|
'a
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fonic impurity), sensitized austenftic stainless steels are susceptible to
16SCC in 550°F (operating terperature) water at corrosion potentialy near

sero SME. To mitigate the potential for 1GSCC, the dissolved oxygen in the
recircylating water can be reduced to less than 20 ppb by the addition cf
hydrogen to the feedwater, Dissolved hydrogen in the reactor coolant suppresses
in-core radiolytic c:xgen formation. BWR hydrogen water chemistry requirin
control of oxygen to less than 20 ppd and @ condurtivity of less than 0.3 pgfcw
will reduce the electrochemical potential to about <250 my (SHE) resulting in

s minimization of 16SCC. The (EPRI) BWR Owner's Group developed “BWR Water
Chemistry Guidelires® (EPRI NP-3589-SR-LD), which must be met to obtain

the full benefits of hydrogen water chemistry, These water chemistry
guidelines alse shoulc be used as & basis for developing & plant-specific water
chemistry control program, Mydrogen water chemistry appears to provide @

means of suppressing both the initfation of 1GSCC and the growth of preexisting
cracks in senrsitized stainless steel components in BwRs during power operation,

the Guide)ines provide guidance for design, construction, and operation of
permanent hydrogen accition systems &t BuwRs, HMydrogen water chemistry also
requires an orygen addition system that injects caggen inte the off-gas system
1o ensure that al) excess hydrogen in the off-gas stream is recombined, OQOxygen
also may be needed for irjection into the condersate and feedwater system to
regulate reactor feedwater-dissolved oxygen between 20 to 5C ppb during power
cperatfer to minimize corrosion of the carbon steel {n the condensate and
foedwater system components. The Guidelines also document pertinent {nfcrmation
on cryogenic oxyyen storage and injection systems,

1.2.2 Mydrogen Explosion and Fire Experiences

Technical references fr the Guidelfnes 11st appronimately 100 incidents betweer
1621 and 1977 that produced flammable/explosive gas cloud releases. The
petentia) dargers of explosive clouds are listed in the General Accourting
0ffice resort "Liguified Energy Gases Study,” dated July 31, 1978.

National Aeronautic Space Adninistration has published 3 report (NASA TMX-71565,
August 1974) describing fncidents that occurred when ligquified hydrogen was used
as rocket engine fuel, Hydroger deflagrations and explosions have occurred at
reactor sites wher gas storage tarks were befng filled. An internal hydrogen
tanks detonation alse occurred at Los Alamos when a stream of oxygen accidentally
leaked from a high pressure source into the hydrogen storage cylinder

(Invest s+tion Report, June 3, 1981).

Experimental liquid hydro?en spil) tests indicate that the cryogenic Yiquid

release to the ground will. create a dense heavier-than-air plume that

can travel up to 1500 feet before absording heat and gaining buoyanty

(Authyr D, Little, Inc,, March 22, 1960). This cloud has regions of both

explosive ard flammable concentrations. Natforal Bureau of Standards

Monogreph 168 indicates hyd'b?tﬁ g flammable 1n air in the range of

4.0-75.0 vo! & and detonable in afr in the range of 18,3 « §9.0 vo) 5. One

ga\lon of liguid hydrogen has the explosive energy equivalence of 1.37 by of
NT (1 Tb hydroger i3 equivalent to 2.4 1bs TNT) in an open air explosion.

One thouse d scf of gaseous hydroger 1§ equivalent to 27.1 1bs of TAT,
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mixture. The injected oxygen ensures that 21! eacess hydrogen in the off-gas
strear 15 recordined.

1.4 Desige Criteria

The hydrogen water chemistry system g nrot safety related. Equipment and
components need not be redundant (except where required to meet Qood
engineering practice), seismic Category 1, electrical Class 1E, or
envirormentally qualified. However, proximity to safety-related equipmert or
other plant systems requires special consideratior r the design, fabrication,
1rstallation, operation, and maintenance of hydrogen and oxygen addition
systems, Kydrogen gas and cryogenic hydrogen and oxygen storage tanks are
gesigned, fabricated, tested, and stamped in accordance with Section VIII,
Division 1, of the ASME Code for unfired pressure vessels,

1.5 Kydrogen Sterage Facilities

Gaseous hydrogen 13 stored in seamlets ASME Code vessels at pressures up to
2400 psig and ambient temperature. Trarsportadle vessels, which can also be
used for gasecus hydroger storage at 2650 psig end ambient temperature, are
gesigned to Department of Transportatior standards, The Guidelines cover

tark sizes from 1000 to 14,000 scf, With either type of storage, the gas is
routed through a pressure control statior that mafntaing @ congtant hydrogen
supply pressure to the hydroger injection system, The tube bank shoulcd be
supported te prevent movement in the event of line failure, and each tude should
be equipped with & close-coupled shutoff valve. As an alternative, one safety
valve per bark of tubes can be used, provided the safety valve 15 sized to
pandle the maximum relief from all tubes tied intc the valve, The pressure
cortrol station should be of a manifold cesign with twd full-flow paralle!
pressyre-reducing regulators, An excess-flow check valve should be installed
e the manifold irregiately cownstrean 0f the regulators to limit the flow

rate in the evert of a line break, A tube trailer grounding assemdly should bde
provided at each discharge stenchion to ground the tube tratler before hydrogen
18 transferrec,

{iquid hydrogen 15 stored in & vacuurejacketed vessel with a capacity ¢f up to
20,00C gallons at pressures up to 150 psig and temperatures up to -403°F
(saturated). In acdition to ASME Code inspection requirements, inner vesse!
longituginal welds should dbe examined radiographically. For overpressure
protection, dual full«flow safety valves and emergency backup rupture discs
are provided, kydrogen tanks and deliver) vehicles should be grounded, and
the storage system should be protected from the effects of lightring, Excess
flow protection sheuld be added wherever @ Tine break would release 2 quantity
of hydroger large enough to threaten safety-related structures, The ligquic
hydrogen will be vaporized by the use of ambient air vaporizers,

1.6 COryqen Starage Facilitics

Liquid orygen fs stored in 2 vacuum-jacketed vessel 3t pressures up t0 250

PSig and temperatures up to «251°F (saturated) with capociLies between 3,000



and 11,000 gallons., Oxygen removed frum storage vessels should be vaporizec
through amdient air vaporizers and routed through a pressure conirol

S13110n that maintains gas pressures within the cesired range of the
injection system, Overpressure protection of the storage tank s provided by
gua) full-fiow safety valves and emergency backup rupture discs,

1.7 Gas Injection Systems

Excess flow valves should be installed at appropriate locations in the hydrogen
line to restrict flow out of @ broken 1ine. To meet this requirement other
options are that hydrogen lines in safety-related areas should either be
designed to seismic Class | requirements or sleeved so that the outer pipe is
directly vented to the outside (Branch Technical Position CMEB 9.5-1, Revision
2, July 1981, SRP §.5.1). Feedwater hydrogen injection lines should contair a
check valve to prevent feedwater from entering the hydrogen line and to protect
upstream hydrogen gas components, Autoratic isolation valves should be
fnsta)led 1n each injection line to prevent hydroYen injection into & non-
cperating feedwater pump. Purge connrections should be provided to completely
purge a'r from the system beforc hydrogen is released into the line., Ared
hydrogen moritors should be located at high points where hydrogen may collect
and above components where potentia) hydrogen leaks may occur. Hydrogen
monitors should be located so that they can detect hydrogen with or without
normal vestilatfon, System design should conform with pertinent sections of

10 CFR 50.48.

1.8 Instrumentation erd Contro!l

The instruymentation should (a) provide indication and/or recording of
parameters necessary to monitor and control the hydrogen fnjection system and
(b) ingicate and/or alarm abnormal or uncesirable conditions, Parallel flow
cortre) valves should be provided in the hydrogen injection line for system
reliabiifty and maintainability. The recommended trips of the hydrogen anc
oxygen injection system include: reactor scram, low residual oxygen in the
cff-gas, high ares hydrogen concentratior, low oxygen injection system supply
pressure or flow, off-gas train or recombiner train trip, and high hydrogen
flow.

Provisiors should be made to continuously monfter the dissolved oxygen in the
reactor coclant. The off-gas flow downstream of the recombiners should be
continuously monitored for hydrogen and oxyger.

2 EVALUATION

~

2.1 Site Characteristics for Gaseous and Liquid Mydrogen Storage

The Guidelines reference the National Fire Protection Association (NFPA)
stancards S0A ang 508 for the location of gaseous and/or liquid hydrogen
supply systems, respectively, These include



* Ready access to delivery equipment and to authorized personnel; suitable
roadwiys or other means of access for emergency equipment, tuch as
fire department apparatus, shell be provided.

* Storage conta‘ners shall not be located under electric power lines or
where they would be exposed shoulc the Tines fafl,

* Storage contafners shall not be located close to piping containing
tammable or combustible liquids, flammable gases, or piping containing
oxidizing material.

* Where it 15 necessary to locate the hydrogen containers on ground that
is leve! with or lower than adjacent flammable and combustible ligquid
storage or oxygen storage, suitable protective means shall be taken
(such as ¢iking, diversion curbs, or grading) to prevent accumulation
of liguids withir 50 feet of the storage container, Liquified hydrogen
storage containers should be located on ground higher than flammable and
combustible liguid storage or ligquid oxygen storage.

Other --rsiderations for siting include
* The te used for hydrogen delivery on site should be appropriate.

* The storage facility shall be completely fenced, even when Jocated in @
security area, ard 1t shoulc be lighted to facilitate night surveillance.

* Teyck barriers sha)l be installed around the perimeter of the storage
facility for protectior in case of vehicular accidents.

* The hydrogen storage facility shall be located so there 1s adecuste
separation between 1t and safely-related structures $o that explosion
are fire overpressures and thermal fluxes are within design considerations.

* Air pathways into safety-related structures should exceed a minimur
separatior distance so that the release from 2 possible pipe bresk is
below the lower flammability limit of 4% before reaching the air pathwey
into safety-related structures. .

7.2 Site characteristics for Liquid Oxygen Storage

The Guidelines reference NFPA 50 standards for the location of liquid
crygen storage systems., These include

* There shall be ready access to mobile supply equipment, et ground level,
to authorized personnel.

* The location selected shall nut be beneath electric power lines, piping
contatning al) classes of flammeble or combustible liquids, or piping
containing flammable gases, nor should 1t be an ares that would be
impacted by the failure cf these components.



* Noncombustible material surfacing shall be provided 1n an ares extending
a* Teast 3 feet from points at ground level on which liquid oxygen mignt
fall dyring operation of the syster and fillirg of the storige contairer,

* When a liguic oxygen storage facility 15 on greund Tower than all classes
of adiacent flammable and Tiquid stordge, suitable means shall be provided
{such as by diking, diversion curbs, or grading) to prevent accumulation
of flamradle or combustible lTiquids under the oxygen siurage facility.

Other considerations for siting include

* The route used for Yiquid oxygen delivery on the sfte should be appropriate.

* The storage facility shall be completely fenced, even when located within
the security area, anc 1t shall have lighting to facilitate night
surveillance.

* Tryck barriers shal) be installec around the perimeter of the storage
facility for proteciion in case of vehicular sccidents.

* Liquid oxygen storage facility shall be located so that ingestion of
cxygen-enrichec atmospheres (above 30 volume 3) into safety-relatec air
intakes 15 rot possidle in the event of an oxygen spill,

2.3 Metecrological Considerations

A massive fatlyre of 2 large pressurized cryogenic hydrogen storage tank would
cesult in 2 turbulent release of the gas that may result ir & fire or explesion.

Tc reduce the petential for impact on plant safety structures, the storage
facility should be far enough from the safety structures so any overpressure
it experiences from an explosion would not exceed that from hurricane or
tornado winds.

Unconfined Pydrogen-air mixtures generally burn rapidly, but without detonaticr,
when they are initiated by beii, sperk, or flame unless there is flame
acceleration as a result 2r zistacles. In this case a deflagration/detonation
trersition may occur. Be..use hydrogen diffuses rapidly fn air, it will rot
form persistent flammakie mixtures when the gaseous hydrogen is released in
open, unzonfined areas. Mowever, in confined areas, or when ignition of the
hydrogen-air mixture {8 caused by a shock source equivalent to 2 b\asttn? cap

or smell explosive charge, the mixture can detonate. Liquid hydrogen releases
can produce dense plumes with flammable/detonable concentrations that can

trave! hyndreds of feet before being diluted to & non-hazardous mixture.

Ar adaitiona) consideration 15 of the prevailing wind flow. A hydro?en
leak 1n the presence of winds can lower the probebility of a flammable or
erplosive environment near or at plant air intakes. The meteorological

~4



measurerent program required at nuclear plants should serve as the source
of whis wind direction information,

Slow leaks of hycrogen gas outdoors or in unconfined areas tend to mix with
the ambient air and not result in flammable or explosive mixtures,

The metecrclogical and siting considerations presented in the Guidelines are
acceptadle as @ basis for cstab11shinY onsite hydrogen storage. Before
individual plant facilities are installec the prevailing winds and structure
locations should be reviewed,

2.4 Gaseous Mydrogen Safety Considerstions

The Guidelires are based on the safety analysis of the faflure of single vessels
and o not address simyltaneous failure of myltiple storcgo vessels, In the
case of the Los Alames tube trafler, hydroger explostor of a single tube did

nat damage the adjacent hydrogen vessels. This event provides a technical basis
fer assuming only single vessel fatlure (Investigation Report, June 3, 1981),

Bt two reactor sites hydrogen explosions and firedalls during filling operations
occurred over the storage tanks but di¢ rot damage the adjacent cylinders
(Reportadle Event No. 0795., March §, 1987, NUREG/CR-3851, May 1988).

Wher 2 gaseous stora?e vesse! ruptures, the expansion of the high-pressure

gas results in turbulent mixing with the surroundinY air, For hydrogen, the
dbulk of the release will go through the deteration limits before the wind can
produce an explesive concentration plume that could travel far from the vicinity
of the storage tank ares.

The hydrogen storage area should be at a sufficient distance from safety-
relates structures so that the thermal flux from the burning hydroger gas
firg-bal! or the blast overpressure from hydrogen detonation will not cause
fatlyre of the safety-related structures.

The staff has performed independent calculations and evaluations that confirm
the followirg figures in the Guidelines for gaseous hydrogen storage systems:

* Figure 4-1, thermal flux vs, distance from fireball center

* Figure &-2, minimum required separation distances te safety-related
structures versus vessel size

* Figure 4.3, minimum required separation distance (to air pathways
into safety-related structures) versus 10 of pipe for release from
2450 psig gaseous hydrogen

The Guide'ires recormend, in Appendix B, & method to determine separation
distances for hydregen storage (0 prevent damage to nuclear power plant

safety structyures in the event o' a hydrogen explosior  Appendix B 15 based

on ear)ier work performed by Sancia Natfona! Lad= atories for NRC (NUREG/CR-
Z462) . These recommendations are applicable “or rernforced concrete or masonry
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clouds that can drift near or be taken inte afr ventilation systems of safety.

related structures. Cryogenic hydroger released to the environment will ferm

a dense heaviersthansair plume that will drift along with wind currents and by
ravity to lower elevations unti) 1t gaing sufficient heat to produce buoyancy.

?nrcrsmonta) gata indicate plume trave) of the order of 1000 feet from a liquid

hydrogen flow rate of 2-18 Kg/sec.

The staff has performed independent calculations to check the values Lhown in
the Guidelines. The staff used NASA data to check the thermal flux data
(Figure 4«4 1n the Guidelines). Standard mntcoro‘esicn‘ data were used to
check the hydrogen concentrations at the nearest safety-related afr intakes
(Figure 4-€ tn the Guidelines). The staff used the Guidelines (Woehne and
Luck, 1970) to determine the lower flammadle concentrations from various sizes
of pipe breaks in gaseous hydrogen lines. In addition, the staff noted blast
overpressure effects on both refnforced brick houses and reinforced concrete
houses from nutlear weapens tests, The staff also observed that the § psi
overpressure that destroyed am ynrecnforced brick house had no effect on @
reinforced concrete house that had been desigred to comply with California Code
for earthavahe-resistant construction (Glasstone, 1962). These data indicate
that Figure 4-5 of the Guigelines s conservative when 1t 13 applied to safety-
related structura) walls,

Licersees may use the minimur separatior cistance curves in Figure 4-5 of the
Guidelines in requests for approval of permanent hydrogen water chemistry
fnstallations.

2.6 Liquid Oxygen Safety Considerations

The major threat from the release of cryogenic Viquid oxygen 1s the formation
of derse plumes that disperse by slumping (due to gflv*ty? and by motion of
exfsting winds, The potential for oxyger ¢louds reaching flammable materfals
or entering safety-related air intakes should be avoided. Oxygen will not
explode and s norflammadle, but fgnitien of combustible materials may occur
more readi'y fn an caygensrich atmosphere than ih air,

The 1iguic oxygen tank capacity versus distance curves were checked by
independert staff analysis and found to be acceptadble (Figure 4.8 of the
Guidelines)., The recommended separatior distances betwean 1iguid storage
tanks and safety-related air intakes are reasonable, The separation distances
are such that the vaper ¢loud released from a failed tank would disperse
sufficiently so that the oxygen content at the air intakes will not support
Tnereased combustibility of fgnitible materials,

2.7 Radiation Protecticrn/ALARA Program

The staff has a'so reviewed the Guidelines to ensure that the dose rate incredse
tr plant areas due to h-1€ equilibrium changes during hydrogen additior has

been considered in plart cperation procedures. o reduce workers' doses, the
Guide)ines uses & prograsratic approdch that outlines sdditiona) health physics
procedures and that 1§ intended to sugment cyrrent plant radiation protection
proces.res (current procecures would not change . Spectfically, the Guidelines



recommend an appropriate ALARA commitment for plant management, an initia)
and continuous radiation survey program, potential plant shielding changes,
and potential maintenance activities. These programmatic procedures, in

addition to normal plant radiation protection procedures, are sufficient to
ensure that during hydrogen addition the plant will continue to meet the
requirement of 10 CFR 20 and the recommendatiors of RG 8.8, “"Information
Relevant to Ensuring that Occupational Radiation Exposure at Nuclear Power
Stations Wil) Be as Low a8 1s Reasonably Achievable.® Thus the procedures ire
acceptable. These procedures will also ensure compliiance with site boundary
radiological limits required by 40 CFR 190.

2.8 Main Stear Line Radiatior Monitoring

The staff reviewed the impact of the proposed changes on previously approved
safety analyses of anticipated operational occurrences and postulated accidents.

The main steam line radifation monftors (MSLAMs) provide reactor scram and
reactor vesse! and primary containment fsolation signals when high-activity
levels are detected in the main stearm lines., Additionally, these monitors
serve 10 1imit radioactivity release in the event of fuel failures. Technica!l
Specification (7S] changes are needed to accommodate the expected increase in
main steam activity levels (from increased N-16 levels in the steam phase) as a
result of hyd-ogen injection irto the primary system.

The 8WR Owners Group state that the only transient or postulated accident

that takes credit for the mafn steam line high radfation scram and {solation
signals s the control rod drop accident (CRDA), The staff notes that for a
CRDA, the primary function of the MSLRMs fs to 1imit the transport of actfivity
released from failed fuel to the turbine and condensers by initfating closure
of the main steam fsolation valves and thus 1s0lating the reactor vessel. Main
steam lire high radiation will alsc produce & reactor scram signal and will
fsclate the mechanical vacuum pump and the gland seal steam exhaust system to
reduce leakage of fission products to the atmosphere from the turbine and
condensers, Reactor scram in the event of a CRDA, however, would be initiated
by signals from the neutron monitoring system,

Generic analyses of the consequences of a CRDA have shown that fuel faflures

are not expected to result from & CRDA occurring at greater than 10% power

(Stirn et al., March 1972; Strin et al., Janvary 1973; Strin et al., July 1872).
This 1s primarily a result of analyses that show that as power increases, the
severity of the CROA rapidly decreases as a result of the effects of increased
void formatfon and increased Doppler reactivity feedback. The hydrogen injection
will be restricted to power levels adbove 203 of rated power for all plants.

Main steam line radfation levels can increase up to approximately fivefold

with hydrogen water chemistry, The majority of BwRs have a 15 requirement
for the MSLRM setpofnt that is less than or equa! to three times the normal

1



ratec full-power background, For these plants, an adjustment in the MSLAM set-
point may be required to allow operation with hydrogen 1n%ectton. For earlier
Bafs with MSLRM setpoints of 7 to ten 10 times norma! ful ~power backgroune,

8 setpoint change may not be required with hydrogen water chemistry,

For plants at which credit is taken for an MSLRM-initiated isolation fin the
CROA, a dua! setpoint approach may be used. At most plants, the MSLRM setpoint
15 specified in the plant TS as scme factor times rated full-power radiation
dackground. With hydrogen addition, the full-power background could increase
up to five times that without hydrogen addition. Below 20% of rated power or
the power leve! required by the FSAR or TS, the existing setpoint is maintained
at the TS factor above normal full-power background, and hydrogen should not be
injected, At about 20% of rated power, the HgLRN setpoint should be readjusted
to the same 75 factor above the rated full-power background with hydrogen
addition. This adjustment will be made by the plant personnel during startup
&nc shutdown. Plant power will remain constant during this adjustment process.
Thus, the T5 factor by which the MSLEM setpoint is adjusted remaing the same
with and without hydrogen addition, but the background radiation leve! increase
with hydrogen addition, If an unanticipated power reduction event occurs so
that the reactor power 15 below 208 without the required setpoint change,
control rod motion should be suspended (except for scram or other emergency
actions) until the necessary setpoint adjustment 13 made. TS changes will be
recuired to suspend control rod motion guring setpoint adjustment,

On the bastis the discussion above, the staff finds that section 8 of the
Guicelines fs acceptadle for referencing in license applications to the extent
specified ard under the limitations delineated in the report and this technica!
evalyation,

3 CONCLYUSION

On the basis of the above evaluation, the staff firds that the Licensing
Tepica! Report, “Guidelines for Permanent BwR Hydrogen Water Chemistry
installations,” 1987 revision, s acceptable for reference fn future )fcenses
requesis for approval f permanent hydrogen water chemistry fnstallations.
The basfy for this acceptance 1s that the Guidelines meet the applicarle
requiremenis and guidance from the following regulatory guides, standard
revies plan sections, branch technical positions, and federa! regulations:

* Regulatory Gufde 1,91, *Evaluation of Explosions Postulated to
Occur on Transportation Routes Near Nuclear Power Plants,*
Revision 1, Fedruary 1978

* FRegulatory Guide 1,142, "Safety-Related Concrete Structures for Nuclear
Power Plants (Other than Reactor Vessels and Containments),” Revision 1,
October 1981

* Regulatory Guide 8.8, "Information Relevant to Ensuring that
Occupaticnal Radiation Exposure at Nuclear Power Stations Will Be
as Low as 13 Reasonably Achievadble,® Revisfon 3, Jure 1978



* Standard Review Plant Section 9.5.1, Branch Technica) Posttion CMER §.5.)
"Guidelines for Fire Protection for Nuclear Power Plants,* July 198

* Standard Review Plan Section 3.5.3, "Barrier Design Procedures,” Revision |,
July 1981

* 10 CFR 50.40, *Fire Protection®

* 40 CFR 180, "Protection Environment, Environmental Radiation Protection
- Standards for Nuclear Power Operations®

A licensee request for approval for a permanent hydrogen water chemistr,
installation that incorporates this Licensing Topical Report by reference
should nclude the following fnformation:

* Any exceptions or deviatfons from the *Guidelfnes for Permanent
BnR hydrogen Water Chemistry Installations,® 1987 Revision,
Licensing Topical Report

* Justification that any exceptions or deviations from the Guide!lires
will mot affect the safety of the plant or the public

* The maximum quantity of stered gaseous hydrogen and/or liquid hydrogen
erd oxygen and its distance from safety-related structures

* Technical Specification changes, 1f required, to accommadate the
expected increase in mafn steam line radiation setpoint

* A description of hydrogen and Oxygen storage facilities, including
safety features

* A description of hydrogen and oxygen injection subsystems, {ncluding
tnstrumentation, controls, and safety features

* The delivery route of hydrogen and oxygen supply tank trucks on site,
including truck tank capacity.

* A radiclogica! protection program to ensure that radiological
exposures to plant personnel and the general public are consistent
with ALARA requirements

* A discussion on fmplementation of BWR Owner's Group Water Chemistry
Guidelines

4 REFERENCES

American Concrete Institute, ACI 345-80, *Code Requirements for Nuclear
Safety Related Concrete Structures,® Apri) 1881,

Anerican Institute of Stee! Construction, Manual of Stee) Construction,

13



Arthur D. Little, Inc., "Final Report on an Investigation of Kazards
Associated with the Storage and Mandling of Liquid Mydrogen,” March 22, 1960.

American Society of Civil Engineers, "Structural Analysis and Design of
Nuclear Plant Facilities,® in Manyal end Reports on Engineering Practices
No. 58, New York, 1980.

Bernero, R, M., Director of Divisfon of BuR Licensing, NRC, letter to
G. K. Neils, Chairman, Regulatory Advisory Committee, BWR Owner's Group 11 for
168CC Research, dated February 7, 1986.

Meils, G. H., Chatrman, Regulatory Advisory Committee BWR Qwners Group of
165CC Research, letter to Marold Denton, Director, Office of Nuclear Reactor
Regulation, NRC, "Responses to NRC Questions on EPRI Report NP-4500-5R-LD
Guidelines for Permanent BWR Mydrogen Water Chemistry Installations,” dated
December 5, 1986,

wa=, letter to Harold Denton, Director, Office of Nuclear Reactor Regulation,
NRC. *Guicelines for Permanent BWR “ydrogen/water Chemistry Installations,” dated
January 27, 1986,

wee, letter to R, M, Bernero, Director, Diviston of BwR Liconsin?. NRC,
*Ni Review of EFRI Mydrogen Water Chemistry Installation Guidelines,”
dated June 12, 1988,

flectric Power Research Institute, EPR] NP-3589-SR-LD, "BWR Water Chemistry
Guidelines,® April 1985.

Genera) Accounting Office, *Liguified Energy Gases Study,* July 31, 1576.

lasstone, Samuel, “The Effects of Nuclear Weapons,® U.S. Atomic Energy
Comrission, April 1962.

Hoehne, Yernorn 0. and Ross G. Luck, "The Effect of Yelocity, Temperature,
ane Mclecular Weight on Flammability Limits in Wind Blown Jets o’
Kydrocarbon Gases,” Battelle Memorial Institute, Columbus, Ohic; paper
presented et J5th mid-year meeting of the American Petroleum Institute
Divisfon of Refining, Mouston, 1970,

Wulman, L. G., Chief Plant Systems Branch, Division of BWR Licensing, NR(,
letter to G. M. Neils, Chairman, Re?ulctOry Advisory Committee BWR Qwners
Group 11 for 1GSCC Research, *Guidelines for Permanent BWR Mydrogen wWater
Chemistry Installations - Request for Additional Information,® dated

May 8, 1987.

Jarrett, 0. E., *Derivation of British Explosives Safety Distances,” New York
Acadery of Sciences Annals, Yol. 152, 1968.

Los Alamos Natfomal Laboratory, “Hydrogen-Oxygen Eaplosion in 2 Tude Tra'ler
Compressec Gas Facility,® June 3, 1861, tssued September 1881,

Naticna) Aercrautic and Space Administratior, NASA TMX-71565, "Review of
Kydroger Accidents and Incidents in hASA Operations,” August 1974,

14



Kationa! Bureau of Standards, Monograph 168, "Selected Properties of
Fydrogen,” Fedruary 1981,

U.S. Nuclear Regulatory Commission NURCG-0B00, *Standard Review Plan,®
July 1861,

eer, NUREG/CR-2462, “Capacity of Nuclear Power Plart Structures to Resist Blast
Loadings," R, P. kennedy, T. E. Blejwas, and D. E. Bennett, September 1983,

wer. NUREG/CR-3%51, *Safety Implications Associated with Inplant Pressurized
Gas Stu-age and Distridution Systems in Nuclear Power Plants,” May 1985,

«s=, Regulatory Guide 1.147, Revision 1, *Safety-Related Concrete Structures
for Nuclear Power Plants (Other than Reactor vessels and Containments),”

Cetober 1981.
ee«, Reportadle Event Number 07952, Waterford Plant, March 5, 1987.

Stirn, R, C., et al., "Rod Dror Analysis for Large Boiling Water Reactors,®

NEDO- 10527, Genera) Electric Company, March 1972,

ex=, “Rod Orop Accident Analysis for Large Boiling Water Reactors Addendum

No. | Multiple Enrichment Cores with Axial Gadolinium,* NEDO-10527, Supplement 1,
Genera) Clectric Company, July 1§72,

ees, "Pod Drop Accident Analysis for Large Boiling Water Reactors, Addendum
No 2 Exposed Cores,” NEDO-10827, Supplement 2,
tenera) Electric Company, January 1973,

15



5 FRINCIPAL CONTRIBUTORS

Kazimieras Campe
Sat Chan

Charles Ferrell
Sang Bo kim
Michael Lamastra
Joseph Levine
George Thomas
Frank Witet

16



