiner
operation or the lowest hyivg-i concentration which -
can support a deflagration, whichever is lower) and the )3
(Hyivv . Deflagration Overp. m. Limit)), then plaos J3 |
hyi vv-i recombiners in service.

2. ....
.

Di=~~-ion: 'Ihis step provides for the actuation 'of the hyivy-i |
roccabinars to control hydrogen accumulation in the containment. .
Actuation of the reocnbiners is contingent upon the cx:ntainment
hyivv i concentration being high enough to allow riccabinar
operation, but not higher than either 'the lowest hyi vy-i
concentration which can support a deflagration (or the invimm
hydrogen concentration for retner oparation, if it is lower)
or the Hyi vy-i Deflagration overpressure Limit. At the point )3

| where roccabinar operation is prohibited, the heat produced 33
! inside the r=vnhinar can damage the reocnbinar internals. A J3deflagration inside the reocabiner could also damage the ]3rwv=hiner internals, or the reccnbiner itself could . initiate a )3deflagration. ]3

N/H-4.1 When primary containment hydrogen concentration reachee [1%
(minian hydrogen concentration for reotznbiner operation or
minimum detectable hydrogen coi s is tion, whichever is
higher)):

4

1 .L.....

2. If primary containment hydrogen c.umietion is below I
the (Hydrogen Deflagration Overpressure Limit) and if I
the drywell hydrogen concentration is below the !
(Hyi + i Deflagration Overpressure Limit), operate jhydztgen igniters. '

i

-15- -!
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1 Dimaion: As described in the bases for Steps PCVH-1 and )-

PC/H-3.1, the ignitars are actuated as ear.Ly as possible to i

control hy & ,. aoounulaticn. This step prwides for the Hactuaticri of the igniters if hydrogen is detected in the
acritainment, prwidad that the primary containnent hy & ,. J

oanonntration is balw the conta.'amant HDOL, and ptwided that !

drywell hya ,. canoontration is below the drywell HDOL. The
s

drywell HDOL is considered since actuation of the hya ,. ;
ignitar systani sinultaneously acetates - the ignitars in the ~

drywell and the primary containment. These ocziditionals rht !
containment integrity as described in the bases for step PC/H-1. ]3 ;

'

)3 ;
,

,

PC/H-4.2 When primary containment hydrogen concentration readwas (6% )3 ,('=v 4 = =. hy&p. Concentration for reocanbiner operation or '

the lowest hyi ,i concentration which can support a ,

,

deflagratico, whichever is- lower) or the' (Hyi m .- )3 jDeflagration overpressure Limit)],- secure hy& ,. )3rw m hiners.

Discussion: This step provides -for securing the hyam.
roomnbiners when hyi m . concentration reaches a level where a
deflagration can occur, or a level.where,the energy released by
the rw m bination of hydrogen threatens continued operability of
the Iwmhiners. ThiS Step alSo assures that the IeCGnbiners -)3will be secured if a potential _ exists for the rwmhiners to - ]3 ;initiate a deflagration which could result in ova m ization J3

'

m
of the containment. )3-

t

,

f

4

$

s

-16-
,

. _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ . . _ . . _ . . _ . _ _ _ . . - _ _ . . _ _



_ _ _ _ _ _ _ . . - - .

.. . . . - . ..
-

-
-

PC/H-5 m an primary contaiment hydrogen canoantration rea&as ]3
(Hyi m . Deflagration overpressure Limit) and - (primary 33ocritaiment pressure is above 1.7 psig (Mark III' 33Contalment Spray Initiation Pressure Limit)) initiata ]3
acritalment sprays (using only those RHR pumps not required ]3
to assure adequata core. cooling by contimous operation in ]3'
the LPCI mode). 33

,

Discussion: 'Ihis step has been included to assure that the- 13containment sprays are actuated in a timely nenner. It is 13ar*4 mirated that the sprays will be operating by this point in -)3tima due to guidanos provided by the containannt pressure 13ocntrol gnidaline. However, it is prudent to include this step ')3to ensure they are actuated. As discussed belw, spray ]3operation during an accident that involves hydrogen production- ]3prwides both a contalment pressure control benefit, as well' as ]3a scrubbing benefit prior to initiation of venting operations. 13

As noted above, initiation of containment sprays will reduce 13ocritaiment pressure. Since the final deflagration pressure is ]3the sum of initial containment pressure and the pressure rise }3caused by the deflagration of the hydrogen .in containment, J3lowering the initial containment pressure via spray operation' ]3will result in a lower peak pressure during any deflagration.- ]3'nxus, rwhW ng containment pressure may, dependinJ on the ]3hyda W . concentration, keep the containment in a condition -]3
belw the HDOL (and preclude the need to vent) even though the ]3hyi+. canoantration has not changed. Initiation of ]3
containment sprays will also provide scna additional scrubbinJ J3of fission products, thereby reducing offsite dose if venting is )3 ,still required.

)3
- |

Initiation of containment sprays is contingent upon a )3ocritaiment pressure above the Mark III. Contaimant Spray 13 ;Initiation Pressure Limit. 'Ihis limit specifies the lowest ]3 !

containment pressure at which containment sprays may be )3 4

initiated without exceeding the design negative pressure of the ]3ocritaiment. 'Ihis conditional requirement assures that tha )3contalment will not be challenged due to negative pressure in J3the contaimant resulting from spray initiation.
13

Since RHR punps are used for containment spray, the caution )3 j
ih mi= = tad into the text of this step is included to assure

13 >

that any RHR punp required for continuous LPCI operation to ]3 |prwide adequate core cooling is not diverted from the IKI moda )3 i
to the contaiment spray mode. Diverting any RHR punp whicts is ]3 !required to assure adequate core cooling is not justified sinoa 13
the venting and purging operations which follow this stap may be 13
able to eliminate the threat to containment without the use of- )3

-17-
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ocntainment sprays. Also, operation of the spttys alcon, may not 33
'

be effective in keeping the containment below the HDOL %wding 33 ,

on hyi m . concentration. Diverting resources fram prmW )3-
adequata core cooling under this condition may only serve to 33

*

Increman hy&c. production.
!
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13
13If. while executing the following step the primary ]3ocintainment hy& y concentration can be restored j3

to and maintained below the (Hyi+ Deflagration .)3overpressurization Limit), secure contalment vent
_33and purge.
J3
33
)3

Discussion: When primary containment hydrogen concentration can .]3 ibe zwhv=4 and maintained below the containment HDOL, this ,)3 i

caution calls for venting and purtJing operations to be halted.. ]3-'Ihis caution is appropriate since the threat to ocritainment ')3structural integrity from a deflagration in the' containment has )3 i

been aliJninated.
13

i

PC/H-6 ition primary containannt hydrogen concentration reaches the
(Hyi m i Daflagration Overpressure Limit) and it cannot be )3dotarained that the ignitors have been continuously )3 !operating since the containment hydrogen ooncentration 13 Iaw=mimi (6% (the lowest hydrogen concentration which can 33-9-d: a deflagration)), secure the igniters and drywell 33hy&%. mixing systems, then in w M ive of the offaite
radioactivity release rate, vent ard purge the primary
containmant to restore and maintain the primary containment

ihy& m i concentration below the (Hydrogen Daflagration '

om.re Limit) as follows:

Dimen== ion: Since a deflagration which occurs with hy& m i ]3
concentration at or above the HDOL could result in contalment
pressures =*ing the ultimata pressure capacity of the primarycontainnent, once the containment HDOL is reached, primary
acritainnent integrity can no longer be assured. For this reason, ]3possible ignition sourras related .to hydrogen control systems, 131.e., the hyi+. igniters and the drywell mixing systans, are 13senared if in operation. In situations where loss of containment )3is threatened, ocritainment venting is initiated regardless of
release rates. 'Ihis is preferable to a containment failure which

imay result in urm A.w11able releases.

-19-
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Hcusvar, as Mam h under " Operator Actions" above, there may J3 fbe acruiitions when the hydrogen in::reases above the HDOL and it ]3 !

may be prudent to maintain the ignitors energized. As noted in )3 j
this stsp, these ocnditions would arise when it can be confirmed 13 .

that the igniters have been operating since the ocntaiment J3 7
,

hy s ,1 conoontration awmarlad the lowest hy&,. ocncentration -]3 ;
*ich can ag part a deflagration. A contiming increase in the: )3ocntalment hy&c. concentration would be indicative of a steam J3 iinert or oxygen starved enviiw -.t. Recovery fztsa these ]3 .!cxmditicris would be supported by spray operaticri (i.e., gra&aal J3 i
steam ocndenantion)- ancyor vent / purge operations (i.e., )3 i
introduction of additional oxygen). )3

r

For an oxygen starved condition, continued ignitar operation will )3'not jeopardize either the drywell or containment since either no -13
'

deflagrations will occur or combustion is occurring ocntinually, 13using available oxygen to consume the hyi + .. In the latter ]3 5

case, ocntinued operation of the ignitars prevents the build @ of 33oxygen in sufficient quantity to allow *= tion of the total 13
anount of hy&mi in the drywell and/or containment at cnos and, ]3therefore, prevents the resultant large pressure rise whicts could ]3
threaten drywell or containment structural integrity. ]3

Similarr for a steam inert condition, ocntinued igniter 13
"

operati will not jeopardize. the drywell or ocntalment )3
structu integrity since ocnbustion would be prevented by the 13 ;high a fraction. Continuous operation of the-ignitars would )3 :r=*== tion would occur locally,1 instand of globally, )3ensure tnac

as the steam fraction is gradually r= W by C w it spray 13cperation. 'Ihis mode of combustion (i.e., localized in lieu of )3 ,global) prevents the large pressure rise that could result frtan a ]3- !
,

global deflagration that would threaten drywell or containment 33 .jstructural integrity. )3

In reviewing this step and the actions that should be taken prior ]3
'

to arti in response to it, the operator abould ocnsider the )3 i

desirability of opening inboard ECCS valves and )CNs prior to ]3reaciting HDOL. 'Ihis consideration arises due to the potential )3for a spurious ignition of hyi + . whicts could. result frtan 13
operation of motor <perated valves during periods when hyi m . )3a:nicentration eyr'anda the applicable HDOL. ]3

:

I

PC/H-6.1 Vent the primary containment in accordance with (r.w.dare ]3for contalment venting), defeating isolation interlocks, if ]3' !

r=r'aaney.
33

,

t

'>
-20-

-

. . _ - _ _ . _ - _ . _ . . . _ _ _ - . _ . - _ _ . - . _ . . _ _ . _ ~. _- .. -



Dimmient 'Ihis step provides forfthe initiaticr1 of
contalment venting to reduce hydrogen concentration in the
acritaiment. As di e? - i _in Step PC/H-6, this is a rranted
hm of the threat to containment integrity posed by hy&,.deflagration. 'Ibe caution incorporated into the text of this ]3step is included due to the possibility of having to defeat 13isolaticri interlocks to accesplish this step.

IC/H-6.2 If the primary ocritaiment can be vented, initiata and
33==w4=4 ** ocritaiment purge.

Discussion: Once the vent path is established, the contairmant
purge is mavimited, thus obta M the mavienn - hy& ,

ocnoantration reduction in CDntainment.

|

|

-21-
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PC/H-7 If primary cantainment hyorogen concentration cannot be |restored an:t maintained belcw . the (Ityim. Deflagration ]3 |Overpressure Limit),. then inusrgive of whether adequate ' '

cooling is assured, if primary contaiment pressure ~ iscore
;above (1.7 psig -(Mark III- Containment Spray-Initiation ;

Pressure Limit)), initiate containment spreys. )3 '

]3 |
Dimoussicri: If containment venting and purging' operations are
unable to restore and maintain the hydrtxpen conoontration below

:the HDOL and ocritaiment sprays have not been initiated in Step '

Iq/H-5 because of the caution, only' one adiitional measure !ruanains to be taken in order to reduce 'the threat ~ to: -)3- !ocritainment. This step requires that, istagdve of whether ]3-Wate core cooling .is assured, containment spreys should be. ~

,

.

initiated, providad containment ' pressure is above the Mark III: 'i-

containment spray Initiation Pressure Limit.
1As M e--M in step FC/H-6, a- deflagration' with hyim. - ]3 |

ocnoontrations above the containment HDOL could lead to the: loss
of containment integrity. With the loss of contalmentintegrity, uncontrollable- relaaaam would occur. Contaiment

,

sprays should be actuated at this. point regardless of whether or
not adequate cxare cooling has been' assured in order to provide
whatever reduction -in containment Epressure is possible and to. ;

4

= v4mize scrubbing of ' fission products if' containment failures
toccurs. *

Initiation of containment sprays' is the only remaining action 3
1
:

which will- rMvm or min 12nize' the threat to containment frm
.

i
hyi + 1 deflagration. Initiation of the sprays is, however, j
still contingent upon_ containment pressure aw==Mng the Mark '

III containment spray. Initiation Pressure Limiti.since minaian! ]3 !
of this requis-d. . could also threaten containment integrity.
due to excessive negative pressure.-

I

.

j
-|

'i

|
|
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.33'
If while executing the following step, the primary .]3corttaiment hy&wpoi concentration reaches the .33 .](Hy& w,-. Deflagration Overprussurization Limit),. .)3

:]jamns the drywell- hydrtgen mixing systen. 13 e

|-
)3

|. -)3: 1,

i

IC/H-8 men primary containment hy&ufu. v - ation can 'be'_
l.

.

- i
restored and maintained ,below the (Hy& vyi Deflagration ioverpressure Limit), and drywell hy& wgui v s ibution is'- |
above (0.5% . (mininum . detectable : hydrogen concentration)), . -|
and (RW Pressure is below the Primary Containment Pressure l

Limit), operate the drywell hydrogen mixing systems..

i

Discussion: 'Ihis step allows reactivation of the drywell.
| hy& up. mixing systems to enhan event recovery. Requirirq i

.,

containnent hy&upai v c=uidution . to be ' maintained below-
ocntainnent HDOL is appropriate since the drywell;hy& wfui mixing .;

' .,systems could serve ^as a- potential ignition source in~ the 1-

acritainment. 'Ihis step 'also requires a mininum - hy&us .
concentration in the drywell prior to initiating the drywell
mixing systems. 'Ihis is required since actuation of the mixing

;

systans would not be beneficial unless hydrogen is present in the
drywell. j!

'l'Ihe caution statement, lawever, acknowledges that~ by moving.'- .)3'hyivp. frta the drywell to the containment, the contalment ]3- ihiiup= > concentration can increase. 'Iherefore, .to ensure that. ]3 1

the event recovery intent of this procedure does not result in a ]3- ,

ccridition that could threaten containment integrity, t.6m caution - ]3 j
statement requires the. operator to secure:the'drywell;hy&uf=4- ]3

'

mixirg system when the containment HDOL is-reached. '

:)3

An additional plant-specific requisment is inc1txled for these
plants whoes drywell mixirg systems allow direct ccumunication ,

between containment and drywell1 .atH.wssares 1without forcirg !

non-ocridensibles through the suppression pool. 'Ihis requit-st
ensures that ' RW pressure is below' the Primary Containment
Pressure Limit prior to mixing system operation ~and is-diat'ia * '

in the haaaa for step PC/H-3.2.
,
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PC/H-9 When primary containment hydrogen concentration 'can-1be.
restored and maintained below .the (Hyi + i Deflagration; '

Overprumoure Limit),1 and drywell hyi + cm oentration is
;below the .-(Hyi m i Deflagration Overpressure : Limit),. )3

.operate the hyi m e igniters. '

e

i

Din-ian - 'Ihis step provides for re-initiation of tho' hyim - !

ignitars to -aid in controlling hydrogen concentration. , As~
explained in , the bases for Step; PC/H-1, hyiwi !ignitari

.

,

-

operation is contingent .upon a 'drywell hydrogen concentration '

below the drywell HDOL and a containment hyi+i cmoentration
below the containment HDOL.

;

' i

!

;

+

1

;-

i

* ',i

|
.

!

q
1

1

..

|

'|
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N/H-9 itan -primary containment hydngen canoentration can be
restored and maintained belw _ the (Hyi + i. Deflagration >

Overpressure Limit),; and drywell hydrogen canoentration is
balw the (Hyimi Deflagration Overpeassure Limit), .- ) 3 ?

'

cparate the hyi m i ignitars.

Diemesicm: . This step pzwides for re-initiation of- the hyim.-
ignitars to aid in' controlling hydrogen concentratimt.- AsT mined . in .the bases for Step PC/H-1, . hyimE igniter _ .1

operation is contingent _upon a ' drywell hyimi concentration
belw the drywell HDOL and a containment hydrogen concentration-
belw the containment HDOL.

,

!
*

,
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PC/H-10 When primary containment hy i vfui concentration can . be . j
restored and.. maintained below (6% (mavi== . hyama
ocncentration for- recombiner operation or the icWest -!.

hy& w ocncentration which can support a deflagraticn,-

whichsver is lower) . and ; the. . (Hyi,. -| Deflagraticn -
.

_I

-

13CMu pi. - - LM . Limit) J ', . and hydrogen concentration is above :]3 -
(1% (minimum concentration for rarv=hiner operation)),.
operata the hyim rectznbiners.

o
i

!
4

Di e== ion: 'Ihis step operates Lthe hy& wfui rec e biners when fcontainment hy&vfue uana:etration 'has been reduced to a level !
where the~ ruocabiners can~ be . operated without damage,.but is
above the miniman concentration. required, for . ruocabineroperation, thus reducirg the ' heat. load in. containment.
Roccabiners should L not be operated if the containment conditions

13ruumin above the- HDOL because the recombiners might-initiate a; ')3deflagration which could threaten containment integrity. .)3 j

!

.|
:

i

-j

:

H
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j
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<
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Attachment 4 to HGN-122-NP-

Appeniix C to Mark III MMtible Gas-Control'

Emergency PWire' Guideline '
1
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Calculational P W ire
. ,

For Hyivfai Deflagration Overpressure Limit!(HDOL) .j
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1.1 Technical name ription and Derivation of the Cale:httional Prmartwas

1.1.1 General

'Ihe Hy&w.i _ Deflagration Overpressure Limit (HDOL) curve is-
constructed by calculating the pressure increases resulting -)from burning various concentrations lof- uniformly: miwri lhydrogen, air and steem :in the _ contalment ' or drywell 1l
volumes. Eadt pressure ir s .is related to the pressure

!onpacity -of the primary volumes to get a relationship-(the -!
HDOL) between the initial pressure and the pavimm hy&yi

3concentration thatt can 'be ignited- without pet. Lial; joveipMzation of the volumes.

'Ihe use of the term " containment" in Appendix C is defined as'
the sum of the free volume of the wetwell, in+'a d iate and-
upper containment volumes..

The calculational procedures are divided into|two sectionst
containment HDOL and drywell- HDOL. -

2

!
1.1.2 HDOL

I
..

'Iha purpose of the HDOL curve is to assure -that the l

postulated * L= tion of- hyiws. ;and oxygen .ini the:
containment or.

drywell_ _ willi structurally: -fail. the i

will :not. result- in; 'an- !

oves.r- trization . that
containment. 'Ihe containment -HDOL-curve isl a_ plot 1'of ]3'hy&wf= > concentration versus cxmtainment initial pressure. 1
'Ihe drywell HDOL is not presented as a curve but rather as a
hy& w a. concentration -limit that: will ' allow -a;

- j
'

non-threatenirq burn of hyiwai.
+

'Ibe contalment initial ^ pressure has taken into account the-
increase in pressure as -a resultL of . ' a===ing that the
hy& w as has been added to a sealed containment.i .Since the
hydrogen concentration is- a pin cmit1 of the volume.and the -
densities of the enclosed gases are related to theLinitial

j
;

pressure of the. containment, the amount of hyi vf present '

incrm<um as the initial pressure increases.for equal volume
percentages of hy& ~ Likewise, as initial containment

increases,w ai.pressure the margin to 'the''' failure pressure
decre aaa. Both of these factors result in decreasing the
allowable concentrations as the' pre- * Lation containment

ipressure inczmaaa.
.

4

'Ihe pressure increase from a burn results from the heating of
the atsumigiere to high ' tenperatures. The mav4== pressure
mr9ms within 3 to 30 sEian nis, depending on hyivfue and
steam u.a uniLautions. Following the burn, the ar--J ee !2

-1-
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|' loses its energy to the heat sinks in the~~cx:ntainment and the' '

pressure decays to near the initial pre-burn pressure. 'Ihm 'l
pressure decay occurs within a few minutes.

.Ihe calculational. . r - bre,1 whichi ican _be e - 1=*=4:'
' '

algebrairally- or graphically, -determines the ' allowable
initial pressure in the primary contairmant for various

thyim. : oczioantrations.- 'Ibe r - - he was developed by-
analyzing the pressure rise that would. result from burns with- !
various. initial conditions utilizing L a detailed cambustion

;

cxmputer code. 'Iha calculated =vimm pressures are campared i

with the' ultimate capacity of the L. primary contairsmant to -
obtain :a relationship. between the ,r= =4==ihle initial. 3

,

pressure ard the =vi== hyimi concentration that can be
, ignited ~ without containment ~ _ov=r arization. . Sirca the;'

pressure rise is .a: function ofx hyimi and' steam
'

ocrioentrations,> the allcwable initial pressure.also depends
on these concentrations.' .Ihe methods enployed to determine'

the c HDOL do not require the operator to know what the steam
| concentration is.

Using. the CIASIX-3: otsputer code, pressure and tanparature
L transients are calculated for varyingL hyi m , and steam

. !'

-

ocncentrations utilizing -am. ,iate initial conditions for. J
the containnent. 'Ihe threshold 'for burning hyi m is dbetween -4% and 6%, therefore,- otmibustian o transientsLare i
calculat.ed for. 6, 8, 10 and 13 pmwd. hyivpsn by volume,
with varying steam concentrations frun 0 to 50 percent. -

;

1.1.3 e'm*=Lation Otmputer Code
3

'Ihe ocmputer code used to calculate: thee pressure .ard ftanparature inc:reases is the CIASIX-3 code.'' CIASIX-3 is a -
iWestinghouse proprietary code. 'Ihe CIASIX 3 code is a Mark i

III containment modification to.the original:C2.ASIX' code that a
was developed to perform hy&ufur cxnbustion analysis for. an .
ice-ocndenser containment. CIASIX-3'.is a maltivolume-
containment code which calculates the containment pressure iand tenparature response in the separate ocupa w es (i.e.,
drywell, watwell, containment).. CIASIX-3' has the capability. '

,

to model features of the systems unique to' a Mark III-

wtainment (including the suppression pool, refueling pool,; -

breakers, and drywell purge system)' while tracking the-. vacuum
dittribution - and effects of the atmosphere constituents ,

(i.e., oxygen, nil.ufui,' hydrogen and steam) . 'Iha code also ' t
has the capability of modeling containment sprays :and~ ;

structural heat sinks. 'Ibe burning of hyivrn is calculated !

in the code with provisions to vary the conditions under
which hydrogen is -=4 to burn and conditions at which the
burn will propagate to other ccmpartments.

-2-
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In performing CIASIX-3 . calculations for the HDOL, - tho' (
'

oantainment or drywell is =====4 to have a uniformly misced 1concentration throughout its volume.- Ignition: initiates a <

deflagraticri and= the flame front propagates throughout the: '

volume. 'Ihe duration of energy release is controlled by the- *

burn time, an input paramstar. 'Iha other critical ~ irput '

paramstars for deflagration type burns are- the -initial
hyimi, air and . steam or water vapor concentrations.-- '1he $(-

fraction _.of hyi ,i burned and the ' initial hyim. - d

concentration determine the annunt of energy released. 'Ihm f

peak pressure and tenperature are related to the amount of
is

hy&mi burned, the burn duration, the initial steam .

concentration,..and the - aware - turtulence.- 'Iha decay of : j
the' peak pressure-and tenparature is related to the energy of - 7
* = tion being transferred from the hot gases into the heat .',

sinks within the containment or drywell. | !

1.2 Input Parameters and Physical' Constants
'

| s

P Best estimate of the actual naximum -pressure the
primary containment can withstand i

P psia 5=
;

h Hydrogen enthalpy as a function 1 of temperature:'at. :]3'H !

P = 14.696 psia. See Table 1

V Drywell free volume im
3Vm ft'=

V Containment net free volume' (Wetwell,yirta*1 ate and
'

C
upper containment volumes) A

3 ''ft :V =
I

_

T
1

y Drywell IID . tenperature - (Limiting Condition ofILD
Operation tenperature from plant tech. - speos.) ',

i

T = 'CN F'
IIn

aT Containment IID tenperature prior . to' air /staanV !CIID
hydrogen addition (Limiting; Condition of operation '

t

tenparature from plant tech. specs.)-

T O.F=

P Normal operatirx3 drywell-pressure 'm
'

Pm . psia=

-3- 1
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P .to Lair / steam /hyl m i-.|C pressure prior
additicn '

,

!
Pc ph '=-

T Tauperature of hy&w i. When released through the-- )3- ?!g
suppreesien pool. -T will be the peak suppression:.H
pool tamperature duringf blowdown of a Design Basisi
Accident (DBA) .

Tg T=

R Gas constant for air :1.a i

R =- 53.33' ft-lbf/ltza ORIa

M Moleoalar. weight of hydrogeng
i

M = 2.016' .llm/lhn-mole?H q

M Molecular weight of air
}a '

M, 28.97 LlWlhn-mole L- |
=

icp constant pressure specific heat of hy&w i. ''

c = 3.42 Btu /lhn CR'p

cp constant pressure specific heat of airla
_

.

c = 0.24 Btu /ltan- R ip
a

P Peak drywell pressure due to. steam line' break
j

P ' psid '=

,

.. 1P Peak drywell pressure due .to recirculation line break -j
i

P psid- )
=

HDOL Mh The wav4= = hydrogen w Lcation' which :can be- . j

MAX- ;
safely burned as defined by the HDOL. -

{[
xg Molar fraction or percent by volume of hydrogen.- -

Molar fraction or percent by volume of steam.Xs
}

-4-
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x Molar fraction or pert:ent by volume of air.
'

a y

Sg Average slope of the rise in differential pressure
versus time in the drywell of a Design Basis Aer idartt. -

Sg Average slope of the rise -in diffarential pressure
time - in; the drywell as determined by CIASIX-3 - l

versus .,

code sism11ated drywell hyi+i burns. .
q

~

P O% Maxinum initial- pressure for a-safe hyi m i burn at.:ro
. I

. .

'

the mav4 =un hydrogen concentration allowed in the
ocntainment volume by the HDOL. u'

1.3 Containment Volume Asstmptions-

a. The gases are uniformly' mixed' in containment when M = tion-Loccurs.
i

ib. - No sprays or fans are operating during emb etion.l

c. Containment is at the - saturated at:mosphere tenperature (i.e. ,
relative humidity 1) for all cases where the' steam=

concentratim is greater than zero. j, ,
d. The Technical Specification Limiting condition for Operation. 33? l

(I.CO) - is used for the initial contairunent tenparature prior.to -
the additim of steam arx1 rcemdersibles to the containment. :;Initial containment pressure;is one.am -g = =.

M = tion durations vary _with hyi m i and steam
e. L

concentrations. Cambustion times. as. a function of hydrogen
1concentration are based on the large volumetric burns conducted

at the Nevada Test Site.- '

'

f. Before e=h= tion initiation,' 'the containment is assumed to be-
pr===wized - due to a . loss of coolant accident (IOCA) in the 13 1

,

drywell by additional: air ~ equivalent to the-drywell' air mass at .33drywell IID temperature. The addition is aboveiand beyond the-
air, steam, and hyi m i existing in containment atjatran g sric. 1

,

conditiens. This containment atausgere generates a nore
limiting pressure cruironment durity a hydrogen burn..

~ \g. For cases with no steam in the atra.opere, hyi@ is assumed '

to enter the containment at 150 l', con sgraling to ;the
anticipated suppression . pool tenparature, 'and equilibrate with - q

the air without heat transfer to the structures.
1

-5- I
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'1.4- Calculational Prmm+2re for the Containment HDOL '

1

Usiry the a== ngt.icns listed in Section: 1.3 and iriput listed in-
|- Section -1.2, calculate the HDOL containnent p=-----wtion initial . ,t

conditicos. 1he p - - tiv (enumerated in Sections - 1.4.1 and ' 1.4.2) . I
'

is rupeated 'for each ocabination of hyi%. ( ) and. water vapor
(x,) cx:moentration listed in Table- 2. P - o inSection 1.4.3 describes the calculation of tb; and; T;. Table 24 ccmtairment

,

( HDOL. i
>

.|
1.4.1. Calculation of Initial Canditions' for Cases with ~No Steam I

( 'Iha cases with no steam assuma .that tho' initial contairunant
pressurizaticm is, due to- addition- of . noncondensibles,<i.e.,
hy& % release to containment and air' carryover frun the -
drywall.

Calculata the initialRair masses in the dra.
contairanent and determine'the . total: air mass, m ywell and -

j
33i *l;_ a .

P Vm m * 144
m,N =

i

Ra (Ty + 460)'
i

m .= lbn- !aW. ;-j
| !

P YC * 144- jC
m -a - . ac

Ra.(Te + 460) . .|Im ,

I
a

% Libn=
,

,

q

L m - s,+m ja ac

jm, .- no
b. Usirg the. hyi wan volume fractions at zero. steam

' !,

,

w m h ution frun Table 2, calculate the hyi @ mass !
in containment. I

a

k b
mg m,--= *

'(1 - x ) Mg a

mg lbn=

-6-
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;

c. Determine the total mass of noncondensibles :in - i

cantainment.
..i

mp g 1+ mg=.

..,

^um ;mp =

<

d. At TH determine'the enthalpy of hyi . frun Tableil. ,

'

Btu /lbm ' ) 3 '-
-
"=

'.e.. Enter air | enthalples .ati drywell and cantainment ICO-

-

tanparatures (use reference tag erature of, absolute 1 ]3-
zero). ]3

9 T +460)CRm .= (Tm

h
aN Btu /lha -=

1

|

9 T (T +460)CR=

h.a- Btu /lha-=
C

1
f.. Calculate the specific? heat of 'the. re w eermiible

mixture in containment..
'

'

;

y
C = 1 (m Cap + mg Cp )-p

L. mp.
-i

t

Cp : Btu /1hn R'-=
,

'

g. Calculate the containment pre 2 tation x initial' '

tenparature, = =4ng' .no- heat transfer ' : fzun . the
g noncondensibles to the stzuctures.
1

'
~y. y .

_

m C
| p p

OT-o R=

-7-
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h. Calculate the~ containment pWratim - initial
pressure as a rem' e of noncordensible addition..

I X I I.m R T\-H a a oP- =- 1 + *.o
( (1-xg) ) - -( ( V ;* 144 ) -

.

'e

-P =-
~

o psia-
T

!

1. Repeat- stage '(b), (h) .for. ends combination !of|-

air /hyami ocncentrations (at .zero steam omstant) in'-Table 2.- - Convert =T to degrees Fahrenheit-and entero ;-P 'and T in the appropriate boxes un Table 2.1o o

1.4.2 Calculation of' Initial Conditic.is for Remainir's Cases
For the remaining cases, the containmmt is' heated'due to theaddition of steam fram 'the. suppre sion pool.. A : saturated ^ ']3 -

!

a'Waere is ausannari.

a. Estimate the. contairunent- tenperature,- andi cmImMate the' air
partial pressure.

-

IT "
C
i- q

ti

m STC da
iP

ai . |
"

VC *'144 I

P
at ipsia

|
"

t

b. Usity the volume ' fractions ' frm" Table |. 2,' calculate the air
volume fractico.

X =a 1 -x's~ XH

*a "
i1

c. Calculate the steam partial pressure and T the wu.aspW41ng
|saturation tenperature from the steam tables. '

i

X P -

;s aiP !"

si Xa- |

~

Si M '

T
i Psi) %SAT "

-8-
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d. Using Tq(P ) as the new estimate of: the ' contaiment j
tenparature, _ rupeat steps - (a) - (c) n-times until~ convergence j
(n'is generally 3 or 4)..

5

T (P )' 'T =
o

T =_ Do , ,

psia"P = ;an

Calculate the p.r - 2-Mion initial containment pressuru.-
. ;..

.

e. -

<

P_sn !
P "o

%
>

-t

P '=o psia-

f. Enter P and T in the appropriate box in Table 12.o o

Repeat steps (a)- _ (e), using a new estimate of containment
.

tanparature and new values of.x and~xH's 3

1.4.3 Calculation of Containment HDOL- -(
a. 'Ihe CIASIX-3 code nust be run (for each case)|to determine the==v4== pressure (P ) for insertion' in Table '2.f i

b. Plot each peak pressure (P ) versus.its cou. iir aling' initialg e
pressure (P ) on Figure 1. Draw,:the- lines of: constantainitial hydrogen w a h ation.

i
c. Plot the ultimate containment capacity'_(P psia) on.the,+

P axis of Figure 1, and - at ' that point extend .a lineg
horizontally across the graph.

d. Draw a line through the points'of zero steam concentration.-
Mark the . point- where this line intersects the P
horizontal line, and' record P the horizontal axis ter-
this point. 'Ihis point,. P0S,onwill'. be used later in thisosection to determine the maximum percent of = hyiwi
concentration allowable, %H max. ' ~

2

e. For a line of constant hydrogen % a iLcation, determine the
slope. 'Ihis may be done graphically, using any two points on
the line, or by establishing the slope fran a linear r4=551on
fit of the points (P , P ) in 'Iable 2.o g

<

-9-
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f. Pick. any. point (P Pg ) on .a -line of omstant
.

'

hyim. concentration.1,'Ihe critical-initial pressure for that .!
o

ocricentration is '

- :
~

CULT fl .+ P; !P .-
o1UCRIT SLOPE

'

1

I g. Q:rwert P' values to psig. Tabulate P in' J!

I Table. 3. h t: steps 1.4.3. ,(e) and (f) for each an .-
| Figure 1. '

h. Plot .
. -. . .

xg versus P en1 Figure 2 to. definei the;-HDOLD jo
curve.

i. The''HDOL curve -is extrapolated to an allowable pressure value. ]3
.of P which =is equal to '10: psig below the P value.

,

o ]3i
('Ihis 10-- psig margin is provided to mitigate the consequences ]3of a deflagration that could potentially occur at _the mv4== ]3 -

pressure as defined by - the HDOL.-) : At a Pa_ vertical line o_value' equal to 10 ']3 S
psig below' P draw frm the HDOL curve,

33 ,

to the horiz axis.'- . Ihe right side of the HDOL curve is ]3.
'

defined by this vertical line. '

]3'_

| j. Plot P 0% fr a 1.4.3.d on ~ the horizontal axis.=. Draw a
verti line frcan the horizontal axis to the HDOL curve. Draw '

. a horizontal line left frm the intersection of the vertical'|

line and the HDOL curve to the vertical' axis. 'Ihe intersection :
of the horizontal line. with :the- vertical axis (hyi m i lconcentration) defines - HDOL - %H max, . ;the ' mvi== hyi m i:
ocncentration which can'be safely burned.- ~ '

:]3 a2
-

k. In 9 == g, the HDOL curve is defined by the' horizontal'.line
frm a point at HDOL %H max on the vertical' axis to a point -2
defined by the coortiinates '(P 0%, 1 %H max), ' fztzn there along 'io 2| a curve drawn through points whose coordinates'are ( '
xg), and ending at P equals- P minus 10 :psig,o 33-
a vertical line to the horizontal axis defines the curve. i

~ ,.

1.5 Assunptions for the Drywell HDOL
,

aa. Prior to the postulated- burn, containment 'and drywell
pressurization results only from addition of steam and/or : ,

6

nanoondensible gases.
7

b. 'Ihe gases are uniformly mixed in the drywell when cm bustion
mm ns.

c. 'Ihe suww.ssion pool level has been raised by an upper pool
dung for those plants which utilize an upper pool dump.

,

-10-
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d. 'Iha 'Du:hnical Specification Limiting Cortiition for Operation ]3 |(IfD)- is used for the initial tenparature prior to the addition ;

of steam and additional nona:x1densibles: to the drywell..
Initial drywell pressure is one atr y are (14.7 psia),

e. Drywell is at- the saturated atr w g ere tenparature (i.e.
relative humidity -1) for all cases where the steam=

canoontration'is greater than rero.

f. M ietion- durations vary with _ hy&c. ' and steam .

ocsicentrations.' n=hiation times are based _ on tha :large '

voltanstric burns ccriducted at the Nevada 'Ihst Site.- i

g. 'Iha drywell HDOL will be eymriari when either of two critaria L
'

are met:

1) h hyivpn - burn . peak differential pressure P,/
fbetween the drywell _and containment, a W e the peak

differential pressure ;for either a main steam line or
recirculation line break.

2) 'Ihe rate 'of change of pressure with rwt to time
between the; drywell and containment is' greater than the
rate 'of change due to the higher rate of either a main;

steam line or recirculation line break.

'Ihm first criterion = limits nthe ==v4== > pressure due to a-,

hy&vg.. burn to that of a Design Basis Accident (DER).- Main
steam or recirculation line breaks are the most severe DBAs for
which the drywell must maintain'its functional integrity during *

and following the peak transient pressure. 'Ihese accidents
include the worst single failure which leads to =v4== drywell lpressure. 1

'Ihe second criteria isE premised on limitirry Jthe ' Inte ' of. 1
1

pressure . rise of a hyd&vg.. burn to that of:a DBA harwina of
the potential resulting suppression pool swell'arrl pool dynamic
effects on containment and drywell structures.. ' o

I

h. 'Iha differential pressure between the drywell and containment -] 3 ' -
is initially zero.

1.6 Calculational' Prmachim For the Drywell HDOL -
|

'Ihe pc ~- tive involves two calculations. L'Ihe first defines the
! HDOL by determining the critical initial pressure and the _seccmd
I defines the allowable rate of change of, drywell differentiali

pressure with respect to time. 'Ihe calculations are then cxmpared
1

to determine the drywell HDOL.

-11-
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Using the amenitions listed 'in Section'1.5' and input frun Section
>1.2, calculate the HDOL drywell ps 2 = tion initial carditions

T and The procedure is repeated for and cxmbination of;hhm.,P .o i

steam and -air- w e h ation listad in Table 4.- Record -)3 '

P and T in Table 4.o o
.1.6.1 Calculation of Initial' Conditions for Casas with No Staan.- -

The cases with no -steam assums |that the initial drywell-
priseurization~ is due to addition < ofi hy& m to.'the ,!

,

drywall.-
t

a. Calculata the initial' air masses in the drywell..-
-

P Vgg *.144gg

R'(Tgg .+ 460).a

m,gg. lbm .

-
~

b. Using: the hydrogen volumeofractions: at zero steam
concentration fran . Table 4, . calculate the hyhy. mass

.

in the drywell.. ..

|
N N'*g ; "aDi-- ]3-

=

(1 - X ) M 'IH a-

mH h"
gg -]3 .,

c. Determine the total nass of w h h ibles 'in h
drywell.

4

D " M +gg a "H ]3gg gg

D lha -=
y 33

d. At T detemine the enthalpy of hyi%= > fzmgg
)3Table 1.

,

i
hH Btu /1hn=

gg _ 33
.,

Enter air enthalples at drywell 100 temperature.e.
>0 T + 460)0Rag (Tgg

=

ha Btu /lhu=
gg

i.
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a-

t

I

f
t

f. Calculate the specific heat- of '.the noncondensible
mixture in drywell. i

1
C (m cap=p Ea W H

|%

.

C = _ _ .stu/ w :
'p

:
~ 'g. ciculate 11e drywell: pre - 2-1= tion , initial

tenpcmt:rs, === =i ng . no heat transfer - frun ^ the -
,

nanocridensibles to the structures.

ay b y + mg hM
1

_

m C ,rp

%T =o

| h. Calculate' the drywall ^ pred = tion initial pressure as . ]1
a result of r.wwderssible addition. ir

i

i. ,

'

f - I. k -

.T i
..o

P = 1 +o ,

i- (,1-X)/ AYN * 144 I =H 1

Po ' psia-=

1. Repeat steps (b) - .(h) for each combination' of- '

air / hydrogen concentrations' (at' zero steam content) Ein-

Table 4. Enter P aM To in the-aw w inte boxesoin Table 4.

Note: P is also used for the initial prM-an - '

o '

pressure for the containment since it-is assumed that.-
the differential pressure across the drywell is equal to ]3zero.

.,

1.6.2 Calculation of Initial Conditions for Remaining Cases.

For the -remaining cases, the'drywell is heated'due to the- I

addition of steam. A. saturated atmosphere is assumed. |

< .;
?

.

-13- !
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a. EstWnate the devell tenperature, and calculate the air : i
partial pressure.

OTy ,R~~=
.c

m PgTay
P "

ai 1y * 144
_

;

-|
dP "

ai t

b. Using the : volume fractions fran Table 4, calculAta the
air volume fraction.

x "1~X ~'Xa- s H

x, -=

,

c. Calculata .the steam partial pressure and: 'the[

h @ . ling saturation tenparature fran the: steam
tables. t

, 4

gPai
"

s4 1

X. !
~

a
,

1

.Psi psia=

F

T
337 (Psi) V=

.,

i

d. UsinJ' T as the rew estimate ofL'the ISAT (Ptenperab)i s
repsat steps (a) - (c) n-times >[l- drywell ,

until convergence (n is generally-3 or 4).
,

T =To SAT (Psn n

%T "
o ;

Pg psia= >

| -14- [
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Calculate the pre-combustion initial drywell pressure.e.

Pg_
Po

-

Xs

Po paia=

.
.

- .

:f. Enter P and T in the appropriate box in Table 4.. |o o

Repeat steps (a)) , (e),. usingia'new estimate of drywell 4

tenperature and new values of x and xg.s
1.6.3 Calculation of , First Critarion - Peak Differential Pressure

Limit-

The peak differentialt pressure between the drywell and the
containnent due to the *L= tion of hyime in the drywell
cannot be allowed to exceed the peak differential pressure -]3 -|

;

due to a main steam line or recirculation line break in the
drywell. Differential nmssures - are used to simplify the j~calculations. '1his section outlin p the - ga-.b4 .for' jdetermining the HDOL according to this criterion

'

a. The CIASIX-3 -code must be- run7 foreachdrywell(case ;

(P ard T pair) in Table 4:to determine the pavimm.o .:praamwe (P ) for insertion into Table 4. |b. crepam the difference of_ P -P for each case with -!the higher peak diff al o. pressure .(P )
between the drywell and containment , of Leither a : mas.n

i

steam line or recirculation line break. |j
1) If for any given hydrogen meikution (xg) thedifferences of Pg P for any of the varyirg

,-

osteam concentration cases ( ) :-is - greater ' than - '
,

P then the drywell-' L 'is defined as,

being evnaaiai at that steam concentration (xw a ikution of h % e,),s-and cases for 'a- lower
should be examined.

q
2) If for a - given hydrogen - wa Lcation: .(xH) .the.

, )differences of P. Po g for any one of the ']3
-

varyirg steam cormskution cases ~(x,) are -less
~j

'

than P then _the drywell 'HDOL 'Is defined;as--
|

allowirg -up to and including xH'

as .!c. Place the limiting hydrogen w m akution (xg )'
deremined by the first criterion in Table 6.

|

-15-
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[

t

'

t

d. Sections 1.6.3 . (a)_ and (b) define the'HDOL accordirq to the; '

first critarion, but the_ second critarion as defined in
Sectico 1.6.4 mast also be met for the HDOL to be specified:
otmpletely.

.

1.6.4 Calculation'.of Second Criterion .- Allowable Rate of Change
of Differential Pressure -

. . . . .
.i

The rata of change of pressure with respect to-time due to the #

e=hurtion 'of hy&w in the drywell cannot h the rete of'
change of . pressure 'due " to the greater of _either.'a. main steen
line or recirculation line break. Differential pressures aref '

used. The- :following _ steps outline: the .. gwc-kre . for
detarmining the drywell' HDOL. as defined _byi the, second
criterion.

4

a. Drywell to containmentdifferentialpressuretimehistoriesI
for a main steam line arxl a recirculation line break must~be q'

obtained for this calculation.

b. CIASIX-3 hyi+i burn differential-pressure time histories. ;]3
are obtained frun Step 1.6.3.a. J3

c. Ccmparisons between rates" are. made by .first determining i-

average slopes..
.

3, .

1) The =v4 = = average slope (SDM)- of 'an FSAR Design ~ ;]3, ,

Basis Accident '(DM) due to a main steam line or' .]3 '
,

recirculation line break 'is' determined byJthei J3 -

following: *

a) The differential pressure. versus. time curve:for-
,

the DM line ' break that ~ has) the s =vi==1 peak,

l pressure will be used to establish,the, allowable
| rate of change.-

;

b) The rate of charge .of the cr wiui curve -is defined-

as the maxinum slope of the;1inear approximatim []3- |to - the =vinn pressure rise portion ~ of _the curve'
which inparts the majority of the'mennentum;to the
suppression pool.,

l
;

c) Place the slope (SDM) in Table 5.- q

2) The average slope- (S of the rise -in differentialg ) determined
,

l

pressure versus time as by.the CIASIX-3
sinulated drywell _ hydrogen- burns for various,

,

cmoentrations of hyi + i and steam as listed in--

Table 4 is. determined by: 1

-16-
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I

I
1
|
|

R |
: 1

Pf-Po
= S =g

tg-to

where:
.

.

| P = Initial (timro) pressure. (psia)-('

o .

Pg . = Mavi== pressure '(psia) ]3-
~i.

-t = Initial time |(timec)o , ,

tg. = Time 1-of' occurrence of the maxinna
pressure.-

. 4

p Place the slopes-for each case in Table-5. '

! . .
. -t

3) Ccmpare Sg for each case with Sg. s

a)
If. for- a- given hydrogen concentration 1(xH) teen

t any '

|

. cme of. the Sg of. thel varying s
concentration - t uns - (x,) ;is greater than ,.

then the drywell HDOL is defined as being
at ,that steam concentration '(x,) ~ and cases for a -
lower concentration ,ofa hy&. w... should be :- 1a

, -

o

b) If for a- given hydrogen concentration (xH)1all; ''

S ~ for the varying steam concentration cases :
! ( 'are

.
~

less. than'.S g , then the drywell HDOL ju is defined as . allowing burns up to and including j
*H- '

, ,

c) Place the limitirxJ ' . hy&up i . concentration
(xHn) as determined by .the. second criterion-
in Tible 6. |

| 1.6.5 Calculation of Drywell'HDOL- *

q
The drywell HDOL is determined by camaring the two;1imiting . .j
hydrogen ua e d. cations .(xg 'and xHn) calculated ,in i

-

Sections 1.6.3~and 1.6.4. ]3
"

a. If xg and, xg differ' in value,t the- drywell~

.

HDOListhelesserofthetwo. )

..

;

b. If xg .and' xH have the same value,, the drywelln ;

HDOL has the same value as the two.- *

c. Place the dryWell HDOL as determined frtxn.1.6.5 (a)1 or - ]3 l

(b) in Table 6.

-17-
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HYIBOGDI DTIHAIPl

-(Normal Hyd w at 14.696 psia)- '

,

i,

Temperatura ( R) _hH (Btu /lbn), ~)3 -

520 1750.164-

'540 1818.473

560 -1887;054-

580 1955.666-

600 2024.463- : 1
't

~ !650 2196.779- 1
2

!
700- 2369.521 '

;i
y,

Raferanoa: " NASA SP-3089", Table . C-2C, p.116. :]3 j
,

!
-

a.

, 6

. ,
,-|

|

<

-i

;i

1

-i

I

J

'i.



- _ _ _ _ _ _ _ _ _ _______ . ___ _ - _ - _ _ _ _ _ _ _ _ . __ _ _ . . _ _ _ _ _ - _ _

,

TABIE 2
INITIAL Et0lTIOtB AND RESUIHS OF CIASIX-3 CAIDJIATIOrG FM 'I1E 00tfIADMENI' HDOL

%VOL STEAM g 0 5 15 30 50

hi

%Vol H2
To (F)

P (psia)
6 'P '(psia)

%H Burned2 ]3
Burn Time (Sec)

}3

To (F)
(psia)

8 P (psla)
24H Burned2

]3
Burn Time (Sec)

]3 !:
.

To (F)
(psla)...

10 .(psia)'
%H Burned

-

]3
2 -

Burn Time (Sec)
]3

P - (o (F)
T
psia)-

13 P (psla) .

_ % Burned
]3

Burn Time .(sec)
]3.

_

km-. . 3 . m - as .,g.-s. .iyef , ,-y . g .* s. r%-' *=r-- & .w-,e a w** s y i r. # '* p., g g , s'"',..b p,pyw- 'y y q-9 as yJ+"w- bw1 C44- - w" - g- pe s. '*"**,*ye-- '
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TABIE 3 -

-q

CONDGINENT HDOL CJRVE DATA :

q
E MP0CDEM AIIG02LE !|

HYDROGDi CWCENTRATIN DrrrIAL m T~j
:'

::1
.. i I

'

,

Xg (VO1Uma pas.%iL) p iI '
CRIT (P819)

-

C
s

6

8 I
i

!
'l

=

10 !
q

,

!

i

13. i

!

1 .!
!

,i
1

.q

-i,

!

;

;

1

.i
f}

i
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TABIE 4
INITIAL CDNDITIOE M3D RESULTS OF CLASIX-3 CAIIULATIQG KR TE IRiWEIL HDOL

%VOL SIEAM - x 0 5 15 30 503

N

%Vol H2

P ps ao
6 Pg (psid)

%H Bitned2
Burn Time (Soc)

P ps ao
8 Pg (psid)

'

%II Burned2
Burn Time (Sec)

.

10 Pg (psid)
%H Burned2

Burn Time (Sec)
_

13 % (psid)

Burn % annedTmme (Sec)

i

-m, _.__-2s.__.m._s_ _ ._-- .m,____m e- , . - <-.% - --i w.. ---,-4 .-- , w , ., ,-m- - - - .-,, .- y... . , , . ~ ~ -y , , .,,, .,y..,.., .y_ _
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If iI

'l

i

M5

AVI5mGE SIDPES

Main steam line break Sm

Racirculation line break Sm-

CIASIX-3 HYGOGEN BURN AVERAGE SIOPES Sg );

6% xg Sg 8% x Sg g
33

% N-
0 0 '

i

!

5 5'
I_._

15
15

_ ]3

30
30

__ )3

50

J3

10% x Sg m 13% x Sg m
_

)3

0
0

5
- 5 ]

15
- 15

30
30 __

~. -I
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Attachment 5 to HGN-122-NP ,

;

i

,

Demple Calculation of
i

Hyimi Deflagration Overpressure Limit (HDOL) -i

:

,

,

.

[Attadiment 5 has been deleted due to the proprietary
nature of the input information. '1he attadiment's text
was a repeat of Appendix C (i.e., Attactiment 4), with
CLASIX-3 information used to create the generic HDOL
curve. )
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Appendix D to the
Mark III cenbustible Gas control

Emergency Procedure Guideline
:

Vent Path Selection Guideline
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1.0 GBWEL EIIM12NES PGt MEEDGEN 03m00 VENT PAst mRNIW

Ihare are two circumstances for ktlich containment venting would be ;
1) increasing contairment pressure, and 2)necessary. 7hese are

increasing hy & ,. ocnoantratien. In both cases, venting is a
| pc - ine attried out to avert potential loss of ocntairmant ,

>

integrity.'

i

Purgirq and ventirg may be used to control the hyim. ocncentratica
in the contairmant and drywell _by either maintaining the ;concentration balw or reducirg the canoantration belw specified -i ;

i limits during a core damage event. Hyam . gas will be produond as' ); the core degrades and will be released into the cxntairment or
! drywell atmos @mre, depending on the event. 7b prevent damage to the i

contairment and the enclosed ar:"4 ==nt as a result of hyim.
burnirg, Mark III cantairments provide a hyi m . ignition system.
sttich is marmally initiated when r== dad. The venting arri purging _ ;

operaticms would be used to control events in which relatively small-
quantities of. hys ,. have been generated, and in which negligible ;radicar+1vity releases would be involved. In addition, ventirg and '

purgirg wettld also be used as a backup to the hy& c . roccabiners i
; for events with relatively Icw radiation releases. If the event :! progresses in sucts a way that the hyim. ocnonntratica is above the

hys ,. deflagration overpressure limit (HDOL), contairment venting
would be used to reduce the pressure and the amount of n=h mtible

>

gas in containment. The containment may then be purged to further
reduce the amount of rah =tible mixtures iso that hy&y. ignition
may be safely initiated. However, venting should be considered even '

if purge capability does not exist, since containment pressure and
hyi m . ocncentration may be r=*v=d to levels acceptable for safe
hyimi ignition.

o

the cabustible Gas control Dnergency Procedures Guideline (cGC EPG)
provides specific guidance to operators concerning both the
conditions under which containment venting can be inplemented as a
precautionary step, and the conditions under whicit venting isrecpired to preclude hyi m i rw hmtion events that couldpotantially result in containment failure. In order to implement the
a = ~ inted venting steps in the CGC EIC, guidelines have been
developed which support the selection of a vent path. Theseguidelines are d i ---M balcu. The devel+.-.i. of plant specific '

emargency operating w --twas (BOPS) should censider these
guidelines when defining plant unique vent paths in their EDPs.

The diamanico balcw provides general vent path selection guidelines
which may be used to assess vent path acceptability based on the
potential consequences of usirg the vent path. Examples of. adverse :

consequences are hy& c . cxmbustion outside containment, ailterne
radioactivity release, exposure of +.- As at dise:harge point tothe ocntairunent at p.ers, arri high radiation exposure rates. The
pct:ential for sucd1 adverse cu.~quences are primarily dependent upcn
tL follcwirq factors: vent intake point, line size, pressure
carrying capability, filterirg capability, vent valve actuation, vent,

|

| -1-
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I

,

dime *arge ruuting outside contalment, and the vent diacharge point. !
Vent paths should be selected to minimize the adverse consegesnoes of

:venting.
i

!centairment vents of all sizes should be selected prior to
oensidering drywan vents since venting frun the contaiment assures i

suppression pool scrukhing of potential fission products. . Vent paths i

whim are filtered should be favored over those that are not tfiltared. Vent pathways that are piped should be favored over those '

with ducting due to their higher pressure carrying capability. '

The vent discharge route should be evaluated to determine potential-
vent line rupture locations. Critical v4==qt, required personnel ;

access, and the potential consequences of a rupture in those areas '

should be evaluated. For exanple,. if a vant line rupture were to >occur in a confined area with no ventilation or inadequata
ventilation, hydzw. concentrations may build to a emheible ,

mixture resultirry in hyimi estion. If critical equipnent was
,

in this area, it could fail' due to the resulting thermal
envirurennt. Even if a hyimi ccubustion did not occur, the harsh
envircreant created by the rupture could result in the loss of ' ,

critical v4-=nt due to hi@ tenperatures or high radiation.
Am=== along the vent line route could be restricted due to external
radiation fields which may result frun either shine frun the vent
path enclosure or airborne radioactivity discharged frun the vent at
the vent path's termination point or rupture point. Therefore, the
potential consequences of local radioactivity should also be
evaluated. ,

,

lastly, the discharge point for each vent path should be~ selected
based on an evaluation of the critical vi==qt which oculd be
a_W_ to the containment atmosphere at or near the dischargepoint. The need to operate arn/or access this equipnent should be
considered. In addition, the eq0ignent installed at or near the
discharge point should be reviewed to determine if. actuation of the

;equipnant could present a possible s trious ignition source to any
hyi m i entrained in the vented gases. In assessing.the potential

.

*

hyi m i <=h = tion threat, the volume of the enclosure discharged
well as the operability of any ventilation should be noted toto, as

j support the determination of any hydrogen buildup concerns.
' . 'i

In additicri to hyi m i effects, it.would also be advareys to
evaluata the vicinity of the ' discharge point
provided a fission product retention benefit. ~ to determine if it

:

The followirxJ section provides a sumnary of the vent path selection
guidelines die ===4 above.

.2-

a
r

i

+ - , - - - . , - - , . . .,-,,-.o , , , - - - - - - e. r m c + . -->r t - - - - - - - - ,



____ _ ..._ . _ .._ _ __ _. _ ._. . _ _ _ __ __ _ _ . . _ . _ _ _ _ _ _ _ _ _ _ _ __

i

2.0 StageGtif CF HY!IDGEN 02f!NE VENP PA'DI MMTCH NJNESi

,

|

! Vent Intake Point Select wetwell vents before drywell vents-

(provides - suppression pool scrubbing of
a m nying fission products).i

:|-
!'

vant Line size 'Ihe size of a potential vent path should be-

;evaluated considering both its ability to
:%Lly exhaust the contairment atmosphere

and the effect on offsite done if isolation >

w a.m were assumed to fail.
:

Prq==mns Carrying Vent pathways that are piped should be-

V ility favored over those with ducting due : to r

their higher pressure carrying
capability. ,

,

Filtering ' Vent paths that are filtered should be-

Qupability favored over those that are not filtered.
:
*

'Ihis especially applies to the drywell
vents which do not benefit: frt:n pool ~
acrubbing. An exanple of a filtered vent
path would be the standby gas treataant ,

system.

For filtated vent' paths, the effect of
! ifilter plugging should be considered. In '

addition, the vent path should be examined
to determine if any heaters or other
potential ignition sources are present in
the path. '

Vent valve 'Ihe vent path isolation valves should be-

toperability reviewed to confirm that they.are capable
1of opening ard closing when exposed to the

mavi = = differential pressure that could
iexist in the line.
.

Vent paths should also be selected
considering their potential for initiating
ocabustion. A review should be performed

.'to assure that the actuation of a valve to
open the vent path will not serve as an
ignition source. 'Ihat is, it nay be -
desirable to select a path whose isolation
valve operators are sealed to prevent
steam intrusion. 'Ihis seal would provide a '

significant barrier to the intrusion of
+

hyi@ into the operator housing where ;

low energy sparks would be possible.
.

-3- *
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i
| Vent Valve Power To ensure the availability of ~the vent-

; Suply path, DC powered isolation valves should be
i preferred choice. If not available, valves
| powered from AC buses with onsite (e.g., idiesel). backup power suglies should be- iselected. l

!Vent nier*mrge - Vent paths should be favored that have
. jRauting outside minimal potential effects on equipment and

cantainest paracnnel access. The : verft line route
,

'

should be reviewed to determine the
proximity of equipment required to function
during the postulated accident, permannel '

requia... ats, the location of any-ar==

weak points in the vent line, and the
potential consequences of a rupture at
these points. The potential consequences
of a rupture should be evaluated based on
such factors as:

(a) room size

(b) ventilation

(c) aoomas requirements
.

.

, (d) critical aqd=='it
1

(e) cxmpartment pressure capability (e.g.,
consider whether room has open
doorways or closed doore, etc.)

,

(f) ignition sources

For exanple, - a rupture in a confined area
with no ventilation- oculd allow the (

.

hy&w w a inition to. build to .t

aanbustible levels. The effects of '

ocupart: ment overpressure and over-
tenperature should be considered. Also a
rupture could result in potentially
unacceptable w cs.irations of local

,

airborne radioactivity. In addition,~the
effect of the, potentially high steam -

fraction and elevated tenparature that.
.oculd result due to the' discharge of the

canta).nment atmosphere should be considered
when evaluating wwseet operability.

|
:

|
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Vent Dia 2 erge Vent discharge points should be evaluated-

Point based on v 4 = =1t located near the vent
dis &arge point. In addition, the effects
of discharging . potentially rd4%ve
elements into the area should be
considered. 'Ihe potential consequences of

i

,

venting to a specific locatien should be ~

avaluated similar to the rupture desordbad
| above. ;

,

Pathway Assure that the selected pathway la-

Av=i1=hility- available when requixed by considering the '*
followirg power -available to vent i,

| valves, need for junpering .isolatim
logic, nanual actions required prior .to. :i venting, affect of pressure surges due to

, rapid opening of vent valves in vent path,
! evaluation of fire danper operation' in i

,

| Vent pathway,

i o mtrol - Evaluate m aases and release points to P-

) Rxn dotarmine if the impact on ocntrol ro m *

! Habitability habitability is otosistant with 'DE Action
Plan III.D.3.3.,

.

4

Preparation Identify early operator actions to be taken f
-

; Pbr so that venting can be acocuplished prior
; Ventirq to W .ing the HDOL. Establish acosas

,

i
. restrictions during venting. *
i

offsite If using a vent path other than a normal-

) Domes release point, or if vent path failurei

would produce urnonitored releases,
consider the need to monitor releases and' tj provide data to the amargency operations

j facility (EDF) . *
;

I
3

i
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