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Memox andmm o H.¥,. Concad o/02/78

Goes ot make a significent difforence, so that the conclusion will
apply to PWR neutral water sprayy at PH 7. IXn Pigure 14 of BNL~
WUREG~24532 it is shown that the rate of M, rulease from Zn increases
by a factor of 1.3 to 1.4 for each PR unit below 9. Tharefore, the
values for pd 7 are proposed am line B in Flgure @ atteched, which {9
3.5 times line A, and parallel to £t. I uce 3.5 hecause -the ph in
the field will probably be a litile below 7.

The two lines carvespond to equationey

50t -y =3
Line A (pH 9.5) Rate H, = 1.3 x 105 exp(— ‘Mm—2> scr.rt-zhz

Line B (ph 7) Rate H, = 4.6 x 10° uxp<~ Q_;J_?;’_Q R 4 T
ote that line B is identical to Figure 11 of AL~ HUREG~24532 .,

With more and better data we could construct curves with greatmr conflderce,
wmentioned in my report quoted above. Bettor knowledge of how the R, evolution
is osustalined over longer periode at the lowor tomperataores will aleo enable a

are realistlic evaluation of Hy bulldup over a cycle such as would be experienced
furingy a LOCA.
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BROOKHAVEN NATIONAL LABORATORY
MEMORANDUM

DATE:8/2/78

TO: H.F. Conrad 5‘ !é?

FROM: D« van Rooyen

SUBJECT: Hz Release From Zn Corrosion

We discussed today the questions of (1) amounts of Hy = realistic curves vs.

conservative curves, and (2) the effect of pH - neutral pure water vs. pH 9 with

boron present.

1.

2,

Figure 11 of my report BNL-NUREG~24532 shows the best conservative

curve for Hz from Zn at various temperatures, and the text of that
report gives the uncertainties associated with the evaluation of
available data. The curve was arrived at by establishing the best
slope for log H2 vs. 1/temp (°K) plot, and drawing such a curve
through the "Zittel" highest point for a zinc-rich paint. There is
no other point quite as high as this Zittel result, and he also re-

ported that the rate fell off to near zero after one day for the

‘paint. However, he also reported an average value equivalent to

3.3 % 10-3 SCF.ftTZhr-l for a 100 hour test at pH 9.3. Therefore,

if I had to construct a curve for the most realistic curve, I woul

draw it as line A, Figure 1, attached. The curve is based on ave
age rates at various temperatures in borated spray at pH 9.5, ap® s
supported by NUS as well as Franklin Institute data, 1.6, 4t 48 fe.t
to be realistic since it contains several points of average values
over periods of one day or more, and we have several sets of data
that fit reasonably well. This curve falls below the Zittel point
for average H, release of pH 9.3 for galvanizing in his 100 hour
test, so that it scems difficult to draw it any lower unless we Ob-
tain more data.

In discussion the pH effect, I assume that the presence of borate
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;Hamorandum to H.F. Conrad 8/02/78

|
| does not make a significant difference, so that the conclusion will
apply to BWR neutral water sprays at pH 7. In Figure 14 of BNL-

_ NUREG-24532 it is shown that the rate of H, release from Zn increases
, by a factor of 1.3 to 1.4 for each pH unit below 9. Therefore, the
values for pH 7 are proposed as line B in Figure 1 attached, which is
3.5 times line A, and parallel to it. I use 3.5 because the ph in

the field will probably be a little below 7.

The two lines correspond to equations:

[t - _l

Line A (pH 9.5) Rate H2 e 1.3 % 105 exp - 14;2— SCF.Ft.zhr
[ 450 -2 -
Line B (ph 7) Rate H, = 4.6 x 10~ exp - Lo SCF.Ft.?hr "

2 RT

Note that line B is identical to Figure 11 of BNL-NUREG-24532.

With more and better data we could construct curves with greater confidence,
as mentioned in my report quoted above. Better knowledge of how the H, evolution
'is sustained over longer periods at the lower temperatures will also enable a
more realistic evaluation of i, buildup over a cycle such as would be experienced

‘during a LOCA.
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UNITED STATES
NUCLEAR REGULATORY COMMISSION
WASHINGTON, D. G, 20555

SEP 2 01978

MEMORANDUM FOR: W. R, Butler, Chief, Containmen: Systems Branch, DSS
FROM: F. Eltawila

THRU: J. Kudrick, Section Leader, Section A
Containment Systems Branch

SUBJECT: HYDROGEN GENERATION IN MARK II CONTAINMENT DUE TO ZINC
CORROSION

Reference: Memorandum for W. R. Butler from S. Pawlicki dated

August 9, 1978

Since the spray systems in BWR's use water without additives for the

purpose of reducing pressure and temperature inside the containment,

1t was previously believed that the corrosion of zinc will contribute
a negligible amount of hydrogen to the BWR containment atmosphere.

ilowever, during the course of our review of Susquehanna Steam Electric
Station (SSES), a BWR Mark Il containment, we noted that the applicant
has considered zinc corrosion as a potential source of hydrogen follow-
ing a postulated loss-of-coolant accident.

In order to determine the contribution of zinc corrosion to the total
hydrogen accumulation in Mark II containment, an analysis was performed
by the staff based on the following:

1. The masses and exposed areas of zinc paint and galvanized steel
as reported in SSES' FSAR;

2. The containment temperature response to LOCA .s reported in SSES'
FSAR; and

3. Corrosion rates based on rate values recommended by the Materials
Engineering Branch (see referenced memorandum) .
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The results of the analysis show that the 100 scfm flow rate provided
by each of the two recombiners (Susquehanna utilizes two 100 percent
redundant hydrogen recombiner systems, each system consisting of two
hydrogen recombiners with one located in the drywell and one located
in the wetwell) is sufficient to maintain the hydrogen concentration
below 4 volume percent,

However, most Mark II containments utilize only one fully redundant
hydrogen recombiner system with each system consisting of one hydrogen
recombiner located outside the containment with the suction point
located in the dryws:1 and the discharge point located above the water
level in the supprecsion pool. Therefore, a similar analysis was per-
formed for LaSalle County Station (LSCS) to determine the contribution
of zinc corrosion to the total hydrogen accumulation assuming that only
one hydrogen recombiner serves both tne drywell and the wetwell regions.
The results of the analysis show that the 150 scfm flow rate provided
by the recombiner to control the hydrogen concentration in both the
drywell and wetwell is sufficient to maintain the hydrogen concentration
below 4 volume percent if the recombiner is initiated when the hydrogen
concentration reaches 3.5%.

On this basis, it is recommended that no design modification be required
for the hydrogen control systems of the Mark II type containments.

However, we will require the applicants to consider zinc corrosion in
their analyses.
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Parameters Used For the Evaluation of Combustible
Gases in the Containment After LOCA

Item Value
SSES LSCS
Drywell Wetwell Drywell Wetwell

Mass of zinc as galvanized steel (1b.) 7498 2611 7498 2611
Area of zinc as galvanized steel (Sq. Ft.) 64,200 23,150 64,200 23,150
Mass of zinc as paint (1b.) 2480 R 2480 it
Area of zinc as paint (Sq. Ft.) 44,000 ZURE 44,000 U
Mass of Zircalloy cladding

surrounding the fuel (1b.) 78,700 75,324
Zir-water Reaction Percent Volume (Cu. Ft.) 1.*
Reactor Power MWT 3439 3434
Fission Product Distribution and Radiation

Energy AL IV R.G. 1.7
Hy, & 0p Yield Rate R.G. 1.7 R.6. 1.7

* Metal water reaction for LSCS is .77%, the 1% metal water reaztion used in this analysis is chosen to bound
all Mark 1l Containments.
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Item 2 identifies a concern about the hydrogen generation rate for paint
since the curve is drawn through cne data point. However, the data point
chosen represents the highest generation rate obtained from the testing
of several samples by Zittel at the Uak Ridge National Laboratory. Te
our knowledge, there are no data which suggest higher hydrogen generation
rates for zinc-based paint. Iherefore, although more data regarding the
hydrogen generation rates for zinc-based paint would be desirable, the

MTEB curve 1s considered to conservatively predict the hydrogen generation

rates.
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MEMORANDUM FOR: M. R. Butler, Chief :
Containment Systems Branch °
Division of Systems Safety

FROM: S. S. Pawlicki, Chief
laterials Engineering Branch

. SUBJECT: HYDROGEN GENERATION FROM ZINC CORROSION 'IN BWR

CONRTAINMENT POST-LOCA

- REFERENCES:- 1. Memorandum S. S. Pawlicki to R,  Tedesco, Hydrogen

o

Generation Rates After LOCA, March 5, 1978

2. BNL Memorandum, D. vanRooyen to H. F. Conrad, H,
\ Release from.In Corrosion, August 2, 1978

3. BNL-NUREG-24532, Daniel vanRoeyen, Hydrogen Release
Rates from Corros1on of Zinc and Aluminum, May 1978.
Brookhaven National Laboratory

Since we pro.ided CSB with the "interim working curve" of Reference 1, !
Attachment 1, we have been attempting to clarify the situation as regards
the use of this curve in regard to BWRs. We -have searched for other
experimental data and have re-examined our existing data base.

In Reference 2, Attachment 2, MTEB consultant D. vanRooyen recormends - .
the use of Figure 11, BM.-NUREG-24532 (Reference 3,.Attachment 3) for

Sfluids.of .pH of 7, The curve of Figure.l1l 15 the same.as cur recommended

"interim working curve." A A

We agree with his recommendation because of the uncertainty surrounding the
case of BWR water containment sprays indicates a ‘conservative approach,

We agree with the assumption that the change of pH is the most important
effect on the corrosion rate. The addition of boric acid and sodium
hydroxide will only affect the Zinc corrosion rate to the extent that they
change the pH of solution,

- We.concur with his further recommendation of a "realistic” curve (Curve A

of Reference 2) for the calculation of hydrogen generation from a borated
water spray of a pH of 9.5. In this case, test data from two independent
studies are in agreement."
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Status of Problem

Following a loss of coolant aczident in a 1ight water'reactor (LWR)
plant, hydrogen may accumulate inside the primary reactor containment
)iy v casca result of: (1) a metal-water reaction involving -the .fuel rod ;-
cladding; (29 the-radiolytic cecomposition of-water in the reactor core
wf sentare comcgnd ¢ontainment sump; and (3) ‘the corrosion:of certain construction -
materials by the spray solution. This discussion is limited to the
o . post-LOCA hydrogen produced from certain construction materials inside

' containment, most notably aluminum and zinc (tn the form of galvanized

steel and zinc rich primer paints),

At ana V._'_,__..The staff‘has noted in its review of appl1cant analyses of hydrogen
SR <l r-production and accumulat1on as presented in safety ana]y515 reports .
- = that there'are very large (order of magnitude) d\fferences in the 'iff:—:'

assumptions for corrosion rates for certa1n materials. S1nce the rate

.

of hydrogen production and accumulation within the containment is the
s e controlling factor governing the functional design of -the plants' -~ --

% <combustible gas control systems, i1t is important that corrosion rates

of various materials be known with better precision.

The potential for hydrogén generation from aluminum under post-LOCA,

tonditions has led app11éants to limit the use of aluminum in PWR
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Jawes P, Knight

» Assistant Director for Engineering;

UsS
. . THRUz2 Richard H, Vollmer, Assistant Dircctor for Site.Analysi
0SE
FROM: Cordon L, Chipman, Jr;, Acting Chief, Accident Analysis
Branch, OSE |
SUBJECT: POST D2A HYDROGEN GENERATION RATES' TRMERAT
-.. . The merorandun, Tedesco to Kaight, dated 1/30/78 identified the noed

Live zinc corrcsion rates for use by CSB-* v
tidle-gas - production in posts: o2 2
ihe vemorandun, Paslicki to Tedesco, dated |
RES, program to cevelop-the necesﬁﬁny‘

b
for realistically conserve
nfirmatory analyses of combus
.accident environaents,

il

AL
_Gata should existing experimental data be found inadequate,

to cevelop hydrogen generation rate data was
discussed io a wceting en July 27, 1973 attended by *TB, S8, PS8,

AAB and RSR, Based on this.meeting and cur evaluaticn of gas Pro-
duction in.post-2ccident environnents, we believe ‘that existing
experimental data are inadequate. .

A RES progrea cesianed

sponsibility for organic smaterials in-contaimment
re < lnder SAP 6.1.2, "Crganic Haterials®, Imeluded im its scope of -review
is the assesstent of hydrogen and hydracarbon cas g¢ eration under DBA
-s. conditions from themal, chemical and radiolytic effects on orgafic" "
. components of protective coatfng systeas. . A% present, useful dzta on
..these effects is lacking, Lo -raquest that the proposed RES program’
ar’ protectiive coafing’: -
development of "data on
smergistic chenical,
e can provide
sary 1n drafting 2 specific research proposal.

« systems and should be directed ‘ta include the
hydrogen and hydrocaroon gas gencration under s

e

_assistance as neces

/S |
Gordon L, Chipman, Jr., Acting Chief
Accident Analysis Branch

Division of Site Safety and
Envirormental Analysis

cc: See attached sheet
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b MEMORANDUM FOR: S, Levine, Director s§}~\\i voanid
o : : Office of Nuclear ReSUtatory Research s e SR oy
b A % "" e \j }
FROM: : H. R. Denton, Olrector TR ’ o |
: Office of Nuclear Reactor Regulatlon |
R 1 ] POST-LOCA HYDROGEN GENERATION RATES FOR MATERIALS

INCTDE CONTAINMENT

A. Background and Status of Problem

\

Following a loss of coolant accident in a light water reactor (LWR)
*Liv..” ‘plant, hydrogen may accumulate inside the primary reactor containment

; ‘ ‘as a result of: (1) metal-water reaction involving the fuel rod
‘?? water *r cladding, (2) the radiolytic decomposition of the water in the reactcr
‘“core and contairment sump, and+(3) the corrosion af fertain construction
- . materials by the spray soluiion. The metal-water reaction involving

the fuel rod cledding and the radiolytic decomposition pf the water in

*  the reactor core and cortainment sump is discussed in Regulatory

. Guide 1.7, "Control of Combustible Gas Concentrations in Containments

“eelane o FoTlowing a Loss-of-Coolant Accident." The acceptable rates for the

“cbeueeinn rgeneration 'of -.hydrogen from the corrosion of conétructionﬁmateria}s in
o foem orcontainment, particularly aluminum and zinc (in the form of galvanized

et o ‘steel and metal-rich paints) is not adequately defined in the Guide.

The staff has noted in its review of applicant anal;ses of hydrogen
production and accumulation, as presented in safety analysis reports
(SAR), that there are very large (order of magnitude) differences in

the assumptions for corrosion rates for certain materials. Since 'the

J%. --\-ﬂﬁ’m' v.-} 1)‘\-‘- Sy .t\ "ﬁ-nep‘ru ¥l J.c,,\n( -’v_‘zv:;.;-ﬂ‘&'.‘- -_-_4-:"""-_'::" % -'-: -*ﬁwmmw“
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<itiin the corate of hydrogen production andiaccumulat on within the containcent: st an

oy ] 4as

-~ 18 the controlling factor governing the finctional design of the plants!' —:**-
R A combustible gas control systems, it is im.ortant that corrosion and.
hydrogen generation rates of various mate ials be known with better

precision,

......

wt 4ile” Thetpotential for hydrogen generation fron aluminum under post:=LOCA ~ == »'.
: .77 conditions has led applicants to‘limit the use of aluminum. in PWR

T R containments. However, zinc based paints and galvanized steel is

used extensively. We have noted, however, that one applicant has

limited the mass of zinc insi. : containment because of its concern

over potential for post-LOCA hydrogen gencration.

Applitant analyses of post-LOCA hydrogen production and accumulation

B a1 94 .in*BwR~plants do not consider the corrosion of aluminum or zinc as SR
S L2t csources of hydrogen. The reason for this is-that'the»pH for.the.

« .eu.iur o primary coolant and suppression pool water is essentially neutral.
1T ‘:ur-kvﬂowever. one applicant has recently suggested that aluminum.and zinc

P corrosion will occur even with, neutral pH water,

- To properly evaluate the fun¢tional design of a LWR plant's combusiible
" gas control system following a LOCA, it is essential that meaningful
B RS 7 T availab!e regarding the corrosion of materials such as
aluminum and zinc and the degradation, with subsequent hydrogen

-

evolution, of metal-based paints,



‘The staff (MTEB) and their consultants have reviewed the available

experimental data and have developed conservative curves depicting y

: / ¢ : ; .

hydrogen generation rates due to the corrosion of zinc (galvanized
m

steel)‘post-LOCA environments. These curves were recommended for

calculating hydrogen generation.

Informational Deficiencies

* The ‘present data base for establishing hydrogen generation rates is

very limited. Most of the information reported in the literature is
not ammenable to the evaluation of the experimental basis or procecures.
In addition, there is little information reported of the results of

130" 1874
tests at lower temperature ( 85-H62%F) or with a range of pH's.

Information is lacking on the effects of additives, such as boric

acid and sodium hydrpxide versus neutral unadjusted water, upon the

corrosion rates of zinc.

In 'evatuating the literature data prior to developing ‘the recommendad - - |
hydrogen generation curve, a number of unanswered questions were

apparent about some of the parameters of the corrosion‘rate. -The

“following questions should be answered by the research program:

1. * For metal coatings, aluminum or zinc (galvanizing), what is the

effect on hxdrogen generation of,
a. variations in metal coating
b. composition of metal coating ' "

c. method of application
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sun.trats d. alloying of metal coating with 'steel substrate

(8024r 1o r 1pan IS Oxygen depletion of the atmosphere a factor in hydrogen
oL} evolution?

3. Are there two slopes (activation energies) in the zing hydrogen

generation curve? One slope for metal-steam reaction above

Suskhel boiling and ?&etal-}iquid reaction below boiling?

- ; 4. If the pH is controlled to a fixed value will a change of ppm

tane af¥ tnr.erircomposition) have an effect on the degradation of the ‘coatings?

< iredroasa eecleti(x?) of an additive have an effect on the hydrogen .evolutiom, -+ »

i.e.,.is boron concentration a factor?
cp=r+-- 92 18 there an induction period for the start of hydrogen evolution
- -« . from paint o metal coatings? Does the temperature have an
iy . effect? Does preconditionin?. i.e., static exposure to humid
e oy - containment atmosphere, effect the induction period, if any?

sastaneen - 6. Does aging effect the performance of the coatings?

stane; aeraZurrPo variations in the metal pigments (size, shape, quantity, -~

e

imacseo=78. - Will variations in paint vehicle or topcoat have an effect on

the evolution of'the3hydrogen? Will inhibitors have an. effect?

“C. Status of Known Programs Directly Related to the Requested Research

There are no known experimental programs.being sponsored by the

~

7% . Nuctear Regulatary Commission that is directly related to the requested

research. Various other organizations have done experimental research

directly related to this problem. None of these organizations now

{ &

v



.
b wenzaric thave.an:ongoing program. The Franklin Institute Research Loocratories:
“112 taz r fFIRL) has investigated this problem by measuring the hydrogen fn a

s dar

closed vessel while spraying a controlled water solution onto

o S

galvanized steel grid. Qak Ridge Mational Laboratories did 2 similar

experiment but measured the hydrogen content in the vessel only at

€2

the end of the experiment rather than at intervals during the
experiment as did FIRL, Westinghouse Electric and others did cor-
vesgaut ey wurosion, studies on small galvanized samples but measured only weight

"' Joss. : Except for the results reported by FIRL it is difficult to

evaldate the validity of the results or the technique.

D. Desired Completion Date

AR RN The research program should be done in at least two phases, short

’
r

“"“term and long term. The short term program-to be completed by the end
of the calendar year should focus uppn six experimental runs to
“tcorroborate the accuracy of the recommended caldzlation‘cuerS'at

~ accers aovethe lower temperatures. The hydrogen evolution.at the ‘lower temper-

‘ atures (130°-200°F) is important because during post-LOCA the
containment environment is at these temperatures for very long
periods.

« -~ The experimental runs should also compare the hydrogen evolutian

from galvanized ;teel when sprayed with pH controlled water when

boron is added versus pure water,
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near the oo .c[he . long term program :hould be designed to answer the questions’

4 ‘

se,y teeowrcopreviously stated. With the many variables to be investigdted tha

lTong term program will take at least two years,

E. Magnitude of the Resea:ch Program . )
2% v..... oVhe program will require a reasonably large closed vessel into which -
6h1g several mid-size samples can be exposed. Auxiliary equipment will
i R requi{e provisions for neating ‘the spray solution and controlling

. tﬂg qhgmical compositicn of the spray. In addition the atmosphere
3 must be sampled, at intervals; for hydrogen. It is estimated the

short term program would cost about 40K-5S0K. The long term program

would cost 150K to 200K.

F. Licensing Impact

v a» co-...The hydrogen generation rates at various temperatures reconmeénded ™ ° °
ccis e, e QC GalCUTation of hydrogen accumulatién in contaimment are-very -
... Lonservative. The evaluation of the applicants' assumptions in’the.
t-= - OSARs is difficult if the applicants' assumptions differ from the
recomnended values by orders of magnitude. This is so because of the
e ass o Jinited firm data available to ‘the staff, If.the hydrogen generation
ot wt-qrates. for aluminum, 2inc and coatings are found to be significant,
.bf.__ the hydrogen production an¢ accumulation analysis for LWR plants and
& BWR plants, in particulaer, must be appropriately revised and the

-impact or performance requirements for combustible gas contgol
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