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Your submittal df Sept.ember 22, j975, pre·sented -~ur pla~s· .and ariaiysi.s · 
.for installati9n and_ operation of Containment_ Atmosphere Monitoring (CAM). 
ant;! Air Containment Atmosphere. Di.luticin -(ACAD) systems· in ·Dresden Nuclear., 

· '. Power Station Units, ·2 and 3 and QUad Cities Nuclear· Pciwer Station Utl'its · 1 
and 2. We are r.eviewirig· your s1ibmittal ·and have -.determined that the:' . -
additional information requestec:l in E11c.losure A is necessary to ·continu.e 
our review. , Eor furth~r guidance in devetopin_g. an~ .acceptable ·:r~ply,. . . 

'_references are In8;de ~. where applicable' to the, appropriate paragraph' of ·' 
~S'!;andard Reviel\r. Plari (SRP) Se_ctio11. 6-~ .2 ~ S·, a copr; of which· is. en¢losed. · ... 
(En,c.10.sur.e · 8:) -~. · ·. · _ . · ' · · . · 

.. To ~nab le.~ ·rapid: r~vi~~. c~ncurre~~· w~t~- YOl~~ ·forthc~min~ -s~~~'i t.tal,-of -':~·:: .» 
metal-water _reaction data~ it ;is requested that the information be ' ' .· ;: 
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· . CoUDllonwealth Edison Company 
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Mr~ Charles Whitmore 
President and Chairman 
Iowa-Illinois Gas and 

Elec.tric Company 
206 East Second Avenue 
Davenport, Iawa 52801 

John W. Rowe, Esquire 
Isham, Lincoln & Beale 
Counselors at Law 
One First National Plaza 
Chicago, Illinois 60670 

Anthony Z. Roisman, Esquire 
Berlin, Roisman and Kessler 
1712 N Street, N. W. 
Washington, D. C. 20036 
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504 - 17th Street 
Moline, Illinois 61265 
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Enc1osure A 

. COMMONWEALTH EDISON COMPANY 

REVIEW OF PROPOSED CONTAINMENT ATMOSPHERE MONITORING (CAM) 

AND AIR CONTAINMENT ATMOSPHERE DILUTION (ACAD) SYSTEMS 

DRESDEN 2 AND 3 - QUAD CITIES 1 AND 2 

DOCKET NOS. 50-237, 50-249, 50-254, 50-265--·-· 

REQUEST FOR ADDITIONAL. INFORMATION 

We have reviewed the proposed additions of the Containment Atmosphere 
Monitoring (CAM) and Air Containment Atmosphere Dilution (ACAD) systems .... 
as a means of monitoring hydrogen concentrations and preventing the 
accumulation of a flammable conc~ntration of hydrogen following a LOCA. 
Our review included a comparison of the proposed design with the Standard 
Review Plan 6.2.5 and Branch Technical Position CSB 6-2. The following 
comments identify the areas· that are not acceptable or where additional 
information is needed. References are made, where applicable, to the 
appropriate paragraph of Standard Review Plan (SRP) Section 6.2.5 for 
additional guidance in ~roviding the needed information. 

1. As·stated in a December 23, 1975 telephone conversation between 
Mr. G. Pliml of Commonwealth Edison and R. P. Snaider of our staff, it 
is requested that you forward the· revised Piping and Instrumentation 
Diagrams Figures III.I and III.2 of Supplement No. 1 to Dresden Station 
Special Report No. 39 - Quad Cities Station Special Report No. 14. 

2. Quality standards.to be applied to the design should be discussed. A 
commitment to apply Group B quality standards woulq be acceptable 
(reference Regulatory Guide 1.26) . 

. 3. Discuss the adequacy of the isolation valves in lines penetrating contain
." ment by comparison with the criteria of General Design Criterion 56 of 

10 CFR 50 Appendix A. 

4. Page 7 of your· September 22, 1975 subm'ittal (Supplement No. 1 to Dresden 
Station Special Report No. 39 and Quad Cities Station Special Report No. 11') 
contains inconsistencies concerning the pressures at which manual 
initiation of the Pressure Bleed Subsystem should occur (e.g. 45 psia is 
~than half of the containment design pressure of 77 psia). Please 
clarify these apparent inconsistencies. 

\ 
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.s. The adequacy of manua~ initiation of the ACAD system when hydrogen 
concentration reaches 3.5% volume has not been justified. - Paragraph 
II. 4 of SRP 6. 2. 5 specifies a margin of 1 V4 o between the hydrogen 
concentration limit (4 V./o) and the concentration at which the system 
would be actuated. Either commit to the initiation poin_t specified 
in paragraph II.4 of SRP 6.2.5 or justify a different valrJe. 

6 •. ~Describe the program for the initial performance testing, including 
the scope and limitations of the tests. Refer to paragraph II.8 of 
SRP 6.2.5. 

7. Provide a failure mode and effects analysis for each syste~ to assure 

. \-, ... , 

the capability to withstand· a single active component failure (reference 
paragraph II.5 of SRP 6.2.5). Because of the redundancy included in the 
proposed mechanical systems~ a statement attesting to the capability of 
the· systems to withstand failu.re of a single active component will suffice. 
However, please submit diagrams and your evaluation of the power supplies 
to the CAM and ACAD systems in $Uf ficient detail to enable our review 
of the consequences of a single electrical failure. 

8_. Submit the following data or justify its omission: 

a. The assumed corrosion rate of aluminum plotted as a function of 
time. 

b. An inventory of aluminum inside the containment with the mass and 
surface area of each item. 

c. An inventory'of zinc inside the containment with the mass and surface 
area of each. item . 

• 
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U.S. NUCLEAR REGULATORY COMMISSION . 

Enclosure B 
NUREG-75/087 

STA~JDA~D tFUEV~tE~JY ?!LAN 
OFFICE OF NUCLEAR REACTOR REGULATION 

SECTION 6.2.5 COMBUSTIBLE GAS CONTROL IN CONTAINMENT 

REVIEH RESf'OtlSISILITIC:S 

Primary - Containment Systems Branch (CSB) 

Secondary - Accident Analysis Branch (AAB) 

I. . AREAS OF REVIEW 
CSB reviews the information presented in the applicant's safety analysis report {SAR) con'
cerning the control of combustible gases in the containnient following .a loss-of-coolant 
accider.~. Following a loss-of-co~lant acciden ... hydrogen and oxygen may accumulate inside 
the containment. The major sources of hydrogen.and oxygen are: a.chemical .reaction between 
the fuel rod cladding and stea~. the corrosion of aluminium and other materials ·bY. an alka
line spray solution, and the radiolytic decomposition of the water in the reactor core and 
the containment sump. If excessive hydrogen is generated, it may .combine with oxygen in 
the containment atmosphere. For inerted containments, the potential exists for hydrogen 
to combine with oxygen generated following the accident. The CSB review includes the 
following general a.reas: 

1. The production and accumulation of combustible gases within ·the containment fol lowing 
a postulated loss-of-coolant accident. 

2. The capability to mix the combustible gases with the containment atmosphere and prevent 
high concentrations of combustible gase~ in local areas. 

3. The capability to monitor combustible gas concentrations within containment. 

4. The capability to reduce combustib1e gas concentratio:is within conta~r:irnent by suitable 
me!h~. such as r~c~mbinatio~. dilution, or purging. 

The CSB review specifically covers the following analyses and aspects of combustible gas 
control system designs:· 

USN RC STANDARD REVIEW PLAN 

ltanderd revl•w plan• •r• prepared tor th• guidance af th• nttlc• of NuclHr AHct:or Regulatlon •t•ft rHponslbl• forth• revlaw of apPllcatlona to conlt"'ct ind 
operate nucl•M" pow•r planta. ThH• docum•nt• =:r• m•:j• •v•ll1bl• co the publlc H p~t1 of tf-1• Commlulon'1 policy to Inform the nucle1t lndunrv •nd th• 
g•n•r•I publlc of regulat.ory procedurH end pollelH. Sund•rd rev'ew pl•n• u9 not 1ub1tltu1n tor regule1ory guldH or the Commlnlon'e regula1lon1 end 
compllenee with th•m I• not requlr•d. Th• Handard rnl•w plan Hetlon1 ere keyed to .R•wlslon 2 ot'th• Stand•rd forinat •nd ContanLOf Safacy ~nalyala Rapone 
for Nudeer Powtr Pl.Inn. Not all Hctlone of the Standerd Form.at heve • corrHpondlng review pl•n. 

Publbhed 11~ndard r1wl1w pl•f'• wlll be revlu.d perlodlcally, H approprl•t•. to accommod111 comm•ntt .~~ -~-reflect new Information arid e~pertenca. ·.. ··· 

Comment• end 1u~g.,,atlone for lrnprow1m1nl wlll b• conalda~~ ind ahould b• aent to the U.S. Nucleer Regulatory co·mmlatlon..Ornce of Nucleer. Reactor 
Aegule1:1on, Woshlngton. O.C. 20666. · · . · · · 

ll/24/75 
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An analysef combustible gas (i.e., hydrogen and-gen) production and accumulation 
within the·containment following~ lriss-of-coolant accident~ 

An analysis of the functional capability of the systems provided to mix the combustible .. (_ 
gas within the containment. 

3. An analysis of the functional capability of the systems provided to reduce combustible 
gas concentrations within the containment. 

4. ·Analyses of the capability of systems· or system components to withstand dynamic 
effects, such as transient differential pressures that would occur early in the 
blov1do~;n ph.:i:;e of a loss-of-cco1ant accide1:1t. 

5. Analyses of the consequences of single active component malfunctions in each ·system. 

6. The quality classification of each system. 

7. The seismic design classification of each system. 

8. The results of qualification tests performed on system components to demonstrate 
function.al capabiHty and· operability in the accident environmehL 

9. The design provisions. and proposed program (including technical specifications at thi 
operating license stage of review) for periodic inservice inspection and operability 
testing of each system or component. 

10. · The functional aspects of instrumentation provided to men.Hor system or system com
ponent performance. 

11. The extent of sharing of system components between sites or between units at a· multi
unit site. 

AAB is responsible for determining, from a radiological dose standpoint, the acceptability 
of purge systems provided to control combustible gas concentrations within the containment 
following a loss-of-coolant accident. In order to compute the purge doses, AAB \·iill need 
the elapsed time (in days) fo11o·,o;inq a loss-of-coolant a.::cider:t b.efor-e pt!rge sys~e;n · 

·operation becomes necessary and the purge rate (in scfm). CSB provides AAB vlitll this 
information. 

At the construction permit (CP) stage of review,the design of the systems provided for 
monitoring and reducing the concentrations.of combustible gases within the containment may· 
not be completely determ~r,ed. In such cases, CSB reviev1s the applicant's preliminary 
designs and statements of intent to comply with the acceptance criteria for such systems. 
At the operating license (OL) stage, CSB reviews the final designs of these systems to 
verify that they meet the acceptance criteria detailed below. 

6.2.5-2 
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ACCEPTANCE CRITERIA e . e 
1. .The analysis of hydrogen and oxygen production in the containment following postulated 

accidents, for the purpose ·of establishing the design basis for combustible gas control 
systems, should be based on the parameters listed in Table 1 of Branch 'i"echhical 
Position CSB 6-2. Branch Technical Position .(BTP} CSB 6-2 is an acceptable int.erim 
alternative ta Regulatory Guide 1.7, pending completion of the rulemaking proceeding 

'r' 

on inerting ordered by the Commission in connection with the Vermont Yankee matter, · 
Docket !lo. 50-271, J.lemorandum and Order. llovember 7, 1974, and subsequent rev is ion of 
Regulatory Guide 1.7. BTP. CSB 6-2 supplements and amends Regulatory Guide 1 •. 7 as 
necessary to take account of the progress in engineered safety feature designs and 
standards since the guide was written and various features of recent containment designs. 

2. The fission product decay energy used in the calc:ulation of hydro·gen .and oxygen 
. . . 

production from radiolysis of the emergency core cooling water and sump water is 
acceptable if it is equal to or more conservative than the decay energy model given 
in Branch·Technical Position APCSB 9-2 in Standard Review Plan 9.2.5. 

3. A system should be provided to mix the combustible gases within the containment. The 
functio1~.:il design of this system will depend :-.:-: the type of containment. This system· 
may consist of a fan, a fan cooler, or containment spray. An analysis should be ~re
sented which shows that excessive stratification of combustible gases will not occur 

·within the containment or within a containment subcompartment. For containments which 
rely on convective mixing in conjunction with system operation to mix the combustible· 
gases, the containment internal structures must have design features which promote the 
free circulation of the atmosphere. An analysis of the effectiveness of these· 
features for convective mixing should be presented. This ana-lysis is .acceptable .if it~ 
can be shown that combustible gases will not accumulate within a compartment or cubicle 
to form an explosive.mixture. 

4. The systems provided to reduce the concentration of hydrogen or oxygen in the contain
ment will be accepted, from a functional standpoint, if analyses indicate that a singJe 
system train is capable of maintaining the concentration of hydrogen or oxygen below 

. the concentration limits specified in Table 1 of BTP CSB 6-2. Acceptance of the 
functional ·capability of the systems is based on confirmatory analyses performed by CSB 
using system operating parameters presented in the safety analysis report. The proposed· 
op:::ration of the c.:i:nbustibk ~ps control equ~p::;e:it, .exclu.'.ling co:itainr.ient atr.;nsphe:--e 
dilution (CAD} systems, is acceptable if there is an approprate margin, e.g., on the · .· 
order of 0.5 v/o, between the limiting hydrogen concentration limit and ~he hydrogen 
concentration at which the equipment would be actuated. The proposed operation of CAD 

. systems wil'l be .acceptable if there is a margin of 1 v/o between the limiting hydrogen 
or oxygen concentration limit, d~pending on which gas being controlled, and the 
concentration at which ~he system would be actuated .. This additional margin. is ·need.ed . 

. to allow time for the CAD system to become operational. Repressurization of the con
tainment should be limited to less than SOZ of the containment design pressure~ 

6.2.5-3 
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-.. Under loss--olant acciden.t conditions, system com~ts such as ductwork and 
equip~nt housings, e.g., for fans, fan-coolers, filters, and recom::iiners, would be 
subjected to external·transient differential pressures and internal pressure:surges. 
~hese components should be capable of withstanding all related environmental conditions 
imposed on them, jncluding steam-laden atmosphere differential pressures and pressure 
surges, without loss of function. A description of the design provisions; such as 
pressure relief devices or conservative structural design, supporting analyses. and. " 
results of tests should be provided to support the conservatism of design. 

5. Combustible gas control systems should meet the redundancy and p~wer source requfre
ments for engineered safety features and should be designed to .withstand a single 
active ccmpo112n t fa i1 ure .. Supporting fa ilu.re ;;;od2 and effects analyses of each system 
should be provided in the safety analysis report. 

6 .. Combustible gas control systems should be designed, fabricated, erected, and tested 
to Group B quality standards, as recommended in Regulatory Guide 1.26. 

7. Combustible gas control systems, including foundations and supports, should be desig
nated as seismic Category I, i.e., designec ~o withstand the effects of the safe 
shutdown earthquake without loss of function, as recommended in Regulatory Guide L29. 

8. Qualification tests should be performed on system components, such as hydrogen re
combiners, combustible gas analyzers, air moving equipment motors, and valve operators. 
The tests should support the analyses of the functional capability of the equipment 
and demonstrate that the equipment will remain operable in th.e accident environment 
for as long as a~cident conditions· require~ 

9. Combustible gas control systems should be designed with provisions for periodic 
i nservice inspection and operability testing of the systems or compon·ents. The 
inspection and test program is acceptable if it is judged to be consistent with that 
proposed for other engineered safety features~ 

..,,._· 

10. Combustible gas control system.designs should include instrumentation needed to monitor 
system or component performance under normal and accident conditions. The instrumen
tation should be capable of determining that a system is performing its intended 
function, or that a system train ar comp0nent i~ rnlfonctioning a:id shou~d be isolated. 
The instrumentation should have readout and alarm capability in the control room. 

. ' . . .. ' ·. . 

11. The sharing of system equipment between nuclear power units at a multi-unit.site or 
between sites is acceptable prcvided (a) the availibility of the shared equipment meets 
the redundancy requirements for an engineered safety feature, {b) the shared equipment 
is designed to seismic Category I criteria, (c) the shared equipment is mounted in a 
seismic .Category I structure, and (d) adequate design, installation, and procedural 
provisions have been made. 

. 6.2.5-4 
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BTP CSB 6-2 recommends that a backup purge system be provi- The backup purge system 
is not required to be designed to engineered safety feature. requirements 'tiith regard to 
single failure protection since it is not the primary method for controlling comb·ustible 
gas concentrations in the containment. The backup purge system is acceptable if purge 
doses are within the guidelines established in BTP CSB 6-2. · 

13. If the designs of the combustible gas control systems have not been completed at t~e· 
·construction permit ~tage of review, they will be acceptable ff the preliminary system 

designs _and statements of intent in the SAR confonn to BTP CSB 6-2 .. 

III. REVIE!·I PROCEDURES 

.The. procedures destribed below provide guidance for the detailed review of the c0mbustible 
gas ·control_ systems. The reviewer selects and emphasizes w~terial from this pian. as· may 

be appropriate for a particular case. Portions of the review may be done on a generic 
basis for aspects of combustible gas control systems design common to a class of plants or 
by adopting the results· of previous revie1·1s of similar plants. 

1. CSB reviews the applicant's analyses of the production and accumulation of oxygen 
and hydrocien in the containment following post1:1 =1ted loss-of-coolant accidents, to 
see that the recorrmendations and.guidelines of BTP CSB 6-2 have been fo 1101·1ed_. · With 
regard to the extent of metal-l'later reaction to be considered, the combustible gas 
control system designs of some boiling water reactor plants with BWR6/Mar.k III con
tainments have been eva 1 uated_ and accepted on the basis of an assumed meta 1-water . 
reaction involving one percent of the cladding mass. Since this assumption is con
servative with respect to BTP CSB 6-2.(the BTP would indicate about 0.7% reaction of· 
the cladding. mass in. these cases), it wi 11 continue to _be an acceptable basis for 
these plants, at the option of the applicants. As necessary, the CSB will make 
confirmatory analyses of combustible gas production and accumulation. These analyses 
are done using the COGAP computer code, a description of ~hich is attached as Appendix 
A to this plan. The safety analysis report should contain the required code input 

data. The purposes of the analyses are:· 

a. To confirm the predictions of hydrogen and oxygen generation appearing in 

the safety analysis report. 
b. To verify that the systems provided for combustible gas control are capable 

of na i nl:a ini ng the con::critra ti ens of hydrngc:1 ~r.d oxy·1~n bel o·.-1 the. concentra tfon 

limits specified in Table 1 of 6TP CS3' 6-2. 

c. To confinr. the elapsed time b.efore purge system operation becomes necessary. 

d. To confirm that the assumed purge rate will maintain combustible gas con

centrations within acceptable limits~ 

The above analyses shoul::! be done early in the plant revievi, since this information 
is needed by AAB to perform the purge dose computations upon which the acceptability 

of the purge system is based. 

6.2.5-5 
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The combus~ gas contro1·systems include systems -fxing the combustible gases. 

monitoring combustible gas concentrations, and reducing the combustible gas concentra-. · 

tions. In general. all of the combustible gas control systems shou.ld meet the design 

requirements for engineered safety features. as outlined in Sec ti on I I. .The systeni· 

descriptfon and schematic drawings presented in the safety analysis report should be 

suffi~fontly detailed to permit judgments to be made regarding system acceptability. 

CSB _determines that all potential, single active mechanical failures and passive elec

trical failures have been identified and that no single failure would incapacitate the 

entire system. Passive mechanical failures, beyond those possible from missile impact. 

need not be considered in view of the design and ·construction standards for the systems. 

CSB compares the quality standards aj:>pl ied .to the systems to Regulatory Guide 1.26. 

. . 

CSB compares the seismic design classifications of the systems to Regulatory Guide 1.29. 

3. CSB reviews the environmental conditions and d~ration of tests .used for the qualifica

tion of system components. CSB determines whether.the test conditions and.duration are 

representative of post-accident conditions to which the equipment may be subjected. 

CSB will ascertain that the equipment can operate in the accident environment f9r as 

long as accident condi~ions require. 

4. CSD reviews the provisions made in the design of the systems and the program for periodic 

inservice inspection and operability testing of the systems or components. The inspec

tions are revie11ed with regard to the purpose of each inspection. The operability tests 

that will be con~ucted are reviel'led wi_th regard to what each test is intended to accCY.!l

pl i sh. Judgment and experience from previous reviews are used to determine the accept

ability of the inspection and test program. 

For plants at the operating license stage of review, CSB reviews the proposed technical 

specifications for the systems used to control combustible gas concentrations in the con-· 

tainment to assure that.the intent of General Design Criteria 41,-42,and 43 are met. 

5. · CSB reviews the capability to monitor system performance and control active components 

to be sure that control can be exercised over a system and that a malfunctioning system 

train or c0mponent can b~ iso1::ited. Th::? instrwr.2ntation l)ro\'ided for this puqio5e shou1d 

tie redundant ar.c! ::.h(Jul<l ~11.,bie the op<:rator to identify the ;nalfunctionir.g sys~em. train 

or component. 

6. CSB reviews the extent of s.haring of system equipment between plants at multi-unit sites 

or between· sites to assure· that system redundancy requirements are satisfied and that 

adequate procedural provisions have been made to assure the· availability of the shared 

equipment on a timely basis. The results of CSB analyses of .combustible gas production 

and accumulation are used to confirm the time available following postulated loss-of-· 

coolant accidents to transport the shared equipment to the plant and put it into 

operation. 

6.2.5-6 

11/24/75 
... ·. 
~· 

.I"·• 

.( ,_. 

( 



- ··--........... -......... ___ --····- • _..;.:;:;-... "-·- '. _..,.', ... _;·_. __ .; __ -~-· -~-... ·.r.:.. ·----

· .. 

·c_ 

c: 

7. 

: . . _-__ .. ~--- __ . --· -_ 

~~B- reviews ana,es of the functional capability of the-ems provided to mix com

bustible gases within the containment. CSB revie·~s the supp.orting information in the 

safety analysis report which should include elevation drawings of the containment 

showing the routing of ductwork and the circulation patterns caus·ed. by fans, sprays,. 

or thermal convection. Special attention is paid to interior compa.rkents tq assure 

that combustible gases cannot collect in them without mixing with the bulk containment 

atmosphere. CSB ensures that interior compartinents are identified. in the safety 

analysis report and the provisions made to assure circulation within them are discussed. 

Systems provided to mix the combustible gases .within the containment may also be used· 

for containrr.ent:heat removal, e.g., the fan cooler and spray systems. The acceptabil.ity 

of the design of these systems is cons~dered in the review of the containe.2nt heat. 

removal systems in Standard Review Plan 6~2.2. 

8. CSB revie~IS the manner in which the systems provided to reduce combustible gas concentra

tions will be operated. The concentration at which the system is actuated (the cont'.ol 

point) will be determined from the safety analysis report. The margin· between the con-. 

trol point and the hydrogen or oxygen concentrati.on l"imits specified· in Table 1 of BTP 

CSB 6-2 is chec!~ed.. CSB determines whether ~'1e uncertainty in measuring combustible 

gas concentrations and the time lag in r.iak.ing the system operational after reaching 

the control point have been covered by the minimum allowable margin specified in the 

acceptance criteria. 

9. At the construction permit stage of review, the design of the combustible gas control 

systems may not be complete. In such cases, CSB reviews the preliminary design inforina-

tion and the design criteria that have been established. ~ 

IV. EVALUATION FINDINGS 

The reviewer verifies that sufficient information has been provided and that his evaluation 

supports conclusions of the following type, to be included in the staff's. safety evaluation 

report: 

"The scope of review of .the design arid f~nctional capa~il ity of the combustible gas control 

system!' for the -------plant has included drawings anrl descriptive information 

of the equipment to mix the containment atr.iosphere, monitor combustible gas concentra

tions, and reduce c0n1b:.1stible g<:!s concent:'a~ior.s :·:itnin the contair;r,;cn~ .foilo\drig··the 

design basis accident. The revic1"1 has also inc1uded the applic:int's proposed des!g1~ 

bases for the combustible gas control systems, and the analyses of the functional 

capability of the systems provided to support the adequacy of the design bases. 

"The basis for the staff's acceptance has been the conformance of system designs and 

design bases to the t;ommission's regulations as set forth in the general design 

criteria, and to applicable regulatory guides, branch technical positions, and industry· 

codes and standards. (Special problems or exceptions that the staff t~kes to the 

design or functional capability of the combustible gas control systems should be 

discussed.) 
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uThe staff concludes that the design of the conibustibl~s co.ntrol systems conforms 

to all applicable regulations, guides, staff positions .• and industry standards, and 

;is ~cceptable.u 
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6.2.5-8 

11/24/75 



(~.· 

( 

INTRODUCTION 

APPENDIX A 
STANDARD REVIEW PLAN 6.2.5 

DESCRIPTION OF COGAP 

·e 

A digital computer prograin, COGAP (Combustible §.as ~nalyzer ~ogram), has been develo~ed by. 
the Containment Systems Dranch to provide in-house capability for determi"ning hydrogen-oxygen 
concentrations within reactor containments following loss-of-coolant accidents. The program can 
also evaluate the performance of a number of combustible control systems. ,They are the con
tainment atmosphere dilution system (CAD), the recombiner system, and the backup purge system. 

DISCUSSION 
In the event of a loss-of-coolant accident (LOCA), hydrogen and oxygen gases will be. generated 
wtthin the reac~or conta~nment by several reactions .. ';hey are: 

1. Metal-water reaction involving the zirconium fuel cladding and the reactor coolant, pro
ducing free hydrogen. 

z. Radiolytic decomposition of the post-accident emergency cooling solutions, producing .both 
oxygen: and hydrogen. 

3. Aluminum corrosion by water solutions, producing hydrogen. 

4. Zirc corrosion by water solutions, producing hydrogen. 

If a sufficient amount of hydrogen is generated, it may react with the Oz present in the con
tainment atmosphere or, in the case of inerted· containments, with the oxygen generated following.· 
a LOCA. 

The extent of zirc-water reaction and· associated hydrogen production depends strongly on the 
course of events as:;~.rned for the accident. ..:\naly~ici'.lly the reaction can c·Z! desr::ribed by: 

lb Zr ~ 0.043956 lb Hz 

lb Zr ~ O.OZ1978 lb-mole Hz. 

Therefore, one pound of reacted zirconium will produce 0.021978 pound-moles of free hydrogen. 
Assuming the perfect gas relationship, this is equivalent to 8.4866 scf /lb Zr: 

·-.. ,.; 
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· MRT 
V=p-

V = 0.021978(10.71)(530) 
14.7 . 

V ~ 8.4866 scf/lb Zr. 

"-~··' 

The total amount of hydrogen produced is based on the amount of reacted zirconium. as detennfned 
by the assumptions given in Branch Technical Position CSB 6-2. The computer program. to maintain 
a degree of generality. allows the reaction percentage to be specified as an input quantity. 
The expression used .is: 

where 

WG = ( .022){WZR)(f~11~) 

WG .= pound moles of hydrogen. generated 

WZr =weight of zirconium fuel.element clad 

fMW = zirconium-water reaction fraction. 

The rate of gas production from radiolysis depends upon the power decay profile and· the amount 
of fission products released to the coolant. The radfolytic hydrogen production rate at time 
(t) is given by: 

p GCEC(t) + GsEs(t) 
(B) (N) . . 100 

where 

· · SH(t) = hydrogen production rate, lb-mole/sec 

P =operating reactor power level, MWt 

B = conversion factor. 454 gm-mole/lb-mole 

N =Avogadro's number, 6.023 x 1023 molecules/gm-mole 

G = radiolytic hydrogen yield in core, molecules/100 ev c . 
Ec(t) = ganma ray fission product energy absorbed by core coolant. ev/sec-MWt 

. Gs = radiolytic hydrogen yi~ld in solution, mlb~c~~es 
Es(t) = energy absorbed in coolant outside core ciu~ to fission products dissolved in 

coolJntr ev/sec-~Wt. 

The quantity Ec(t) is defined by: 

where 
(fy)c = fraction of fission product g:imrf1a energy absorbed by coc.lant. in core region 

( ev 
HY f) = gamma energy production rate, sec-MHt . 
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Similarly, E
5
(t) is defined by: 

where 

E5(t) = (fr+s>s Hr+s<t) +·f1 H1(t) 

(fy+
8

)
5 

= fraction of total solid fission product energy absorbed in coolant outside core 

Hy+alt) = total solid fission product energy production rate. ev/sec.-MWt · 

f 1 · a fraction of iodine isotope energy: absorbed· in coolant outside core 

H1(t) = iodine isotope energy proou:::tion rate, ev/sec-Ml~t. 

·-·-----~--11:..:i=-

The .equations for oxygen generation by radiolysis are identical to those above describing hydrogen 

evolution except that the yield is one half that of hydrogen. These equations have been in

corporated into the. COGAP program. For ca lcul ational purposes. the reactor decay profiles 

(HY(t), Hy+s{t), and H1{t)) specified by the ANS-5.l draft standard for two-year -reactor opera

tion have been fitted by several finite exponential series expressions and al.so incorporated 

into the program. The resulting equations are: 

-5 -6 
HY(t) = 1022 (5'.1912e-9·8 x lO. t+ 0.8743e-6•5 x lO t 

+ 0.6557e-5.7 x l0:..7t + .4098e~7.4 x 10-St + .OlSOe-8.0 x 10-lOt) 

"r+s{t) = 2.0 HY{t) 

5 -5 
. H (t) = l022 l0.8197e-6 ·1 x 10- t + .3279e-l.l x lO t 

·. I . .. 

where 

-6 ) + .OSl4e-l.O x 10 t 

t = time after reactor shutdown, sec. 

Between 400 ~nd 4 x 107 sec, the equati·o~s overpredic~ ·the standard curve by 203. The 

equations underpredict the standard curve soon after shutdown. However, this does not seriously 

affect the results due to the short time period involved. The equations are equivalent to the. 

afterheat decay curve in BTP APCSB 9-2 over the times of interest for post-accident hydrogen 

generation. It should also b~ r.ot~d th.:it the COGA.P fonni:lation overpr.:dicts the radiolytic 

hydrogen generation by a small amount due to a "double-counting" of the g~mr.:a en2rgy of those 

fission products assumed to be released.from the fuel rods. 

Hydrogen generation due to aluminum corrosion. is normally considered only when additives are 

used in the cooling solution. When applicable.gas production is governed by the following 

expression: 

where 

= ApBC(tJ 
(12}l3.15 x 107) 

Sc(t)' = hydrogen production rate, lb-mole/sec 

A = surface area of aluminum,. ft 2 

6.2.5-11 
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~ a aluminum density, lb/ft3 . 

B = lb-moles of hydrogen per lb of aluminum 

C(t) = aluminum corrosion rate, in/year. 

The aluminum corros1on rate has been described by an exponential fit 1n COGAP to account .fc)r an 
increased rate due to high temperatures early in the accident followed by a.constant< rate for 
the remaining period of the analysis. 

The ch::;;;ical relationship by which hydrogen is fomed has been assumed to be: 

2 Al+ 3 H2o ... 3 H2 + A1 2o3 

lb Al-+ 0.111 lb H2 

lb Al .. 0.0555 lb-mole Hz 
therefore 

B = 0.0555 lb-mole Hz/lb Al.· 
.·:.·· .. 

Zinc corrosion has been treated in a similar. fashion. 

COGAP INPUT REQUIREMENTS 

COGAP has been developed to minimize the required input information •. All data associated with,,. ( 
. :the power decay profile has been incorporated into the program and need not be entered~ Basic 

input requires eight input cards per case. ·Multiple cases can be stacked back to back, allowing_ 
an unlimited number of cases to be run at any given time: 

The following is a detailed description of t~e data required per case: 

1st card: title card. 

2nd 

Information contained within the first 72 colum~s will be printed as a general output 
heading. It should be used to describe the power plant under consideration. 

card: control card. (right justifi~d)~integ2rs) 

columns 
5 10 15 zo Z5 30 

I1 IHl Jl Kl ITEMP I CASE 

11 = total number of time· steps considered (must not be greater than SO)(equal to IHl 
+ Jl + Kl + 2) 

IHl = number of time steps in initial time step grid 

Jl = number of time steps in second time step grid 

Kl = number of time steps in third time step grid 

6.2.5-12 
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-ITEMP =number of.t~mperature points to· be read 

·1cASE = O if this is last case 

= 1 if another case following. 

3rd card: time step information (floating) 

12 

DELTA 

columns 
24 

DEL TB 

36 

DEL TC 

DELTA.~ constant time step for first time grid, days· 

bELTB ~ constant time step for second t~me grid; days 

DELTC = constant time step for third time grid, days. 

, 4th card: containment data (floating) 

12 

POW 

columns 

24 

V(l) 

36 

V(~) 

48 

ZIRWGT 

POW = reactor power level, MWt .· 

V(l) = containment free volume, ft3 

60 

0 

V(2) =2nd containment free volume (wetwell), ft3 

ZIRWGT = zirconium claddin~ weight, ·pounds 

0 = oxygen dissolved in primary, pound-moles 

·H =hydrogen dissolved in primary, pound-moles. 

5th card: containment data (continued) 

. 12 

p 

columns 

24 

T 

36 

OF 

48 

QREC 

P = initial co!'1tilinor.ent pr·essu~e, ps.i.:! 

60 . 

TIME 

T = initial containment t~nperature, rankine 

OF = initial oxygen volume fraction (.209 std. air) 

QREC = recombiner flow .rate,· cfm 

(Must be zero if purging is to be considered) 

6.2.5-13 

'. 

72 

H 

. 72 

PURG 

.·:.·. · .. 

. ll/24/75 



........... ;:..~-........ ·~---~--"-··-··.:. _ _.._ .. __ ,.;. ___ . -~-..:._ ___ ... ____________ ~ . ..• :... - - .. .: -- -

TIME = time recombine- started, days 9· 
(program wi11 start recombiner at time nearest but less _than specified time) 

PURG ·= purging rate, cfm (must be zero if recombiner is to be used). 

6th card: gas constants lfloating) 

12 

. fmw 

24 

A 

36 

columns· 

f = zirc-water reaction fraction . m1~ . 

A = aluminum surface area, ft2 

Ge = G-H2, core solution, mole/100 ev 

Gs = G-H2, sump solution, mole/100 ev 

(f ) =·fraction of gammas absorbed in· coolant in core region y c 

(fy+s's = fraction of solid fission product energy absorbed in .solution outside core 

7th card: g~s constants (floating)· 

columns 

24 

BLANK 

36 . 

D 

48 

HF 

60 

TI 

72 

FLOW 

·'-fl = fraction of iodine fission product energy absorbed in solution outside core 

D = time constant >9.0 x io8 

· HF ~ H2 concentration fraction at which purging will -begin 

TI = time to initiate nitrogen addition, sec 
FLOW= CAD nitrogen flo1~ rate, scf/sec. 

8th card: temperature profile 

12 24 

T(l) Tl2) 

35 

T(3J 

columns 

50 

T( !TEMP) 

T(l) =containment temperature, rankine (for first timP. incrP.ment) 
T(2) containrr.ent temperature, rankine (for second time increment) 

T( !TEMP) = containment temperature~ rankine (for !TEMP time increment) 
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A. BACKGROUND 

BRANCH TECHNICAL POSITION CSB 6-2 

CONTROL OF COMBUSTIBLE GAS CONCENTRATIONS IN 
.CONTAINMENT FOLLOWING A LOSS-OF-COOLANT ACCIDENT*. 

Ger1erdl Design Crite:rion 41 re:quires that syste:ns to be provided as necessary to ::ontrol 
. . . . 

the concentrations of hydrogen. oxygen. and other substances which may be released into the 
reactor containment fol lo\1ing postulated accidents. to assure that containment int~grity. is 
maintained. General ·Design Criterion 50 requires. in part, that containment be designed to 
accommodate with margin "metal-water and other chemical reactions that may result from degrade" 
emergency core cooling functioning." This branch technical position (BTP) describes an accept
able method of impl e.menti ng these criteria for 1 ight water reactor plants with cyl i ndri ca 1, 
zircaloy-clad, oxide fuel. Evaluations of other ligh~ ~ater reactor fuels. with stainless steel 
cladding or with non-cylindrical cladding. will continue to be made on an.. individual case basis • 

... . 

Following a loss-of-coolant accident (LOCA), hydrogen gas may accumulate within the contain
ment as a result of: 

1. Metal-water reaction ·involving the zirconium fuel cladding and the reactor coolant. 

2. Radiolytic decomposition of the post-accident emergency cooling solutions (oxygen will 
also evolve in this process). 

3. Corrosion of metals by solutions used for emergency cooling or containment spray. 

If a sufficient amount of hydrogen is generated, it may react with the oxygen present in the 
containment atmosphere or, in the case of inerted containments, w·ith the oxygen generated followiri~. · 
the accident. The reaction would take place at rates rapid enough to lead to high temperatures 
and significant overpressurization of the containment, which could result in a leakage rate above 
that specif:ecl in the limiting cor.ditions for operation \technical specifications). Carn.;;g.e to 
systems and co:nponents essential to the continued control of post-LOCA conditions could also 

occur. 

The extent of metal-water reaction and associated hydrogen production depends strongly on 
the course of events assumed for the accident and on the effectiveness of emergency cooling· 
systems. Evaluations of the pedormance of emergency core cooling systems {ECCS) included as 
engineered safety features on current light water cooled reactor plants have been made by.reactor· 
designers using analytical models described in the Commission's· Interim Policy Statement of 1971. 
These calculations are further discussed in the staff's Concluding Statement in the rulemaking 
hearings, Docket RM-50-1. The result of such evaluations is that for plants of current design, 
operated in conformance with the. Interim Policy Statement, the calculated metal-water reaction 

*See Section II.1 of Standard Review Plan 6.2.5. 
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• am~unts to ~nly a fra. of one percent of the. fuel cladding ••. As a result of the rul~~ -~ . 

making hearing (Docket RM-50-1), the Conmission has recently adopted new regulations dealing with 

the effectiveness of ECCS (10 CFR §50.46). .(·· 
The staff believes it appropriate to consider the experience obtained from the various ECCS~ 

related analytical studies and test programs such as code developmental efforts, fuel densifica
tion, bl.owdown and core heat-up studies, and the PWR and Bl·JR FLECHT ·tests, and to take account of 
the foregoing increased conservatism, for plants with ECCS evaluated under.§50.46, 1n setting the 
amount of initial metal-water reaction to be assumed for the purpose of establishing design 
requirements for combustible gas control systems. The staff has always separated the design bases 
for ECCS and for containment systems, and has required containment systems such as the combustible··· 

t 1 t t h i . ..l t . t• .. d . d ... d . ·.... . ~ ·.. ... ...... ... ... gas con re sys e~ o ue ' es i gn;:;,_, ,q \"il .ns •.an a more egra_.: cor.::n ~ion or tr.a reac ,or ~11an ~:ie 

ECCS design basis permits. The approach is consistent with provisions of General Design Criterion 
50 where the need to provide margins to account for the effects of degraded ECCS function is noted. 
Although the level of degradation considered might lead to an assumed extent of metal-water 
reaction in excess of that calculated for acceptable ECCS performance, it does not lead to a . 
situation involving a total failure of the ECCS. ·The staff feels that this "overlap .. in protec
tion requirements provides an appr.opriate and prudent safety margin against unpredicted events 
during the course of accidents. 

Accordingly, the staff believes that the amount of hydrogen assumed to.be generated by metal
water reaction in establishing combustible gas control system performance requirements should be 
based on the amount calculated in demonstrating compliance with §50.46, but that the amount of 
hydrogen required ·to be assumed should include a. margin above that calculated. To obtain this 
margin, the assumed amount of hydrogen should be no less than five tim~s that calculated in 

.accordance with §50.46. . .... 

Si nee the amounts of hydrogen thus determined may be quite sma H for many pl ants, as a resul ( 
of the other more stringent requirements.for ECCS performance in the criteria of §50.46, it is 
consistent with the consideration of the potential for degraded ECCS performance discussed above. 
to establish also a lower ·limit on the assumed amount of hydrogen generated by metal-water 
reactions in establishing combustible gas control system requirements. In establishing this 
lower limit, the staff has noted that· the maximum metal-water reaction permitted by the ECCS 

. . 
performance criteria is one _percent of the cladding mass;* In fact, the designs of several 
plants of the BWR6-Mark III type using one percent of the cladding mass as a combustible gas 
contro1 syster1 bus is ha·12 re~e:"tly be>:n r·evie11ed and acc~pted by the_ staff ad the :'.\dvisory 
Co:nr.1i ttee on Rea·:tor Safeguards. These plane:; were revie1·12ct· en an individu:!: case basis, since 
they were the first of the design type. The general .and continued use of this "one percent of 
the mass" value as a lower limit for assumed hydrogen production, however, would unnecessarily 
penalize reactors with thicker cladding, since for the same thermal conditions in the core in a 
postulated LOCA the thicker cladding would not, in fact, lead to 'increased hydrogen generation. 
This is because the hydrogen generation from metal-water reaction is a surface phenomenon. The 
staff considers that a more appropriate basis for setting the lower li~it would be an amount 

( 

of hydrogen assumed to be generated per unit cladding area. It is convenient to specify for··. 
*lO CFH Part 50, §50.46(b)(3) "The calculated total amount of hydrogen generated from the chemical .. : ,:~ 

reaction of the cladding with water or .steam shall not exceed·0.01 times the hypothetical amount 
that would be generated if ull the metal in the cladding cylinders surrounding the fuel, excluding 
the cladding surrounding the plenum volume, were to react.'·' · 
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this purpose a hypothe. unifonn depth of cladding surface rea.n. .The lower limit of. 
metal-water reactiori hydrogen to be assumed is then the hypothetical amount that would be 
generated if all metal to a specified depth in the outside surfaces of.the cladding cylinders 
surrounding the fuel (excluding the cladding surrounding the plenum volume) were to react. 

In selecting a specified depth to be assumed as a lOwer limit for all reactor de~igns, ·the 
staff has calculated the depth that cou}d correspond to the "one percent of the mass" value 
for the current core design.with the thinnest cladding. This depth (0.01 times the thickness 
of th~ thinnest fuel cladding in use) is 0.00023 inches. 

In s:;rnmary, the amount of hydrogen 2'.;Surned to be g~nerated by meta1-water reaction in 

dete.-minin':l the perfor;;ia!'lce requirer.:ent:; fer corr.b;;stible gas control systems should be 
five times the maximum amount calculated in accordance with §50.46, but no less than the 
amount that would result from reaction of all the metal in the outside surfaces of the clad
ding cylinders surrounding the fuel lexcluding the cladding surrounding' the plenum volume) to 
a depth of 0.00023 inch.es. 

It should be noted that the extent of initial metal-water reaction calculated for the 
first 'core of a plant, and used as a design basis for ::;.~ hydrogen con_trol system, becomes 
a limiting condition for all reload cores in that plant unless the hydrogen control system 
is subsequently modified and reevaluated. 

The staff believes that hydrogen ~Orjt_i'ol systems in plants receiving operati~g licenses 
on the basis of ECCS evaluations under the Interim Policy Statement should continue to be 
designed for the five percent initial metal-water reaction specified in the origi-nal edition 
of Safety Guide 7. As operating plants _are reevaluated as to ECCS performance under lO CFR '1'>· 

§!:£).46, a change to the new hydro~en control basis enumerated above may be made by appropriate 
amendments to techni_cal specifications. For plants receiving construction permits on the 
basis of ECCS evaluations under the Interm Policy Statement, the staff believes that a commit
ment by the applicant to a specified maximum metal-water reaction, as determined by the. 
provisions of this BTP, is. an acceptable alternate basis for trie design of a hydrogen control 
system. 

No assumption as to rate of evolution was associated with the magnitude of the assumed 
metal-water reaction originally given in Safety Guide 7. The metal-water r~action rate is of 
significance when establishing system ~erform0nce require~2nts for cuntain~ent designs that 
~nploy time-dependent hydrogen control features. The staff recognizes that.it would be un

realistic to.assume an instantaneous release of hydrogen from ari assumed metal-water reaction. 
The staff believes that for the design of a hydr_ogen control system, it should be assumed that 
the_ initial metal-water reaction would occur over a short period of time early in the LOCA 
transient, i.e., near the end of the blowde1·m and core refill phases of the LUCA fransient. Any 
hydrogen thus evolved would mix with steam and air and be rapidly distributed throughout the. con
tainment compartments enclosing the reactor primary coolant system by the steam flowing from the 
postulated pipe break. These compartments include the "drywell" in typical boiling water reactor 
containments, the "lower volume" of ice condenser containments, and the full volume of "dry" con
tainments. The blowdown and refill phase duration is generally several minutes, and the staff 
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bel 1eves that the as.ti on of a two-minute evolution time at.~ nstant reaction rate. with the 
resulting hydrogen un rmly distributed in the containment com tments enclosing the primary 
coolant system. is appropriately conservative for the design of hydrogen control systems •. The 
effects of steam within the containment and containment subcompartments should be considered in 
the evaluation of the mixture composition. 

The rate of production of gases from radiolysis of coolant solutions depends on (1) the 
amount and quality of radiation energy absorbed in the specific coolant solutions employed·. 
and (2) the net yield of gases generated from the solutions due to the absorbed radiation 
energy. Factors such as coolant flow rates and turbulence, chemical additives. in the coolant, 
impurities, and coolant temperature can all exert an influence on t.he gas yields from radiolysis. 

. . 

The hydrogen produc-::ion rate fron r:orrosion of materiels wfrhin ~h= contain;;;:!nt,. $UCh as 
aluminum, depends on the corrosion rate which 'in turn depends on such factors as the coolant 
chemistry, the coolant pH, the metal and coolant temperatures, and the surface area exposed 
to attack by the coolant. Accurate values of these parameters are difficult to establish 
with certainty for the conditions expected to prevail following a loss-of-coolant accident. 

The staff has reviewed the available information concerning these parameters, including 
the results of ca lcul at ions and. experiments. Tab le 1 defines values and other assumptions· 
which the staff believes to be reasonably conservative that may be used for purposes of 
ev~luating .the production of combustible gases following a loss-of-coolant accident. 

-If these assumptions are used to calculate the concentration of hydrogen (and oxygen) 
within the containment structures of reactor plants following a loss-of-coolant accident, the 

._ __ 

. ( •.·· 

hydrogen concentration is calculated to reach the flammable limit within p~riods of less than .a · (_, 
day after the accident for:the smallest containments and up to more than a month for the large~ . 
ones. The hydrogen concentration could be maintained below its 10~1er· flammable limit by purging 
the containment atmosphere to the .environs at a contro 11 ed rate after the LOCA; however, radio-
active materials in the containment would.also be released. If purging became necessary shortly.-
after the accident, quantities of such material would be released; _The staff believes that the 
capability for controlled purging should be provided, but that purging should not be the primary 

.means for controlling combustible gases following a LOCA. 

The_ Bureau of Mines has conducted experiments at their facilities with initial hydrogen 
volume concentrations in the range of four to twelve volume percent. On the basis of these 
P.xperiments, and cf review of reports t,y others, the staff concl ud<:!s ti1a t a 1 u'.1er fl a::-:::~bil i ty 
limit of four volume percent hydrogen ·in air or steam~air atmospheres is well established and ii 
adequately conservative. For initial concentrations of hydrogen greater than about six· volume 
percent, it is possible in the presence of sufficient ignition sources that the total accumulated 
hydrogen could burn in the containment. For hydrogen concentrations in the range of four to six 
volume percent, parti.al .burning of the excess hydrogen above four·volume percent may occur. The 
staff believes that a 1 imit of c;ix volume percent would not result. in effects that would be 
adverse to containment systems. Applicants or licensees should demonstrate through supporting 
analyses and experimental data that containment features and safety equipment required to operate 
a LOCA would not be made inoperative by burning of the excess hydrogen, if ·a design limit in 
the range of four to six volume percent hydrogen is proposed. 
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In small containmt., the. amount of metal-water reaction p.lated in Table l may result 

in hydrogen concentrations above acceptable 1 imi ts. The evolution rate of hydrogen from the. 

metal-water reaction would be greater than that from either radiolysis or corrosion, and since 

it is difficult for a hydrogen control system to process large volumes of hydrogen very rapidly .• 

an alternative approach is fo operate some of the smaller containments v1ith inert (oxygen 

deficient) atmospheres. This measure, the so-called uinerting" of a containment. provides 

sufficient time for combustible gas control systems to reduce the concentration of.hydrogen 

following a loss-of-coolant accident before .the oxygen generated by radiolysis results in. 

flammable mixtures in the containment. Any requirement for inerting of a containrr.ent should be 

considered on an individual case basis, taking into account the features of the plant. the details 

of the inservice·inspection program for components inside containment, and the need for protection 

asainst possible effects frow. combus~ible ga5es. 

For all containments, it is advisable to provide means for mixing, sampling,. and control of 

combustible gases resulting from the postulated metal-water reaction, radiolysis, and corrosion. 

following a LOCA, which.do not involve releases of radioactive materials to the environment. · It 

is also advisable, as a back-up measure, to provide the capability of purging the containment. 

Filters should be provided as needed in the purge stream to limit the potential release of 

radioactive iodi'1e and ott>er radioactive materials so ":liat the calculated radiological consequences 

of the LOCA, including the purge, do not exceed the guideline doses given in 10 CFR Part .100. . 

Since any system for combustibie gas control is designed.for the protection of. the public 

in the event of an accident, it should· meet the design and construction standards of .engineered 

safety features. Care should be taken in its design to assure that the system itself does not 

introduce safety problems that may affect containment integrity; for example .• if. a flame 

recombiner is used, propagation of ·flame into the containment should be prevented. 

For .most reactor plants, operation of the hydrogen control system would not be required for 

time periods of the order of seven days or more following a postulated design basis LOCA. Thus, 

it is reasonable that hydrogen control systems need not necessarily be installed at each reactor. 

Provision for either onsite or offsite storage.or a shared .arrangement.between licensees of 

plants in close proximity to each other may be developed. An example of an acceptable a.rrange

ment would be to provide at least.one hydrogen control system per. site with the provision that a 

redundant unit would be available from a .nearby site. 

S. 8RJl.i·~Cfl TECHti T C.\L PCS IT 10~1 

l. All water-cooled power reactor facilities should have the capability for measurement 

of the hydrogen concentration, for mixing the atmosphere in the contafoment, and for 

controlling combustible gas concentrations without reliance on purging· of the contain

ment atmosphere following a loss-of-coolant accident . 

. 2. The continuous presence of combustible gas control equipment at the site maY. not be 

necessary provided it is available on an appropriate time scale; however, appropriate 

design and.procedural provisions should be made for its use. In addition, centralized 

storage facilities that would serve multiple sites may be used provided that these 

facilities include provisions such as maintenance, protective features, testing, and 

transportation for redundant units to a particular site. 
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3. Combustible g.ntrol systems and the prov~sions for -g. measuring, and sampling 
should meet the design, quality assurance, redundancy, energy source, and instrumen
tation requirements for an engineered safety feature, and the system itself should not 
introduce safety problems that may affect containment integrity. The combustible gas 
control system should be designated seismic Cutegory I (See Regulatory Guide' 1.29) •.. 
and the .Group B quality standards of Regulatory Guide 1.26 should be applied. 

4. All water-cooled power reactors should also have the installed capability for a 
controlled purg~ of the containment atmosphere. The purge system need not be re
dundant nor be designated seismic Category I, except insofar as portions of the system 
constitute part of the primary. containment boundary .. Filtration of the purge stream 
should be pro~ided as n~cessary !o reduce the su~ of the 1-0n9-t2rrn doses rrci1l tt1e LOCA 

and the purge to values less than the ~uidelines of 10 CFR Part 100 at the low popula
tion zone outer boundary •. · 

5.. The parameter values listed. in Table 1 should be used for the purpose of calculating 
hydrogen and oxygen gas concentrations in containments and evaluating designs provided 
to control and to purge combustible gases evolved in the course of Joss-of-coolant 
accidents. These values may be changed on. th~ basis of additional experimental 
evidence and analyses. 

6. Materials within the containment that would yield hydrogen gas due to corrosion from 
the emergency cooling or containment spray solutio.ns should be identified, and their 
use should be limited as much as practical. 

.7. ·For plants for which a notice of hearing on the application for a construction permit "', 
was published after November 5, 1970: 

a. Plants recieving operating licenses on the basis (in part) of ECCS evaluations 
under §50.46 should conform to items 1-6, above, prior to operation. 

b. Plants receiving operating licenses on the bas{s.(in part) of ECCS evaluations 
under the Interim Policy Statement of June 2g, 1971, should conform, prior to 
operation, to items 1-6, above, but with item 4 of Table 1 changed to specify a 
five percent metal-water reaction and an evolution time deter:nined on an individ1lal 
casP. bnsis. 

Reevaluations of combustible. gas control measures for plants in this category to 
take account of the change in amou_nt of assumed metal-water reaction may be made 
at the option of applicants and licensees after submission of §50.46 ECCS analy'ses 
and final approval by the staff. 

c. Designs of plants recelVrng construction permits on the basis (in part) of ECCS 
evaluations under §50.46 should include combustible gas. control measures in con~ 
formance with items l-6, above. 
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• -d. Designs of plants receiving construction permits on the basis (in part) of ECCS 
evaluations under the Interim Policy Statement of June 29, 1971, .should include 
combustible gas control measures that conform, at the option of applicants, to 
one of the following: 

· (1) Items 1-6, above, based on a cominitment to a specified maximum metal-water 
reaction to be calculated according to §50.46. 

(2) Items 1-6, above, but with item 4 of table 1 changed to specify a five per
cent metal-water reaction and an evolution .time detennined on an ind.ividual 
case basis. 

8. For plants for which a notice of hearing on the application for a construction permit 
was pub 1 i she~ bet~ieen December 22,. 1968 and November 5, 1970: 

·a. A redundant combustible gas control system (such as a recombiner system) as 
described in items 1 and 2, above, or a repressurization systeml' designed with 
redundant elements and designated seismic Category I should be provided unless 
purging doses are less than the limits given in subparagraph (b), below. Purging 
capability should al~o be provided as a backup measure to a combustible gas control 
system, but in this case no purging dose computations need be submitted and the 
purging system need not have redundant elements or be designated seismic Category 
I, except .insofar as portions of the system constitute part of the primary contain
ment boundary. 

b. If the incremental long-term doses from purging in the event of a postulated LOCA~ 
are calculated to be less than 2.5 rem whole body ~nd 30 rem thyroid at all points 
beyond the exclusion area bo.undary, no combustible gas control systems other than 
the purging .system need be provided. The combination of the dose from the purge 
and the long-tenn dose from a postulated LOCA should be below the guidelines of 
10 CFR Part 100 at the low population zone outer boundary. Any filtration system for 

which credit is taken in calculating the purging dose should be redundant, should ' 
be designated seismic Category I, and the Group B quality standards of Regu·latory 
Guide 1.26 should be applied. Such filtration.systems should be designed,. 
constructed, and tested to meet the recorr.mer.dati ons of Regl! la tory G•J ide 1. 52 to the 
exter.t pn~ctical. The pu:·gir.g systen: srH):Jld ba desi.,p~d t0 that ~t is n'Jt r::cde! 
inoperative by the failure of any single active component {such as a valve, blo\'/er, 

.or electrical power source). 

l!Pr.ovisions such as a containment atmospheric dilution system that introduces additional gas into· 
the drywell of some BWR plants ;;icy be provided to delay the time to purge on plants in this 
category; however, the containment should not be repressurized beyond 50% of the contajnment 
design pressure. " 
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c. ·· For pla.eceiving operating licenses on the bas-fn part) of ECCS evaluations 
under ·550.46, the parameter values listed in.Table 1 should be used to calculate 
combustible gas concentrations. in containments and to evaluate designs provided to 
control and to purge these gases. 

Fo~ operating plants, or plants receiving operating licenses on the basis (in . 
part) of ECCS evaluations under the Interim Policy Statement of J_une 2~. 1971, 
the parameter values of Table 1 should be similarly used, with item 4 of Table 
changed to specify a five percent metal-water reaction and an evolution time 
determined on an individual case basis. Reevaluations of combustible gas control 
measures for plants in this category to.take account o.f the change in amount of 
assurr:~d 1"~tal-·.-1.:iter re~ctio:i r.iay be _made at the option of applicants and l 1ce:15ee5 

after submission. of §50.46 ECCS analyses and final approval by° the staff. 

d. Combustible gas control systems conforming to this section (B.8) should be 
provided prior to operation or as soon thereafter as practical. 

9. For plants for which a notice of hearing on the application for a construction permit. 
was published before December 22, 1968: 

a. Information regar.ding the calculated dose from purging should be furnished to the· 
staff. If the sum of the long-term doses from a postulated LOCA and the_purging 
dose·is below the guidelines of 10 CFR Part 100 at the low population zone outer 
boundary, no combustible gas control systems other than the purging system need 
be provided. 

b. Any filtration system for which cred_it is taken in calculating the pu_rging dose 
should be redundant and designated seismic Category I, and the Group B quality 
standards of Regulatory Guide 1.26 should be applied. Such filtration systems 
should be designed, constructed, and tested to meet the recommendations of 
Regulatory Guide 1.52 to the extent practical. 

c. The purging system should be designed so .that it is not made inoperative by the 
failure of any single active component (such as ·a valve, blower, or electrical 
power source). 

d. If the long..:ter;n do5e limit of subparagraph (aJ onnot be met by a pur·ging system 
with filtration, either a redundant combustible gas control system (such as a 
recombiner system) as described in items l and 2, above, or a repressudzation 
systeml' with redundant elements and designated seismic Category I should.be 
provided. Purging capability should also be provided as a backup measure for the 
combustible gas control system, but the purging system need not have redundant 
fllters, be designated seismic Category I, except insofar as portions of .the 
system constitute part of the primary containment boundary,. or meet the single 
failure or long-term dose limit criteria, above. 

!/Ibid., page 21. 
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For operating plants, or plants receiving operating licenses on the basis.(in 
part) of ECCS evaluations under the Interim Policy Statement of June 29, 1971, 
the parameter values of Table 1 should be similarly used, with item 4 of Table 1 
changed to specify a five ·percent metal-water reaction and an evolution time 
determined on an individual case basis .. Reevaluations of combustible gas control 
measures for plants in this category to take· account of the change in. amount of 
assumed r.:etal-\·;ater reactipn muy b<: ;;:ade at the optior. of applicants ar.d licensees 
after submission of §50.46 ECCS analyses and final approval by the staff. 

f. Schedules for installation of purging systems or other combustible gas control 
systems should be considered on an individual case basis. 

C. REFERENCES 

The references for this branch technical position ~re the same as those for Standard Review 
Plan 6.2~5. given in Section V of.the plan. 
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1. fraction of fission product radiation 

energy absorbed by the coolant.!! 

5. 

G(H2).!f 

G(02Jlf 

Extent and evolution time of initial 
core metal-water reaction hydrogen 

production from the surrounding fuel. 

Aluminum corrosion rate for aluminum 
exposed to alkaline solutions. 

6. Fissio~ product distribution model. 

7. a. Hydrogen concentration limit. 
.b. Oxygen concentration limit. 
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a. Beta 
(1) Betas from fission prod.ucts fn the fuel 

rods: 0 
(2) Betas from fission· products intimately 

mixed with coolant: 1.0 
b. Garmna 

{l) Gammas from fission products in the 
fuel rods, coolant in core region: 
o.1Y 

(2) Gammas from fission products intimately 

mixed with coolant, all coolant: 1.0 

0.5 molecules/100 ev 

0.25 molecules/100 ev 

Hydrogen production is 5 times the amount 

from the maximum calculated reaction under 
10 CFR §50.46 1 or that amount that would be. 
eve:. ~·ed from a core-wide average depth of 
reaction into the original. cladding of . 
0.00023 inches, whichever is greater, in 

2 minutes. 

200 mils/yr (This value should be adjusted· 
upward for higher temperatures early in the 
accident $equence) 

a. 50% of the halogens and 1% of the solids 
present in the core are intimately mixed 
with the coolant water. 

b. All noble gases are released to·the · 
containment. 

c. All other fission products remain in 

fuel rods. 

4 volume percent!! 

.... 

5 volume percent (This limit should not be 

exceeded if more than 6 v/o hydi·ogen is pn:.:s-=r.t..) 
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