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Request for Additional Information on

liydrogen Control

Subject:

kEnclosed is a request for additional information on hydrogen control of
McGuire Units 1 & 2, which is required before we can complete our review.

We are also submitting this request to TVA and AEP., Since this subject
is generic to the ice condenser plants, we suggest a coordinated utility
response by mid-uctober 1952,

The reporting and/or recordkeeping requirements contained in this letter
affect fewer than ten respondents; therefore, OMB clearance is not required
un‘kr P .Lo 96"511.

Sincerely,

Thomas M, Novak, Assistant Director
for Licensing
Division of Licensing

Enclosure:
As stated

cc: See next page
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McGuire

Mr. H. B. Tucker, Vice President
Nuclear Production Department
Duke Power Company

422 South Church Street
Charlotte, North Carolina 28242

cc:

Mr. A. Carr

Duke Power Company

P.0. Box 33189

422 South Church Street
Charlotte, North Carolina 28242

Mr. F. J. Twogood

Power Systems Division
Westinghouse Electric Corp.
P.0. Box 355

Pittsburgh, Pennsylvania 15230

Mr. G. A. Copp

Duke Power Company

Nuclear Production Department
P.0. Box 33189

Charlotte, North Carolina 28242

J. Michael McGarry, 111, Esq.
Debevoise & Liberman

1200 Seventeenth Street, N.W.
Washington, D. C. 20036

Mr. Paul Bemis

Senior Resident Inspector

c¢/o U.S. Nuclear Regulatory Commission
Route 4, Box 529

Hunterville, North Carolina 28078

James P, 0'Reilly, Regional Administrator

U.S. Nuclear Regulatory Commission,
Region 11

101 Marietta Street, Suite 3100

Atlanta, Georgia 30303
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REQUEST FOR ADDITIONAL INFORMATION
- ON HYDROGEN CONTROL FOR ICE CONDENSER PLANTS

A substantial number of laboratory tests were conducted as part of the
ICOG/EPRI R & D Program for hydrogen Control and Combustion. Test re-
sults were transmitted from the utilities to NRC as they became availabley
however, for several of the research programs, only selected test results
were reported and organized compilations of all pertinent test information
were not provided. This information is required to confirm the adequacy
of the test program and assurptiors made in the cor;'gainment analyses. In
this regard provide the following:

a) ACUREX

i) a table of droplet size and droplet density estimates for each

of the fog/spray tests;

ii) a table of estimated flame speed for each test (flame speed should:

be calculable from thermocouple locations and ignition time data);

and

i1i) pressure and temperature traces similar to those depicted in Figures
4-2 of the December 1981 ACUREX Project Report, but for tests 2.10,
2.11, and 2.12;

. b) FACTORY MUTUAL
results of ignition tests in which a glow plug was used in place of
the ignition electrodes;
c) WHITESHELL

tables summarizing pre- and post- burn conditions, igniter locations,
haximum measured pressure rise, adiabatic pressure rise, completeness
of burn, and estimated flame speed. These tables should be keyed to

and cover all of the tests committed to in the test matrix (tables

A



1 - & in Appendix A.1 of the fourth quarterly report on the TVA
research program, June 16, 1981) plus any additional AECL tests
conducted under this program. Of particular interest to the
staff are the results of the 8.5% Hy test with 30% Ho0-and top
ignition. Discuss your plans for conducting tests at steam con-
centrations above 30%, as committed to in previous quarterly re-
ports;

d) HEDL
figures depicting concentration gradients.for each of the tests.
Figures provided should permit better resolution than those in-

cluded in the ‘previous submittal.

- L4

The majority of the ICOG/EPRI tests which serve to demonstrate the validity
of the deliberate ignition concept utilized a GMAC glow plug as the ignition
source. TVA currently intends to install 120 V TAYCO ignitors in the Per-
manent Hydrogen Mitigation System instead of the glow plugs. Although ig-
nitor durability tests have been completed by Singleton, additional testing
of the 120 V ignitor is required to show that it is aﬁ accebtable replace-
ment for the GMAC ignitor. Specifically,
a) tests should be conducted to ensure that the igniter will continue to

operate as intended in a spray atmosphere typical of that which would

be expected in each region of containment where ignitors are to be located;
b) endurance tests should be conducted on a2 suitable sample cize to assure

adequacy and consistency of ignitor surface temperature and lifetime.

For the 120 V ignitor system, describe the following:
a) performance characteristics of the ignitors including -surface temperature

as a function of voltage and age; 3



4)

5)

b) & comparison of surface area, power density.'and other relevant
perameters for the original and currently proposed.igniters;

c) igniter mounting provisions

d) proposed preoperational and surveillance testing, 1If survef11ance

testing will be based on comparizans of measured voltage/current to
preoperational values, specify the rénge far acceptance;

e) power distribution system for the igniters, in particuler, the jo-
cation of the breakers in the system and the number of igniters on

a breaker.

Provide details regarding the number and location of permanent igniters
in containment. Discuss the influence of considerations such as volume
served per igniter, and preferred flame direction on the design of the

permanent system.

Recent tests conducted at McGill indicate that flame accelerations ac-
companied by largeipressure increases, and detonations can occur at hydrogen
concentrations as low as 13%. Although remote, the possibility of flame
accelerations and local detonations occuring around cbstacles and in confined
regions cof containment cannot bé entirely dismissed. Further analysis of the
probability and consequences of these events are thus warranted. In this re-
gard:

a) Discuss the chain of events and conditions required to cause flame accelera-
tions and detonations in containment, and the probability that such condi-
tion§ might exist. Identify the 1ocatiéns in containment at which flame
acceleration/detonation would most likely occur.

b) Provide quantitative estimates of the extent and magnitude of flame

~



ation (pressure versus

which could occur in your

regard to the structural capability of the containment shell.

6) The analysis provided to date concerning the survivability of air return 7ans

nd hydrogen skimmer fans neglects any fan overspeed or motoring which occurs

as a result of postulated hydrogen combustion in the upper plenum and upper

compartment. Describe how the fans will react to the differential pressure

associated with hydrogen combustion, and justify the assumptions concerning
fan overspeed. Describe the effects of combustion in the lower compartment

e.g., fan stalling.

With regard to the equipment survivability analysis, the level of conservatism
implicit in the temperature forcing functidns.developed for the lower contain-
is not apparent and quantifiable. Additional analyses
e a baseline or "best estimate” of equipment re-

ensure that temperature curves assumed

ident sequence and combusti

Yua s

-

containment transients




f1amg speed and ignition criteria for the worst case accident sequence.

The range of these combustion parameters assumed for the equipment'sufvive-
bility analyses should include but not necesﬁa}ily-be limited to the values
assumed in the containment sensitivity studies, i.e., 1 - 12 ft/sec flame
speed and 6 - 10% hydrogen for ignition.

B) For the survivability analysis, it is our understanding that the current thermal
model assumes radiation from the flame to the object only during a burn, with
convection occurring at all times outsiée the burn period. In an actual burn,
radiation from the cloud of hot gases following the flame front can account
for a substantial portion of the total heat transfer to the object. An addi-
tional heat flux tarm or a2 combined radiation-convection heat transfe: cocffi-
cient should be used t6 account for this radiant heat source. In this regard,
clarify the treatment of heat transfer following the burn and justify the ap-

proach taken.

9) HEDL containment mixing tests conducted as part of the ICOG/EPRI R & D program
indicate that spatial hydrogen concentration gradients of as much as 2 to 7% can
be expected to exist within containment at a given time. If such a gradient.'
were to exist witﬁin the voTume of ahydrogen cloud in which combustion has just
been initiatéd, the vo1dme-a§erage hydrogen concentration for the cloud can'
conceivably be significantly higher than the hydrogen concentration at the
pint of ignition. In 1ight of this, discuss the influence of hydrogen con-
centration gradients on the concentration requirement for ignition that is in-
put to CLASIX, and justify the ignition concentration value used in the CLASIX

containment analyses.

10) Describe in detail the fog formation study cited in response to question S
of the Jul; 21, 15981 Request for Information. include in this description

. the analytical development of the models for fog formation .and removal, methods



1)

12)

13)

for _solution, assumptions, and input parameters. Provide plots of fog
concentration and size as a function of time assuming various spray re-

moval efficiencies, and mean droplet diameters.

Describe in detail the analyses of fog effects on hydrogen combustion
cited in response to question 9 of the July 21, 1981 Request for In-
formation. Include in this description the analytical development of
the combustion kinetics and heat transfer models, and quantitative com-

parisons between the theoretical results and data obtained from the Factory

- Mutual Tests. Provide plots of fog droplet size and concentrations re-

quired to inert at various hydrogen concentrations under typical post-LOCA

containment conditions.

In the CLASIX spray model it is not clear whether the mass of spray
treated in a time increment is assumed to be only that amount of sbray

mass which is introduced in a single time step, or the mass of dropTét
accumulated in the atmosphere over the fall time period. Clarify the spray
mass accounting used in CLASIX and the mass of spray treated in a sing1é
time step. Discuss the significance of any errofs introduced by the ap-
parent assumtion that only one time increment of spraymass is exposed to

the containment atmosphere during a single time step.

CLASIX spray model analyses provided to date have been limited to the com-
parison of pressure, temperature, and integrated heat remo§a1 for the pur-
p&se of evaluating the effect of the spray operating in a separate time do-
main, Additional information is needed, however, to confirm the adequacy
of the heat and mass transfer relationships and assumptions iani:it'in the
CLASIX spray model , especially in treating a2 compartment in which hydrogen

combustion is taking place. In this regard:



14)

b)

c)

Provide a quantitative descriztion of the spray heat and mass tr&nsfér
under containment conditions typical of a hydr#gen-burn. Include in

your response piots of containment temperature, spray heat transfer,

spray mass evaporation, and suspended water mass as a function of time

for both the CLASIX spray model and'a model in which the spray mass is
tracked throughout the fali (and allowed to accumulate in the contain-
ment atmosphere). '

Provide analyses of spray mass evaporation and pressure suppression
effects for an upper compartment burn. '

Justify the drop film coetficient value assumed in the spray model analyses
(20 Btu/h ft2°F) and discuss the effect of using a constant value through-

out a burn transient.

Concerning the CLASIX containment response analyses:

a)

b)

c)

Justify the burn time and burn propagation de]ay times used (reported
burn times for Sequoyah and McGuire differ by a factor of 2 to 3);
Justify the radiant heat transfer beam lengths used (2 beam length of

59 ft. for the lower compartment in Sequoyah seems high - 20 to 30 ft.
may be more appropriate);

The base case and majority of S2D sensitivity studies assume that com-
bustion occurs at an8% hydrogen concentration with an 85% completeness

of burn. Available combustion data for hydrogen/dry air mixtures indicate
that lean mixtures of approximately 8% H2 ard below are prevented from
reacting completely and adiabatically due to buoyancy, diffusion and heat
loss effects. Only as hydrogen concentration is increased to about 8.5%
will the reaction begin to approach adiabaticity. While arguments for an

¢% ignition concentration may be valid, provide the results of additional



- U,

CLASIX analyses to indicute the effect of an increase in 1gnitioﬂ coﬁ-
centration from 8% to 8.5-9%. nr

Provide the results of CLASIY analyses for flame speeds of 10 and 100
times the present value;

To assess the effect of igniter syéfem failure or ineffectiveness, pro-
vide the results of sensitivity studies in which the lower and dead-ended
compartments are effectively inerted, and the upper plenum igniters burn

with Tow efficiency or not at all. Assume combustion in the upper compart-

" ment at 9-10% hydrogen.



