
I -,

TEC
U.S. COMMEI

FARMS ANI

Inform~ir1o U in tiis ro
!?1 ,,~rdance with the

'S' Act, exmemptiono Ali
0.. FO!

9O20O0209 900331

CF

SCIE-LU l-1UJ

HNICAL EVALUATION REPORT ON
3CIAL POWER REACTOR HYiDROGEN TANK
) THEIR COMPLIANCE WITH SEPARATION
DISTANCE SAFETY CRITERIA

J. L BALUIF
K. D. BULMAHN

R. G. NEVE

March 1990
SCIENTECHIlnc.

1690 International Way
Idaho Fallsi ID 83402

Prepared for the
U.S. Nuclear Regulatory Commission

Washington, DC 20555
Jnder DOE Contract DE*AC07*761D01570

FIN No. D6198
a".iod wn dn!tnr;l

eF m of 1Wniormation

.Wi _e-

MM
_ >CIENTEEH wNc.

_ ENGINEERING A MANAGEMENT SERVICES
_~ -P.O- BOX 71406 IDAHO FALLS IDAHO 83403 2081523-2077

t.4.

.. - " . -T1



o Uv .N

'wned r'gh .7.

. ,; '

.
~.> N ,;C

This reprt was pepai~ed s an acou o-wr pnoedb iaec

.f 
.h "'te Stte ovr et. Neih' th U.tdSae

infi orrntit aprparatus, pr toduct or prors dscloserd by n th epor. o

represents ibat iu use by such third patny would not infringe privtcly

owned rishts.

i1* 
. .



-

K"- I'll =:-I%�� .

a1

. .
SCIE-EGG 103-l

.. ,':.: -

-'..-'

DRAFT
TECHNICAL EVALUATION REPORT ON

U.S. COMMERCIAL POWER REACTOR HYDROGEN TANK

FARMS AND THEIR COMPLIANCE WITH SEPARATION

DISTANCE SAFETY CRITERIA

..

K. D. BULMAHN
R.GNEVE

M rh1990
SCIENTECH, Inc.

1690 International Way
7-' ~'Idh Falls, ID. 83402

; * .4 .b.

- Preare r the
U.S. Nuclear Regulatory Commission

*Washington; DO 20555
Under DOE.Contract DE-AC07-761D01 570

Idah FaN os D 6134
- -

89

i



I

C

SCIE-EGG-103-89

.PREFACE

This draft report is a preliminary assessment prepared for the U.S. Nuclear
Regulatory Commission, Office :ofjNuclear Regulatory Research, by
SCIENTECH, Inc., of Idaho Falls, Idaho, under subcontract to EG&G Idaho, Inc.,
NRC Regulatory Technical Assistance Group. Included in this report are
recommendations for further study and evaluation directed at resolving
hydrogen tank farm concerns related to Generic Safety Issue 106.
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",,---,ABSTRACT

An evaluation of hydrogen-tank 'farm facilities at commercial nuclear reactor
plants was made to determine compliance with safety-related building distance
separation requirements. The separation requirements were those previously

In addition, a calculated hydrogen tank farm explosion frequency of 1 E-03/RY
was established from both existing operational experience data and from
inquiry of hydrogen and related gas industry sources. This explosion frequency
provided a basis for a preliminary risk assessment and recommendations for
further evaluations of the core.damage risk posed by hydrogen tank farm
facilities.

JJW*



v - 1

Mi SCIE-EGG-1 03-89

: :SUMMARY

This report is a preliminary assessment ofrlskto commercial nuclear power
plants from onsite hydrogen tank farms.F'This assess k is part of ar
larger evaluation of the risks from combustible gases Generic
Safety Issue 106 (Gl-106).e% iMost of the risks assoctated wit GI-106 are
attributed to hydrogen gas.

This report uses input suppfled by the Office of Nuclear Reactor Regulation
(NRR) of the U.S. Nuclear Regulatory Commission (NRC) on existing reactor
hydrogen tank farms. The separation criteria used are from the Electric Power
Research Institute (EPRI) Report (NP-5283-SR-A) on hydrogen water chemistry
installations at boiling water reactors (BWRs).. This Interim tank farm report
serves as a general overview of this topic, but does not estimate risk to the
individual plants. The data are sufficient.to reasonably portray the general
status of hydrogen tank farms for.119 reactors, even though some tank farm
location detail is missing. _ '

I
2~)

NRR compiled the requested sibrage Information supplied by the five NRC
regions. The purpose of this study, by SCIENTECHI Inc., Is to assess the
general safety significance of the tank farm storage of hydrogen at commercial
nuclear plants relative to the EPRl report .'guldelines. '; Compliance with
explosion, ventilation air Intake, anrd thermal flux separation distance criteria for
both gas and liquid hydrogen; storage near safety-related buildings is
addressed. A preliminary assessment Is also made of the frequency and
damage consequences of hydrogen tank farm explosions.
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TECHNICAL EVALUATION REPORT ON
U.S. COMMERCIAL POWER"REACTOR HYDROGEN TANK

FARMS AND THEIR COMPLIANCE WITH SEPARATION
DISTANCE!iSAFETY CRITERIA

1. INTRODUCION

This report is on the assessmentfof'risktio commercial nuclear power plants
from onsite hydrogen tank farms2f This assessment of risk is part of a larger
evaluation of the risk to commercial nuclear power plants from combustible
gases in vital areas. -That topic is' covered by the Nuclear Regulatory
Commission's (NRC) Gener[c'Safety'Issue 106 (GI-106), Piping and Use of
Highly Combustible Gases InCVital Areas (Reference 1-1). Most of the risk is
caused by the most prevalent'combustible gas, hydrogen. This report deals
only with the risk posed by the hydrogen tank farm as opposed to other areas of .2¢
risk associated with the distribution of hydrogen as Into the Iuilding of
pressurized water reactors (PWRs) and the . uilding of PWRs and
boiling water reactors (BWRs).'.These other areas h ye been addressed in two
earlier EG&G Technical Evaluation Reports (Referen 1-2 and 1-3) and will -'

be the subject of a future NUREG/CR.V<5..W.

This draft report uses Input-suppited by the NRC's Office of Nuclear Reactor
Regulation (NRR) on hydrogen tank farms at commercial nuclear power plants.
The separation criteria are from the Electric Power Research Institute (EPRI)
Report NP-5283-SR-A (Reference 1-4, from now on called the EPRI report) on
hydrogen water chemistry Installations at BWRs. This draft report is preliminary
in nature, and therefore simplifying assumptions are made to estimate risk to the
plart. A more detailed assessment of the risk resulting from the hydrogen tank
farm will be made In a future probabilistic risk assessment for a typical PWR.

1.1 Background-

. r |
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1. Distance from the hydrogen'storage facility to the nearest safety-related
structure or air intakee

2. Maximum volume of gaseousor liquid hydrogen stored onsite in scf or
gallons (gal), resp vys i

NRR compiled information receliod from'eac?'o the five regions (detailed in
Appendix A, Reference 1-7). This regional Information Is preliminary and needs
significant interpretation. Some detail Is missing However, it is the best
available information without establishing a more precise data base.

1.2 Purpose

This study is to assess the safety significance of the tank farm storage of
hydrogen at commercial nuclear plants.. it does not attempt to provide definitive
analyses of each plant's hydrogen storage system, rather It only identifies

whether plants meet separation distance criteria for hydrogen storage near
safety-related buildings or air intakes.t.- An assessment Is made of the possible
frequency of accidental hydrogen release and p damage. A more
detal edsubsequent analysis may show that tplantsI

sed in this study can meet the individual p ant examination
screening criteria (Reference

1.3 Contractor's Study ' -

EG&G Idaho. the prime contractor for the evaluations of Gl-106, authorized
SCIENTECH, Inc. as a subcontractor to compile and analyze the information
supplied by NRR. Also, SCIENTECH was asked to determine the frequency of
hydrogen tank farm explosions, fires ano uncombusted releases; and provide
an indication of the likelihood of:resultlng damage to safety systems.
Extensions of this information will assist the NRC In determining the need for
funher action.

1.4 LImits of the Study

This study Is limlted to outdoor hydrogen tank farms. Small hydrogen gas
storage or distribution systems inside buildings are not addressed. The only
concern Is potential plant damage which may affect the reactor core damage
frequency. The expected consequences of economic losses and personal
Injuries or fatalitles from the small gas storage Inside buildings are not
addressed. Both the small gas storage Inside buildings and the distribution of
hydrogen gas Inside buIldinng will be covered In a later NUREG/CR.

1.5 Relevant Guldoldno

Guidelines for hydrogen water cho 'HWC) Installations at BWRs are
addressed In the EPRI report.-tTheso EP I guidelinos have beon rovlewod and
accepted by the NRC. Thoinon'HWCstorago Installations are similar to
installations addressed In the EPRI guidelines which are therefore considered
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applicable to non-HWC t Regulatory Guide 1.91
(Reference 1-9) addresses transportation of hydrogen as a hazardous material,
and is considered less applicable than the EPRI report. Other relevant
guidelines, such as the NRC Fire Protection Standard Review Plan 9.5-1, are
noted in Appendix A, Table A-i .

1.6 Methodology for this Study:--

SCIENTECH tabulated the data supplied by NRR (in Appendix B). Because of
the difficulty In Interpreting the data, judgement was used to complete the table
found in Appendix B. The ground rules used are Included as footnotes to the
table. Once the data values were tabulated, the spreadsheet calculations,
described in Appendix C, were made and logical comparison functions of the
spreadsheet were applied to determine compliance and noncompliance.

The site storage information for'Uiid hydrogen was separated from that for
gaseous hydrogen. Each type of storage requires a different calculation to
determine the trinitrotoluene (TNT)'energy equivalence used In the separation
calculation. For the final comparison and summary, the gas only, liquid only,
and liquid plus gas sites were to

The hydrogen facility xpernce was secured by telephone contacts
with industry represen avend by consulting known literature sources. The
results were then extended based on engineering judgement and experience.

'I;,~
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2. SCENARIO SELECTION AND ACCEPTANCE CRITERIA

In the event of an accidental hydrogen leak from a tank farm, there are three
possible results of concern: (1) a fireball, (2) an explosion (detonation being
more severe than deflagration), and (3) transport of uncombusted hydrogen
through ventilation air pathways Into safety-related buildings. The EPRI report
addresses all three possibilities for storage tanks. Each of the three basic
scenarios is discussed In greater detail for both gaseous and liquid storage
installations. Blast-generated missiles and hydrogen events caused by
earthquake or tornado are specifically excluded from consideration.

.- *,.,..";SZ
2.1 Assumptions and Conservatismr,.:.7

In this report, effort has been riade tobe reasonably conservative. This is
reflected in the following considerations:t'ios..

' ~ .. . .: -, l' .- .

1. All building walls are corisidered t6 be 18-ln.-thick reinforced concrete,
while in reality many walls are

2. All reinforcing steel In the concrete is assumed to be the wall
volume while in practice It may be significantly greater.

3. All concrete Is assumed to have a ii (mu) level of ductility of 1

4. 100% of the hydrogen mass contributes to the blast wave.

5. The effects i n O
lessening the effects of a blast are not considered.

6. s considered thenormal situat on. ;5Trt{tEs
As no attempt was made to Indiv dual characterize each plant's construction, It
is assumed here that all safetyrelatet bulldings have reinforced concrete walls
and are designed to withstand the pressure criteria of the Tornado Zone ll. This
is the same assumption used In the EPRI report for a typical commercial nuclear
power plant. This assumption Is generally conservative, but experience shows

d ata arMe n~ot readl ava ab 10 I ic n llmte ases where

. _

I lip laU II JI y 115 IIU VaIIU s.

2.2 Gaseous Storae 'II

Simuftanoous failure of niu711i is not addressed In the EPRI
ropon bocauso the Inherent strength of the vessels make the- unsuscoptlblo
to failure from outsIde forcesa-(Roforence 1.4). This evaluation treats only

S k * t,.nF^. _
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failure. The total gas Inventory release can result from a leak
r rupt e header piping which is supplied from each individual tank, but

is limited by the jet gas discharge model. :

2.2.1 Ereball

The fireball scenario Involves combustion of the entire contents of the largest
single storage or unit vessel. The EPRI report established that this scenario is
not a major concern for safety-related buildings because of the resistance of
concrete structures to thermal flux.-.The size and duration of thermal fluxes
experienced during a fireball associated with a tank or pipe leak 'will not
adversely affect safety-related structures" (Reference 1-4). The thermal flux
criteria in the EPRI report show only whether wooden surfaces would be
charred from the thermal flux-and In no way show potential wall failure.
Separation guidelines were taken from the EPRI report and are tabulated in
Appendix B of this report for completeness. Again, no safety-related building
wall damage Is expected from the fireball thermal flux. Figures C2-3. C2-4 and
Table C2-1 In Appendix C were the source of the values for thermal flux
separation distances. -.;

2.2.2 Explosn

The explosion scenario invoves the contents of a _ _ _ _1W
An explosion Involving the total contents of one tanIs expected onrlkWith a unit
tank failure. Leakage from pipe failure Is restricted due to Jot dispersion models
which show that hydrogen leaks to the atmosphere slowly, resulting in leakage
which is dispersed too quickly for large quantities of hydrogen to accumulate in
an explosive concentration In an outdoor environment. Also, Figure C2-1 of
Appendix C shows the smallest needed separation distance for explosions
re l l gip Is assumes the safety-related structure has a
walH thickness of greater than This separation distance is far less than the

/' / separation distance assocatew h the uptake of hydrogen by ventilating air
Intakes of the safety-related bulidngs.':Therelore, explosions associated with
pipe failure are dismissed from further consideration In this report.

Blast damage separation bUtdellniios irefouinid In the EPRI report. The actual
values result from calculations following procedures given In Appendix B,
"Separation Distances Recommended for Hydrogen Storage to Prevent
Damage to Nuclear Plants Structures From Hydrogen Explosions," of the EPRI
report. But, they follow generally the values that can be found from Figure C2-2
of Appendix C. (Figure C2-3 can be used to make a qualitative check tho
accuracy of the computations and the tabulated values.)

'. tj .

The EPRI report does not address explosive missiles. The reason for not
including missiles Is based on Regulatory Guide 1.91 (Reference 1-9) which
states, 'The effects of blastlgnoratod.missllos will bo loss than thoso
associated with blast overprossuroeovefs considered In this guide. It tho
ovorprocsure criteria of this guide ard'excoodod, the effects of the missile must
bo considored.' Missilos ssuoclatod with explosions therefore, are not
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specifically addressed in the SCIENTECH evaluation. Safot -related buildi as
are designed to withstand to nd rted MissilesCfz

T h e i n t r t i o c r t e r i niIss ea llha tea l un ,.h e s

are designed to be capa e fwtstanding tornado missiles and site-specific
seismic loading. These features tend to eliminate common cause vessel
failures so that the maximum ostulated Instantaneous release

Figure C2-2 of App nddi'x C`was
use 'far' the ba~stdamage evalua3tioa.- The 18-in.-thick concrete wall
assumptions used are the same assumptions recommended in the EPRI report.
These are considered conservative for the typical concrete safety-related facility
wall. These assumptions Include a static pressure allowable of 1.5 psi, a ductile
factor t of13.0 and a tensile steel factor (p x yield strength of steel/ 1 00%/) of 0. 12
Ws. These assumptions are reflected In case (a) of Figure C2-2 and correspond
to the first equation shown In Figure C2-5 In Appendix C.

V. _g= . ~...

2.2.3 Presen~ce of -Unburne~d'Hyd'r~o"ge7n"Gas In Ventilation Air Intakes

The presence of unburned hydrogen'gas In the ventilation system air Intake is
addressed for a tank farm-related pipe break. This Is described by the
separation distance needed to maintain a hydrogen concentration less than 4%
by volume nearest to any safety-related buIlding ventilation air pathway.
Migration of hydrogen from a pipe rupture Is not addressed In the EPRI report
because hydrogen gas release Is governed by a jet release model described
earlier in this section and Is therefore not addressed here. The low density and
high diffusion rate of hydrogen make closeness to the ventilation air pathway
more Important than the volume available, decreasing the Importance of a tank
leak or rupture. Figure C2-.1of Appendix C presents the needed separation
distance between hydrogen -piping and the air Intakes -to safety-related
buildings as a function ofdthe pipe Inside diameter.
2.3 auquId Storage nstal atson Scenarios

There are differencosn ervth'e fostorag' tand handling of liquid and gaseous
hydrogen. These difforencesare areflected In the storage vessel design and
construction, both In configuration and materials. Because of the differences In
behavior of structural Maieoalsat low'temperatures (brittle fracture), special
choice of materials Is necessary for liquid storage vessels, Also, to limit hItt
transfer, the vessels are Insulated to maintain theIr low temperatures (a4080F).
Liquid hydrogen Is stored In vessels at a wobyang pressure m l pounds per
cquare inch gauge (pscg); gas Is stored at a pressure. of losg. Liquid n

highdiffsio rat ofhydrgenmakecloenes tothe entlatin ar pahwa

2.3 ~ ~ 2.3dSoag nttalotcnro

*~.. , - ..~' tc ,,, , jS >' '

Thr redterne I-te trgeadhadig flqudad aeu
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storage offers the advantage of greater storage density and a resulting storage
volume reduction. . '

The EPRI report (page 4-8) points out that WDesign basis tornado-generated
missiles are capable of breaching all known commercially ailable liquid
hvdrooen storage v eis..,

..- 1 1 .- 1- ..... ..ri/ The fireball scenario assumes Instantaneous combustion of the contents of the
N .. This scenario Is not a major concern for

sTMR_9re -ng7sbfm the resistance of concrete structures to heat.
The size and duration of fireball thermal fluxes from a tank or pipe leak will not
adversely affect safety-related structures" (Reference 1-4). The thermal flux
criteria show whether a wooden surface would be charred by a thermal flux and
do not necessarily show potential wall failure. The guidelines used for
separation are from Figures C2-6 and C2-7 of Appendix C.

i ) '
., I

rjnk location Is an expected CQ1" t; .The reasons cited a
Excluding the posslbftyotmissicased

multiple tankfailluethowpo ttates that thermal fluxes and their durations will
not adversely affect equipment or personnel In concrete/steel safety-related
structures. The facility operators must review both the site and equipment to be
sure all equipment will be operable In the event of a fireball.

,r2M

2.3.2,EEploosoon

_ i I u r I m r_
E I me ontlon9d

ian ot on .z, nXD os on assoclate with Dl a ure are no m ortamUifir

9

,
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I
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storage tanks as dcSC id above In Soo 2.21 the missile Issue should be
given more attention.

The single tank separatIon dritertoifpresonted In Figure C2-1 was used for this
evaluation. The concretoewail assumptlons used here are the same
assumptlons recommended in 4tho..EPRI report. These are considered
conservative for the typical concrete safety1acillty wall. Those assumptions
Include a statIc pressure capability cOl1.5 p6t, a ductile factor g of 3.0 and a
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tensile steel factor of (p x steel yieldstrength/100%) of 0.12 ksi. These

assumptions are reflected in case (a) of Figure C2-2, and correspond to the first

equation shown in Figure C2 5 in Appendix.

W.
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3. DESCRIPTION OF PLANT STORAGE

Plant storage information Is taken from two sources: the NRR data presented in
Appendix A and personal communication with EG&G personnel about their
visits to 14 plants. ... ;.

3.1 Observations on Hydrogen Tank Farm Plant Storage

Based on the examination of the plant information supplied by NRR, the
following observations have been made about hydrogen tank farm plant
storage.

1. There are a wide variety of containers used for the bulk storage of
gaseous hydrogen. Hydrogen vendors indicated there is no current
industry standardization of the containers. The preference of the
architect-engineer for the plant generally detornined the container size.
Vessel sizes other than standard 215 scf cylinders, range from 1000 to
40,000 scf. For the most part, the size Is limited to what is convenient to
transport or buikl. It has been noted from the data supplied b! NRR that
sizes of__

. / 1- 1S
2. Several torage configurations are In use. The>-l

are often used as reserve capacity and are less permanent than-the
conventional anchored orage units., They ran e from ganaed

rra urn 91s.. e-,-.T4a ade
. /

3. For the liquid hydrogen storage, ther& are several basic configurations.
The smgal and the volumetric capacity of the largest

v reported Is A hydrogen vendor reported that standard sizes
are1-590u 3000, 4500,6000, 9000, and 20,000 gal. Each gallon of
liquid hydrogen results in 110 sef of hydrogen .o n n ta,
only three sizes are represented.; ,These are_ _ 1  I
gal capacity. ;Z 4'

¼? -- js g r.'. 9 -

_ .

a~ pecific Configurations
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4. SEPARATION DISTANCE COMPLIANCE

The discussion of separation distance criteria is based on the understanding
that the EPRI HWC damage criteria are governing, i.e., some cracking is
allowed before failure. If there Is much cracking, the wall Is considered to have
failed and equipment near the wall Is considered to be damaged. Wall
thickness, reinforcing materials, the allowable static pressure Judged to result
from the blast, and elasticity designed into the wall system all form the basis of
the separation distance criteria. ..- -

4.1 Separation Distance Calculatilons'"'-

As noted in Sections 2.1 and 2.2, specific acceptance criteria were determined
from referenced figures and formulas In the EPRI report. The derived values

V used for this study are supplied in the figures In Appendix C.

The EPRI report shows that a diferent TNT equivalent should be used for liquid
hydrogen from that used for gaseous hydrogen. Calculations were made using
this TNT equivalent for liquid hydrogen to determine the minimum separation
distance. Comparisons were then made between what was calculated and
what was reported to determine compliance or noncompliance.

All reported and calculated values were tabulated with the derived values and
the compliance information. The data are Illustrated graphically and
summarized in Table 4-1 and In Figure 4*1. '

.; j,2;,¢K~os 0R-...

4.2 Special Considerations for' Liquid Hydrogen Storage

In the designpof the reactor~ clIiiles, It has been assumed that the tornado
design (for missiles and wind loadin) hct
orevent darnaae to hvdrocen tanka. E
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SUMMARY OF POWER REACTOR HYDROGEN TANK FARM
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5. ESTIMATE OF EVENT FREQUENCY
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The approaches used to estimate the frequency of tank farm events included:
(1) evaluating nuclear reactor experience, (2) surveying the hydrogen supply
industry for their experience, (3) using published data for the hydrogen
industry, and (4) using published data for related-industries [e.g., Liquified
Natural Gas (LNG)]. Each of these approaches met with limited success. The
results of each approach are discussed In this section.

An alternate approach, which was not attempted, is the summation of each
individual component's failure rate to arrive at a system failure (rupture) rate.
The difficulty of this approach lies in arriving at a representative system model
and in getting proper failure data. The system description Information supplied
was insufficient to allow a representative system model to be developed. There
may be considerable deviations In system design depending on such factors as
whether small bottles or larger tanks are used for storage.

5.1 Nuclear Power Industry Experience

Reference 1-3 contains the results of a previous search of nuclear power
experience data bases for hydrogen-related events. Many events were
identified in the Ucensee Event Reports (LERs), NRC Information Notices, and
Nuclear Power Experience Reports. A review of these events determined that
nnnn of tha AvAnts Inlvntvtd tank farm. hbut rild lnvnlvn enitnhmrnnt in tho

2/;
farm events may Florbe e06~flafrWhilh reporting Isineeded, and therefore, the
lack of data was not alone conclusive.

The results of other previous searches for hydrogen-related experience can be
found in References 5-1 and 5-2. NUREG/CR-3551 (Reference 5-2) Identifies
two events Involving tank farms at nuclear power plants (pages 25 and 26).
Other hydrogen-related events are discussed, but none was considered
suitable to the problem addressed here since they did not Involve nuclear plant
tank farms. Nuclear plant events associated with the_

rrbeoh outdoor tank farm s 0luatloiY7An
incldevtang liquid oxygen and
liquid hyd aen at a compressed gas tacility wiaiso determined to be not
relevant.

The two events Identified In NUREG/CR.3551 happened during tank reWilling
operations and were the result of premature faIlure of safety pressure roliof
disks. In both capes, water had entered the pressure relief mechanisms nao

e other cylinders In the reserve bank
not affected. It Is not possible towere allur

. i}.
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determine if a true detonation occurred, but this is assumed to be the case. It is
also not possible to determine the volume of gas Involved I eexplosion or
fire (each cylinder was reported to have a filled capacity of

: 2 Z-

Both nuclear plant tank farm events involved flow through the safety relief
rupture discs. It Is expected that hydrogen Involved In the exploslon/fireball was
less than the equivalent of a full tank (because of the low release rate and
hydrogen's high buoyancy). In neither case was damage to safety-related
structures or equipment reported. It Is, therefore, conservative to assume these
events were of the same Si modelsa
(i.e.. the detonation of _
The nuclear experience identified can therefore be summarized as one
explosion with a fireball, and one fireball.. -,-

There are 1287 reactor years (RY)of oprating experience for commercial
PWRs and BWRs through October 17,.1989. Some reactors may have multiple
tank farms, and in other cases multiple reactors may share a single tank farm. It
is assumed these cases have a general cancelling effect and there Is an
average of one tank farm per reactor.a'.This assumption Is believed to be
reasonable, but it could not be verified with theinformation available.

-av ..-. , ,, . fir,,.. and ...

The estimated mean rates of major tank farm explosion, fre, and uncombusted
release are shown In Table 5-1. ,

Table 5-1 Nuclear Industry Frequency Estimate"

Explosion
Fire
Uncombusted Relei

~ fertnkfrm per AY)

ISO . .I

/

* . .-a

,4 - 4

Appendix D provides a detailed discussIon of the derivation of these values.

5.2 Survey of the Hydrogen Supply Industry

A survey was made of the hydrogen supply Industry to determine If they
rocordod failure rates. This data would allow rates for tank farm explosions,
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fires, and unburned hydrogen releases to be calculated. Five contacts were
made without success. Risk assessments within the hydrogen industry seem to
be based upon specific installation designs and are based on failure rates not
hydrogen-specific (e.g., WASH 1400).:.u. :

One respondent showed that the type of events addressed here can only result
from the single catastrophic failure of a storage tank. Une ruptures, pressure
relief failures, etc., will lead to a release which Is too gradual for the equivalent
of one tank to be involved instantly. Hydrogen gas bottles are considered to be
very robust and resistant to rupture. A rough estimate of 1 E-05/tank-ar was

5.3 Published Hydrogen Industry Data

The Factory Mutual Study, dated 1977 (Reforance 5.4), Is the only reference
identified which provides any data on hydrogen explosions and fires. The
Factory Mutual study discusses and characterizes the hydrogen events
experience, but does not provide any estimate of operating history addressed.
It is not possible, therefore, to arrive at an explosion or fire event rate.

This report does provide valuable Insights which are Itemized below:

1. About 113 of the outdoor hydrogen events Involved explosions, 1/3
involved fires, and 116 Involved uncombusted releases (see page 49).

2. Use of data assoclate se

3. Based on steel Industry'data",' th volumetric hydrogen release incident
rate Is 6.4 times the corresponding volumetric release Incident rate for
natural gas. Based on data from the oil relining Industry, the volumetric
release Incident rate for hydrogen Is 1.4 times the corresponding rate
for natural gas. However, "the higher reported damages because of
hydrogen losses are explainable In terms of differences In occupancy
categories and deductible values of Insurance coverage Instead of any
Inherent dlferences between hydrogen and natural gas."

5.4 PublIshed Data from Related Industries

The most suitable published data found is from the liqulied natural gas (LNG)
Industry (Reference 5-5). A summary of these data are presented with the
reservation that the LNG facilities addressed are much different from the nuclear
plant hydrogen storage Installatlons.The LNG storage systems are much larger

'4:.
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and do not use the same size or Tph of tanks. Te LNG values may be used as
a reasonableness check and may be expected to have a higher failure rate than
the nuclear plant installations. .

No safety-related failures were experienced from 1.18E+06 hours of LNG
storage system experience. As explained In Appendix D, the LNG incident rate
data provides the results presented In Table 5-2. The uncertainty associated
with these values is quite large since no events happened.

,A.., ..

Table 5-2 Published Related Industry Frequency Estimate
* L.- ..; . ,X

Frequency
; ?(mer storage facility-year)

Explosion
Fire
Uncombusted Release

,.4 , ,. , ........ .. .

.;~ 4 r-.

These values for explosion and fire agree very well with the values based on
nuclear experience.

5.5 Recommended Values-+,4>s.

The most suitable data found Is considered to be the nuclear experience. it is,
therefore. recommended that the values shown In Table 5-3 be used. These
values are verified as reasonable based on the LNG experience.

Table 5-3 Recommended Frequency Estimate

Frequency.
(ner tank faM | Hi p Yr

Explosion ;;;'I::>:.
Fire . .
Uncombusted Release ! jCF.

The frequency of events' of th0IUi1 tank" sIze Is expected to be significantly
lower than these recommended values; more than an order of magnitude lowor.
No data were found which iwould allow such a determination, so thoso
conservative (pessimistic) values are recommended for use until bettor
Information becomes avallable.;i A,

_,, . . .4 -
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6. EXPLOSION DAMAGE<X

Damage from explosion involves two factors, blast pressure and thermal effects
of a fireball. Blast pressure in the EPRI report discussion is assumed to be
about 1.5 to 4.5 psi and depends on the material and its equivalent mass of TNT
explosive. The radiating blast wave was conservatively assumed to Impinge on
the building all at once, essentially treating the building as a flat plate. The blast
separation calculation will determine the distance needed for the wall to stay
intact for the given _Avptvqq l

The second factor Involves the damage that would result from a fireball (thermal
flux). In the case of a fireball, the separation distance is found from distances at
which wood would be charred (specified In the EPRI report). For the most part,
the heat or thermal flux effect does not appear to be a problem for concrete or
metal structures because of their resistance to burning. Thermal flux effects
from a fireball or explosion were also dismissed In Section 2.2.1, but the
calculations were performed for information. As explained in Section 5, most of
the plants would even comply with the conservative wood-charring separation
distance criterion. Therefore, only the effects of explosions will be addressed
here . .i . - '

Estimating the damage from potential hydrogen events Is very difficult because
of uncertainty and variability In the explosion size, the building wall
overpressure capacity, the varying vulnerability of different components, and the
location of safety-related equipment within the building. Also of concern are the
types of core-damage threatening sequences which may happen and the
varying systems which must respond In each case. This section on explosion
damage is qualitative In nature because of lack of scientific data, and merely
ties to provide a conservative bound for the potential significance of a
hydrogen event. ;

The equipment vuinerability and safety Implications for the auxiliary and turbine
buildings are discussed below. ';^,

6.1 Equipment Vulnorabilty j_; T Y<;

A subjective, qualitative estimate of equipment vulnerability was made based
on the presumed relative locations of each type of equipment In any safety-
related building. It was assumed that an explosion led to failure of the wall. The
resulting potential mechanisms affecting the equipment Include: overpressure,
loss of physical support, thermal flux, and debris/missile loadings. Table 6-1
presents an estimate of whethor the equipment vulnerability Is judged thighs or
low." a .

* *.ii~

_ i l t
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6.2 Equipment Location Considerations

siths tot tese sites. While the comparisons made In the figure refer to different
concerns, this tabulation Is useful In that relative locations and elevations of
safety-related equipment are presented.,..The conversations with the persons
who made these visits suggest that ma~ny, though not all, of the Items of
equipment mentioned aro below grado lovol. 1Tho purposo for using this figuro
was to take advantage of a compilation thatn erted theja# 1~ aQQG-2
The report from which the figure camefl entions that safoty
equipment In addition to being at dif alsso enclosed In separate
concrete cubicles to prevent common cause failures from fire, flooding, pipe
whip, explosions, et. It wrs noted that concrete cubicle wall thickness was
generally a minimum o Concrete floor's and ceilings between elevations
usually aprahI hcns,-- Equipment Items located

(. .1
1
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The safety-related equipment found at or above grade level generally involvs
tankage or mechanical components.-.:These components (pumps, heat
exchangers, and tanks) are by their usage In nuclear plants ruggedized to
conform to seismic and tornado hardening and therefore have the ability to
resist blast effects. They are also generally found away from walls. Their
location depends on the need to have access to piping systems and clearances
for maintenance. Therefore, damage predicted to result from wall failure is
judged to be small. *i': __
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6.3 Damage Assessment
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Safety-related
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7. ESTIMATE OF RISK ;

Th section addresses the risks associat with plants that
The safety significance of hydrogen tank farm

eaplosfons aths plants s examined in three ways: (1) explosion frequency,
(2) safety system damage frequency, and (3) core damage frequency.

7.1 Explosion Frequency Criterion ;.-4.r< .

A sads~ij£econ

9

I
6.WA_ I NOWWAF6,

gulato-uGide 1.91 3Re-ce--fT9) statestb-afl plbiiity -can 6als b
demonstrated by showing:

...that the rate of exposure to a peak positive incident overpressure above
1 psi (7kPa) is less than 106 per year, when based upon conservative
assumptions, or 107 per year, when based on realistic assumptions."

Although this Regulatory Guide 1.91 criterion does not apply directly, It Is
addressed here since It deals with a similar facet of the general external
explosion damage concern.

Tho frequency ot-hydrogen tank farm Explosions Is conservatively estimated in
Section 5 to be IE-03/RY, which cleara exceeds the Re ul GI
criterion of 1E*06/RY. ___

1WdcIU W1pilu
not recommended. -

7.2 Safety System Damage Frequency

The frequency of hydrogen storage Installation explosions
IE*03/RY (see Section 51. In the absence of mora detallE

estimate teo be
evaluafionr. thA

specintc evaluationS to renne tnese conaitional prooailI
reduce the concern at somp plants are recommended.
frecguJM of safety system damage Is conservatively ostlm

wJFurther plant-
llevind potentially-
In the Interim, the
ine tn ha 1 F.nr/4y.

N

L'
7.3 Core Damage F

Generic lonler No. 88*20 (Ref
but it also states that while: -

X r. -W.,

Iresses the requirements for IPEs,

1. :

.~: ...

'. . s.~
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... resolution of several unresolved safety Issues (USls) and generic safety
issues (GSls) may need an examination of the Individual plant, it is
reasonable to use the current IPE process for that examination."

The screening criterion for the jPE is 1 E-06/RY for core damage. This is a less

demanding criterion than Regulatory. Guide 1 .91

Assessment of core -da
suggested approach I
information.

the scope of this study. A
utlined in Appendix E for
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8. C:OttGLIJStC)tIS AND RECONlMENDATIC)MS
;
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8.1 Conclusions .- : .;

A preliminary review of the hydrogen storage Installations at commercial
nuclear power plants has been periormed. The following conclusions have
been reached relative to compliance with the EPRI separation criteria:

1. The EP.Rlr arti dice crieri-

2. The EPRI report separation distarcq critsria for 5,
The RR supplied

a ( g t ban ce determinations) were
often imprecise or missing. Therefore, the air intake distance
determinations are Judged less reliabl1 than those for explosion
distance. - -

Additional efforts were made o ssss the lavelof risk for thQse plants tha^
BgI The following

conclusions we reached relative to the nsks at these plants: '

1. T e frequency for hydrogen storage Installation explosions

2.

3. The calculated frequency for hydro en storage Installation explosions
resulting in __ I[ conservatively estimated '
to be 1 E0 37R. anuations could significantly
reduce this estimated frequency.

8.2 Recommendations . - :

As a result of this preliminary assessment, the following recommendations for
further study are suggested: . -. .

1. The Importance of hydrogen tank farm events relative to the overall
core damage frequency should be evaluated In a manner similar to the
IPE methodology. (A suggested approach Is outlined In Appendix E.)

2. Plant-specilflc qauatlons of conditlonal wall fallure probabIlitles should
be wpormo-- e NO .W"
*lFI 'i..T1IIIlThols

3. 2&v~l~slem vulnerabilflles 1adlowPlant-specific evalUtl6notenvnr l related to waI
falur6sould also be erormed NON . 00

.,

.L. � �
*.;
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4. The effects of blast-generated missiles merit further consideration and
investigation. Although this concern Is outside te e of t

.~~ ~ ~~~ . as__ _aAn _- __

5
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CODES, STANDAROS, REGULATIONS,4AND PUBLISHED GOOD ENGINEERING
PRACTICES APPLICABLE TO PERMANENT HYDROGEN WATER CHEMISTRY
INSTALLATIONS

TABLE A-1.

This Table lists codes, standards-'nd 'regulations which may be
applicable to specific permanent hydrogen water chemistry installations.

r~t____ ._ nA ......................................................... ls*1

Rf~eere ce

10 CFR 20

10 CFR 50.48

10 CFR 50.49

10 CFR 50

10 CiR 100

29 CFR 1910

29 CFR 1910.103

29 CFR 1910.104

40 CFR 190

ASfHE BP'C

ASME BPVC

ASIHE BPVC

AIlS! A13.1

AISt 831.1

AUlS! B31.3

iStandards;.for.P-roteection Against Radiation

. Environmental Qualification of Electric
*Equipment Important to Safety for Nuclear Power
4PI ants .

-Appendix A,; General Design Criteria for Nuclear
Power Plants,-General Design Criteria 54, 55,

. 56,or 57..

Reactor Site Criteria

Labor:,-3OSHA Health Standards

Hydrogehf ,1q.,

.:Oxygen .. ^

Protection of Environment * Environmental
:1'Radiation Protection Standards for Nuclear
? Power Operations.,

Section-VIIW'Pressure Vessels

Sect1n<icjV;Heating Boilers

'Sec'tion IXWMelding and Brazing Qualifications

Scheme for.:the dentification of Piping Systems

American National Standards Institute, Power
.Ppng .-.

..-'American National Standards Institute, Chemical
-P1antand Petroleum Refinery Piping

i{AcctdentjPruJntion Signs, Specification forAIlSJ Z35.1
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TABLE A-1. (continued)

Reference
- * t a d. ;d .
; f"3Sandards-and Regulations

API Standard 620

ASTM G63-83a

ASTM GBS-84

AWS D1.l

UIFPA SO

UFPA SOA

t;FPA SOB

IFPA 53M

fJFPA 70

F PA 78

CSA G-A

, * . *

CZV G-4.3

CGA G.-.4

CGA C 5

CGA G-5.3

CGA P-12

Design and'Constructlon of Large, Welded,
Low-Pressure Storage Tanks, America Petroleum
Institute Recommended Rules for

Evaluating"Nonimetallic Materials for Oxygen
Service

Designing Systems for Oxygen Service

Structural-Welding Code

Bulk Oxygen, Systems

Gaseous Hydrogen'Systems at Consumer Sites

Liquefied Hydrogen Systems at Consumer Sites

Fire Hazards, in Oxygen-Enriched Atmospheres

National Electrical Code

Lyghtning Protectlon Code

Cleaning Equipment for Oxygen Service
-x ;>A ;.. -

Hydrgen ~ i 'Commodity Specification for Oxygen

Industril Practices for Gaseous Oxygen
Transmission and Distribution Piping Systems

Commodit Spc Ication for Hydrogen

Safe Handling of Cryogenic Liquids

~t

, V J



APPENDIX..v B;-

DATA COMPARISONS AND FIGURES
A S H Y #-" 

d*- ~

WIlT DATA COMPILATION

.* 
I 3

-;..'

... M.

., 
4u''



. ,A .' ' 4 s

YESINO SUMMARY OF ALL PLANTS
HYDROGEN SEPARATION COMPLIANCE

I' .
D~~If~tl 4 REGION 2rcl~urJJ I

_ PLANT
1 BEAVER VALLEY 1
2 BEAVER VALLEY 2
3 CALVERT CLIFFS 1
4 CALVERT CLIFFS 2
S FITZPATRICK
6 GINNA
7 HADDAM NECK
8 HOPE CREEK
9 INDIAN PT 2-A
1 oINDAN PT2-B
11 INDOD PT 3-A
12 INDL&N PT343
13 LIMERICK 1
- LIMERICK 2
15 MAINE YANKEE
16 MILLSTONE 1
17 MILLSTONE 2
18 MILLSTONE 3
19 NINE MLE POINT I
20 NINE MILE POINT 2
21 OYSTER CREEK
22 PEACH BOTTOM 2
23 PEACH BOTTOM 3
2A PJLGRIM

_Z SALFM I
26 SALEM2
27 SEABROOK 1
28 SHOREHAM
29 SUSOUEHANNAS
_M SUSOUEHANNA 2
31 TM 1
32 VERMON'T YANKEE
33 YANKEE ROWE

PLANT
BROWNS FERRY
BROWNS FERRY

-d
BROWWS PFRRY

.. _ .. . ._, _.....

BRUNSWICK 1
BRUNSWICK 2
CATAWBA I

-q

CATAWBA 2
I4IC lYSTALRIWR 3
42 FARLEY1
43 FARLEY 2
44 GRAND GULF 1

45 GRAND-GULF 2

47 HATCH 1

48 HATCH 2

49 MCOUIRE 1
50 MCOUIRE 2

51 NOfRTH ANNA I
52 NORTH ANNA2

53 OCONEE1
S4 OCONEE2

55 OCONEE3

_L ROBIN§ON 2_
57 SEOUOYAH 1
S8 SEOUOYAH 2
59 ST.LUCIEI

60 ST. LUCIE 2
a I SUMMER_
62 SURRY1

63 SURRY2

84 TURKEY PT. 3
I aITURKEYPT.A

LEGEI
I aS PLAutS E:
2 a GAS PLANTO Al
3 GAS PLANTS8 n
4 . LIQUrD PLANTS
5 a LIQUID PLANTU
6 a LIQUID PLANTS

_.7 Vc
< ..li~. tnt.,4 f68 IWAas -W

ND o ,61
KPLOSION .

EXPLOSION
A INTAKE
hERMAL UX.

N -.4-.I~l=A ...~

* S

GOTLF I
DGTE 2 1
kTm BAR I

MS BAR 2

� -- - - -



: iEGION 4REGION 3
. . . . . .

PLANT PLANT I 'I I2 I I 1 4 I S% I 6

70 | EG ROCK PT
71 I BRAIDWOOD I

-4

72 I8RAIDWO00 2 COMANCHE PKI
73 I BYONi
74 BYRON 2

COMANCHEPK2

75 I CALLAWAY FORT CALHOUN
76 CUNTONI
77 COOK 1
78 COOK2

FT ST. VRAIN-A
FT. ST. VRAJN-B

L7 9 AVIS-BESSE:
I c z3 s e = 2.

1 i S- I
I 2 l 6UJ. ARNOL 7

83 FEFM 2
84 KEWAUNEE
85 ILA SALLE I
a 6 ILA SALIE 2_ .

!2 1 L CLL
88 IPALISADES
89 PERRY11 1
901PERRY2 I
41 IPINTEACH |
92 IPOIN BEACH 2 r
93 IPRAIRE ISLI
-4 - -

94 IPRAIRE ISL 2
95 IUMAD CmES I
9 6 IJUADcmEs _.. 2_

98 jZION2

The EPRI compliance assssment was
119 reactors. .P

total plant population of

Ii .



FOOTNOTES FOR THE HYDROGEH TANK FARM TABLE

1. The data making up this table cams from hiformation ruppled by Mr. Frank Witi, NRC as compiled by
each ind!Mual regional staff.

2. Some of the data was dhiicult to Interpret. For example, at multiple reactor sltes, where only one
system sorved the siot the table credited each reactor with a system of the same size. This could be
in error, but there was no wayto darf the kssuo without going back to the source of the original data.

3. The distances noted in the table are sometimes esfmalod or extendod from the data presented in the
NRC soume information in order to put a value in the table. La_

4. The czatgory. 'closeness to the air intak
used the tarminobgy > SO teet. which has litma7g-oe0wasp cad in'ha1are.
Thus, closer attentin to measurement data mutht have rosultd In a largor proportion of compliance in
this areoL

S. The values used to provide the comparisons were caicuttod or taken from figures provided by the
EPRI NP-52B3.SR.A. September 1987. document that serves us a guideline to Industry for Hydrogen
Water Chemistry systems. - , ,

6. The data in the table Is displayed alphabetioal byregbn. similbt to the manner In which the data was
reported by NRC. ,

7. Note that reacto0 we grouped as gaseous storag. or liquid storage.

S. The ceria of a sin bol e a single bottl or tube as the unit bulk gas storage container.
This range f t

w bul storage midi'outedlther cntana was Identified In the
table repesenting tle Inventory of unit bottles in use.

V 10. This tale doe not address single or muitilo uu ot standard 215 sct gas cylinders of hydrogen. Gas
cy1inder use In plant will be the subject of a report evaluating the used of combustible gases at the
reactor se. - ?

11. One ground rule was that the only tane lirm systm ws te sublect of ths evaluation.

12. The resuls are summarized hI the iummi chart Ahich sw l the categories examined. These
have been shown as pie charts to show the proportions of the tank farm systems that compiled with
me separation distance req uhement.

13. The 4 columns at he far right of Ihc tabe' re descripive Inlormaon. The first column Is a record
number, the second column Is the region number, the third number l the type of reactor (I BWR,
2.PWR). and the lourth column ithe sie (t1-0400 MWY, 2'0t00 MW, 3.901.1300 MW)

14. The air khtake caloulations wer. based on the ussumptlons that an ltanks farm used i In. diameoer
supply pping. Uskg that Informathn the daia Is then extracted from the figure In the appendix ehher
r gas orfui. l q uid

1 S. Hole Ihat lour of the liuid hydrogen tradors had no gas component

.4.

. .7 .



TADULATION OF HER ALL HYDROGEN SEPARATION DATA

j5L REGION 2
\p (38 PLANTS) (38 El

PLANT

2
3
4
6
6
7
a
a

.pm

f

11

13
14
15
15

19i,
~20
21
22
23
24
2S
20
27

29
30
31
32
33
34
35
36

BROWNS FERRY
BROWNS FERRY
BROWNS FERRY
BRUNSWICK I
BRUNSWICK 2
CATAWA t
CATAWBA 2
CRYSTAL RIVER
FARLEYIt
FARLEY 2
GANW GULF I
GRAND GUJLF 2
HIARRIS -

HATCH I
HATCH2 ,.

MCQUIREI I
MCQUIRE 2 .P -.
NORTH ANA :

ORTH ANNA 2
OCONEE I
OCONEE 2
OCONEE 3
ROBINSONt 2
ST. LUCIE I
ST. LUVlE 2
SEOUOYAH I
SEQVOYAH 2
SUMMER
SURRY 1
SURRY 2
TURKEY PT. 3
TURKEY PT. 4
VOGTLE I
VOGTLE 2
WATTS BAR I
WATTS BAR 2

42 2 1 3
3 43 2 1 3

37 2 t 3
3 2 1 3
44 2 2 3
45 2 2 3
46 2 2 2
472 2 2

70 2 2 2

54 2 2 2

J~~ 22

| zt 2 2 2
== = Il 2 2 2

6 6 2 2 2

67 2 2 2
66 2 2 a

7D 2 2 2
64 2 2 3

5 2 3
74 2 2

71 2 2 3

.1�

-

rA fE 11y

( 2~- -::T I

goi_,,, 1 z~II rz 31E



TABULATION OF NRR ALL HYDROGEN SEPARATION DATA

REGION 1

(31 PLANTS) (33 EN1

PLANT
-S

1
2

4
5
6
7
a
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
28
27
28
29
30
31
32
33

BEAVER VALLEY 1
BEAVER VALLEY 2
CALV~ CLIFESf 1
CALVERT CLIFFS 2
FITZPATRICK
GINA
HADDAM NECK .V'
HOPE CREEK
INDIAN PT. 2-A
INDIAN PT.2-E , '
INDIAN PT. 3-A
INDIAN PT. 3-43
LIMERICK I
LIMERICK 2
MAINE YANKEE'i
MLLLSTONE 1
MILLSTONE 2
MILLSTONE 3
NINE MILE POINT I
NINE MILE POINT 2
OYSTER CREEK
PEACH BOTTOM 2
PEACH BOTTOM 3
PILGRIM
SALEM I
SALEM 2
SEABnOOK 1
SHOREHAM
SUSOUEIHANNA 1
SUSQUEHANNA 2
TMI 1
VERMONT YANKEE
YANKEE ROWE

'RIES) - (,J

I 2
2 1 2 2
3 1 2 2
4 1 2 2

_S1 1 1 1

_1 2 2
7 1 2 2

g 2

12 1 2 3
10 A~1 1 2

20 1q 2 e-~2
21 I 2 2
22 1 2 3
2a 1 1 2

24 1 2 2
25 1 2 3
26 1 2 3
20 1 1 2

29 1 1 3
30 1 1 3
31 1 2 2
33 1 1 I
34 1 2

.

<7 I..,.
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TABULATION OF NRR ALL HYDROGEN SEPARATION DATA

REGION 3
(29 PLANTS) (29 ENTI

.

BX3 FWXK PT
WWOOD 1

DYRONCC I
B1~m
BYRON2

C-MIWAYE~.,

COOK

PALSDEHS

FERRY2

PO^iTEAC 1 -'"

LASALLE2

PAUAES

PFWlY2
POWT BEAC I
POINT BEACH 2
PRAXM JSL I
PfUAPiE SL 2

UAD CfMES 1
QUAD CITiES 2
DON 2
ZION 2

75 3 2
76 3 1 3
77 3 1 3
79 3 1 3
70 3 1 3
60 3 1 3

3

8 3 3 1., 3 e '

84~,... 3'2, 2

87 3:'i: 1,2r
a9 3 31 's.3

91 3 1. 3
92 3 1 3
93 3 1 1
94 3 1 2
95 3 1 3
96 3 1 3
97 3 2 1
98 3 2 1
99 3 2 1

100 3 2 1
102 3 1 2
103 3 1 2

04 3 2 3
05i3 2 3
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TABULATION OF NnR ALL HYDROGEN SEPARATION DATA

REG)ON 4
(12 PLANTS) (13 ENI

a
ANO I
JwO-2-
cCOUANHE PEAK
COMANCIE PEAK
COOPER

__109 4 2 3

110O 4 2 3

110al 4 .2 3
|112 4 1 2

_1-1 113 4 2
| 1A114 In4 2

H -pi' e0 em'imtntm-. '-.6 i ,S..[. e o , *, ....... ,_i, ,,;- .. ,- -iI PP . 4

O~M

, .. � � t"-- I li � - - � -Z - I 11 , , - , , - ...- , , ., . . . - . , . " - - , �:, . -- .�;q 1, I . i. - 0 . :� '!�II , , . , .- , -.- �-- 1� . -w- ".
A'.' -, ; I I- 't , 7 , 1� . . .0 r ." I - i I . " - " ,.1, ;�� -'.. I I.,., - . � j.% t �;, ., s ..-,- L-44. , ik, '.;f , t. j . : w . .

r
3)ON 5

Pu~rr-u-

2
3
4
5
6
7

9
10
11

DLUBW CANYON I
DLABLO CANYON 2
PALO VERDE 1
PALO VERDE 2
PALOVERDE3
RANCHO SECO
SAN ONOFRE I
SAN ONOFRE 2
SAN CNtOFRE 3
TROAN
WNP-2

125
121 .
122
123
120
128
129
130
131
124 1AI

i

i
i
i
i
i
i
i
i

Iz a
2 3
2 3
2 3
2 3
2 2
2 1
2 3
2 3
2 3
1 3

'i



TABULATION OF NRR LIQUID HYDROGEN SEPARATIONS DATA

ILIQUID INFORMA

.. -- 'PLANT! ."

1
2
3
A
5
6
7
8
9
to
Ii
12
13

PEACH BOTTOM* 2
PEACHB Orrou
BRLOXSWIK1 I
BRUNSWICK 2
CRYSTALR 3

FARLEY2

HARRIS'
ONTICRElLO

PERRYI
PERRY2
OUAD CMES 1
OUAD CMES 2

, |w- ' ;e 2~ 1 ige; 26i 2: 232

47 X 2 2 2 :2

48 2 2 2
51 2 2 2
93 31 1
95 3 1 3
96 3 1 3

102 3 1 2
10t3 3 1 2

II!

I

.-

I%,I

qv F
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FR02s iXv 551vai*.Martin, D ctor
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(AcTZON ITP NO. 89-76)
..

jkttachad are t-i s%==y sheets from te scurVey of ydrogen storage

Sacilitis at each of th1e 3(ucl&= pover Plants in Region I.
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Thomas T. Martin, Director
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Beaver Valley 1.
Beaver Vail,, 12
Calvert Cliffs 1 *Ao

Calvert Cliffs 2 ,
Fitzpatrick .
GCina .n;&

Hadda Neck

Hope Creek 1
Indian Point 2

Indian Point 3
LiveriCk 1
LimeriCk 2 :,
Maine Tank"

millstone 1
millstone 2
millstone 3
mine mile 1
Nine mile 2
Oysur Creek

Peasch Bottom 2
Peach Bottom 3
Pilgrim
sales

Sales 2
Seabrook

Suosquehsnngl I .<
SusquohlAng 2 ; -
Three mile Islano
Vermont Yankee
yanke Amw -
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SM~ECT: O:..s.-RYE F MOROGER STORAGE ON THE ROOF OF T1IE CONTROL ROOMt

X ..

.I:T1 ON~St NOTICE~ NO. 9-4,APIL2718

As requested by eur tortnidum dated May 2. 1989, we haie performed a review

of the subect matter. jTht results have been tabulated and shown In the

matrvx attched.

If you should hae ny qustions, please advise.

COrtgna1 siguod by A. Ctbson)

Stewart 0. Ebneter
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NUCLEAR REGULATORY COMMISSION
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MDIORMRUJL FOR, C. Em. ccCrcken, Chief, Ch uial Engineering Branch, NRR

FROM: L..'Catlan Jiraetor, Division of Reactor ProJects
* .f's rs<.../-, Z t; ..2e

SUBJECT: RESPONSE TO H(RR REQUEST FOR INFORMATION ON HYDROGEN STORAGE
* ._,/-

This is In response to the meorandum dated May 2, 1989, from Mr. Thoras E. Murley,

rtquesting information on the location and quantity of hydrogen storage at

Region IV plant!.

The Information requested Is suwmrized In the enclosed attachtfnt.

nDvi n of Reactor ProJects

Enclosure: As statd

cc w/enclosurt: i L j, ;
R. 0. Martin. RA

E. Rossi, R
J. Nllhoan, RIZY.
A, Beach, RIV
T. 0. Martino' E.
DRP Section Cif



ATTACWEMET

RESPONSES TO SURME CH HYTOROGEN STOPAGE

Ouestion No. I b

WThat is the distance fru= the hydro~gen storage facility to thle nearestsafety-related structure or air itauke?

- . v;uz
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1) Minimum static capaci;t,
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APPENDIX D. FREQUENCY ESTIMATE CALCULATIONS

D.1. Introduction

The hydrogen explosion, fireball and uncombusted release experience was
described in section 5.1 of the report. There have been one explosion, two
fireball and no uncombusted release events In the 1287 reactor-years of power
reactor operating experience. Even though the fInstantaneous" events do not
appear to have involved a full tank equivalent of hydrogen, it will conservatively
be assumed that they are of the magnitude being considered. No uncombusted
leak events were identified, which is not Inconsistent with the Factory Mutual
study (Reference 5.5), which indicates that uncombusted releases of hydrogen
are about half as frequent as explosions or fires. >-

The PRA Procedures Guide (Reference J.1) outlines two basic methods for
analyzing data, the classical method and the Bayesian method. Both methods
will be used here.

D.2 Classical Method

The classical method mean and interval frequency estimates for a Poisson
distribution are defined for n events in T years by (Reference J.1, p. 5-23 and 5-
26):

Lower Confidence Umit: X2 (2n; a)/2T

Mean:

Upper Confidence Umit +2; 1-ct)/2T

The quantities X2 (2n+2; 1-a) and X2(2n;c ) are chlisquare percentiles obtained
from the cumulative chi-square distribution. The percentile values are
presented below for the cases whore zero, one and two events have occurred
(see Reference J.2).

0 Event 5.991
I Event 0.103 9.488
2 Events 0.711 12.592

An Inslannaneous event Is doened here as mslnglo large explosion or lfroball
Involving the hydrogen rfl0asod, as opposed to U series of explosions or liroballs,

, Piolongod fiamos and nnulliple small explosions or lireballs are not oquivalonl lo ono
'Inslanhanoous ovenl In ltrms of Mhl peak ovorpressuro, thermal flux, or hydrogon
conconurahlons al the alt pathway -- y-

I Ili.MWMWj5= - -- - k 1 b!!?M1'-N
tli;"�T�11_ir7:
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For the case where no events have occurred (e.g. uncombusted hydrogen
releases), the mean frequency will be zero, which does not convey any real
meaning. A common technique where a significant amount of experience exists
is to arbitrarily assume 0.5 events have occurred. This technique will not be
used here, but it would produce the same mean as the Bayesian method. The
lower confidence limit cannot be calculated for the case where no events have
occurred. -

D.3 5aye.ianJMetho;d

The Bayesian mean and symmetrical probability Intervals for a noninformative
prior distribution are definedforn eventsIn T years by (Reference J.1, p. 5-50):

5th percentile: X2 (2n+1; 0.05)12T

Mean:

95th percentile: x 2 (2n+i:0.95)12T

Wp..4

The quantities X2 (2n+l 0.05)and X2(2na1re.95)ar chi-square percentiles
obtained from the cumulative chi-square distribution. The percentile values are
presented below for the cases where zero, one and two events have occurred.

r

0 Event Ž 0.00393 3.841
I Event : 10.352- 7.615
2 Events . el145 11.07

D.4 FSLMS

Using both the classical and the Bayestan methods, the resuling frequencies
are as follows: . p;-

UNCO MBUSTED Ž .
RELEASE M~,fiDS EXPLOSION FIRE

FREQUENCY ?. FREQUENCY FREQUENCY
"per RY) (per RY) (pe RY)

Classical Molhod:
5% Confidonco Intleval . - 4.0EOS 2.BE-04
Moan 7- 7.8E 04 1.6E 03
95% Confidence Interval .32.03 3.71203 4.92E03

Bayo:lan Mtolhod:
5 Porconillo .:1.SEsCO 0 4.4E.A0
Moan .1.2E*03 1.9DE03
95 Percontilo DEf.6Ee03 3.0E03 4.3E203

*W5W_ _u..w.I.., ,-,< , . -
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The Bayesian method produces slightly more conservative resufts, and it is
recommended that these more conservative results be used.

D. 5 LNG Frequency EstimatEia

Reference 5.6 (p. 18) indicates that thiere were no safety-related failures of LNG
storage systems in 1.8E+06 hours of experience. This results in the following
frequency estimates utilizing the techniques (methods) described above.

UNCOMBUSTED Z
!is RELEASE ! ' EXPLOSION FIRE

FREQUENCY?-. - FREQUENCY FREQUENCY
(per RY) (per RY) (per RY)

Classical Method:
5% Confidence Interval v .. ;3 -
Mean . :
95% Confidence Interval 1.SE 02 .- 1.5E-02 1.5E*02

Bayesian Method:
5 Percentile 9.6E106 9.6E-06 9.6E-06
Mean 2.4E103 'iV-, 2.4E-03 2.4E*03
95 Percentile 9.3E.03 - 9.3E-03 9.3E-03

':-: .

As discussed in section 5, the LNGdata o not considered to be directly
applicable to the nuclear power plant storage Installation because of the
differences In size and the fact that It Is liquifled. The LNG experience base Is
much smaller (205 years versus 1287 years of nuclear experience), which
makes fts results more uncertaln.'2.

The LNG mean results are I to 6 times greater than the nuclear experience
results for hydrogen. This result appears at first to be In conflict with the Factory
Mutual finding that hydrogen release events may be 4.5 times more frequent
than LNG events. This apparent discrepancy can easily be explained by the
larger LNG uncertainty and the much larger LNG storage capacity. Taking
these factors Into account, the LNG results confirm that the nuclear experionco
values are rensonable.

D.6 E1ire n cs -

1. U. S. Nuclear Rogulatoiy Commlssion, PRA Procoduros Guido * A Guido to
the Poerormance of Probabillstlc Risk Assessments for Nuclear Power
Plants, USNRC NUREG/CR.2300, Janucry 1983.

2. T.T. Soong, ProbabIiIstla Ann~sls-InSclonce nnd
Eglgneodng, John MIey.& onuij98 .I
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AN ALTERNATE APPROACH FOR ASSESSING
THE SIGNIFICANCE OF HYDROGEN STORAGE TANX EVE NTS

IMINETH D. . In A-.'.:
* , ~~~~Consultant,-N.>,<

E.0 Introduction - -

This appendix presents an altra mehdlgy for assessment of the
significance of potential tank storage system events. This methodology
builds upon the work already performed'and develops a more complete
perspective of the issue. this presentation outlines potential future
efforts which would more dEfinitively~assesn'the significance of
hydrogen storage installation ik.j.,.ah;;

*~ *.*aA- 5t^ 1>; *' w

Specifically deleted from this dscuss'ion are initiating events which
nay cause a hydrogen explosion (i.e.-.earthquake and tornado). This
dependent failure mechanism deserves attention, but it is beyond the
scope of this effort*

E.1 potential Impacts of Hydroigeni Sto~rage Tank Events

The potential impacts associatedwta hydrogen tank explosion or fire
can be one of four possibilities; --as demonstrated in the Venn diagram
of Figure K-1. Each of the Sour ,possiblities, as represented in the
diagram, are described below .

Region I represents the case whre a hdrogen avant results in the
degradation of the plant's ability:to respond to another indepondont
initiating avant. In this case,-..the hydrogen event door not challenge
the safety systems# it only~decronsasethe safety systemo ability to
respond to other cha~llongos;,'P.1An examp'1 of an avant in this ragion in
a hydrogen explosion whichn failscan auxiliary building wall and results
in a loss of a high pressure gstaty,1njection pumps LOAn Of 11PI
capabilltey does not directly threaten-the plant# but it impairn the
plant's ability to respondP. I,"`

-Isa e .C.q
_ Ig



Region 2 represents the case wrogen event results in an
initiating event which directly challenges the plant's safety systems.
An example of an event in this region is a hydrogen explosion which
fails an auxiliary wall and results in the'loss of all component
cooling water flow. Loss of CCW is"a direct challenge to the reactor.

'i- _:'ydroge eve

Region 3 represents the case where a hydrogen event results in both the
degradation of the plant's ability to respond and a direct challenge to
the plant's safety systems. This would require impacting at least two
systems. -r

Region 4 represents the case where theexplosion does not challenge the
safety systems or degrade safety system ability to respond. In other
words, these events have no significance from a nuclear incident
perspective. There may be damage to walls and there may be monetary
loss. Events in this region are dismissed from further consideration.

These four regions describe all possible significant outcomes of a
hydrogen event. Each of the regions which may affect core damage
frequency (Regions I, 2 A 3) will now be discussed in greater detail.

E.2 Degradation of the Plant's Ability to Respond

Iydrogen events which degrade safety systems are only of concern if a
potential core damage initiating event occurs while the system is
vulnerable. The window of vulnerability for region 1 includes both the
case where an independent initiating event occurs before the hydrogen
event, and the case where the independent initiating event occurs after
the hydrogen event. If the independent intiating event occurs first,
it will be assumed that the core can be cooled to a safe configuration
within 24 hours. If the hydrogen event occurs first and a safety
system is izpaired, the plant must be brought to safe configuration
within 86 hours (per Westinghouse Tech Specs based upon a discussion
with 3. C. Stachow). The window of vulnerability is conservatively
considered to be 110 hours,

Tho frequency for a giver. PSeionAlevent-(Fa, ) is therefore the product
of the annual independent initiating event frequency (F.,) times the
probability (P(SI)) that an essential safety system will be impaired
duo to a hydrogen event during the window of vulnerability.

P(51) is the product of the rate ofIexplosnon. (M) time the duration
of vlncrability (t), using the.Nt-approximation. This conservatively
assume: that all explosions vill1reult'in impairment of the essential
safety system. This conditional~ probability of damage is certainly
loss than 1 (0.1 may be more ralistic) the rate of explosions wan
found in section 5.5, the explouion-ratei X2.Z4E-07/hr. The window of
vulnerability In 110 hris, s' r

* ?.. * 14Z-07/hr * 1X0 hrn
- * f



Based upon the NRC Generic Ietter GL 88-20 (Reference 7.2), the overall
screening frequency for functional sequences is lE-06/yr. This
lE-06/yr screening frequency will be used here for the region 1
screening frequency, recognizing that in the worst case the functional
sequence screening frequency now beomes 2E-06/yr. This
non-conservatism is offset by the conservative assumption that all
explosions result in damage to an essential safety system. The only
initiating events for region I which must be addressed are those
independent initiating events where:;..

.f,>1.OE-06/yr

1.5E-05 Pr 1.OE-06/yr

These initiating events will includeloss of offsite power,
turbine/reactor trip, etc.. All other initiating events can be
dismissed. Generic initiating event.frequencies can be obtained from
sources such as EPRI NP-2230 (reference X.i). The train and system
unavailabilities which result from hydrogen explosions can be compared
to the sytem unavailabilities due.to all other causes to determine
which systems may experience a significant increase in unavailability
due to the tank farms. '.

E.3 Initiating Events Caused By .ydrogen Explosions

For Region 2 events, hydrogen explosions are only going to increase the
frequency of the initiating events already identified (e.g. loss of CCW
frequency). The "new" frequency.(F 1 ).is:

where F,, is the initiating event frequency excluding hydrogen
explosions and Fs, is the frequency of hydrogen explosions which produce
this initiating event. An initiating event will not occur each time a
hydrogen explosion occurs, but is dependent upon the conditional
probability that an initiating event occurs given a hydrogen event has
occured (P(IEIZE)): .

rW~,-A, P (1Z HE)

If the new frequency (r' is not significantly different from the
original frequency, then the hydrogen event can be ignored since it
will not significantly increase the frequency of core damage. GL 80-20
States that functional sequences must be addressed if they contribute
more than 5% of the core damag frequency.Z-Zt will arbitrarily be

* assumed here that hydroqen-initIatet events can be ignored if they
contribute less than l0o of the givenInitiating event's overall
frequency. Any given initiating event will contribute less than 100%
of the total core damage frequencyi_ and therefore a 20% increase in a
given initiating event's overalljfrequency will have loss than a 10%
ipact on the total core damage frequenoy.

:,
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If this <10% sreening criterion is used,-then the initiating events
which can be dismissed are those where

F <: 1.1 * Fb;.>

F~r + F* P(IE|XE) < 1.. .* 4

F2<, lo. *P(IEtHE)

Since section 5.5 recommends a hydrogeij explosion frequency of
1.2E-03/yr, the only initiating events which must be considered for
region 2 are those initiating events with a frequency greater than
1.2E-02/yr (assuming P(IEIHE) = 1).;--Generic sources for initiating
event frequencies (e.g. References 2-1) can be reviewed to identify the
initiating events of concern and those that can be dismissed. This
means that initiating events such as reactor/tubine trip, loss of
offsite power, etc. can be dismissed.. Those initiating events which
must be addressed further include loss of DC power, steam generator
tube rupture, LOCAs, etc. By looking at each case, it will be possible
to screen further by using the following guidelines:

1) Dismiss initiating events which occur inside containment (e.g.
most LOCAs) since the containment is typically not the safety
related building in violation of separation distance and the
reactor containment is considered much more blast worthy.

2) Disziss initiating event`when the screening criteria would be
met if a more reasonable P(IEIHE) were used. Arriving at this
conditional probability may not be easy, but in some case it will
be obvious (e.g. certainly fewer than half of the explosions will
result in a steamline/feedline break).

There are some additional factors which must be considered before the
screened initiating events are finally dismissed. Consideration must
also be given to the possiblity that a.hydrogen explosion will produce
some distinguishing difference from the initiating *vents caused by
other sources. ror example, a hydrogen explosion near a switchyard mAy
Interrupt offsite power for an abnormally long duration, which in a
more severe scenario than typl LOOP. .

E.4 concurrent initiating Event aind'afety System Degrading Events

Region 2 events can be handled In- a mnner similar to the mothods
outline above in sections K.2 and L23&. Due to time constraints, this
effort could not be undertaken atthitstimse

" N
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E.5 conclusion . X

The methodology described above is only-one approach to assessing the

significance of hydrogen tank farm explosions.. This approach does

offer a thorough, well defined strategy for attacking 
the problem.

Initiating events which cannot be screened by the above approach are

not necessarily major contributors to core damage frequency, but

further refinements are required to demonstrate that this is not the

case.
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